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- thereof BACKGROUND OF THE | NVENTI ON 51. Field of the Invention [0001]

"The present invention relates to a seni conductor device and a net hod 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 egrat ?‘?TEEWT]{IEW@N%’FKMZE transi stor, the degree of integration has
y higher.

becone i ncreasi ng Al ong with such a high degree of integration,

i ni at uri zatSe@ficdidutoMi®yidd Mdshahu@ictirtly Mewbl yherdtifegrated 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 and restriction qon reduction in circuit occupancy area due to a

need forB@ﬁgﬂ?RﬁﬁnﬂDﬁEHUHEéHV@@PﬂQW{ anount. Wth a viewto solving this
problem . ther.e -has. been proposed a surroundi ng-gate transistor (SGI) having
a st rsﬁct lljr}te}gl\?\ihog:ﬁée Igvgﬁﬁ’lnce, a gate and a drain are 20 vertically arranged
rel ativergopip substrate, and the gate is formed to surround a col umar

(pi Il ar-shaped) sem conductor |ayer (see, for exanple, the follow ng Patent
Docunents 1The pidpent invention relates to a semiconductor device and a method of

manufacturing the semiconductor device.

10 2. Description of the Background Art
[0002]
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).
f0003]
[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




[0()03] [ Patent Docunent 1] JP 02-071556A 25 [Patent Docunent 2] JP
_02-188966A [Patent Document 3] JP 02-145761A

area. In this case, if resistances of the source and drain are high, the large ON-current
will cause difficulty in applying a desired voltage to the source and drain. Therefore,
there is a need for an SGT manufacturing method (including a design technique) for
reducing the resistances of the source and drain. The large ON-current aiso gives rise to a
5 need for reducing resistances of contacts.
[0005]
In a conventional MOS fransistor, a gate electrode is formed by depositing a gate
material, transferring a gate pattern to a resist on a substrate through lithography to form a
mask, and etching the gate material using the mask. That is, in the conventional MOS
10 transistor, a gate length is designed based on the gate pattern.  In contrast, in the SGT, the
lateral surface of the columnar semiconductor serves as a channel region, and thereby a
current flows vertically relative to the substrate. That is, in the SGT, a gate length is
designed based on a manufacturing method, instead of based on a gate pattern, so that the
gate length and a variation in the gate length are determined by the manufactaring 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 a 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)




[0604] In the SGI, a channel region is forned to surround a | ateral
surface of the columar sem conductor, so that a |large gate wdth is

“achieved within a small occupancy area. This 30 neans that it is required

to allow a large ON-current to pass through the small occupancy area. In
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PP of the grst ﬂgt semiconductor layLr forrr]nng a first insulating film around a lower sidewall

of the first columnar silicon layer and above the first flat semiconductor layer; forming a
gate insulating film and a gate electrode around the first columnar silicon layer; forming a
15 sidewall-shaped second insulating film 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; 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 columnar 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




Further, in the SGI, it is necessary to reduce a parasitic capacitance in

_order to mnimze power consunption. Thus, there is a need for a
manuf act uri ng nmet hod capabl e of reducing a parasitic capacitance. [0008]

25As with the conventional MOS transistor, the SGI has a need for reducing

a manufacturing cost thereof For this purpose, it is necessary to reduce
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| NVENTI ON 30[ 0009] It is therefore an object of the present invention
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of the second conductive type and the second sem conductor |ayer of the
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of an u%6§1 surface of the first sem conductor |ayer of the second
conduct i ype and an upper surface of the second sem conductor |ayer of
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si | #Bon 1978y &t thg seeond sppdiggive 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




300f the first columar silicon layer, the thickness of the gate insulating
film a thickness of the gate electrode, and a thickness of the

si dewal | - shaped second insulating filmformed to surround the sidewall of
the gate electrode and the first insulating film [0012]

Preferably, in the method of the present invention, the gate el ectrode has
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filmformed to surround the upper sidewall of the first columar silicon
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sem condyghol flsiEh i ng a first columar silicon |ayer, the sem conductor
| ayer of Htﬁ{?e f‘ﬂlsrst (I:%a‘rasl%'ucti ve type being a silicon |layer of the first
conducti j@1vype, the first sem conductor |ayer of the second conductive
type being a first silicon |layer of the second conductive type, and the
second sen Coricnablyorth¢ sapeve ahethbd isclodesd tlxostipe bf \formiypethbefing @haeeend

silicon Iq%éer of the 15second conductive. tyﬁe. 55%0014] In the above
met hod, THHECAEREIOB FyaElwbR dpaspeing procpss wsingdhe etbudinask. t ype may be a

p-type s'@oilglon | ayer or a non-doped silicon layer. Further, the first
sem conductor |ayer of the second conductive type may be an n-type silicon
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may be an n-type Silicon |aye sem conduct or
| ayel0 of servirg fas tisd fiesohelnl tniavle id Ry etehedourdiy thetdtpetdhing fARedsAYausd ad
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sem Condo"fc o%inlgai%g "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
15  layer.
[0019]

Preferably, in the above method, 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.

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
stdewall 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 patiern to

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




25 of the second conductive type may be a p-type silicon layer. [0016]
Preferably, the above nethod includes the steps of: formng a pad oxide
“filmon the silicon substrate; formng on the pad oxide filma first
nitride filmfor use as a nmask during the formation of the first columar
silicon layer; formng a first anorphous silicon or 30 polysilicon filmon
the firslayed pattede, fmd BichBgpthyi sildcon sbStrate @Nfobmt the fidst Sht siliesPNOEE &idl | con
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Preferably, ove nmnet | mension o rst anor phous
si | ilgon sidevdl ofshed fiss0Bolinngt HRériaydrthe dry etching process is |ess than

;that of the first columar silicon |ayer.
: [0024]

Preferably, in the above method, 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

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
mnsulating 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




20[ 0020] Preferably, the above nethod includes the step of
sacrificially oxidizing a 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
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col umar silicon layer from contam nations including a by-product to be

pr oduced tiigknesgylazges thesdbptexfthadgape sselating fipn ¢e bs forne@@R4ind the first cRumhear abl y,
t he above, netPod I ncludes the steps of: applying a resist onto the

subst r at 8G8Y {86 t he first columar silicon layer, and transferring a first

flat sili | ayer pattern to 30the resist through lithography to | eave a
second r SIS! corresponding to the first flat silicon Iayer pattern and
et chifng t he mifeiabB irs HRSIHOAE %wtt}{bdf HeMpdeh ﬁlstxla’ﬁﬁ% llnﬁt 1ssfb I%ys?cfew
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i ncl udesof the firsie@dumhar sill&xmsllayernglﬂa affirkd hiard newsk g nﬁthkimf@xﬂ féblﬁlﬁhté‘d &b thef | at
silicon |ayer and substrate having the first columar silicon |ayer;
flatteni At siliean fyenxiieeini they methodeinchiday thieteps| oft rfgrmoing de seédnch i n
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10 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 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.

15 [0028]

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 o 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




10si dewal | of the first colummar silicon layer. [0024] Preferably, in
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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 electrodé; 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 sificon 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




15[ 0028] Preferably, the above nethod includes the steps of: etching
back the second anorphous silicon or polysilicon filmserving as the gate
"electrode material, to allow the gate electrode to be forned with a desired
gate length; and depositing a first oxide filmon an in-process structure
obtained by the step of etching back the second anorphous silicon 20 or
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of the gate electrode froma wet etching or dry etching process to be
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the gate |l ength and damage of the gate insulating filmfromthe upper

surf ace gFOFﬁBO HWYelBEt r ode. [0029] 25Preferably, the above method
includes(ﬁﬁ@ steps of: formng a second nitride filmon the first oxide
film etL |n£ back the second nitride filmto forma third insulating film

sidevml |, ampgefelably, B dbde hickifdd iANLAE the kidhs 8PAbMHAY aoRAEL @Pper such as
anti-reflective coating (BARC) |ayer onto an in-process structure obtained

by the st epridd film,aimi thg ficsi cklutriner siEcamkdyer fabrichted o the fapdlay sitigoralay@sthet ont o
the BARC | ayer, and transferring a g}ate Wi ri ngl pattern 30 to the resist

t hrough Edt¢ isbigtraph yutreundaag, theatitshicpBmmas jsicog dayess poming g thirdt ardde fifm

W ring attern; etching th ARC. | ayer,, and the second, gnor phoys silicon
or pol ys?eerIB% it ’tﬂ%eglé'ﬂy%i H‘ﬁ%ﬁnﬁ%mggfleth%lcgﬂ??toﬂgpﬂ?ﬁ’t iy ﬁ?t,te ﬂ'tj t?‘ﬁg third
resi st ag.de ABshy al - : 1] ch
make up tﬁe gat éyglcglg{n?%g}el?e "%%tr“%l’gblﬁ%ﬁw‘%@ﬁ%&?%@f}%@‘?ﬁ&sCSPﬁe#ﬁ%%?n by a
dry Ht chixide dilmwet peticbh ng tie appovsidbefstel aeendfsilids hidrsdf e second

. sem conduct or |ayer of the second conductive type |ying under the first
col ummarcogidpétgniypayfermadoirh theewpes gdrtionhel thenfinst mgluter sdsps tlayendby ke BARC;

formng the fourth ide |ayer on an exposed surface of .the gate el ectrode
and t hg & %Qgﬁceﬁﬁ; %‘%‘l}émgicf’é‘i“ts@ﬂf%% (F:)tﬁgg qxéi}]:e{:‘ﬁ%?t Pﬂ%“%c?gi’n{?sﬁmﬁcti ve
type |vyi i .S il er: I i he first

e o b ER ol RE il ol Ry e Slcohfi QOnd RUEL kORI DGV Rt | e

film 10 e aptdl poionf df1ibé fifs® NundRaticdiidub®©p hyklyfie iicPiheSlr&oNemiE QGRSS; and
renmovi ng the pad oxide film and the first oxide filmand the fourth oxide

| aydb. [laps0jnd the @tefelactrbiss, byt fre ehmgeprretsapdiching! thd gertidveos thepsontdct
formng a third nitrjde fLI mon the first columar silicon |ayer fabricated

on the fFIPRET $QgsPUGiRgiothe spRsetive pantactihelest ect r ode
[0032]

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




15 surrounding the first colurrmar silicon layer, etching back the third
nitride filmin such a manner that the respective upper surfaces of the

“first sem conductor |ayer of the second conductive type |ying under the

.

first columar silicon |ayer, and the upper portion of the first columar
silicon | ayer, are exposed, and formng a second insulating film sidewall
serving asrrolrel s dppelsidesiatipeftths dstngblurmsae| sélidonglafdr| whild corsauting wndugpbe
upper sidewall of the 20 first columar silicon |ayer while contacting the
upper suStAReE ffthe gate glacirode ard FostsTornd arsidesvalk of thel ceteeslentiodovand thef firshe

gate electrode: Jdntroducing.an jnpurity of, the second conductive e.into
e upportshinE i n oHa P EhduERE shiaboid 1odRT PRyarh oh P dgRETRSEGE | £y

i nt roducty J S j i LRj-ect 4 SS.: t he
second o1l oneRaEERNERTIENS Ton Qo bhddech P foflle RE R inded o LT 0
the f§rsupsalpoiied of e Sirdti fd RemddoBBuct@Nhyé0 i taeuiet ist@icel a5/ 8 REotdre
first conductive type between the first silicon |ayer of the second

conduct i vanicopdictordayehof decenehds¢dnidoaivel taye forokd tih thesppenportion dfi ttei first t ype;
and forniqg a first tal filmsuch as a nickel (Ni) filmor a cobalt (Co)

film onCRHEnrLETUEPRAHSI IpsEeyhagins the dirgfingialing fikm farmedbphvedn e gafe t he

second c Y t he t | ectrode,. and an upper .surface of the
second < PRTHGds AR oy BE 0 sttt Tl TR e Sigfan BRecs REL AR PGt
subj ecti Rufalify filrh $rof@lAbudd th&tit® cAubpal siliéfALYENT , and renoving an
unreacted part of the heat-treated film to forma netal -sem conduct or

conpbund[@33pach of the first silicon |ayer of the second conductive type

‘and the second silicon |ayer of the second conductive type. [0031
‘5Pr ef er abl y Accprdingiiowadhird esnset ofrfbe presentinnentenherefs prowidad agemicooducien

stopper such as..a nitride fil on the first columar silicon |a

Fabr | cat 8165, RIS GARSeR: & Mgt COPT AP IOT (VT GO Qe e POREELR B8 di ng
the fi rs&ol&ﬁh%ﬁﬁicéh&%cfﬁ?nléy@y%' dOLH 18 frst Wle{tdse%)l(il:(grgluttpiolr Map&L Vi rf? S an
interlayer insulating film “on the contact stopper, an atteni ng fe

t hird oxietieicdridutiobyayer ofianiecand omahRive alpepoihehimng wwelcﬁ@&ibnfcmtm: Mgsta
contact hole in the third 10 oxide filmat position on the upper side of

t he 1Pecordumnar seppicordpetor ofayeth and esopelirgynducmi vpperypatipworofethei first Midatupper

