1 SEMICONDUCTOR DEVICE AND PRODUCTION METHOD CROSS-REFERENCE TO RELATED
APPLICATION [0001]This application claims the benefit ofJapanese Patent Application No.
2010-136470 filed June 1S, 2010, the entire disclosure of which is incorporated by reference herein,
FIELD [0002]This application relates generally to a semiconductor device and a method of' producing
such. BACKGROUND [0003]Semiconductor devices, particularly integrated circuits using MOS
transistors, are increasingly being highly integrated. MOS transistors in integrated circuits have been
downsized to nano sizes as the integration level is increased. As MOS transistors are downsized,

problems arise such a8 dHEU M e AR ENEH ADRBR RBH A PRRABA HSHPer downsizing is
difficult. In order to resoh@ﬁm@ﬂw%ﬁ@%qg@giﬁgﬁtg{;ﬁ%ﬂfs;\oic T) structure has been
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proposed in which the source, gate and drain are provided on a substrate In the vertical direction and
the gate[808dundslais ighalickshapkihseintendiictor ipyetsd DAQHINp pridaide XedugeOPOWET O _
consumption in SCls, it is preferable for resistance to be reduced in the source, gate and drain. In
particulat §f} jr‘éﬂflﬂné%% Eé%fé]ﬂé‘r‘réésél‘%’écd%ﬁ@’ bidtisdaeonagisddnatsismnessecipistal in the gate

electrode. However, contamination of manufactﬁi ‘ gﬁquipment by metal and contamination of

semiconductor devices produced by that manufacturing equipment is not desirable. Accordingly,

processgibpseqiisktasthadonmingobihe:mstal gaimplacieds Deactthba sRewal frocesses such
as those that constantly control such metal contamination. 100051Patent Literature | discloses a

method ?B?dﬁ%ﬂ%léﬂ‘ia-an SGT satisfying to a certain extent the various conditions stated above.
[Background Art] BACKGROUND

[0003] Semiconductor devices, particularly integrated circuits using MOS transistors, are
increasingly being highly integrated. MOS transistors in integrated circuits have been downsized
to nano sizes as the integration level is increased. As MOS transistors are downsized, problems
arise such as difficulty in leaking current control, For that reason, further downsizing is difficult.
In order to resolve these problems, a surrounding gate transistor (SGT) structure has been
proposed in which the source, gate and drain are provided on a substrate in the vertical direction
and the gate surrounds an island-shaped semiconductor fayer.

[0004] In order to reduce power consumption in SGTs, it is preferable for resistance to be
reduced in the source, gate and drain. In particular, in reducing the resistance of the gate
electrode, it is desirable to use metal in the gate electrode. However, confamination of
manufacturing equipment by metal and contamination of semiconductor devices produced by
that manufacturing equipment is not desirable. Accordingly, processes subsequent to the
forming of the metal gate electrode need to be special processes such as those that constantly
control such metal contamination.
[0005] Patent Literature [ discloses a method for producing an SGT satisfying to a certain
extent the various conditions stated above.
|Background Art]

[Patent Literature]

[0006] [Patent Literature 1]  International Laid-Open Patent Publication 2009/1 10049



[Patent Literature] [0006][Patent Literature l]International Laid-Open Patent Publication 2009/110049
2 [Summary of the Invention] 200071However, in Patent Literature | the protection of semiconductor
manufacturing equipment and semiconductor devices from metal contamination is imperfect. For
example, in Patent Literature 1 the gate electrode is formed by planarizing the gate metal using CMP
(Chemical Mechanical Polishing) and then etchingzhis material. At this time, the gate metal is not
covered by other materials and is exposed. In addition, the gate metal is similarly exposed during the
process of wet etching the nitride film hard mask and nitride film sidewall. Consequently, there is a
concernl & THEYEIbdevdi e gate etching device and the nitride film wet etching device could be

contamigie] Y EIBLILIS poutes aLpIodulng e SOT Hence, tre s a possibly hat a

semiconductor device produced through such a evice cou

[00081Iscadslition auhemfosming e metatseoNcARAUCARMAYIMNG thrRugh eichinginfratgnt
Literature |, the gate metal is exposed. Consequently, per Patent Literature I, the gate metal needs to

be tantdlaitpbt-deriatsthdraate plsrtivdeils hored et byatischdmisatsngediwmen oPming the
metal-semiconductor comppynd. 10009]In addition, another prablem is that similar to MOS transistors,
25 SOTRA g\l}lv%(ilé‘a] ';%gfgé)i?isé‘%:“ 1 é%HE‘ﬁ‘E:“e%%P‘H d E’tWéﬂf‘ﬁﬁciti-&v 1%%&%&% &8 T8LGh this the

operating spaetkahieiRPhAaines 1001k considarationotineferaaoligitis ap.ghigctive of the
present invention to provide a semiconductor device having a structure that controls metal
contamiHHtishlet Beetepaitivetotariaa tiactiride Eauipndent s dermridoriductaiedellices in
semiconductor mgnufacturing rqces,fes‘v!h'lgﬁ?avjng\ good characteristics, and a method of producing
such a gg\?ﬁ:‘é’%@l@fl\ﬁﬁ\'{sf&? 11“1”??‘\@‘5%#0 Y5 OE B a b Bt tacE L LAsPRALDS the present
invention is &SQUIGRRAUEQY ARVICERIAGARANEIY metal in the course of producing the SGT.

Hence, there is a possibility that a semiconductor device produced through such a metal device

could be contaminated by metal.

[0008) In addition, when forming a metal-semiconductor compound through etching in

Patent Literature I, the gate metal is exposed. Consequently, per Patent Literature 1, the gate

metal needs to be tantalum or some other material that is not etched by the chemicals used when

forming the metal-semiconductor compound.

|0009] [n addition, another problem is that similar to MOS transistors, as SGTs are

downsized parasitic capacitance occurs in the multi-layered wiring and through this the operatin g

speed of the SGT declines.

{6010] In consideration of the foregoing, it is an objective of the present invention to provide

a semiconductor device having a structure that controls metal contamination of semiconductor

manufacturing equipment and semiconductor devices in semiconductor manufacturing processes

while having good characteristics, and a method of producing such a device.