Cont act FOIEEPHoF Fvef R S0P Bl rtc s A oF HeoReorih Pt DS tapr
ontact - ! bl | ! .
sides o mté}leuf())ﬂr& ?J%rtﬁﬂ bERR HiRY E&luﬁ-ﬁa?}t g&ﬁfasﬁsé? {Pé;rﬁl%ﬁdu‘é?ortléﬂ& $%4 Bt

the entirety e upper portion o sem conduct or yer

| yi ng ur@d@dudthe thpe $rned| betWedn Sl fireOsendidb@neior 1and Jfhke gadoad &oggildiede, by
an etching process; etching the portion of the contact stopper
cor r espdigk & n the lpweprartipw ef therfirstotolumiee semjcd0dRjtor layerfrichdisergnd o a

secqnd aspect of the present inventiagn, there is provided a, sen conductor
devi%@e vﬁﬁﬁ% ngpcHT {;gggqﬁge F?Cr"%‘i? CP?%{“%HP&& leirﬂ[l? UDRST PPH e fist 20

Subst ¢ ot Biundk fl3bn FREHMAL: SETLAANANELRL o LAY Slech QITRIR A BEnbd h3nd | 2!

sem condu Iayer ayer Ol a second conductlve

type fonh@drdt RoRmmWallicBR NiyeNa @fst tiﬁ@lettingsmn_pﬁiﬂnw MRfweef The @RdUddplods ayer
and an entirety or an upper portion of the first flat sem conductor |ayer;

a seconcnddhe o dlat semnicomdpetor déyerhe sideeahshaped demind iesulating filer feehed no an
upper portion of the first columar silicon |ayer; a sem conductor |ayer of
a first sysoeshesppsysideypdl olothadisielwaea siheonf layert whilhtoderiingtasy uppsyer  of

t he,secand. co ctive,t formed in the.lLo rtion. of the firs

col Bimanidasi AdieE Sl pol B Sl 2o eb e shff R Snof g s ne

second GoRALCLIME: LYREAT | [ ' ar

silicon Iayer% a Qatea?ngﬁgggrﬁgm#kﬁﬁggﬁﬁgggg%?éﬁgFg%P?ggé$gﬁfc ﬁgégp?orned

around tiiefifst k&hicefdutrtdbydi ofl tHeRedoal Rbndttive ftpie fol@bd @t tHidertirdtin or GhéTEd

between the gate el ectrode 30 and the first flat sem conductor layer; a

si dewal uppdrapution of dhl first Slldt sseimmepntliigton fayeeddtam 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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surround an upper sidewall of the first columar silicon |ayer while
contacting an upper surface of the gate el ectrode and to surround a
‘sidewal | of the gate electrode and the first insulating film a

nmet al - sem conduct or conpound fornmed on each of an upper surface of the
first sem conductor |ayer of the second conductive type forned in the
entirety ebdctibbeand thepst farsemicondiictbhByéd hsta fhickhesdnigeomdnl clidlof klaygite and
an upper surface of the second sen conductor |ayer of the second conductive
type for rewlating filen dgypred aound de Brst chluninar silicop| layaraand enteegsh dhgtwesn 2 ayer ,
wherein the first jnsulati film.forped between th at.e el ectrode and the
firse 11 geneioonbiied bt Fofepenalioln FRFe Ribas oas gors Fahct HEPEORIEMD gat o
i nsul ati k ;”Eﬂj i I r. 8l ld . 3]
Accor di ng%{eglléaﬁ%g% |p ?%Bgds%ég? P%# eﬁé%ésneﬁit% Ci%%% natx?sloénﬂ tﬁ? ﬁéért 2&?‘{%’“6%1 %))1\[/1 ?ged a
seni condugled bndlg ¢idetalif ¢t HRIBS1LSAS: siBedd TaSér, fHeahicRe: 6O UGIOMshIANES
formed on a substrate; a first columar sem conductor |ayer Tornmed on the
first fl dtmsenthodnesscefothel gy electrodd, ratl s emickionswfttbe sidawell-shiped seannd
conductive type formed in a |lower portion of the first 15 columar

sen conddsubing fls forped tgsugaund ke gidswvall of thspate ¢eteadsand thetfprst inpylating | at
sem conduyct or | ayer; a second sem conductor |ayer of the second conductive
type for T in an upper portion of the first columar silicon |ayer; a

sem condlﬂmz;qﬁ | ayer of a first conductive type fornmed between the first
sem conductor |ayer of the second conductive type fornmed in the | ower
portion of tAwofdiigttocal foma aspstk condhet Besdnfyi@ventdad thiie HeeenddetD a

(sem conductor |ayer of the second conductive type formed in the upper
“portion &fmichrductarsdevics| witithr camprissenal ipeflat semicosdiqterulayer fenfed| on @nd a
gate el ectrode which are fornmed around the first cqlupmar, silicon |ayer; a
first inSthsHE®ng HEST PRBIRE GO BRSO RHOT, fayerg fprmed | e theofitst L3y semiconducter £ at
sem cond I yel. i = i i i f dto
surr ound et s Rlriehaal PG oShARGH AGEANG ORE KRR | 107 o
contacti g fast ¢idphar séhicodi@eel9tr ddieargaitRe®! RGhPer poittloh Of Hér filgtg a
sidewal | of the gate electrode and the first insulating film a

met al3 sesimicerdivcton dlaysorpsagond semigentivstordayd ob ftheasecomb eondsiotiYeatype ddrntede
first sem conductor .| aygr oé t he seconq, conductive type fornmed in the

ent i r et yTof? HRRET SEON Bbis Bt Gelupmer silicgp T‘Yeéta%‘ﬁic%‘g'ﬂ:ﬁ%t]éyerl efyedistand an
upper su - Of O 1,CO t C tive
type. for SERari (e TR BT RRY RhRleoh RSl fes g RS, SBHREE

| ayer, Wype @irfiedtilend lowet porfish o8 tHe s ddlmh&Y RRECABLMBERY NS DRE Becond

el ectrode and the first flat sem conductor |ayer has a t%i ckness | arger

t han t hasenéondnetoy fyer oinibalsetand gohdiative oy prefdrracdinidic uhperfrortdin efothe fnsar
siligon | ayer; and | engt h pet ween central axis of the first columar
sili4bn § ’i’%ﬁ‘aféﬂ}f"a AT feEds ISRating filln ano R gAiveccuprs Bbieh ags Eympd aroypger

(than a th. bet n . ral ~axi.s _of, .the first col.u [
sili constﬂg]ﬁ?%y%}d an Sglcls%:ﬁc}%% ?tﬁgg lﬁ%g‘lﬁnl fsimg% lfrc%nbﬂw%e"lnl tﬁjsgﬁtel e&?/cg}r?), ®t he

t hi cknesgdahe FR® MBRALENIcOSMcAIr 18T & Isfaewauism;reh%é&ld%smmfggﬁﬁﬁ &hReqlib ode,
and a thickness of the sidewal |-shaped second insulating filmformed to

sur r oundsutroend bal eppéd siddwalhef tiet frsetdaihnadsliesidlaylewhile sonthetiigl At igygrfi | m
[0034] 10According to a fourth aspect of the present invention, there is
provi decfufaece f chadgale orledode candiie civropnpra sidewall pf the datearelestiadasomduct or

| a formed on a substrate; i rst col umar .sem conduct.or | r forned on
thg%i r s‘?gﬁfsﬂmg‘ﬁ’rﬁuﬁ@ﬁd‘@&’ﬁf&ﬂm ab‘lﬂ“,ﬂ alti ¥ Qgrﬁ“célﬁaﬁctsﬁﬁfaqea)‘»’g)r/tﬁﬁ)f I‘“E?tsecond
conducti : ! [ | f f.r

o condiRidoRBRbOIHEL of thesccBHFcoRRICKE bl fhed th e el othe, wnper |

15 sem GRRAKCHLOTtht afist ;flA SesiestiueRr BOAJUGHO | @pef saffatd&fs@eofdond
conductive type fornmed in an upper portion of the first colurrmar silicon

| ayer; acmmondantoiuleyarofithe sacond canductivd type fickmetdi ivehd yyprer bortivadf et fisen t he
first senjconductor |ayer of the second conductive type forned in the | ower
por t i on CBRNINAE ssicepdycir Jayesy Waeigine dhrafiest drsulatips rﬁ,hnatéen%bet%%m gate

> o6 on itehBde Lt Bl 25 A S ARAABGASORIH T enl KRS 18 B Thol BF "R
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20 columar silicon layer; a gate insulating filmand a gate el ectrode
which are fornmed around the first columar silicon |ayer; a first

“insulating filmforned between the gate el ectrode and the first flat

sem conductor |ayer; a sidewall-shaped second insulating filmfornmed to
surround an upper sidewall of the first columar silicon |ayer while

cont act i ngsudningfiiar fosmed amandthe gt glinansl siédondagerpmnd the gatsrdl@tdde das a
sidewal | of the gate electrode; a 25 netal -sem conductor conpound forned on
each of dhickipse farganthaicthaiof thegidewalkshapedisenond desubating dijerfonhed fosuseunmhd

conduct i type forned.i,n the entirety or, the upper portion of the first
f1at sem}{ﬁeo EP@PWEE%FI}E fé{ﬁhc‘li‘ﬂfllﬁfffﬁé%ogdﬁlf%a@ﬂ%fc retagthsawreetirisnalict or
| ayer of gihe seeopdi.conductive type fornmed in the upper portion of the
first colunhar sem conductor |ayer, wherein: the first insulating film
formesl bgoossgn the gate 30 el ectrode and the first flat sem conductor |ayer
has a thickness |larger than that of the gate insulating filmforned
around the fAs shoveothameiodidcomiong todahefirst asyeet dfthe ateserlimentionleconasises

t hi ckness larger_than that of the sidewall-shaped second insulating film
formed t desHieRsoefndormpae gdpel colympaiaiemiemndpeier {4yes pn @oubstree. asd| forpime|ay er

whi | t i t h : f f th t | ectrode.. 5[ 0035 As
Above, Rt Hom DEGURRT Tyt bt B Pt Lol o sHORAEF Bing oneet o st on,
conpr i segoltfiasiednSomfuctol @Jy@},{}s?lﬁg% ekl &Rk aétOISFi CHNALCHRT cJRNEEvON 2

substrate, and formng a fi'rs sem conduct or yer 1n an upper portion
of the stipstinat Bweyipogidno@thet firet Eoludihak Sdnbighiaiucte Thd el GinOéntiré@ty &> an

formng a first sem conductor |ayer of a second conductive 10 type in a

| ower poHPResRoBfontafdhe firs dlat eaninenducwes dMysorfdupingra firstmsulatiog film enindet y or

an upper, portipon of e first flat . sem conductqr |layer; formng a first

i nsul ati 11§ % w&ﬁo‘iftrfg‘e J{ri;to g filicon) laggr Weaqﬁv? e é&%téﬁﬁa?mgqomiw | ayer
and abov s i ) : ] i .at i ng

1 m and 2 gy g & goteah RAMLCRRFRL P b HRER0C Bolhd el BEMRORTS: g
a_si devalayers fioratioy 4 etdehil-shapddadccoft frislimih® fimrtd QuAduahad BpST sidedyalf  of
15 the first colummar silicon |ayer while contacting an upper surface of

t he Wat ethelfissitaobuenan siicon laygr while dortactingewalppen surfdve of slicegast eletraltemndnd t he

first insulating film_farmn second sem conductor | ayer of the second
conduct | W f‘ﬁ‘dﬁ‘r‘(au;ﬁ’gél?e %ag:.; SIFETI‘P anfiﬁge first dpsulsgng e faming aseqonger |

df ] ] j i b th
oo g DAL O, LRUEH B Sl AR, BEUCT S,

sem conciedirfhiarl di&in Qlyef, NdSREARE: & REHIEIHdMEof YBRT AN fh@r fBrndbctive type
met al - sem conduct or conpound on each of an upper surface of the first
seni condgtwesn theyBrst emidvadseon tayer ofidbetscoand yoeluatice aypeuppkthes sedoade of
t he _.second  se 'confucto | ayer cgf t he second conductive ty wherein the

€,
firdl i nETMCAnARe ot ARy AhLheasecAnd Ronslistive sy apth AMming e laﬁtaﬁmm@mdéwtor

I nsul atipg, f| cﬁnokoéagﬁ i U rtsrlllgfacf:ei bF tthecﬁlrs %E%ico%iflh%grggqyl&a é? {ﬂ'&e %&? 0936]

The above feature 0 e present Thvention 0f de” an

SGT manubaghdiive Ngpd BAdaH BRI Tor ARt ALdUnd SefhiSIHIUEHH 1K OF e GhAY |
resi stances of a source and a drain, a structure for reddcing a parasitic

capaci t anodyctize thgei whereathe fire ggulatind €dinried achioknags taagar oing: thit dffike gaeir ce
and drain, and a desired dianeter of a columar 30 sem conductor [0037]
In the daimaeddedeanedpnoandihe fsstepbimneg séispoliyaent of the present

invg timm;ﬁ | ength between a central axis of the first columar silicon

| ay a edge of the first columar silicon layer is larger than a sum

of a lengt hT}QeEH@v%nfeE{ﬁ?e GEMhe ?J}es@ﬁ(ti ﬁlvgﬁtiogihﬁ'lafcésr fit 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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5 columar silicon layer and a sidewall of the first columar silicon

| ayer, the thickness of the gate insulating film a thickness of the gate
‘el ectrode, and a thickness of the sidewall-shaped second insulating film
formed to surround the sidewall of the gate el ectrode and the first
insulating film This feature nmakes it possible to adequately form a

met al - seni0o®Tiduct or conpound on the first sem conductor |ayer of the second
conductive 10 type formed in the entirety or the upper portion of the first
flat seni conbuticomethag eaccordinggtoupmte preféreed embodimehtinfithe perént andmeiboy a

| ayer, sg as ﬁ)g reduce a [es,i stalrlmE of the first sem conductor |ayer of the
second cdfRRiR PEVEeR Roeenitgl Al of the fEst eptumnst gilisen daver gpdan sdee of die Bfst t he

first fl ' . r .l.ving under t first col ar. senj conduct or
| ayer . 18P OBSH SHROMTARE s BUEE il et Pl TepbEresh S e Rettr s b RBhe o
the psesegiunddy&ichR rr%ye& REd 98 GevrilIsH the G st BufndrYiIRloR a8 er! RE Qﬁgkﬁ({%él get hat
of the sidewall-shaped second insulating filmformed to surround the upper
si dewal | thd gatee ifsulasing cfilmumaathickntdsc o thaypate wlclreds; osdaat inigknkdre of pRET

surface of the l(gate el ectrode. This feature nmakes it possible to adequately
form 20 &idepelishapodi sesrnd cnsHatingmbidunfrond t thesuyanmdethecsidowa] oficborgiitng t o
need, so as to reduce a.resistance .the gate el ectrode. [0039 The
net hod a@ﬁeSFB&%ﬁ’d?tge gﬁ%‘ gﬁﬂé‘ggﬂ%" e %%m@festl?@sﬁ‘ggst@ﬁfjeq forps

i ncl udes tag. . i i j n.th ilicon supstrate,
formng on 't hsgﬁ]g% d]g%}?rdée&ﬁéqg{ﬁ g |0?'rrt1B g(ﬁ{ ﬁ?é@ﬁﬁﬂl#ﬁ%dre aﬁgrl %t %?ecﬁggc% (f%gttn%sk
during t el form@l inothe @htifdhe of iheSippEIopdHIBRLS e filsONal RUBENILALMANEr Rird ' St
.anmor phous silicon or polysilicon filmon the first nitride filnT applying a
resi st onndertthe firstr ealummar phoigendiictarclayerpso pelty siefiaqeom résidtmce aofdthe first

transferring a, first columar %&yer pattern to the resist through
| i t hogr apHyiceRAyctos Javer qfj thesecend eqndueivectips darmeyl i thenentivety sar the (upnerar

| ayer pa rn; i ] fir anorphous sild con . or 30 polysilicon
film andij%lﬁgﬂqur S ﬁﬁsi ?1 9 :[ g%n %&fdnl%c:mﬁﬁ%ytfrr L guf‘ ‘?frﬁ‘s fl]fr%rcggu%deﬁécé’\éamf‘?ﬁ s
feature ldygkes it possible to control a height of the first col umar
silicon |layer according to determ nation of a termnation timng of a dry
et chihg [1088kss in the subsequent step. [0040] The nethod according to one
preferred enbodi nent of the present invention_ includes 5 the step of

form ng t helf thesmetod acrardingeio; qusnerglorsd qmbpdiment of the prasethinrentionothes s

ing the fi . i NG, t hi t.chi the first
onor phougits HePhodt e TR Kncs ke i el RESRuT Sded SRShe il reine Eim ¢
fully etphaed i@sGANSE tRe ﬁﬁmgmewalmjlfmrs?ea')lﬁﬁinglﬂsihil?&ﬁ&%&t%M#@E&ﬁé&ﬁge by a

dry etching apparatus. Thus, the change Iin the plasnma em ssion intenSity
can be dibt eppadutfacaet the ghteelatrvde. mi Tids fanre nmkegit@bsdilie t6ladeqattely fogn 10
process based on the detection result to control a height dinmension of the
firstl cot Weisirsemicpndustor coypound o the gaiselepieodee adsoeing tonasidngp asdogedice

(preferr ee{jregiggggé (gtetﬁé gz%:]; e}erc]:ﬁ‘oger.esent Invention, a

[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 {ilm in tum to form a first hard mask. This feature
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hei ght di mension of the first anorphous silicon or polysilicon filmbefore
the dry etching 15process is |less than that of the first columar silicon
layer. This feature makes it possible to adequately determ ne the
termnation timng of the dry etching process. [0042] The net hod
according to one preferred enbodi nent of the present invention includes the
step of smakesfitqicasible xeatitol ngheighiuof agefigfht dohenddrr Slicor0layeascosdihy G8N

| ayer fabricated on_ 20 the substrate. This feature nmakes it possible to
reduce i reetgEIRAtioniof 8 teymination diaviag bf afirst ¢iehing petcessdh tramibsesjubatestap. | ayer f or
use as al@pﬁﬂnel region while renoving a surface portion of the first

col umar con | ayer having carbon inplanted thereinto during the dry

et ching proc i ilicaon lLaver .fro
contaninatioﬁgéyﬁgﬁﬂéﬁﬁgﬁgégg%ggggﬁéf&%%ﬁ%%ﬁggéﬂﬁg%%pﬁﬁ?Fﬁ‘m h@%ﬂ@%ﬁﬁ%nt
dry etchithgstpp 0€ éiming HeQW4Bdolumnar RMidHRELAG! Paz&oﬁﬁh Ay Et@hiﬂgg)r o&d gLingd
enbodi nent of the present invention includes the steps of: plying a
resi st oo firfichardbmeskat Ourimgi this thhe clchingt pootsytar fisit | dns@phdidy€licorabd

transferri %.a fké$F flat silicon layer pattern to the resist through

li t hogr a;?ﬂl}’ Hison dlpeserying aoihg fraidhasd mask isBlarighed te causha dhiangs inf plasma
silicon | 0% rn;._a et chi he silicon 3Qsubstrate to formthe
first f1 &P Sl ‘?%etrl?gﬂ%iixeetF‘%}g%{%ﬁiyrae%g\ﬁ%‘gt 3L, %éf‘%?}}anﬁﬁil%ﬂ?e 21
makes it eROERInInGnisRy QEE BRI IAE BRI 2 ! 49 Lo, 0044]
The net hod accopdfhgyto one pfeferréﬁ¥gu 0 ﬁﬂ%ﬁ%ﬁgﬁmﬁﬁg@b?gégn fﬁ&%l ion
i ncl Udles ptdvesssttaspd onfihe depasont iehgt & Eortial AChatitdBmbhdion BN tHeh®rsf bdlffankd at
;silicon | ayer and substrate 5 having the first columar silicon |ayer;
flatteni BYCOmaYes | 1ing oxide film and etching the filling oxide fiimin

such a 21 as to allow a surface of an upper portion of the first flat
silicon ﬁa@ to be exposed. This feature nmakes it possible to adequately

achi eve an gl elei®ntcdoshatd Qn rFL t? according to one
preferred embodi ment o%c tOE&e} %r esen %%ég%te?n%-éﬁﬁ%écﬁ?l? gge presentinvention, a
height dimension of the first amorphous silicon or polysilicon film before the dry etching

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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the step of: the offset spacer formation on the sidewall of the first
columar silicon layer. This feature nmakes it possible to prevent an

‘inpurity frombeing inplanted fromthe sidewall of the first col ummar

silicon layer during an inpurity injection process. [0046] 15In the nethod
according to one preferred enbodi nent of the present invention, the first
si | icon |mylss ibfoskibée teedeqdtepachietd andnteydemées ifodstiond in the | ower portion
of the first columar sem conductor |ayer and the entirety or the upper
portion offO#fle first flat seniconductor |ayer by introducing an inpurity of
t he second cepductive type into the first fl.at sem conduct.or | ayer having
the first. cof Dieriodiacrdiing yde Rirtemed SbodiBienCiine PresepRyaiigh medes
inmpurity 4 { ] C . L Stig i reb L Yok 1] i.on sprecess. And
thon, ¢ heorl e hsRh@ce TR0 MRL RORE e BB A bl It APl BEERE

ef fi cisentHayingothefirbiecdlinhifidr §ilibdrCRRer; IMOENIAL thd BIIERCOHNH: FOATHET E¥RinkYRE-
[0047] In the nmethod according to one preferred enmbodi nent of the present

i nvent i orfillingexide $ilmiin sechsd aowar as &y allowoh stifecesdf@angpeoputicn bi/the thygdlat s
formed in_the ] ower portion of the first col umar_sem conductor |ayer

wi t hout iSHjSQBtIRKE &hoeisvpassd: yThisfturaanaksseit nossibleote adequptelyt pehievecan ummar

silicon I This.feature makes it possible to easily optimze conditions
of respeé |€e£er?er?%ﬁsﬂlatn§mi nj ection processes for the upper portion of the

first colf r silicon layer and the first flat silicon layer lying the
first columar silicon layer, to restrain a short 30 channel effect so as

to rdduce a Theaketjed ackording .to oh®Predrred embddgmentoiekt present divastidPineRdes
preferred enbodi nent of the present invention includes the steps of:

‘deposi ti #e gen p¥:dhe pHggisarden dommation watthe sidewalh ol theafinst eolomnar silieorf ayest

columar sili.con | ayer .fabri.cated on the first flat sjlicon layer, in such
a ml;nner ??akeaﬁ'ﬁ% nf“%i(rf%tlI pgssilﬂﬁg P JEPYRE 40 IRAWELE (o b&%’}ﬁo’é’ﬂﬁ%‘ﬁe Bove thee

first cokjanat ofiHeifzon : - b the first
columar sili cgn Ieayer 0Las aS?ﬁlg%Egﬁggg%&g%elﬁpﬁ?nﬁ#%%ﬁgocg Yo first

i nsul ati pg4b] | m materi al deposited around an internedi ate/ upper sidewall of
the first columar silicon layer; and etching the first insulating film

mat et? al  ar dule methodrceerdingl bt encuprséarresli aebwlihenf oft the présest inventiomn dre
silicon l.ayey. to,for he first insulatin 10 fil m above the first

col ummar hg%(lsﬁhc??)‘ﬁ lﬂyﬁpg]i Ehﬁr?&“gld(s)'iﬂ’i‘&“‘fth"é: B o ﬁiWa‘th lowver pogtion pithedgptummar
silicon L I i l arger, t at of
t he gat e!:(?%lg%?ra'ts %}%%Hgl C%OIP%E}EIg a?%ﬁhn%%ngfe\gﬁr?g %Ee‘ﬁ%g?i)t% rt%:oo gﬁﬁ}éer q@%’.{l fl%ton
layer. Thinsicéiatior gay@Rke sntidduias Sh hpuri® of SlieeoR GHIBCHRUYSEInRMHRTirkd C

capaci tance. [0049] 15In the method according to one preferred enbodi nent
of the pHassomicondpetorilayer thawing 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 the lower portion of the first
columnar semiconductor layer without injecting any impurity into the upper portion of the
first columnar 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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gate insulating filmis fornmed on the sidewall of the first col umar
silicon layer with a first hard mask of nitride filmfabricated on the
‘first flat silicon layer, wherein the nethod includes the steps of: form ng
a second anorphous silicon or polysilicon filmserving as a gate el ectrode
material, on an in-process structure obtained by the step of form ng the
gate 20 [0848]) ating film in such a manner as to allow the first col umar
silicon layer to be enbedded therein; and polishing the second anorphous
silicon or pdhygicthadgiscording toyong pemmctqnb@d,imamfcnge pprstitshyangopimdeks t o

have a flattened er..surface. According to this feature, the nitride film
se\r/vi ng a els'%gs f’lelfjg © tg}gga ﬁgiwsg@ﬁn%gﬂhggﬁer%l agg"éet 6}5‘3@311%% §t GIPH’é‘Imaf |

chem cal ggchanpheak Lghi p 10, CO 1. li shin nt =Wt h
enhanced 25r eprgglﬁcaibgfla%tﬁ;annﬁgoﬁ%fﬁeﬁ%g@ h%g&gé%gsru i r?gﬁjtggnegn%g%ﬁ%ef gfstted
enbodisnerihsitidghBlnphesatl depyeial ia80vd il BEesolufifas k8RSn Cyer 8h& AtAGaRAEK t he
second anor phous silicon or polysilicon filmserving as the gate el ectrode

mat er i al ,lower sifl¢venll efithe izt eoleinmet siiden Iaperttes fachickoksyidrferahaeh it fdhgaise
| engt h; 30 fimd dg[)osi ti n% a first oxide filmon_an in-process structure
obt ai ned 'BY3HE Birapmateriah depasied paeuad: e igeEBediatsfpppheidewali |afcthe Grst

lysili MLy di t is feat . the first ide fil
b ot ect St UGHT 6D Pl efclind VB ST i i BB FTRGNG Ay
et chi ng RAEARSBattAPRE RRN DM SEke 'ﬁ'i’st%oﬁ.hht&%g%g?c'ah I%}e‘?l% f?:rﬂa iz A ﬁﬁ‘iﬁﬁﬁf S a
I an ana e att ng