SUMMARY
[0011] The semiconductor device according to a first aspect of the present invention is a
semiconductor device provided with:
a first planar semiconductor layer;

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



a first planar semiconductor layer; a first columnar semiconductor layer formed on the first planar
semiconductor layer; 3  a first high concentration semiconductor layer formed on the first planar
semiconductor layer and the lower region of the first columnar semiconductor layer; a second high
concentration semiconductor layer of the same conductive type as the first high concentration
semiconductor layer, formed on the upper region df the first columnar semiconductor layer;  a first
gate insulating film formed on the sidewall of the first columnar semiconductor layer between the first
high concentration semiconductor layer and the second high concentration semiconductor layer, so as
to surround tldififishigblepnperssimicenduotdntaydnyer farfivat onatal fitsh fonmeskoicting fitst gate
insulatiqg film scpﬂ%slto surround ih il tgal]'e insulating film; a first semiconductor film formed on the

ik ﬁFéeflr'gsttr%OePé‘I"fﬁﬁf;eﬁl Y5 eErode composed of the first metal

first metaP/ﬁlm SO as ?(‘)N %Iifr?%lﬁ’r‘fd)

film and the firstasmiconduateniiim, & datdnsulaipailmnfonmesRetyerthe fit.gake glectrode and

the first planar semiconductor layer;  a second insulating film formed in sidewall shape contacting
the uppératidensshioftine fasicollpaltsemicondd ciothayppancine ¢bphsuifacelohthe first gate

electrode so as to surround the upper region of the first columnar semiconductor layer;  a third

insulatinsénﬂIﬁﬁ)'fgpﬂgﬁiﬁxeé;sidewalI shape contacting the sidewall of the first insulating film and the first

gate e|ec'[r0dz?f§‘§t%%t@i suremndihedirsioaie elegtradaandibe, fr %BiDﬁ%‘ﬁl%fﬂ%dﬂc%?‘ia‘;%ma‘ﬂ

formed above the first columnar semiconductor layer; a second contact formed above the first planar

semicorighieton tagdirsahh concentration semiconductor layer and the second high concentration
semiconductor layer, so as to surround the first columnar semiconductor layer;

a first metal film formed on the first gate insulating film so as (o surround the first gate
insulating film;

a first semiconductor film formed on the first metal {ilm so as to surround the first metal
film;

a first gate clectrode composed of the first metal film and the first semiconductor film:

a first insulating film formed between the first gate electrode and the first planar semiconductor
layer;

a second insulating film formed in sidewall shape contacting the upper sidewall of the first
cotumnar semiconductor layer and the top surface of the first gate electrode so as to surround the
upper region of the first columnar semiconductor layer;

a third insulating film formed in a sidewall shape contacting the sidewall of the first
insulating film and the first gate electrode so as to surround the first gate electrode and the first
insulating f{ilm;

a first contact formed above the first columnar semiconductor layer;

a second contact formed above the first planar semiconductor layer; and

a third contact formed above the first gate electrode;

wherein the first gate insulating film and the first metal film are covered by the first
columnar semiconductor layer, the first semiconductor film, the first insulating film and the

second insulating fitm.



a third contact formed above the first gate electrode;  wherein the first gate insulating film and the
first metal film are covered by the first columnar semiconductor layer, the first semiconductor film, the
first insulating film and the second insulating film. 4 [0012]lt is preferable for the thickness of the
second insulating film to be thicker than the sum of the thickness of the first gate insulating film and
the thickness of the first metal film. [0013]It is prefdrable for the semiconductor device to further have a
first metal- semiconductor compound formed on the upper surface of the first high concentration
semiconductor layer. [0014]lt is preferable for the length from the center of the first columnar
semicorl8(Ebr laybrisotplereblgdwfibdicknglanbihsenioohthvetariaydmttbe larger thamttite sum of the

length from t ter to the sidewall of the first iconductor layer, the thickness of the
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first gate insulating M the t

insulatingdiis). [00&51hieRlgppPassiRiedardhiai saniaenductordevics o fuithsrhare a third metal-
semiconductor compound formed on the top surface of the first gate electrode. 1001611t is also

possibleforithedsermiconthctat tevied do furtherehavéecsgubadimdtah seméinontuctor compound
formed on the t%g surface of the second high concentration semiconductor layer. 100171The
semicondUcSP 4R & ording to a second aspect of the present invention is provided with a first

transistep@yng a sqeanddransistay, WORNIE MR ARYISIAROAS columnar semiconductor
layer to the edge of the first planar semiconductor [ayer to be larger than the sum of the length
from the center to the sidewall of the first columnar semiconductor layer, the thickness of the
first gate insulating film, the thickness of the first gate electrode and the thickness of the third
insulating film.
[0015] It is also possible for the semiconductor device to further have a third metal-
semiconductor compound formed on the top surface of the first gate electrode.
[0016] It is also possible for the semiconductor device to further have a second metal-
semiconductor compound formed on the top surface of the second high concentration
semiconductor fayer.
[0017] The semiconductor device according to a second aspect of the present invention is
provided with a first transistor and a second transistor, wherein:

the first transistor has:

a first planar semiconductor layer;

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

a first high concentration semiconductor layer of second conductive type formed on the
fower region of the first columnar semiconductor layer and on the region of the first planar
semiconductor layer below the first columnar semiconductor fayer;

a second high concentration semiconductor layer of second conductive type formed on the
upper region of the first columnar semiconductor layer;

a first gate insulating film formed on the sidewall of the first columnar semiconductor layer

between the first high concentration semiconductor layer and the second high concentration



a first planar semiconductor layer; a first columnar semiconductor layer formed on the first planar
semiconductor layer; a first high concentration semiconductor layer of second conductive type formed
on the lower region of the first columnar semiconductor layer and on the region of the first planar
semiconductor layer below the first columnar semiconductor layer;  a second high concentration
semiconductor layer of second conductive type forfned on the upper region of the first columnar
semiconductor layer; a first gate insulating film formed on the sidewall of the first columnar
semiconductor layer between the first high concentration semiconductor layer and the second high
concentPadP IS UsEphfeopi Se iy ayerosodddadisuraundiahecfirspodigmnbysemiconductor layer;  a

first metal film ormed he first ate nsulating film so.as to surround the first insulating film; a
first semlconé’ucl‘.S :‘]o m&itas Lf’sf‘rﬁ&ﬁfﬂfrﬁ‘i‘ﬁlﬁ% m%u?r%sutr‘?cflﬂHglfﬂill%ﬁafﬁﬁW a first gate

rmed on th‘é
electrod@mqggnpgsﬁg]pf the first metal film and the first semiconductor film; a first insulating film formed
between the first gate electrode and the first planar semiconductor layer; a second insulating film
formed in sideWel shaisercontactiny fhenagp pertsidénal of thidfisstasotusmanisethichnductot layer and
the top ?grface of the first gate electrode so as to surround upper region of the first columnar
semicondilittor layer;

a first gate electrode composed of the first metal film and the first semiconductor film;

a first insulating film formed between the first gate electrode and the first planar semiconductor
layer;

a second insulating film formed in sidewall shape contacting the upper sidewall of the first
columnar semiconductor layer and the top surface of the first gate electrode so as to surround
upper region of the first columnar semiconductor layer;

a third insulating film formed in a sidewall shape contacting the sidewall of the first
insulating film and the first gate electrode so as to surround the first gate clectrode and the first
insulating film;

a first metal-semiconductor compound formed on the top surface of the portion of the first
high concentration semiconductor tayer formed in the region below the first columnar
semiconductor fayer;

a third metal-semiconductor compound formed on the top surface of the first gate
electrode; and,

a second metal-semiconductor compound formed on the top surface of the second high
concentration semiconductor layer;

and the second transistor has:

a second planar semiconductor layer;

a second columnar semiconductor layer formed on the second planar semiconductor layer;
a third high concentration semiconductor layer of first conductive type formed on the lower
region of the second columnar semiconductor layer and on the region of the second planar

semiconductor layer below the second columnar semiconductor layer;



a third insulating film formed in a sidewall shape contacting the sidewall of the first insulating film and
the first gate electrode so as to surround the first gate electrode and the first insulating film;  a first
metal-semiconductor compound formed on the top surface of the portion of the first high concentration
semiconductor layer formed in the region below the first columnar semiconductor layer; a third
metal-semiconductor compound formed on the togsurface of the first gate electrode; and, a second
metal-semiconductor compound formed on the top surface of the second high concentration
semiconductor layer; and the second transistor has: a second planar semiconductor layer; a
second columnayéeiosisettiaagie reoimedisiptieyseebdfithptandecsemizpnBuctot fayér a third high
concent&atiglnl_ggm]i% ) élcég(gnlg%e Lof first condu ti\/te .t}/epe formed on the lower region of the second
columnar’ Semiconduc or?ayer and on' 'éc’rlgbc%]n of the €6cond planar semiconductor layer below the

second coluraRaéRIMICONMUGIOR VRF (B meddAQHE ighiconganisatian.samiganductor layer of first
conductive type formed on the upper region of the second columnar semiconductor layer;  a second

gate instiiaticrdisidolavecbenviee Sidehvealihiglthessobntoooieminardemidepduttdiayentietween the
third hiqp qoncentration semicon ucto(g layer and the fourt 1|'1igh cor%centration semiconductor layer, so
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as to surrBund the second COTLRTHAIS
second gage; insulating film so as to surround the second gate insulating film;  a second
semiconductor film formed on the second metal film so as to surround the second metal film; a second
gate electrodeseerhpozdal ol théosmedd rhesat ikt satditlhel sogofithsenicenductondithe; secanfburth

insulatin% film formed l?etween the second gate electrode and the second planar semiconductor layer;
gate msulating film;

a second semiconductor film formed on the second metal film so as to surround the second
metal {ilm;

a second gate electrode composed of the second metal film and the second semiconductor
film;

a fourth insulating film formed between the second gate electrode and the second planar
semiconductor layer;

a [ifth insulating film formed in sidewall shape contacting the upper sidewall of the second
columnar semiconductor layer and the top surface of the second gate electrode so as to surround
the top region of the second columnar semiconductor layer;

a sixth insulating film formed in a sidewall shape contacting the sidewalt of the fourth
insulating film and the second gate electrode so as to surround the second gate electrode and the
fourth insulating film;

a fourth metal-semiconductor compound formed on the top surface of the portion of the
third high concentration semiconductor layer formed in the region below the second columnar
semiconductor layer;

a fifth metal-semiconductor compound formed on the top surface of the second gate
electrode; and,

a sixth metal-semiconductor compound formed on the top surface of the fourth high

concentration semiconductor layer;



a fifth insulating film formed in sidewall shape contacting the upper sidewall of the second columnar
semiconductor layer and the top surface of the second gate electrode so as to surround the top region
of the second columnar semiconductor layer;  a sixth insulating film formed in a sidewall shape
contacting the sidewall of the fourth insulating film and the second gate electrode so as to surround
the second gate electrode and the fourth insulating/film;  a fourth metal-semiconductor compound
formed on the top surface of the portion of the third high concentration semiconductor layer formed in
the region below the second columnar semiconductor layer;  a fifth metal-semiconductor compound
formed on thevispriuthade dieie isadenasdite addtrotiestardal film sixgpmstrhbsehaifosiductor
compounq formed facte]o the fourth e!t% centr ion semlconfductor layer; 7
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t Semicon
rst gate insulating ifm and the Tirs
semicongduetariiayeiithe firshegmiconductor film, the first insulating film and the second insulating film,
and the second gate insulating film and the second metal film are covered by the second columnar
semiconductdtdagerdrutsdooralisgriiconalititosdilomdthve fo it inselating fimlanstehedifth insulating

film. 1001811t |s refera Ie for the first ate sulatln film apd the first metal film to_be formed from
material& thal make the firstt (flrg3 ﬁ"ﬁ%ﬁte‘ﬁt tistordHe. thinewth Bk ee HEUMEAEFiIm and

the secanth metadilntede formed from materials that make the second transistor enhancement-type.
1001911t is preferable for the thickness of the second insulating film to be thicker than the sum of the
thickned8®iBthe firktigptefindutatimghfifir sipdtthie shiickneSsrofith ehtirStsmetad ffilin k06204 his! also

possiblﬁ for the sem |condu%tor deyice to be such that the length from the center of the first columnar

semiconHURBRIEVR (ARG R & HHES IaFMIPSEFHIEBIARE 3P tayer is larger than the sum of the
ength from e seciei g sirewalk of the listealumperpamicendysintIpve Heidkngss of the

first gate insulating film, the thickness of the first gate electrode and the thickness o
insulatimgatiimhd 88214 Iris Biso passibierfat-thpesemiconductor device to be such that:
{0019] It is preferable for the thickness of the second insulating film to be thicker than the
sum of'the thickness of the first gate insulating film and the thickness of the first metal film.
10020] [t is also possible for the semiconductor device to be such that the length from the
center of the first columnar semiconductor layer to the edge of the first planar semiconductor
fayer is larger than the sum of the length from the center to the sidewall of the first columnar
semiconductor layer, the thickness of the first gate insulating film, the thickness of the first gate
electrode and the thickness of the third insulating film,
{6021} It is also possible for the semiconducior device to be such that:
the first conductive type is n+ type,
the second conductive type is p+ type, and
the first and second columnar semiconductor layers and the first and second planar
semiconductor layers are made of silicon
[0022] The method of producing a semiconductor device according to a third aspect of the
present invention is a method of producing the semiconductor device according to the present
invention and includes:
a process for preparing a first structure having:

a first planar semiconductor layer;