change or variation in the gate | engt ge of t gate I nsu

fil mior ofilinhabavepibe fistr édamnmofilithe Ifet andl f6kHdoder. 1000 Skewall of T fRE hod
;according to one preferred embodi ment of the present invention includes the
steps of Colugmgr pigicen lnyemn iyisushiar manet s tn bavetshidicknesstlangsi @en thalt of thetgatd ng
back the.second nitride filmto forma third insulating film sidewall, and
et chi ng f‘%?&faﬁi‘%@m&%:bagowdﬁ{m% tﬁ%ﬁﬁ}i"ﬂ@n@abﬁ‘ e maxeh | Pisrieautg makesdat i ng
(BARC) | ay&tn1o Rd4ah 4 had e tained by the step of etching
back thegsecond nitri d%ht??%@ééapr%ﬁﬁ'%ﬁgﬁarngg st onto the BARC | ayer, and
transferil0dgja gate wiring pattern to the resist through |ithography to

| eave a third resist corresponding to the gate wiring pattern; etching the
BARCIY ayer, Tadle misthodercoprdingisr prvoprsfesicdi arolyodomenpodfythe Ipresemt iventiomethel ng as
the gate el ectrode mat.erial,. 15 usin he third resist_as a nask, to forma
gate el eBFF mgiagil}ﬁflhaﬁaf%ﬁpg ths ?‘fiﬁ‘g‘al\tﬁe thg %‘iﬁl?@l%&}laf Ridicelayervish afbse:
partly reqaviag i d I QB k ' ' : tching or wet etching
to allow the sur%gglgfl é(l)éf ﬁ% efg i razétd glgrifgl %(&}%&%attgsrﬂg{%y%yﬂby h?ﬁeén éléecB}ff od

conduct i ineludypthelsyips @fuldetaingt\@chind ShofAbWEAESb! hAIPRlIdAYEIM §QviE a8%POsed;
the renoving the resist and the BARC, form ng the fTourth oxide |ayer on an

exposed #Ai¢ Plgeleodsf methralgan en é@-pricessdtruaiuge otein2d by tind sieresf fokmirpeht igatst

sem gonduct.or, | yer .of the second conductive type |lying under the first
col armé‘iﬂiﬂ“int%&L Payesuch &y thé @ﬁ?g’t the; §ifst gelumnam silisonelaypie tq ibest
{col il L Ltri fild. he fi

ool ummarBoeddEd b Bt AT, 3ETRET bhbutSus M TRE PP s R Pirbeai de

film anghetdiel fidchiniOipdfishing Brévess tBavieos ﬂ&ﬁeﬁaixﬁﬁe} axlce. Tﬂi:éorﬁr% tiyre
makes it possible to formthe gate el ectrode arou the first columar
si | i con thmyfeature, 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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25[ 0052] The nethod according to one preferred enbodi ment of the present

i nvention includes the steps of: formng a third nitride filmon the first
‘columar silicon layer fabricated on the first flat silicon layer, the gate
el ectrode surrounding the first columar silicon |ayer, etching back the
third nitride filmin such a manner that the respective upper surfaces of
30 the fibxk thesdconddmoiphious sijiesn &f pdifsdliceaaiind RAtid M6ahis¥Rfuleyihairstnder
the first columar silicon layer, and the upper portion of the first

col umar @¥ifl¢ &ibm qagymeptechan uppgcuddce ahthef gatrelegtrades Gomnal vieh sichangi orgdrfyi | m
sidewal | ser.ving as the sidewall -shaped second insulating film to surround
t he upperetgl?lﬂ%\ﬁg?qesﬁfto 5%‘?ep qreied 1) 3, sReedUs SR SPAfelo RHIPFSSS GoRliaRge idig t he

upper sur | eqt t he. si dewal | of .t he
gate ol ectradeln LRfekhe® S0l GG BPthe GuS L RURE i BRTer Sirispe

i nto tshe dpRegatpeletirede. of the first colummar silicon |ayer through an
inpurity introduction process conprising an inpurity injection process, to
form the [68&nd silicon |layer of the second conductive type in the upper
portion of the first columar silicon |ayer, and formthe silicon |ayer of
the first cohbtBeihed acoerdingde pae prafpracd embedimient ofhe preperrt inventipe i Ad

Cyper andis SR 6 TN e ra gt orte it e At it SoUme Pk Ao recandobal
(Co) fil MRl f1BE & TSRES NG gfé.gﬁgﬁ% i &ﬁ@&mpf tdhagﬁi b Sthe Srbd §90c !ihyer of

t he second conductive type an ate electrode, and®an upper surfaée of

t he décongplidg aobotafm tdne-Rflcaid mﬁdEC(IEA&QCI VBRr dito anS RitproBEss NGrdefiRE eSS,
;subj ect i n% the first netal filmto a heat treatnent, and renoving an
unr eact e®bfgaed b thehstep @htetchingabank thie| seyondonitridef hmy apphpt@la- seisti cundbet or

conpound ch of the first silicon |layer of the second conductive type
and ¢ he. AR Aoy pac Hanelyiiizg etk O ERE RECEOKULIEL oS8 TIER WAESRENN & | b

this fea , AR i | ayer , of
LS FCaNURE B8 084 CoRLERHARNS, (G e A0 bt OF: LRl (B! BARR LAY g O
and the siecondnd binogshbuk ai1Ron Ar JolRilRREMEth SQORMYCL K dadePAediRId@B atkialt he
upper portion of the first columar silicon layer, are 20 isolated from

eachldt husinpyhe Hardseesishds armaskatd fgnf a Igatesdle@ale |bod¥hind mgdte svitihg pdsdi bl e
to prevent a short between the gate electrode and the respective ones of
ety Sk PRt fad Srro: bty Sanotins 6 HoerUE AL B8 Poh BB S o VR

first TN : il I f the. d
conduct 1 T g g BG s RXE o A RERRR oF ok 8F e PSR R Con

| ayer, dlgnd GnddaehdTBisholaRiial GNEME [a9Er BB, tﬁd“re%giﬂgi 180 resiGnd age upper
y

sidewal | of the first columar silicon layer is covere t he secon

i nsul at i B4RG;|fomging dhea[durth Tixiide lapdras drt expossi siirfact of theearndledrode and the
met al - sem ¢onduct or. conpound from being fornmed on the upper sidewall of the

firstO cofiises oldhe fixs femipaguctor 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 {ilm 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
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[ 0053] The net hod according to one preferred enbodi nent of the
present invention includes 30the steps of: form ng a contact stopper such
as a nitride film on the first columar silicon |layer fabricated on the
first flat silicon |ayer, the gate el ectrode surrounding the first col umar
silicon layer; formng a third oxide filmserving as an interlayer

i nsul at i ngilitéd MycoRn hBe appergwktict OPPRY firstBSlufnd# 5B thybt) Gurd Bige@dnde
filmby a chem cal mechanical polishing process; formng a contact hole in
t he t hir dfassiingea $acbnd itsulatisg film sidewall herveerasrtic Sidswhll-shupet ayemnd dfisuldtiag
second cog%ctive t |ot formed, in_the ufﬁ)per portion of the first colummar

silicon | Hy@lo spgo E? URPS §idsival @ ghe Hrst ealwgnenplicondpyss twhilsi centarting the
third oxi i t iti n.respective upper .sid the first.

i1 con 1 57 s oP B G RaRRIL FROES b BRLaA T nEbhe e alstede:t ne
upper or inushudh histoff i YA r.st I st
col umar sili cong %Igég?i,lﬂ%nog t%lﬁgecg’ggégg%ﬁg%%‘% ﬁ%‘g{hénﬁﬁé’?gﬁﬁgﬁfg t%‘iﬁg(;:%ss;

et chi ng tdrdupoart silisonolayérhibraughtaacimsiiop parodootiére pReaed dghprRidcdher BSRRGLI ve
contact holes. This feature nakes it possible to reduce a resistance of the
cont act . nFgB®) processT e ferantheosrdons silicereliyer of tlrsationd) conduchive $gecndhaspect
of the present i.nverlllt'borl[_ conprises:...a first flat sem conductor | ayer forned
on a substHPSE BOTUQN{qt the Ty arl%h@é‘niaéf?fn&ﬂétB‘Fnlﬂéf‘yélhc?‘bllﬁﬁ‘éﬂ opihe Hestf j r st
flat sem I g St o ] £QN tor | r of, a.second

conduct i v‘%ggg&pggﬁg}? %re%é@eﬁngth% of\f}étr Slggérﬂ ?ag'ﬁp%? t??'nge %?Ar st° %&Wﬁn@? ¢ and the

sem aonduetend silasarayn @f & seedrd' Shiudive pel R ForRPAd 4 ARt Afetdl MmfsulShs £ | at
sem conductor | ayer; a second sem conductor |ayer of the second conductive

type for meekel Niadilmppercopalt (Coxfilof, ontike faspatiive ekposed sufidei afaie fimy siticom
sem condtjct or |layer of a first conductive type 20 formed between the first
seni cond s [t scopd copdictine dyre anshthg ats, eleetprs, pBd @B PPAr suTack GVidhe

portion Gfirs r.seni.conductor |layer, and the.secon

Do cond sl Siloh B GO NUIRA LR RGO RLCDY b nB e SPfisy TEHEE sl
portion @hetdlfind ol Sheat VeMARAT, 28l reGOVInk AX Sfreabted Paft df’?ﬁé‘h@ét-!tf%_gteﬁ'ﬂlﬂ?{', gnd a
gate el ectrode which are fornmed around the first columar silicon [ayer; a

firsi3i ndodmati megaksdmicémiuned coripommh oh acly atf ehe lfesitsilbgbe apek sththe2&cdid st
flat sem copductor |ayer; a sidewall-shaped second insulating filmforned

to surroSARFUSHVE peAng feeregnd shicopHayeriof ghe seeprshemmduetivei typm | Ascerdingitd e

cont acti urtace of the ectrode and _to surround a.

si deval | ﬁ%? i Y2 FR e T B PSR Tl g o fp ndulive

et al - segjpRORANS: Ahd&OME AR c4I0mAEM siBBoS 36/ar Ohd AR YPRSE ?H(EJnagi?erogf H{ée
first sem conductor |ayer of the second conductive type forned in the

entir et yswond henduptiesr typ6 fpmnddi ianhofippich@oftionsdf tht Arst seRing@ndlicéOlaybayer, and
an upper  surface of the second sem conductor |ayer of the second

conctitt i Felatsrfeom sacheethembyt the seropd insydnting FHmosideviadl. f i Thét meksdsutpessible to
(seni cond | wherein the first jnsulating filmf d het th
Sate ol ebtyShe T erbetR f Bk cehudnnd R febsr eiss hS St HicRrEs
l'arger t hefe khahd @bndiliGve F%ng Sf%x?rﬁédl Hdb P e Bl QR i R0R lf'eﬂgr ERPmEIE&ha

columar silicon layer. 5
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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.length DELWESBRN &@m@%{ 8lu

In the sem conductor device according to the second aspect of the present
invention, different voltages can be applied to respective ones of the

first sem conductor |ayer of the second conductive type forned in the

entirety or the upper portion of the first flat sem conductor |ayer |ying
under the first columar sem conductor |ayer, the gate el ectrode, 10 and

t he seconldyerefibrisatddatrothel fyserflavfsilidon lapaprt gandietiiode suyioending nee fire t he
upper portion of the first columar sem conductor layer. In addition,
respect i VIPBEMtilGIRayET farmang # third @ads Sbn derming: as| anyisterloyen insulatingofilan,

iat - sem S cobRey Tomich G gRlinte e dird PSeORR Mo LemicbmaBrgl
Layer. ansbiisieR6QaS g ANMNE:Lholl- 3 fe Bird RfSAEPADAEARA ! h Sedop® 19

formed in the upper portion of the first colummar sem conductor Tayer, can
be reducesliovhi lager efuhé BgcandgedrRiusOw G@ePRIASH tih Cthe agRet HBARRA. of AR5 Glst

The sem conductor device according to the third aspect of the present

i nvent i orfokwpasrisdicon layet,ihysan dtthing pmessofitmingiwd enngact holesrothenhiad oxide
substr at %@gﬁa{,i rst. columar 20 sem conductor |ayer fornmed on the first

flat seni AOSHIONS, Al resReGUVE SPPREE ildss nail o firftagiticonyflaysr sefc iegsecond

duot | f in. i f the first.col .
ot NEr 898 IR kU Ol SR A o
semi condugesyingYiider theSBEPBEISART GHOSH GyRE, EanYtiﬁE Afe &1@&@1%9 9993%15}9}! tive

type fornmed in an upper portion of the first colurmar silicon

sem dBndweeass; letoharg the partidr oft the comtactt stopet y@eesponding rethehespsesie ddneact i r st

sem condglcf or_l.ayer of the second conductive type formed in the | ower
portion Of<f

hEhip featyre makenit Rpssiflpieisauesa sristaageef thapentatie second
sem condg@sgrﬂ] | ayer of the second conductive type fornmed in the upper
portion the first columar silicon layer; a gate insulating filmand a

gate el ectrodR WAliEhRER: (RYVBAASAIRM O RE Lidmt Lo Ldel er; a
first insulating film fofrred betcvveefr{l%t ﬁe gastug;n?l e tgéto e gr{%égtehgﬁgﬁh@?nr st
flat senceopdsest ar firayBat; sanisbatioedr| laghrafiathedes®nd sibisiateatd Tosd toluhar med
to surround, an upper sidewall of the first columar silicon |ayer while

cont att i FyusAndystErlaxer oaned on thedirgaflas ssméemduder Jayer:ta fisst rsemicvddactor
si dewal | }?Sf t?e gate el ectrode and.the. first, insulatin
cr oL a 0

fil a

et al - sefid CoRdut£erne UHES Sive PrEhd dch IBWG%ﬁoﬂﬁ‘ﬁegféfﬂf‘r ;p’é%tec‘d\“mﬁ‘é
first segnGenitRaldYRl £ NG f id
entirety or the uppg}r 5 porfétgﬁtyz&?ﬁgpﬁ}rst ﬁ é?ﬂgée/ﬁ?ség%él%%ﬁ)ﬂfi%%%r, and
an upper lager; faageond stthizosdeondlaganbicheddes @l comyetivefypk TBrmar andn ¢ppeuct i ve
type forned in _the uggﬁr portion of the first columar sem conductor |ayer,
wher ei n: PerHen pf thet finsheakymnar siligan) layer oz srmcicpetustss dayeh of gdire cehdstive tgpeand
the fjrst fl sem conductor. | ayer has a_.thi ckness | arger than that of the
gat eidl nstfﬁ’flg?‘?h‘&t“fef? r%?ef ]gﬁsﬁﬁedmﬁ?%cﬁ’ﬁﬁ’rt[?y@r Pf therseed somdpetsie|tyRoiormey &t theand a

%Ef : . C a ilicon | r and
an edge of the first mmar si ?%%185 a;?fadrr 1? 1 g‘#&éem% {eﬁgl?fi 5612ﬁﬂ?%¥é?06{
| engt h Heyaseshtheh@cathtomiucaé syef foried fih ied uﬁ?ér%ﬂ?ﬁén o [the Pidst| @Yghnnd @
sidewal | of the first columar silicon layer, the thickness of the gate
i nsul at istléronilpyqr; a galeiiokiby fHiin aika gate eleetredd whith, arafidnrdtanieiings siraf t he

si dewal | - shaped.second insulating filmfornmed to surround the sidewall of
the gat OB SR ARYETT AGITFT ingylating ffim dforpeditwveen theamsylectrode and: the

S ea T oS Bk SARoRRASTRlel A%idk0ah el shiord S Biin Hiinebed Timrosed
accor di ng Jdppef fifewhll bHRSASE LolRnhh &L gé‘ilwhﬂ%’g(?ﬁn%%fﬁg rﬁﬁ][l%gerzaurﬁcg Sotf

nmet al - sem conduct or conpound can be adequately

seni condhtate eleajrode afid tmmr&ﬁmdmdsiwmﬂu@ﬁﬂwga&y@&ufoﬁé Rd e fifsh ths@Rtihg ety or
t he upper portion of the first flat sem conductor |ayer |ying under the
first coélmaarcebimnispriveiosrcomppund fomeddut each olosn spparcsarfate bfi¢he firsst

sem conduct or Ia?\%e%yofpér]% second cdonducti ve type formed. in the entirety or
the upp&rRIs8PLYEer By tethei sespng capducys Sasaloeted in ale ertingiyner thedenper he

Firsy cobMiTRabr SRS £RNHE L Qinib VL ror layer, and an upper surface of the second
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25[ 0058] The sem conductor device according to the fourth aspect of the
present invention conprises: a first flat sem conductor |ayer fornmed on a
‘'substrate; a first columar semniconductor |ayer formed on the first flat
sem conductor |ayer; a first sem conductor |ayer of a second conductive
type forned in a |ower portion of the first columar 30 sem conductor |ayer

and an ensanrieendugtor yeuphihe spamtlicondwtivt ingpef forraed frl tht upperi poaiduet e firdtayer ;
a second se[\m' conduct or, | of the secgond conductive type formed in an

ayer > ,
upper por {3 ARG Seppeondusiet ?EE’ST: OYRsERn dhq fipsh ansuigpiag: filg femed bateen dhe Batper of

first i d bet the first t I f th
Second conaiter e i) bR B e NG ke Fas b IR ST RNER B R of Y Bitar
sem condugh Qi MR fored aldifid IRAAULASHRAANMWAIRerS | aver of the second

conductive type forned in the upper portion o e first columar silicon
| ayer ;5> a {88 i nsulating filmand a gate el ectrode which are forned around
the first columar silicon |ayer; a first insulating filmforned between

the gate el ebtthggemineadedier dgvicstacedrdingsterthe sendudtaspeck afj the; present invention,
pper sidewal |

si dewal | - shaped second insulating filmformed . to surround an u

of the fi‘f‘%‘fljg’&‘o‘f@ﬁﬁ%ﬁcaé‘i b %H?ﬁe‘ii 13/ ESPRARIVE QneHRk 'I;létﬂrﬁgsealﬁpoasbﬁ?r layeriafdhe of 10
the gate t r d i.dewal | ,of the gat.e el.ectrode;

net al - se%?%(glgd%%?ﬁgo%uﬁ%ﬁ?gﬁﬁe%%o%ﬂtga ) heaIIp %eﬁpg{IrIlg% rCIfatglg_ @IS?lﬂerg
first sent@uaddaderlaja@)ipigAhdéiiBe SATONINRAPHAGE N RICToY Bfef, %é@@? bRk,
entirety or the upper portion of the first flat sem conductor |ayer, and an

upperdOsumahddhe sfconéh sememadactse hyeoofitet ecoddyarduofivd hpe Somaatlinc thadiper ve
;type forned,in the upper portion of the first columar seniconductor |ayer,
15 wher eiPRMHARS the f&¥t Gohanpag semiconineier lyped Ipaddition. remescue ecsitances ofie” and

the fi f 1 I h hi.ck I th that of th
gate i nodiatRhs RDARREH T TRt PRE cPrd et BT inamed i fecors oF fang
the gat euﬁﬁaeﬁ‘CFél@iﬂﬁ bash@ Ay qiaﬂ%%ﬁliéo%agﬁgr E@ge?uggg uglﬁca:te mﬂgel ﬁfr%few@hllémﬁ,%ﬁaped

second insulating filmfornmed to surroun rst

col utmar sgnicondustdrdyger, wid the wonidedmiogndud®r UayeerofIhé bawad @bndibtiveaym

el ectrode. 2Q[.0059] In the semnm conductor device according to the fourth
aspeél oformsd ip the dwper poriAR jofthe ifinst podimnaspsemicansuctatiVayst, saga sheofedutral

sem cond%%hgge ueivi Ge,Accor dI}%’? tto t he .E?Hi rd aspect of the present

i nvention, a Metar- CORFRE BRI can be adequately on the gate

el ectrodgosgpcording to need, to reduce a resistance of the gate electrode.
25 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0060]
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 clectrode 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




FIG 1(a) is a top plan view showing one step in a method of manufacturing a
sem conduct or device, according to one enbodi nent of the present invention.
30FIG 1(b) is a sectional view taken along the line A-A" in FIG 1(a).
2(a) is a top plan view showi ng one step in the nethod. FIG 2(b) is a
sectional view taken along the line AAAin FIG 2(a). FIG3(a) is a top

pl an vi ewars hppwir sgleonl oftthp first cohewnae sthioon 1dyLGAB(1b contactingsar tppen atrfadeend

taken along the line AAA" in FIG 3(a). 5FIG 4(a) is a top plan view
showi ng o gaicefieqtipde iad e swaenndm eidayal of thegateelestensls and; theyfirsi iaswlatingng

the mot noli: #Peer Bl cmedi Gried BRielhT B ShPeRot e elie THI' 1 G

5(a). Fl GenfiéMubtor @aﬁeprafahfeeabhgvzoﬁh@ﬁdv@gr e?orﬁ{eaﬂni e %ﬂg{egbpggeeu 5 G

6(b) is a sectional viewta

en along the A-Nin F

FI G

S

a top Spl gronivewfstiewling fAae sahRpndwttdrh ayeBt £ an Fifpef (fkfacs & SRCkéRRAl
view taken along the line AAA in FIG7(a). FIG8(a) is a top plan view
showi ng owetemdpctphlaypreofithe leapnd RpBIB L} tyrs farmsatini tbe apparipeviidraddehe dksdng

the line AAA in FLG §(a)., 15FIG 9(a).is a.top pl vi,ew show ng one step
1t he e OHBE PRSP 1o TR be S AT T geROoMeRE e set

0o ) A CL B 0B e okoRBL R P RERME 1B QAR GR Wl 5 AR

10( b)

IS a SecC

I onal VI ew

i's a top iphddling! £Mh FHAMANEoRRE (1R Bt BldniRr MiddRdayer; and a length between a

10

15

20

25

30

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 first columnar silicon layer, the thickness of the gate insulating
film, a thickness of the gate electrode, and a thickness of the sidewall-shaped second
insulating film formed to surround the sidewall of the gate electrode and the first insulating
film,

[0057]

In the semiconductor device according to the third aspect of the present invention, in
addition to the advantages of the semiconductor device according to the third aspect of the
present invention, the metal-semiconductor compound can be adequately formed on 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 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.

[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

semiconductor layer and an entirety or an upper portion of the first flat semiconductor

21
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20FI G 11(b) is a sectional view taken along the line A-A" in FIG 11(a). _
FIG 12(a) is a top plan view show ng one step in the nethod. FIG 12(b) is
‘a sectional view taken along the line AAA" in FIG 12(a). FIG 13(a) is a
top plan view showing one step in the nethod. FIG 13(b) is a sectional view
taken along the line A-A" in FIG 13(a). 25FIG 14(a) is a top plan view

showi ng ohgesstaegecomnd sémicorduted. lajdrGf thé(diords cendvetid 8palforh@Mind akeppd ong

the line AAA in FIG 14(a). FIG 15 (a) is a top plan view show ng one step

in the rrePW@Gn of thg firsy tmlumsarasﬂy@@tlamm sapnieondugicedayat ohg firteondustvariylie in
one step in the nethod.

S0 G 16{ Bymre bRt oA soRelpfiio st Bﬁﬁwﬁqgoq%?@ saetw:: e e @p@eqm&y |
neLno IS
A ?ectlféﬁ%"r*ei e %%S bR e et e e R Esentistglel)

top plsan My@bShRWeBEh® BéhduicEi: grpet ﬂﬁn@@tlﬁ'QHe uﬁfi&; PRI of $he v Dol BR@r Vi ew
taken along the line A-A in FI 18(a). S5FIG "19(a) is a top plan view

showi ng osibcat leperi a ghieansmdthgdilnFin@ zigétb)eldcaode sihixthi 06 fdrmed evoundkae figdtong
the Tine (:‘A(\)-luArlnnailrnsilli:clog lalljge(r? Zilﬁrst 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
10 the gate electrode and to surround a sidewall of the gate electrode; 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,
15  wherein: the first insulating film formed between the gate electrode 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 insulating film formed to surround the upper sidewall of
the first columnar 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 adequatcly 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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FIG 20(a) is a top plan view showing one step in the method. FIG 20(b) is
a sectional view taken along the line A-A" in FIG 20(a). FIG 21(a) is a
top plan view showi ng one step in the nethod. 10FIG 21(b) is a sectional
view taken along the line AAA" in FIG 21(a). FIG 22(a) is a top plan view
showi ng one step in the nethod. FIG 22(b) is a sectional view taken al ong

the |ine A AFIGIR(E) ia 182 pRh vidw hotdh@dnd sietin' Pty Vi ew show ng one step
in the nethod. FIG 23(b) is a sectional view taken al ong the line AAA in
FI G 23(a). 15GG(Rrsa)sectional viow tptearnlarigahne Show-Agn 16 Xapp in the method.
FI G 24(b) is ? tional viewtaken along the line AAA in FIG 24(a). FIG
25(a) is a t8§G§ S@it‘?WP@HBWh l_oaﬂ@%n:e%énmgimzeg@ﬂhodh GFlzg( a)25i(g) al tsog
i onal Vi ey t.ake n e li,ne A-A i , ) (
;Iegﬁll \?i ew sth'r% )olgg%g%ec’%alit‘ﬁe‘fvﬁ “Ratqngdhe g@‘ﬁ\% “2%?%)3(?)3 a sectional view

t aken sal ong Fl’@4|(zi)ri§a'ﬁ5p%laﬁ9ieﬁlls§0“%%((ﬁ)ﬁst i i futholiS @ toP Plan wiew

showi ng one step i'n the nmethod. FIG™ 27(b) I's a séctional view taken al ong

the |ine A AFIcmaglieasaczxoaal.viaxﬁkzﬁea)h{gitﬁq Bnd ADA'PA BIG V(HW Showi ng one step
in the nethod. FIG 28(b) is a sectional view taken along the line A-A" in
FIG 28(a). PEFAG ivgiew)plusvigwtsbpwiigamewiepvin streomethgd.one step in the net hod.

20(a) 1 a UBG B §FEHOEHONTH GRGRECBE A s A+ IMEKROR. FI G 30(b) 16 &
sectional vigw bakay t%lpq:ﬁ'& $ib% sh&v@ﬁxg’b‘ohélstelp% HeGn3R0Q) -
10 FIG. 6(b) is a sectional view taken along the line A-A’ in FIG. 6(a).
FIG. 7(a) is a top plan view showing one step in the method.
FIG. 7(b) is a sectional view taken along the line A-A’ in FIG. 7(a).
FIG. 8(a) is a top plan view showing one step in the method.
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. li(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 31(a) is a top plan view showi ng one step in the nethod. 30FI G 31(b)

s a sectional view taken along the line A-A" in FIG31(a). FIG32(a) is a
‘top plan view showing one step in the nmethod. FIG 32(b) is a sectional view
taken along the line AAAin FIG 32(a). FIG 33(a) is a top plan view

showi ng one step in the method. FIG 33(b) is a sectional view taken along
the |ine A-AF1G.A76)G 38(g)lan BEWGhoBHganeistepan tiepmpihad. vi ew showi ng one step

i i i onal view taken al ong the line A-A in

FI'G Sa( ). PGS0 b Sionalyiny key hone Shomr e 8 A8 L he met nod. FI G
' i . Vi : I he, |1, A-A in FIG 35(a). FIG

s6(a) 15 a i RO R MR PoRRR chd i Brmiboa. 10F1 G 35(b) s a

36(a) is atopp . <P :
S O ThEk BN NG o L R SRR S, 1L 2,0

pl an vi ew showi ng 0ne step int _ _
t aken Sal ong FI& 1D{ahés 2op pldnvibw Ghowifig @he sfeh@ t13Gh&hod. S @ top plan view

showi ng one step in the nethod. . .
FIG. 19(b) is a sectional view taken along the line A-A' in FIG. 19(a).