the first conductive type is n+ type, the second conductive type is p+ type, and  the first and second
columnar semiconductor layers and the first and second planar semiconductor layers are made of
silicon [0022]The method of producing a semiconductor device according to a third aspect of the
present invention is a method of producing the semiconductor device according to the present
invention and includes: a process for preparing a fi#st structure having: a first planar semiconductor
layer; 8  afirst columnar semiconductor layer formed on the first planar semiconductor layer and a
hard mask formed on the top surface of the first columnar semiconductor;  a first high concentration
semiconduct8rieyepionmedoni thadevier regidarothenfilst Eolurtmar senicodductdniayerdnd on the
region of the, st planas semiconductor ayar.below the first columnar semiconductor layer; and a first
insulating film formed on the first planar semicohdtOPEY e A PrseEse or forming a seventh
insulating film, f-shingmestbAilra Andianthisdsemiqangustarfiloh inthatardel»onithe first structure;  a
process for etching the third semiconductor film and leaving a sidewall shape on the sidewall on the
first colgfinamaesaitonddiettr ikyer;:and anghegeg® forfabehiing the:thisehnetal firr éndiealing a sidewall
shape otrpét £ gq)(?wall of the first columnar semiconductor Iaye_r; a seventh insula’ging film etching
process 161 LAY SEVSHHRGTAING:AY and leaving a sidewall shape on the sidewall of the first

columnar semicARFUGIRNIBYRM #Ghed on the first planar semiconductor layer;

a process for forming a seventh insulating film, a third metal film and a third semiconductor film,
in that order, on the first structure;

a process for etching the third semiconductor film and leaving a sidewall shape on the
sidewall on the first columnar semiconductor fayer;

a process for etching the third metal film and leaving a sidewall shape on the sidewall of
the first columnar semiconductor layer;

a seventh insulating film etching process for etching the seventh insulating film and
leaving a sidewall shape on the sidewall of the first columnar semiconductor fayer; and

a fourth semiconductor film formation process for forming a fourth semiconductor film on

the result of the seventh insulating film etching process.
[0023] Itis also possible for the semiconductor device production method according to the

present invention to include:

a process for planarizing the fourth semiconductor film and the third semiconductor film in
the result of the fourth semiconductor film formation process and exposing the upper region of
the first metal film;

a first metal film and first gate insulating film formation process for ctching the third metal
film and the seventh insulating film so that the upper sidewall of the first columnar
semiconductor layer is exposed to form the first metal film and the first gate insulating film; and,

a process for forming a first oxide film on the result of the first metal film and first gate
insulating film formation process.

[0024] The method of producing a semiconductor device according to a fourth aspect of the



a fourth semiconductor film formation process for forming a fourth semiconductor film on the result of
the seventh insulating film etching process. 100231It is also possible for the semiconductor device
production method according to the present invention to include: a process for planarizing the fourth
semiconductor film and the third semiconductor film in the result of the fourth semiconductor film
formation process and exposing the upper region 6f the first metal film;  a first metal film and first
gate insulating film formation process for etching the third metal film and the seventh insulating film so
that the upper sidewall of the first columnar semiconductor layer is exposed to fbrm the first metal film
and the Fiiseghtevinsivating fikvrodrd produgiracdssforidonching iadfivstoxide dilng orilihexssult of the first

metal film_and first 9ate ilasulating film formation process. 100241 The method of producing a
. 1&\/@1%“011 and includes; . . L :
semiconductor device according to a fourth aspect of the 9 present invention is a method of producing

the semicondustordevice ReEARIINGID . PEESFOEYgNtion and includes: a process for preparing a
second structure having: a first planar semiconductor layer; a first columnar semiconductor layer

formed on the first prmasseiviodndacieydayer;  a first high concentration semiconductor layer
Ibrmed on the rt(l)wer e%ion of the first columnar semiconductor layer and on the region of the first

planar semicd (ﬁﬁc%[r"l D RIS R R Le s SBIE SRR aGBrCO Ny ¢S I¥HE insulating film
formed on the gidexyall in s misidleseaionpt e st EolNaT SE IANALEIPL laeTsg as to surround
the first columnar semiconductor layer; a first métal film formed on the first gate insulating film so as
to surrotmiditime firshgatelingulétirg filthon the region of the first planar semiconductor layer below
the first columnar semiconductor layer;
a first gate insulating fitm formed on the sidewall in the middle region of the first columnar
semiconductor layer so as to surround the first columnar semiconductor layer;
a first metal film formed on the first gate insulating film so as to surround the first gate
insulating film;
a lirst semiconductor film formed on the first metal film so as to surround the first metal
film;
a first gate electrode composed of the first metal film and the first semiconductor film; and
a first insulating film formed between the first gate electrode and the first planag
semiconductor layer; and
a process for forming a second high concentration semiconductor layer of the same
conductive type as the first high concentration semiconductor layer on the upper region of the
first columnar semiconductor fayer on the second structure by injecting a dopant at an angle of
10 degrees 1o 60 degrees, with a line orthogonal to the substrate being 0 degrees.
[0025] The method of producing a semiconductor device according to a fifth aspect of the
present invention is a method of producing the semiconductor device according to the present
invention and includes:
a process for preparing a third structure having:
a first planar semiconductor layer;

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



a first semiconductor film formed on the first metal film so as to surround the first metal film; a first
gate electrode composed of the first metal film and the first semiconductor film; and a first insulating
film formed between the first gate electrode and the first planar semiconductor layer; and  a process
for forming a second high concentration semiconductor layer of the same conductive type as the first
high concentration semiconductor layer on the uppér region of the first columnar semiconductor layer
on the second structure by injecting a dopant at an angle of 10 degrees to 60 degrees, with a line
orthogonal to the substrate being 0 degrees. 100251The method of producing a semiconductor
device accordifigstdigifitenespecioof sheigrederivinyantionmsiaométhivyof pesduciibetfiessemiconductor

device according to the rqtsegt ir}yenéion ﬁmd--iQdUdfra: j,procgss_foy reparing a third structure
)?#?tna Al SEMIESHdTEO P TSy RIS WIS A SRt {'&“%%(Ff tHetf 8'the first

. CC
having: a planar semicon

planar seiaanecirday&hicducRfiEgidpigh concentration semiconductor layer formed on the lower
region of the first columnar semiconductor layer and on the region of the first planar semiconductor

layer below thedistChiginmear gemicondudtonthywer layar sdcbnekhighoodncéntiationssémicsnductor

layer of the.san%e corﬁiuctiv‘e %‘%E as the first semiconductor layer, formed on the upper region of the
I

first colTREP SR ICb R Bt Sy RPN e YRRE GBI SUEARA G i HOP AL ACBHCE WSERAAIPOF the first

columnar semigppduetars|ayes Petvweshbedisthigh cancentatiop samisanduston.lavesangkthe

second high concentration semiconductor layer, so as to surround the first columnar semiconductor
layer; batfustrtwtdirsilfn foumestiomthe fiestigatduinsulatingfilhnhscasiad isigirounckthatfisst gate
insulating film; a first ?em_icon(du_ctor.f_ilm formed on the first metal film so as to surround the first metal
semiconductor layer, so as to surround the first columnar semiconductor layer;
a first metal film formed on the first gate insulating film so as to swrround the first gate
insulating film;
a first semiconductor film formed on the first metal film so as to surround the first metal
film;
a first gate electrode composed of the first metal film and the first semiconductor film; and
a first insulating film formed between the first gate electrode and the first planar
semiconductor layer;
a process for forming an eighth insulating film on the third structure; and
a process for forming a second insulating film by etching the eighth insufating film in a
sidewall shape so the eighth insulating film remains on the top surface of the first gate electrode
and the upper sidewall of the first columnar semiconductor layer.
[6026] ‘The method of producing a semiconductor device according to a fifth aspect of the
present invention is a method of producing the semiconductor device according to the present
invention and includes:
a process for preparing a fourth structure having:
a first planar semiconductor layer;
a first columnar semiconductor fayer formed on the first planar semiconductor layer;
a first high concentration semiconductor layer formed on the lower region of the first

columnar semiconductor layer and on the region of the first planar semiconductor layer below



film; a first gate electrode composed of the first metal film and the first semiconductor film; and a first
insulating film formed between the first gate electrode and the first planar semiconductor layer; a
process for forming an eighth insulating film on the third structure; and  a process for forming a
second insulating film by etching the eighth insulating film in a sidewall shape so the eighth insulating
film remains on the top surface of the first gate elddtrode and the upper sidewall of the first columnar
semiconductor layer. 100261 The method of producing a semiconductor device according to a fifth
aspect of the present invention is a method of producing the semiconductor device according to the
present i/ Ertionlangdnstudesidvpirodesy;for preparing a fourth structure having: a first planar
semiconductor la er; la(ﬂrst columnar semicon uc_:tpr[ Iay‘er_\f?rm‘ed on the first planar Eemiac.onductor
layer: a first Kigh cOnCEHt Al SR SE o AUBPYSIE R PR d ST R R P A% columnar
semicondugioniaxenant O iR iR Qfike fLShRIaNAE $EMICANCHEIQL RS ARIOMAlRe: first columnar
semiconductor layer; a second high concentration semiconductor layer of the samé conductive type
as the first senlittndigcionlayreg, formiethen thehupplemragidgnhefiie frbtronlusenaceemiconguctor layer;
a first gate insulﬁgn@ fiI!"n ormed on the sidewall of the first columnar semiconductor layer between the
atibh ‘¥

first high COITEB At YemTeBRULIETSPTATBHSHY HE'SEXBHEMiIgH Smes et SeiiBiductor layer,
SO as t0sSHIKOMBADL S GRIWMDAL SEIMEBROHCINMEr scih St By formed on the first gate
insulating film so as to surround the first gate insulating film; a first semiconductor film formed on the
first metal film S§olas¢alsuhrofinc ¢l efithe fwtalate insulating film so as to surround the first gate
insulating film;
a first semiconductor film formed on the first metal {ilm so as to surround the first metal
film;
a first gate electrode composed of the first metal film and the first semiconductor film;
a first insulating film formed between the first gate electrode and the first planar
semiconductor layer;
a second insulating film formed in sidewall shape contacting the upper sidewall of the first
columnar semiconductor Jayer and the top surface of the first gate electrode so as to surround the
top region of the first columnar semiconductor layer;
a third insulating film formed in a sidewall shape contacting the sidewall of the first
insulating film and the first gate electrode so as to surround the first gate electrode and the first
insulating film; and
a first gate wire connected to the first gate electrode;
a contact stopper formation process for forming a contact stopper on the fourth structure;
a process for forming an interlayer insulating film so as to bury the result of the contact
stopper formation process;
a process for forming a first resist on the interlayer insulating film, excluding on top of the
first columnar semiconductor layer;
a process for etching the interlayer insulating film and forming a first contact hole on the

interlayer insulating film;



film; afirst gate electrode composed of the first metal film and the first semiconductor film; a first
insulating film formed between the first gate electrode and the first planar semiconductor layer; a
second insulating film formed in sidewall shape contacting the upper sidewall of the first columnar
semiconductor layer and the top surface of the first gate electrode so as to surround the top region of
the first columnar semiconductor layer;  a third in8ulating film formed in a sidewall shape contacting
the sidewall of the first insulating film and the first gate electrode so as to surround the first gate
electrode and the first insulating film; and a first gate wire connected to the first gate electrode; a
contact stoppet frpasich prsteys serstmitmpaisathadirstopisr on the fourth structure;  a process
for forming an interlayer insulating film so as to bury the resylt of the contact stopper formation
process:  a %%?%%Bf%?r‘ﬁﬁwg%‘ irat Fesigton %ﬁléef’r%'tléﬂg@é‘r%h%dFﬁﬁ’rﬁbem&v,“gRb‘?ﬁH‘iﬁg on top of the
first columnadiagBioRBduatprdayetmicaRIRESSHfoF flghingihadntarlaygt insulating film and forming a
first contact hole on the interlayer insulating film; 12 a first resist removal process for removing the

first resist; 4 &'prseesy foelfoning aeslconselsist ofi themé sulnofghedirstdesisticehatwah process,

excluding on.the first planar semiconductor layer and on the first gate wire;  a process for etching
the inte??a{)yé}; ElE\csul Ilasﬁtif% T ARG YOHTSY %@éé@éd@%‘f&& GRESH WY trRO5 RS A €emiconductor
layer andiforminga dhundcamactialeen iam,of the first gate wire,_on the_ interlayer insu_la_lting film; a
process for removing the second resist; and  a process for forming a first contact positioned above

the first columperesemiiconaoeiog ayercandaresist amhtact positioned above the first planar
semiconductor Ia}éer 3.{)1d a third caontact positioned above the first gate wire on the first contact hole,

the second cORISCEHARS KR i coMpstPRYRONeSpRR A first columnar semiconductor

layer, a second contact positioned above the first planar semiconductor layer and a third contact
positioned above the first gate wire on the first contact hole, the second contact hole and the third
contact hole, respectively.

[Efficacy of the Invention]

[6027] In the present invention, the semiconductor device is provided with:

a first planar semiconductor layer;

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

a first high concentration semiconductor layer formed on the first planar semiconductor
fayer and the fower region of the first columnar semiconductor Jayer;

a second high concentration semiconductor layer of the same conductive type as the first
high concentration semiconductor [ayer, formed on the upper region of the first columnar
semiconductor layer;

a first gate insulating film formed on the sidewall of the first columnar semiconductor layer
between the first high concentration semiconductor layer and the second high concentration
semiconductor layer, so as to surround the first columnar semiconductor layer;

a first metal film formed on the first gate insulating film so as to surround the first gate
insulating film;

a first semiconductor film formed on the first metal film so as to surround the first metal

fitm;