FIG. 20(a) is a top plan view showing one step in the method.
FIG. 20(b) is a sectional view taken along the line A-A' in FIG. 20(a).
FIG. 21(a) is a top plan view showing one step in the method.
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 showing one step in the method.
FIG. 22(b) is a sectional view taken along the line A-A' in FIG. 22(a).
FIG. 23(a) is a top plan view showing 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 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} 1s 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 FIG. 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} is 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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FIG 38(b) is a sectional view taken along the line A-A i n FIG 38(a).

15FI G 39(a) is a top plan view showi ng a sem conductor device obtained by
‘the method. FIG 39(b) is a sectional view taken along the line AAA" in FIG
39(a). FIG 40(a) is a top plan view showi ng a sem conduct or device

obtai ned by the nethod. 20FI G 40(b) is a sectional view taken along the
line A-A i nFRE.G2&) (w3 top plan ¥ik® shdwilg dne seeptin phephéthodi ew showi ng a .
sem conduct or_devi ce obtained by the nmethod. FIG 41(b) is a sectional view
taken al ong FH& P{tids asestions] vigvetaken alons Fredinese-4' én BIG é8td)onal vi ew t aken
ENBODI MENTS | BOG11 i TXoR i P SOV (g op e L8 ¥ng an' NS (M- channel
oL (e PRI bl BT, BB 1 T gt 1 o
a secbi onal PFIGB4{ad kantod plovieW8howing one step in the method.
FIG. 34(b) is a sectional view taken along the line A-A' in FIG. 34(a).
FIG. 35(a) is a top plan view showing one step in the method.
FIG. 35(b) is a sectional view taken along the line A-A' in FIG. 35(a).
F1G. 36(a) is a top plan view showing one step in the method.
10 FIG. 36(b) is a sectional view taken along the line A-A' in FIG. 36(a).
( FIG. 37(a) is a top plan view showing one step in the method.
FIG. 37(b) is a sectional view taken along the line A-A" in FIG. 37(a).
FIG. 38(a) is a top plan 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 F1G. 40(b) is a sectional view taken along the line A-A' in FIG. 40(a).
L 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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line AAAin FIG 41(a). Wth reference to FIGS. 41(a) and 41(b), a
structure of the NMOS-type SGI will be described below. [0062] A first flat
‘silicon layer 112 which is a first flat sem conductor layer, is fornmed on a
5 silicon substrate 110 which is a substrate, and a first columar silicon
| ayer 113 which is a first columar sem conductor layer, is forned on the
first flatinsiA-Atan Fl@yét(al12with seuace 9 FOsiamw) e 3Nt \é!?ﬁ&tﬂre' Sf thel 1 7St
semi conductor | ayer of a second conductive type, is forned in a | ower
portion oNMOEtsicrKET »oll berdescribéd badow. | ayer 113 and an upper portion (or an
entirety) %g he flat silicon layer 112, and a drain diffusion |ayer 201
which is [’9 ond 10 sem conduct or Iayer of the second conducti ve type, is

formed In an AURRERaPALLALAYE LTONGRERHIIMRL Bl bGRInAY %déﬁ%ﬁjf% %d3 g

body 309 whi sem conductor Tayer
formed b%ﬂ!‘@ﬁﬁsub&tﬁaté@l@ GAicHi i h4sbRRtd, %&5 ﬁ%QQ:oilﬂﬁI%%HcBn %@ r 183 %\108%5' on

of the first columar 15silicon | ayer and t he upper
entirety)finsf CCthhtendrI ﬁmlmnlduaonlalya[ymrfoﬁﬁé’d oﬁ.lﬂﬁb iﬁﬂaeﬂstrsalhdbnda)fefr u$2.0nAlsay@e 201
formed in_ the u orti on_of the columar silicon |ayer 113. [0064]

A gate i rilipsen eﬁz Phvilpeh isaddiry sgameondueter iaYdeofLaEe(caldgmmdu@ivedyp@de body
141 di n he b 3 d te 1 t endi f th
date of ecoMBtL ey fn)es dodemor the IR PG st ke 11 ﬁgc? m?ﬁpéﬁ%%anfénﬂorcgn
layer 113y Jng of the ﬂ%i"flil@(ﬁf tay& 112 % %1 ’&?eyh %Lﬁﬁ%& iayernsul }Pcl}' bs 4 f"i ml Xi de

filmhaving a i ckness larger than’t 24,

is fdﬂrreckeﬂne:tom‘noﬁ hgegalt e ebamidr @aaudit t2pel Its W@nﬁa@l{hca% lﬂip%f‘ E&"ﬂ%ﬁ dfat}{@ r
200. Based on forming the first insulating film303, i.e., e oxide
film haVICﬁbmH'lafﬁIhG‘ngé’Sr 1l ger than that of the gate insulating film 124,
bet ween :[Q(g@gate el ectrode 141 and the source diffusion |ayer 200, a

gat e-sou arasitic capacitance can be reduced [0066] A second
i nsul ati ng f i cond i ns i
(o m 50 s 4 OB U Bhicn 1% of ml@‘md“%‘e"? N T RSB RGpe o afhed ™

silicon Ibatya&l%n 1He336Mﬂ¢d &iffusion 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.c., 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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contacting an upper surface of the gate el ectrode 141 (gate el ectrode body
141a), and a second insulating filmsidewall 133, i.e., a sidewall-shaped
'second insulating layer, is formed to surround a sidewall of the gate

el ectrode 141. [0067] 5A netal -sem conductor conpound 153 is formed in an
upper surface of the source diffusion |layer 200, and a netal - sem conduct or
conpound ddi2adtifig famr uppdr sinfaR sfppergafuslé@rleofd 1t faatetdladtfodeitoliyiSisom, lhay ar
201. Further, a netal-sem conductor conpound 151 is forned inh an ‘upper
surface ofccomd infaating| fdlon sisidwali 4183, [1©068}3ide@Al-shaped ctecdrith irisalatiog edrois t he
source diffusion |ayer 200 t al - sem conduct or conpound 153), and a

cont act 1§B§‘TLF§t(T§}\W?éHd8ﬁ1dFWéﬂg’if§?ergaEﬁ?IF‘H’éﬂdﬁﬂﬂayer 201 (netal - sem conduct or
conpound pypgyr Further, a contact 172 is forned on the gate wiring 141b
(the net ali sem conduct or conpound 151). [0069] 15FIG 42 is a sectional

vi ew tsaken alaomgtal-B@nicbidickrRontpoihé 154§ #meling eﬁ?ﬁ@eﬁ* %ﬁff?&o&dﬁgtsg{uce
conpound 153 is fornmed as a neans to reduce a resistance of a source
region. |diffosiderlaten 200, awd th eeradisadicodicancsitpaindc S BUAGMEBInt M Bgperor med
in the source diffusion |ayer 200, it _is necessary to satisfy the follow ng
condi t i orfdrfaseeitie drain yliffugion layeg 201 2 0Fwrther,\gpmetalagsmiconiyctor wompaynd 151 is
wher ei n: is.a length bet n a central is of the first col umar
silicon Itlg/\g’é?ds‘ff:? R %Blg%\éf&&gageﬁ eCEBE‘? &%f('di ffusion |ayer 200;

W is a lipgpgdh between the central axis of the first columar silicon |ayer
113 and a sidewal |l thereof; 25Wx is a thickness of the gate insulating
filmi024 (fiAstoneetumak BithéCoR thaydirct IdHusion layer 200 (metal-semiconductor

compound 153), and a contact 173 is formed on the drain diffusion layer 201
(metal-semiconductor compound 152). Further, a contact 172 is formed on the gate
wiring 141b (the metal-semiconductor compound 151).

[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 s (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
stlicon layer 113);

Wg is a width (thickness) of the gate electrode 141 (gate electrode
body 141a); and
Ws 1s a width (thickness) of the second insulating film sidewall 133

30  (i-e. second insulating film).
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Wj is a width (thickness) of the gate el ectrode 141 (gate el ectrode body
141a); and W is a width (thickness) of the second
insulating filmsidewall 133 30(i.e., second insulating film. [0070]

The netal - sem conductor conpound 151 is fornmed as a nmeans to reduce a
resistance of a gate region. In order to allow the netal-semn conductor
conpound 1BXW0fo be forned in the gate electrode 141, it is necessary to
satisfy the followi ng conditional fornula (2) in S5FIG 42: W > W (2)

, wherei n W The mefal-sgmrieendyetor lsemgerns Elekstfﬂm?%i Mmfgla:tte r_ec(ljtmetalrrlesiitgifwy
141a), and.\W is t.he w dth of e second insulating filmsidewa

(e SeBbhaaleeniPh: | gore Wﬁfgr@@emﬂ-semwoﬁgetpnem@mﬁatsa ¥y dgme
condi tion . : | - sem conduct.or conpoun
151, 152, %1%%%??%%%%? g‘r;?régrqgg(lgeéest%%‘ly&}égﬁ%%ﬁ{g’i@?%%c% HoRd féﬁ?‘@a in

el ect rpdeFIG.le: drain region and the source region to increase an _
ON-current. [0072] 15The SGT can performa transistor operation by applying
a potential of ZWgé Ws Vcc to the gate el ect-+qdp 141 under a condition that
the source diffusion |ayer 200 and the drain diffusion | ayer 201 are

connected to a GNDSEHRKEintheawdtinolbe gatstdentiode 141 degie cleciveda/bodyobina),

and Ws is the width of the second insulating film sidewall 134 (i.e., second insulating
film).

10 [0071]

A structure satisfying the conditional formulas (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 Ve 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 Vcc 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. I(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 element is defined by

30 a common reference numeral or code. In the following description, a combination of

28




The diffusion layer to be formed in the upper portion of the first col umar
silicon 20 layer 113, and the diffusion layer to be formed in the |ower
portion of the first columar silicon layer 113 and the upper portion (or
an entirety) of the flat silicon layer 112, may be a source diffusion |ayer
and a drain diffusion |ayer, respectively. [0074] Wth reference to FIGS.
1(a) to 4F1GS. 1(ara€drbnemudetinationgiGod] @y and 41 (bywild b2 befored RE3OBIGENT
of the pr §en%?énvqntion_mﬁll be described below. FIGS. 1(a) to 41(b) show
respectivg © 6 - 4n: YepReCErstY.manuf act ur i ng met hod according to the
enbodinenf gﬂerein 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 al y T i . 1 with the
Suff inxa( g;] X F{%Pegld%. ﬁf((};)I 4B Cﬁlﬁ%@?ﬁgpgﬁr@nﬂ]@n@%@@ 8%?t%gé&by 30 a

comord r ef0@7&€hce nuneral or code. In the follow ng description, a
combi nation of FIGS. 1(a) and 1(b) to a combination of FIGS. 41(a) and
41(b) wi || bRBefeatieg feblG @, adirstmigde filmol 30Fs Gornded on thegpd atxiideefilyn 12 DGHB]

f [ FIG 1, d.oxide film.121 is forned on a silicon substrate
Tr0° 5 00HE] @ Trst Ep@hPinglites o1 pplyigor Alrge e dpwmedon feitt mimdoRlRd on

the pad oppde film 121, and then a first amorphous silicon or polysilicon
film140 i's formed on the first nitride film 130. [0077]

[0077]

10 Referring to FIG. 3, a resist is applied onto the first amorphous silicon or polysilicon
film 140, and a first columnar layer pattern is transferred to the resist through lithography
to leave a first resist 301 corresponding to the first columnar layer pattern.