[Efficacy of the Invention] 100271In the present invention, the semiconductor device is provided with: a
first planar semiconductor layer; a first columnar semiconductor layer formed on the first planar
semiconductor layer; a first high concentration semiconductor layer formed on the first planar
semiconductor layer and the lower region of the first columnar semiconductor layer;  a second high
concentration semiconductor layer of the same cohitluctive type as the first high concentration
semiconductor layer, formed on the upper region of the first columnar semiconductor layer;  a first
gate insulating film formed on the sidewall of the first columnar semiconductor layer between the first
high concentfafitsh Eapritstidde tmayesdaidithdseastd filghaodtioe fitsitionisendicomdiiictor layer, so as

t he first. col r semiconductor layer,; first metal film formed on the first gate
it i S A8 R RAE S b ke R STl SeRe SRS PHAH4BAGa on the

insulating film so as t surroundxii
first metalfitm so as to surround the first metal 13 a first gate electrode compo_sed of the first metal
film and the first semiconductor film; a first insulating film formed between the first gate electrode and
the first planarssepmicordifttog lyeformed segdedalhstiating filntifarthe diipcsidiewedl Isitape faontacting
clectiod LI 8 5 SUFBUHE thisUER BB S HE-T EoRTAHAF SUFHAAEADIAYRPAne g
insulatiri%gum.{ggrmqgmeqwlgggggyﬁul&g%gg,&gg&g{m%ty@;sidewall of the first insulating film and the first
gate electrode so as to surround the first gate electrode and the first insulating film; a first contact
formed above thiedfirstuégtopfian Semicbmdudtiemialyehape contacting the sidewall of the first
insulating film and the first gate electrode so as to surround the first gate electrode and the first
insulating film;
a first contact formed above the first columnar semiconductor layer;
a second contact formed above the first planar semiconductor layer; and
a third contact formed above the first gate electrode;
and the first gate insulating film and the first metal film are covered by the first columnar
semiconductor layer, the first semiconductor film, the first insulating film and the second
insulating film.
Through this, an SGT structure is provided that uses metal in the gate electrode while
controlling metal contamination, lowers the resistance of the gate, source and drain, and reduces
parasitic capacitance.
The first gate insulating film and the first metal film are covered by the first columnar
semiconductor layer, the [irst semiconductor film, the first insulating film and the second
insufating film.
[T the metal {ilm is exposed when the metal-semiconductor compound is formed, the metal
film is etched by a mixture, such as, a sulfuric acid hydrogen peroxide mixture or an ammonia
hydrogen peroxide mixture when the metal-semiconductor compound is formed. However, in
the structure of the present invention, the first gate insulating film and the first metal film are
covered by the first columnar semiconductor layer, the first semiconductor film, the first

insulating film and the second insulating film, so the first metal film is not etched by the sulfuric



a second contact formed above the first planar semiconductor layer; and a third contact formed above
the first gate electrode;  and the first gate insulating film and the first metal film are covered by the
first columnar semiconductor layer, the first semiconductor film, the first insulating film and the second
insulating film.  Through this, an SOT structure is provided that uses metal in the gate electrode
while controlling metal contamination, lowers the registance of the gate, source and drain, and reduces
parasitic capacitance.  The first gate insulating film and the first metal film are covered by the first
columnar semiconductor layer, the first semiconductor film, the first insulating film and the second
insulatiri il drogitnerpredalnfilniuis exposedninéntd tpetaleseriiconductoroompocundiisifatmed, the
metal fiI0 IS tfgleéjstgxla m(iﬁture .such sulfufic acid hydrogen peroxide mixture or an ammonia

bero teive V\'/?%S‘h"%‘h@“%ﬂ%?é@%‘ﬂﬁ%@#&at&‘O‘F B8RPEURS G RER " However, in the

hydrogen peroxide mix
structurecafithaduesent ipention derfitsh gatednsiiating,flm addhe first meial film are covered by
the first columnar semiconductor layer, the first semiconductor film, the first insulating film and the
second Hsutadagniilithe soctval fiigh mretedritatiis nohatehdd: by thersitlfsgiosddlatiddydriogen peroxide
mixtureé)rp.‘%_e amﬁﬁﬁpi%,h}/drogen eroxide mixture when the compound of metal and semiconductor
is formet PIIIBLGh RIS I bEEEI R4S Yo A dtdns erifed dindor e sB bR SO aiERfiFst high
concentaiaR.se THERAURIAL IRy Rsithm sk aris Alechiade Andiing Saoapd ﬂ%ﬂ@&!ﬂ?&@%ﬁ%ﬁf%ﬁ‘
semiconductor layer, it is possible to control depletion of the channel region by Using metal in the gate
electrodedteiieducéngatbtalectrodmseibistance ard toastittice thearesistancenaf thagateqsatyce and
drain thro P a compound of metal and silicon. In addition, it is possible to reduce parasitic
capacitgﬁag GRS T TR RS U RGO b IR A SefidsHBREG? layer by means of the first
insulating firg, ol AUIBR: DR/t BRie, i B I ancl e st metah fm are formed only
surrounding the first columnar Semiconductor layer, and the first meta hlm is coveted by a
semiconductoxifilmise éisasopotysiticanieadiben hesamichnductoediingis pasasizadysing a CMP
device during gate formation, it is possible to prevent metal contamination of the CMP device.  In
additiorr TRE LY et s Sating rmsdinpinecnrdicmbapamr e duspnBinda i dtisethesiy the first
coumneniPRIGRRIERE IYeToaRtine Iishmelal i, IS EayRied by . somicondugior fip such as
polysilicon, so when the"semiconductor film Is etched during gate etching, 1t Is possible to prevent
metal cdmamination of the gate etching device.  In addition, the first gate insulating film and the first

metal film are formed only surrounding the first columnar semiconductor layer, and the first metal film
is covered byra€@ititortin st aE Bshibredpsmeohe Sosivmess thitmasderfiied babd mask and the
nitride fglﬂ]l.%i_q%mglﬁ_a_ et etched, it is possible to prevent metal cont minatior\n_o% he nitride film wet
etching‘die\(/i(l:e. 10 208 ?lwgl(();]ﬁ}gﬁ[ %ﬁ%‘&ﬁe&)%‘?é’ég‘l (‘liﬁ\?élﬁjt‘i%h{fﬁ’é "Eﬁitc"krbgefg}s%??ﬁ%’% é?ﬁﬁ‘d insulating

film is thiokieotansha susaf ihgdhickoassohihefiret gatednaulatingifiln asrkthethickness of the first
metal film.  Through this, the first gate insulating film and the first metal film are covered by the first

columngifkihidonansttredger cusatfinstd satitonidattor dithe wrscfirshingulating film and the

In addition, the first gate insulating film and the first metal film are formed only
surrounding the first columnar semiconductor layer, and the first metal film is covered by a
semiconductor film such as polysilicon, so when the nitride film hard mask and the nitride film
sidewalls are wet etched, it is possible to prevent metal contamination of the nitride film wet
etching device.
[0028] In addition, with the present invention the thickness of the second insulating film is
thicker than the sum of the thickness of the first gate insulating film and the thickness of the first
metal film.