[0078]
Referring to FIG. 4, the first amorphous silicon or polysilicon film 140 and the first

15 mitride 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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10Referring 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 through lithography to leave a first resist 301 correspondi ng
to the first columar |ayer pattern. [0078] Referring to FIG 4, the
first anorphous silicon or polysilicon film 140 and the first 15nitride
film 130 threa dtickress {(heighadimemsidmrofitlie fiist ainoRdiods sliskn ofpolytiliesh filie 1pad
oxide film121 is etched. [0079] Referring to FIG5, the first resist 301

i s renoveeforedhadyy donag sregenylor fomig the fisecdimhaoilicndsyerdil 8 is tbss then

dry-etche I n he first..hard consi sting of respective remaining
portions tg?t#ﬁjée ﬁ# %ﬁ%%ﬁ%@sla%qﬁﬁ‘on or polysilicon film 140 and the

first nitmppgy film 130, to forma first columar silicon layer 113. During
this dry etching process, the first anorphous silicon or polysilicon film

140 i $ al so Rekehat ol FIG i sgsrtite suMiess bhBie firdtToldimi BINRYS 1544 | BOHdhe
polysilicon film140 is fully etched, a 25 plasma em ssion intensity

det ect ablsélidep sabsiraje biiricrsgerafipaliyatudized tocframgesherifibiab oxide tibn 2@ abias o
timng of the dry etching process can be determ ned by detecting the change
in plas née%ﬁf?s‘gﬁ iRkt i}ﬁ?e\%l gk theofiest £glumnag silicon laysrel ghfordisaeasss on of
e S5, S S0 Sy SRR S B B
e sy e s 1 LRSS (R IRESIBN)
procéfs filmreihordvring thdédryfdteting pokessnar silicon layer 113 is | ess than that
;of the fi rst3]col umar silicon |ayer 113.
Referring to FIG. 8, a resist is applied onto the in-process structure in FIG. 7, and a
first flat silicon layer pattern is transferred to the resist through lithography to leave 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
subsirate 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. |
[0687]

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] 5Referring to FIG 7, respective surfaces of the first columar
silicon layer 113 and the silicon substrate 110 are sacrificially oxidized
to forma sacrificial oxide film 123 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 columar
silicon | H)88] 113 and the silicon substrate 110 (i.e., silicon surface)
havi ng carbon and others inplanted 10t hereinto during the dry etching

process. [oo&sfernng iRk 13, alsetspmes308 is formedjosta $iée%bbi; e fost luhear

in- : in FI 7 first flat.silicaon |ayer_pattern is

transt o r icebEferd 1948 ngtee?meoféfaﬁé‘q?@%&ﬁimw{%s i} R I onaeﬁ%ggfstp 150
. ; o crn ~ho

cacr 11 ol o e i 5n oo ecfie (ASPR bR phORE L £ mictR BROE e 5

and t e siili¢orolayauldtts dben 4 L0udy diffgsisiakéd 2000 whicRXd 8afliceR 18P oPLAA®RH t he
silicon surface from contam nations, such as by-products to be produced

during a ®ngsdiigenipe.dnya ewehipngiopr ofcths Sirs] Gdduhar2Reekayérnt 3t mdFGupr t he

silicon substrate 110 i ry-etched to forma first flat silicon |ayer 112.
[0085] ReTEHOR aPG“'i“rle@%i’g,thetfe éﬁg%ééwan#@@r §12.150 is renoved. [0086]

25Ref erriggg ]o FIG 11, a filling oxide film 120 is deposited on the .
i n-process structure in FIG 10, and flattened to have a surface flush with

an upper surfraGg dp, et KigldeMiky 1 RerofhldAvb3Q thd 8RB lumnar silicon layer 113
10 prevents the impurity from being injected into the upper portion of the first columnar
silicon layer 113.  The impurity injection for the source diffusion layer 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/upper 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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Referring to FIG 12, the filling oxide film 120 is etched in such a nmanner
as to allow 30a surface of an upper portion of the first flat silicon |ayer
112 to be exposed. [0088] Referring to FIG 13, offset spacer 307 is
formed on a sidewall of the first columar silicon layer 113 to protect the
first columar silicon layer in source inplant. Referring to FIG 14, an

i mpuri ty, ssweshdiffesian deyearc2(0As)d e fkosgianassii@)n laysr 1 15, a¢hedlatingle luhe
first flat, 5 silicon layer 112 to forma source diffusion |ayer 200 which
is a sil i'i&;‘%ﬁIF“FS&y%‘?d formgd sseusd ancigisanedipigappgpudewall af thefisst qebimpagsilsfont he
first col a I ]icon |layer 113 and an upper. portjon ( an entirety) of
the fi rstlld?%}aili# e rkat1vg§'ersmi‘]1fhlcpb‘?§§’9f5 In%nflﬂﬁg‘{ 9%’%‘5 ﬁrllil@sﬁ FYeg aligr PR de
film130 Jtélﬁﬂggrc_ﬁgé%\!% r?a?leoif %E_Sffrst(‘mglﬂ fifdh et 3By ?%m%?&? a)?t)QmH Ry RS the
impurity frombeing injected into the upper portion o e T rst col ummar
si | ican |sideevallldithe Tiist ¢ofmmbart ylidon) legdri A8 dndratobe t1xosue® dirhEibh 3420 2bayer
200 to be forned in the upper portion (or an entirety) of the first flat
silicon l|afethe first codwrdnathglicomplayert Y13 (4 pot iobrthd Grst tihsuladingi filnd infafartmi 6031 ayer

201 to be formed jn the upper, portion of the first columar silicon |ayer
113, are rB‘é‘F“FIH?grrﬁ@@e‘&Srf;rtsg eolumgar sikigen dasienild P ol Bereimplier; bes peferredsdo as

185 mpur | U B ARG A BAShLYGAR AT FRRLOsAERLERLN, A ShOr, Rhanne

effect so as to~“reduce ‘a | eakage curr

of f set sparWalldthé Fir@lONGHnar[sR3AlIaPRes %Hiaggﬁ Pl%Féo&ceé;ﬁﬁu&oﬁ h%%% 200

insulating filmmterial 303, such &as an oxid eposited on the
i n- prl@cesslismakctupr 2 'ifivstFiGulafibg Bpesdd itaadngya thivknédsriafger NBaH alidt nef &h | M
material 303 is forned around a |ower sidewall of the first columar

silicon [H§ementicned gateipsvlating Blng d24'c éo b formsi datwesy dhe fueceadiBusibe ldyier st

coLumat 250 ko, PSSP Gl Rl ol e g A S e
113 at arg®ldt b VEANsiAEREApat Rtk "BS%veen the source diffusion layer 200 and the
subsequently-formed gate electrode 141.
15 [0093]

The first insulating film 303 to be formed between the first flat silicon layer 112
(source diffusion layer 200) and the subscquently-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 mnitride 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

32




[0092] Referring to FIG 17, the first insulating filmmaterial 303 around
the i nternedi ate/ upper sidewall of the first columar silicon |ayer 113 is
etched. Preferably, this etching process is an isotropic etching process.
The first insulating filmmterial 303 30 is fornmed around the | ower
sidewal | of the first columar silicon |layer 113 and above the source

di f f usi onamayetrcap(@ amdollérk whihrehanwel uspradudbilite by ukiayess 4 LMP alopper, the

relativel é | ar gg %hi ckness, .and formed around an i nternedi at e/ upper
si dewal | GfstiiEde filma 3 yhighriathedirsiheshmaskier 113 at a relatively smal |

t hi ckness 008 menti oned above. Thus, even after the etching process, a part
of the fi [st Jnsul ating filmmterial 303 remains around the lower 5

si deval | of tRaferfihg 8 FRQIMIRR scbbid i e QeSS
di ffusion | ayer 210 and t g“%i Srest c%ﬁﬁ‘}%ﬁ%g‘?ﬂslflﬁ c%ﬁﬂﬁgég?%ﬁ%b?gfﬁé?ﬁ] Bf the
first 5 nstieatiengndlidtive fhetsictthed B3ck 10 MRicRn NS Rnpfe first col umar
silicon layer 113 will hereinafter be referred to as "insulating film

306"). ThE0PY} st insulating filmmaterial 303 renmining around the |ower

si dewal | of hf first ‘E%Z?er r silicon |ayer 113 and above the source

di f f usi on |a§8 erRg o1 (24 2 Hisk exdp Hm ¥25yis deposdiad anithryintproegsssudtaeiing a
t hi ckness el 4t .of ~an ter-nentjoned gate .insul ating fil.m 124",
to be Tormsa et Rehd Rl 688 i3] oS HemR A GUREFR! St Bifn 125" Ihe hiS

subsequenilide ik MEIwaabRtR 85 L g Suidl of T &b@é{%ﬁﬁﬁ%@t 'afelqe%ég'roﬂg gg? can

reduce a parasitic capacitance between the sour n and

the dlbsduurnt wet-diching dr dot eckihg procesetolbel perfdthRA98]a subseqlibi didg, $6 as to
insulating film303 to be formed between the first flat silicon [ayer 112
(sour ce GFPPTGE behangy 8 thegpie lapgtht ke, & vtrinsigudn the gdto lamath, gad dambgeoifithele 141
may be fqr . deppsi.t | apn insulatin i, mon the ip-process structure
in FIG %@%ﬁ‘ﬁ#ﬂ%ﬁ@é&%ﬁg%@ei%m %&r#aa%ohherﬁ SaHely-tored eale Slectradt wi t h
t he upperjgsurface of the first 20nitride film 130, and etching the
insulating film [0094] Referring to FIG 18, a gate insulating film
124, sucho@@8lan oxide filmor a silicon oxynitride film is formed on the
sidewal | of the pad oxide film 121 and the internedi ate/ upper sidewall of
the fPrst cofelpmae ©i FiGda., ithe eecond Mitridef Bl 1134 it cetetied W@k t85ars ex drirl
anor phou iC 141 ich,is_a gate conductive film
; f’i,\{h dyimy 1

i s formed S;% loaltilgg Iofgwoisjﬁlg‘%lfl ? !s}tnl ﬁgﬁna’%{%g’ dh¢ ifEgnoxidy 3 ip alse Eelsdddéd
therein. thickness of the third msulating film sidewall will determine a thickness of a
subsequently-formed gate electrode body 141a. 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.
{01013
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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[ 0095] Referring to FIG 20, the second anorphous silicon or polysilicon
film141 is polished by a chem cal nechanical polishing (CMP) process to
‘have a flattened upper surface flush 30 with the upper surface of the first
nitride film130. In the CVMP process, a polishing anount can be
controlled wth enhanced reproducibility by using, as a CVMP stopper, the
first nitadamadk tofobBCe gdie clectradet Hd donsistinghef dlgaraskectrdddOffly 141a and a gate
Referring to FIG 21, the second anorphous silicon or polysilicon film 141
whi ch i s BiHE Hbe conductive film is etched back to deternine a gate

| engt h. [R)gﬁﬂ Referring to FIG 22, a first oxide film125 is _
deposi ted he i n-process structure in FIG 21, and a second nitride film

131 i s deposi : foir j 5 g T Wy i fid 25 will
orotect - ah_ unseriatd DR e N A e S0 i8 P Eina R By Bele 1
from & wedr vestershitg mocels Yo sl iHeGoRice defissidiolabe 2001 0 BRshskd @ subsequent

step, so as to suppress a change in the gate length, i.e., a variation in

the gate [0&8Ht h, and damage of the gate insulating film 124 fromthe upper
d gate electrode 141. [0098] 15Referring

to Fl G (2)];, ' REP e G b ey festis b0 pad dedieRCharx 1_%&) acofemoxed And @
Lot ARy A P, o N PEORSRF S 68 S LR850
L1, e shs it aues by derd i 8otk Lol Al iR,
by adjlustremgvinpéhe fiisc kimddestilnd 13handsthe eardnd ittite fitte 181) m 131 and condi ti ons
of the et[g{l(imr]lg back process.[0099]
Referring to FIG. 29, the first nitride film 130 above the first columnar silicon layer
113 and the second nitride film 131 around the first columnar silicon layer 113 are
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 manper 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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Referring to FIG 24, an inpurity, such as phosphorus (P), is injected into
t he second anor phous silicon or polysilicon film 141 which is the gate
‘conductive film [0100] Referring to FIG 25, a bottomanti-reflective
coating (BARC) layer 161 is applied 25 onto the in-process structure in
FIG 24. Then, a resist is applied onto the BARC | ayer 161, and a gate

W ring patieerotei 1ot tand mssbectivedntoof the soesé diffusiondaygh 200 bhd tleafibymentidi@dve a

third resist 160 corresponding to the gate wiring pattern. [0101] =
Ref er ri ngdial diftysivg layere 2@jnree |t yadter-maptiongdymetd-semiconduciororqmpayadsi |Incon

s ng- ¢ hodaifieit e toedhd g QRSP E g b Ylpescidbull o 48 B
consi sti ngyefind gatén Ptl.rlQd&nbﬁg%fnjtd‘al?né?z{ﬂ%eﬁli&%%gctm %Lﬁg?gn%lﬁoﬂ %g,gl

Referring to FIG 27, tHe first insulating layer I's partly renoved®by a

dry etichi fogmbdbn RtupptChdevgal PofaBe ftst tSluainkOMitBEla$QUING &n disiisugicdnsibgyer 200
to be exposed. [0103 Referring to FIG 28, the third resist 160 and the

BARC | ayel01881 are renoved and a fourth oxide |ayer 305 formed on an

or ot oct the. BEIeEE 0ok A1ATPRIR HEhES PuBINIORIroRSE 46 ey \PROr PEHOR ng

ot er 1 ng (e EleESobng) diivortaerilS REEETEh Rriley’ TSR or S FORBT MR

o o b osssntont 8 ik heeaon ol gt ot
10 the first columnar silicon layer 113. A portion of the first columnar silicon layer 113

i‘ between the source diffusion layer 200 and the drain diffusion layer 201 is formed as a
body 309 which is a semiconductor layer 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,
L 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  electrode 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 clectrode 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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15[ 0105] Referring to FIG 30, the pad oxide film 121, the first oxide
film125 and the fourth oxide |layer 305 are renoved. [0106]