Through this, the first gate insulating film and the first metal film are covered by the first

columnar semiconductor layer, the first semiconductor film, the first insulating film and the



15 second insulating film, so the first metal film is not etched by the sulfuric acid hydrogen peroxide
mixture or the ammonia hydrogen peroxide mixture when the compound of metal and semiconductor
is formed. Through this, it is possible to form a metal-semiconductor compound on the first high
concentration semiconductor layer, the first gate electrode and the second high concentration
semiconductor layer without any special additional processes. [0029]By having a first
metal-semiconductor compound formed on the upper surface of the first high concentration
semiconductor layer, it is possible to lower the resistance of the first high concentration semiconductor
layer. 1600301 He e At gtk fionti thienssitdinofithe firshed inthas gBmicarid botboimyer to the edge of
the first planar semiconductor layer is larger than the sum of the length from the center to the sidewall
of the firlt ColLimAa S B AN RSP 1 GRERIZRASTRHE HIAF gRte HECRAINS R Hhethickness of
the first gate - elactiode anchte thiskness ef the audunsulaling M- sIRreah s Lipargsivle to

form the first metal-semiconductor compound on the first high concentration semiconductor layer
formed on theffisshplhnansemitondantiopialyetyaagkto lowestbeaeBistadceuaf the sirsnhibiazh
concentration semiconductoy layer. 10031[1Here, by having a third metal-semiconductor compound
formed B(H]fﬁgli%tbogusﬁ%%oB#YﬁélﬁLﬁeéé‘f@ PRI ERIS PHLM PEORSHES the resistance of the first
gate elegisade. 108321 Hrre: MhavindsasecamdtmelalResondhician sampound fermed gn the top
surface of the second high concentration semiconductor layer, it is possible to lower the resistance of
the secdmisl high concenttatioresemicongudiyelayeés piBeBE] Tk sermicorsdisttacadeiee fascikding to a
second aspect of the present invention is provided with a first transistor and a second transistor,
wherein‘?‘fﬁ%e‘i‘i‘i@f‘ﬁ%ﬁﬁg%}”ﬁé{‘é‘;(’é I;?P@f'planar semiconductor layer; a first columnar semiconductor

layer foggig@on thediestRlanRts RN ARALGIRF Y8 first columnar semiconductor layer to the edge
of the first planar semiconductor layer is larger than the sum of the length from the center to the
sidewall of the first columnar semiconductor layer, the thickness of the first gate insulating film,
the thickness of the first gate electrode and the thickness of the third insulating film.

Through this, it is possible to form the first metal-semiconductor compound on the first
high concentration semiconductor layer formed on the first planar semiconductor layer, and to
lower the resistance of the first high concentration semiconductor layer.

[0031} Here, by having a third metal-semiconductor compound formed on the top surface of
the first gate electrode, it is possible to lower the resistance of the first gate electrode.

[0032] Here, by having a second metal-semiconductor compound formed on the top surface
of the second high concentration semiconductor layer, it is possible to lower the resistance of the
second high concentration semiconductor layer,

{0033] The semiconductor device according to a second aspect of the present invention is
provided with a first transistor and a second transistor, wherein:

the first transistor has:

a first planar semiconductor layer;

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

a first high concentration semiconductor layer of second conductive type formed on the

lower region of the first columnar semiconductor layer and on the region of the first planar



a first high concentration semiconductor layer of second conductive type formed on the lower region of
the first columnar semiconductor layer and on the region of the first planar 16 semiconductor layer
below the first columnar semiconductor layer;  a second high concentration semiconductor layer of
second conductive type formed on the upper region of the first columnar semiconductor layer; a
first gate insulating film formed on the sidewall of tiée first columnar semiconductor layer between the
first high concentration semiconductor layer and the second high concentration semiconductor layer,
so as to surround the first columnar semiconductor layer;  a first metal film formed on the first gate
insulatinfgflieesdiestdseirtolmng theelfisscofarenmswlativig filetpalfiyst;:semiconductor film formed on the
first metal film so as to surround the first meta{tfij_rn; a first gate S:{kectr de .composed of the first metal
fim and the firS SAFH SR AOBEST RIS s RIRE ISR G i o et SRR LA He R LG 8 rode and
the first piaparsRMiSORUGIOLIAYSRar sethr8RARAPSHating film formed in sidewall shape contacting
the upper sidewall of the first columnar semiconductor layer and the top surface of the first gate

electrode so asite genroumdthuppElmagioredbthe dissicollmidrdemicdnauetaetaigenductar thira

insulating film foymed in a sidewall shape contacting the sidewall of the first insulating film and the first
gate ele DA A5t UER SRINAHAE! ot Gt ML St TR MO AR SEPFA L4 first
metal-seRliEQRAUEor ISPERRAURGJQrmEEhM NG LPRosTaGE.fthe.aadign.gEthe first high concentration
semiconductor layer formed in the region below the first columnar semiconductor layer;  a third
metal-semicerfduttortebfitpoiond ddrmdd: dinsthetoip susfacelofithe first gateualbdicdile; gnd, a second
metal-semicondugctor compound formed on the top surface of the second high concentration

semiconBiicb PR

a first semiconductor film formed on the first metal film so as to surround the first metal
film;

a first gate electrode composed of the first metal fitm and the first semiconductor film;

a first insulating film formed between the first gate electrode and the first planar semiconductor
layer;

a second insulating film formed in sidewall shape contacting the upper sidewall of the first
columnar semiconductor layer and the top surface of the first gate electrode so as to surround
upper region of the first columnar semiconductor layer;

a third insulating film formed in a sidewall shape contacting the sidewall of the first
insutating film and the first gate electrode so as to surround the first gate electrode and the first
insulating film;

a lirst metal-semiconductor compound formed on the top surface of the portion of the first
high concentration semiconductor layer formed in the region below the first columnar
semiconductor layer;

a third metal-semiconductor compound formed on the top surface of the first gate
electrode; and,

a second metal-semiconductor compound formed on the top surface of the second high
concentration semiconductor layer;

and the second transistor has:



and the second transistor has: 17 a second planar semiconductor layer; a second columnar
semiconductor layer formed on the second planar semiconductor layer; a third high concentration
semiconductor layer of first conductive type formed on the lower region of the second columnar
semiconductor layer and on the region of the second planar semiconductor layer below the second
columnar semiconductor layer; a fourth high cdcentration semiconductor layer of first conductive
type formed on the upper region of the second columnar semiconductor layer; a second gate
insulating film formed on the sidewall of the second columnar semiconductor layer between the third
high concentrati§ansenfaantuitismidgaetdarethe fourth high concentration semiconductor layer, so as
to surround the secgnd columnar sem'condlflctorf](%}/eré a second E’petal film formed on the second
] a

ond columnar semicopducior ia C Iﬁ)guﬁlé%lﬁcﬁ(fi]%? naag;g@bc&h} lé“é?ﬁl@@iﬁ’ductor film