"Referring to FIG 31, a third nitride film132 is fornmed on the in-process
structure in 20FI G 30. [0107] Referring to FIG 32, the third nitride.
film132 is etched back in such a manner that the respective upper surfaces
of the sdnteceds ftfuctirein FEyYEd. 200 and the first columar silicon |ayer 113
are exposed, and a second insulating filmsidewall 133 and a second 25

i nsul ati r{tht’]l m si dewal | 134 which serve as a sidewal | -shaped second

insulating f .are d ar 9 a. si.dewa t ate.electro 141 and
onupper i oRBEHITGD G 3B #Li By s th%ﬂ%%?@%ffshlfﬂe%ie iyt

The secong,., i i I en the gate
el ectrode 14‘41@151an;{1ll lﬁgfo%g%gl%%bg‘gée@ #01§} %ﬁ%ng(jg%?lce |on Igt%E&%ZOO and the
aftersmenpimed drain diffusion |ayer 201 to be for med in the upper 30
portion of the first columar silicon |layer 113, so as to prevent a short
bet ween t he Refemingetodd(r 3den duttach hdlerie $prmetdi udhomeerlaybr inbeatiogifibe 1d6fat usi on

| ayer 200 and the after-nmentioned drain diffusion |ayer 201 due _to
af t er - me POFIHARY OPAPRFL Yderiok dhradidino @eﬁfademsz@l kil taeapmrdwm?rh@f drsc By

|nsulat|n film. |de cov sidewal | ~of, th

col urmar Catab TGS M en 1 G bR oS, AREFEuB TR 6t e B ARE 1 om
bei ng 5f o fELhADY ttﬂgzcéyg&g gdeygl | of the first columar silicon |layer 113
in a subsequent step [0 Referring to FIG 33, an inpurity, such as

P or 1és, [0H4introduced i nto t he upper portion of the first columar silicon
layer 113 through an inpurity introduction process conprising an i n;[purl ty

i I’lj ectl on priwfesg tedlfosf braleentect dioldsiase dornegyiar the auterlayer Hesulgiper filpor t i on

fi t | | | 113. A f the f
ol umnar 126 b RSt BT pe st ey b e i RE F 1 B fw&ﬁr%%&ml  he
drai n i ush0n bANET ARl b Ml 351 DB 303 WHiclY 1 @nbEThERDGt o

| ayer of
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 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, 1s 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 (1) 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 ailoy 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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Referring to FIG 34, a first netal film such as a nickel (Ni) filmor a
cobalt (Co) film 15 is fornmed on the respective exposed surface of the
‘source diffusion |ayer 200 and the gate el ectrode 141, and an upper surface
of the drain diffusion |ayer 201 by a sputtering process. The first netal
filmis then subjected to a heat treatnent, and an unreacted part of the
heat - t r eatubicfed| tmlitbograpiyviedfotn thee Mirst lapdralirmgrilGoNLIC LG9 conegpondidg 161, a
met al - sem conduct or conpound 152 and a mnetal -sem conduct or conpound 153, on
t he 20gat’&SRECEYR prsgeof thel contaets Hikild3 dl 7 us fotitaniagetTipbim ana titaneuns gifride

di ffusionl 200,. respectively. [0 The, net al - 1 conduct o
corrpoundrti!iﬁ)y ﬁ%‘? fed b&nuﬁeﬁéﬂs etgaréf:re%‘?&%gimqu : sg‘r%&ﬁ?ﬂ ?\‘S’? ﬁf@ TRY élf’o be

col umar \gidicon |layer 113 can reduce a resistance of the gate 25 el ectrode
141. As long as the width Wy of the gate el ectrode 141 and the wi dth W of
t he second insulating filmsidewall 134 are satisfy the follow ng relation:
Wy > W, and the upper surface of the gate el ectrode 141 is exposed, the
nmet al - sem conduct or conpound 151 can be formed on the gate el ectrode 141.
[0111] 30Referring to FIG 35, a contact stopper 135, such as a nitride
film is formed on the in-process structure in FIG 34. [0112] Referring to
FIG 36, an interlayer insulating film126 which is a third oxide film is
formed on the in-process structure in FIG 35, and then flattened by a CW
process. 5[0113] Referring to FIG 37, a contact hole is fornmed in the
interlayer insulating film 126 at positions on upper side of the drain
diffusion layer 201 in the upper portion of the first columar silicon
layer 113 by an etching process. The etching process for the contact holes
is stopped by the contact stopper 135.
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10[ 0114] Referring to FIG 38, two contact holes are formed in the
interlayer insulating film126 at positions on respective upper sides of
the gate wiring 141b, and the source diffusion layer 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
cont act st¥Shafds claBsedtisr r esponding to the respective contact holes are
etched. [0116] Referring to FIG 40, a barrier netal film171, such as a
tantalum (Ta) filmor a 20 tantalumnitride (TaN) film is formed on an

i nner per ilpher &l methotlaf ena@hfeaeing Afsein@nEBRbPddvidOL GRpris esipiBEal film
such as a copper (Cu) film is forned on the barrier netal film171 by a

sputtering prode@Esngra golmpar sgminopdeier layer (313)) ewtacsubistrate QVD), pamsicess t o

form threg, 6aRt 3¢ 7 73, 174 corr.esp i n 0

respect i vgo oneé%oﬁﬁ% %%Pga e %Mﬂcro‘%;l%{%l@!izf%a%}xgm{ %‘ﬁl%é’?gﬁe F‘gi?gﬁezm and
t he sour c€l1d) ifing inder Iﬂwmiuﬂﬂﬁd.seﬁidoﬁﬂaﬁbﬂmy&?(lﬁﬂ; ) I f:cl Im 0r17zi tlb\t ?nl umt
nitride (TiN) filmnmay_be use s the barrier neta iIm .. A tungsten
(W filmmy af¥8ups au@féﬂ?ﬁfmﬁ?l@ﬁ@ T laY%dﬁp%ﬁeC@aﬁltcam%emQagzom Illmamay_rbe
used. [01 ' . [ [ ) a Ta
filmor a%el{l%?i;‘tiﬁ{n% 61}"@e;oglr ne g%n%cﬁ%aﬁf{rgg%eéggfsﬁs?p&é{%%e% H§E€gp ﬁ% and
then a mepettionidfrthd Aéstiflat Semivendustortlayer 301 )awhichr comstitates fanl eiehibd mesihen, the
bat her rreta}b film175 and the netal film 176 are subjected to Iithography
to formt MIBEIESS st |ayer wirings 177, 178, 179 corresponding to respective

tride (TN P oaea histineleins Ttk (205} bl ATl eldepll B P bolrh R e
(W fil m seayicendustosdaygs€ld 3) andrabove thecfirsi fiat demsconductorieydrgtii2)f manuf act uri ng
a sem conduct Ofon&iueﬁ/gi gegateclcl)ls Eiu?gl rf'igmt 854)551(13(?% goafté electrode (141) around the
columnar silicon layer;
forming a sidewall-shaped second insulating film (133, 134) to surround an
upper sidewall of the columnar semiconductor layer (113) while contacting an upper
surface of the gate electrode (141) and to surround a sidewall of the gate electrode
(141) and the first insulating film (303);
forming a second semiconductor layer of the second conductive type in an
upper portion of the columnar semiconductor layer (113), and forming a
semiconductor layer of a first conductive type between the first semiconductor layer
of the 'second conductive type and the second semiconductor layer of the second
conductive type; and
forming a metal-semiconductor compound (152, 153) on each of an upper
surface of the first semiconductor layer of the second conductive type (200) and an
upper surface of the second semiconductor layer of the second conductive type (201),
wherein the first insulating film (303) has a thickness larger than that of the
gate insulating film (124) formed around the columnar semiconductor layer (113),
wherein the gate electrode (141a) has a thickness larger than that of the
sidewall-shaped second insulating film (134) formed to surround the upper sidewall
of the columnar semiconductor layer (113) while contacting the upper surface of the
gate electrode (141a).
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form ng a columar sem conductor |ayer (113) on a substrate (110), and
formng a first flat sem conductor |ayer (112) in an upper portion of the
substrate (110) |ying under the columar sem conductor |ayer (113);
forming a first sem conductor |ayer of a second conductive type (200) in a
| ower portion of the columar sem conductor |ayer (113) and an entirety or
an upper ort i Asemiconthectdr devicefdoatprisewgi conduct or | ayer (112), which
constitutes an gtched nesa W th edges; formng a fjirst insulating

[ l'm (303)  ar b Ae1 SREFOGEREDE ga2) forued e P SRt Eonduct or | ayer
(113) and abovgcdiiginkt Edhichhdictor @& PN AbRAed 8Y fie firkd Aké semicondulfol NY a
gate insulating film (124) and a gate electrode (141) around the col umar

silicon layesr(112); forming a sidewall-shaped second insulating film (133,
134) to surroun n_upper. sidewal | .of the,col ummar sem uct ar. | ayer
(113) i e oohisdieHBRaugioh B3 of A ateosy SPrdehle S 1BY B hims” and 1o
surround 3wt géitish lof Phe édl@maat ®nftcEutof Gyed ¢lIB) andlad BRtifety &t an Bspet at i ng
film (303); form ng a second sem conductor |ayer of the second

conduct i werigipef the fisst flappraniconsuctos dayst (1185 col ummar semi conduct or | ayer

(113), and form ] ! i bet ween
the first sen‘idg%)ér%gﬁgf %’?f%@%@gw{rh&ﬁ %é%cgfﬁ%%g%%d ﬁg? %dﬁéye%glggy?lﬁe second
seni condumtupped portion of th keluneme semicondlicadrilaer (V3§ and formng a

met al - sem conduct qr corrpoimd (152, 153% on eac an uypper surface of the

h of
first seni conduterBronduster layer ¢faticsteeniycvsiome (3092 farpasd bebtren thgfarsan upper
f i f | t
(o01y ¢ YemicRAREGORYOSThE S cBhay RYE TR QOOTORREPONE SpAI ot (VPP
t han t hatofdie ¢dhengmtsemicumdhetor lagerf (113, fdPthe seamdsdmivondador lageradithemar

sem conduct or, | ayer .(113), erei.n the gate electrade (141la) has a
©h clnos Sl EPIATE (3 @01} HEMEMidRalTe. SRReaoLERoRY RSENIFPAY 11 1 m
(134) forgmtboh@ucsrhpntiHhhe upper sidewall of the col umar sem conductor
| ayer (113) while contacting the upper surface of the gate el ectrode

(141a). 2. A sgegitednsilating filke (124 awdhprgaté slectradd (T4l Whish aefoumdduct or
| ayer (112) f.orned on a substrate (1 - a col umar sem conduct or

| ayer (1@”@3@‘?’%’3 artsﬁgqunflg%o 1a& rlﬁl:%'?i’ conductor |ayer (112); a
first sem conguikOinshiaify fibh (30PeRANEd bamdes he/ Satt XRBrbAOO41) ardrate i n a

| ower portion of the columar sem conductor |ayer (113) and an entirety or
an upper figgdlat gpmnigendugtorfayes{112)at semi conductor |ayer (112); a second

cem ConuCL o | UOlab O SR 0 XFr4 Y89 RN LR, P

portion of the ‘col'ummar con

| ayer of uppdrisidewatiasfilie tovmnay panicotBictdr diyee {113 twiERconbRtih 86 tupper

sem conduct_or Iager of .the second conductive type (1200 formed I n the | ower
a

portion &¥rfacseofthe gateslectode dbhbandolo sumpanpd aisidewaliy rgstes elegrnde

sem pondg&tl?,r | ayer of the second conductive type' (201) fornmed in the upper
portion he col umar sem conductor |ayer (113);
a metal-semiconductor compound (152, 153) formed on each of an upper

surface of the first semiconductor layer of the second conductive type (200) formed in
the entirety or the upper portion of the first flat semiconductor layer (112), and an
upper surface of the second semiconductor layer of the second conductive type (201)
formed in the upper portion of the columnar semiconductor layer (113),

wherein:

the first insulating film (303) formed between the gate electrode (141) and the
first flat semiconductor layer (112) has a thickness larger than that of the gate
insulating film (124) formed around the columnar semiconductor layer {(113); and

the gate electrode (141a) has a thickness larger than that of the sidewall-
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a gate insulating film(124) and a gate el ectrode (141) which are forned
around the columar sem conductor |ayer (113); a first insulating
film (303) formed between the gate el ectrode (141) and the first flat

sem conductor |ayer (112); a sidewal | -shaped second insulating film
(133, 134) fornmed to surround an upper sidewall of the col umar

seni conduskaped | sggond (nﬁ.ﬁ.l@?n&\/rﬁlme(lééhﬁa‘merlrtg suroupd ¢he sppdram@wﬁll vfithegat e

2 ot o - SeRb b Aeo R LR e SO G o e S e e RSt

surface ofi41ag first sem conductor |ayer of the second conductive type
(200) formed in the entirety or the upper portion of the first flat

sem conductor |ayer (112), and an upper surface of the second sem conduct or
| ayer of the second conductive type (201) fornmed in the upper portion of

t he col umar sem conductor |ayer (113), wherein: the first insulating
film(303) forned between the gate electrode (141) and the first flat

sem conductor |ayer (112) has a thickness larger than that of the gate
insulating film(124) forned around the columar sem conductor |ayer (113);
and the gate el ectrode (141a) has a thickness larger than that of the
sidewal | - shaped second insulating film(134) fornmed to surround the upper
sidewal | of the columar sem conductor |ayer while contacting the upper
surface of the gate el ectrode (141a).
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