gate insulatinagsﬁfm S0 as 10 Suiround'the' ¢eésia ga

formed aniiie isgrRBACEIRR SRR RS JORHTRHNG thessesand etah iy A.88rand Qalg electrode
composed of the second metal film and the second semiconductor film;  a fourth insulating film

formed betiweefh tivseursh meas konioos! astdithe secdno planegisewiiconsieotat péyar;  a fifth

insulatin%lgmlfl?rmed in sigeiwalltspgge %gnt cting the ,u\ppepsic!ewq[l_ of the second columnar
S0 At SRR DI HLAE SHREAIEEIRERSEe so as to surround the top region

semiconductor é‘ﬁg)rré%}rt
of the second, galMAAL SRIMICRARENSIQLIAYSFdu et BiYER &mw@@nmﬂtm@ryg%@dm&tﬁ?m@" shape
e

contacting the sidewall of the fourth insulating film and the second gate electrode so as to surround
the secondeyateietectitbdecanatithe fourthsmsidatthg fiinkyer; a fourth metal-semiconductor compound

formed on the top surface of the portion of the third h,i(?h concentration semiconductor layer formed in
the region bél&\‘f\fﬂ‘?g gae IR 1%1({1!3} ormed on the sidewall of the second columnar

semiconductor layer between the third high concentration semiconductor layer and the fourth
high concentration semiconductor layer, so as to surround the second columnar semiconductor
layer;

a second metal film formed on the second gate insulating film so as to surround the second
gate insulating film;

a second semiconductor fifm formed on the second metal film so as to surround the second
meial film;

a second gate electrode composed of the second metal {ilm and the second semiconductor
film;

a fourth insulating film formed between the second gate electrode and the second planar
semiconductor layer;

a fifth insulating film formed in sidewall shape contacting the upper sidewall of the second
columnar semiconductor layer and the top surface of the second gate electrode so as to surround
the top region of the second columnar semiconductor layer;

a sixth insulating film formed in a sidewall shape contacting the sidewall of the fourth
insulating film and the second gate electrode so as to surround the second gate electrode and the
fourth insulating film;

a fourth metal-semiconductor compound formed on the top surface of the portion of the

third high concentration semiconductor layer formed in the region below the second columnar



I8 semiconductor layer; a fifth metal-semiconductor compound formed on the top surface of the
second gate electrode; and,  a sixth metal-semiconductor compound formed on the top surface of
the fourth high concentration semiconductor layer;  wherein the first gate insulating film and the first
metal film are covered by the first columnar semiconductor layer, the first semiconductor film, the first
insulating film and the second insulating film, and 18 the second gate insulating film and the second
metal film are covered by the second columnar semiconductor layer, the second semiconductor film,
the fourth insulating film and the fifth insulating film.  Through this, an SGT structure is provided that
uses mégitieptagatdastsctrode while controlling metal contamination, lowers the resistance of the
gate, source grfligtlg@(i:n and .redHcets parasiticg | aci_gf\nce . The_rir\sm‘tkgia e insulgting film and the first
metal film aré coverec by this Tt SO AR U R LR R S HHESHS: B8 AREME R or film, the first
insulatingcfitrandnne second insulating film.  If the metal film is exposed when the
metal-semiconductor compound is formed, the metal film is etched by a sulfuric acid hydrogen
peroxide mixtur&bregicdnamoniadhydrogenperdXideedixturie: wipen thesnéthd-ganticbiatiuctor compound
is formed. Howeuver, in the s%ructg[e of the present invention, the first gate insulating film and the first
metal filf 56 CovarEa By e it @fiimnar semiconductor layer, the first semiconductor film, the first
insulating filg apdith@sarandiinsulating, fit, squthe first mataldilmds G%@E‘&'}ﬁﬂxb@fﬁm sulfuric acid
hydrogen peroxide mixture or the ammonia hydrogen peroxide mixture when the compound of metal
and semidomdacsemisdodmgct. Eroulghfthissdtis possibletorfatn fasmetalksemitondutths compound on
the first high concentration semiconductor layer, the first gate electrode and the second high
concent?%‘t?éﬁggﬁff’él%dﬁgﬂo?‘fgyer, a nd it is possible to control depletion of the channel region 19 by
using metal inihedist gateRleatiRg s g (Rdure s eaRianad oL e listopiq,dlaglipge and to reduce
the resistance of the gate, source and drain through a compound of metal and silicon. In addition, it is
possibletbineducenparasiticadpaaitdrce hetiveeridhel licsigiia, eledsodie iand e fitsh planak
semiconductor layer hy means of the first insulating film. In addition, the second gate insulating
film and iR ‘28¢8HEEHEA film are covered by the second columnar semiconductor layer, the second
semiconductey, film, the, fourtin ind fim. fifth. insulating film. If the metal film is exposed
when the me?gll-i@r%i@gsﬁgﬂc%r c%r&%g}gn% ﬂ%ﬁ%@@%ﬁg ?%E?%%%Iln% {lilscé?tac! g%%@)gtsﬁhﬁ?ic acid
hydrogenparidixigleraniktoreor aniamonia hydigemaesoxidemixtdiecwhendhs: metel.gemiconductor
compound is formed. However, in the structure of the present invention, the second gate insulating
film and® & SECHRECHEES film are covered by the second columnar semiconductor layer, the second

Semiconducpi)ﬁgiW%ttpﬁef%¥%m%%ﬁ%nﬁéiﬁ%%g ?Q&Mﬂd{‘ g%%g\r}grém;'ﬁéget'lgisc% gsgﬂametal film is not

etched by the sulfuri¢ acid hydrogen peroxide mixture or the ammonia rogen peroxide mixture
when themieialisesitgoduetarcompawndisbermadinEnTeughthisn it ispassitle e darm a
metal-semiconductor compound on the third high concentration semiconductor layer, the second gate
electrod@saliét&é furth high concentration semiconductor layer, to control depletion of the channel
region by using metal in.the second gate eg_] ctrode, to reduce the resistance of the second gate
electrode and 1D radite he FEam Ecﬁjc%é% of't % ic]jg%? P e L T T %’&%‘p@hﬁ&t& metal and
silicon. fm-aeditiRdibisanassibletad aiuieg Palasiia CARRAGIABFaIPAINRAM TR %%Flﬂ%@cele(:tmde
and the second planar semiconductor layer by means of the fourth insulating film. 100341Here, the
first gat@sigarite filh rasfal thrarfiest fveted fivmaren toimednicdnT atmdal & thatsmalke the first transistor
enhance&p%ir]m{-itl}/\p%ﬁandthe ﬁtrh;? second %atg msulat(:L[r:t flt}m anq‘tp? Ise((:pn\d n](_at(?l filrlnia_re formed from
materidlstivat Faie the 28 SO S LY Ih B gpmctal Tilm are covered by the first

columnar semiconductor fayer, the first semiconductor film, the first insulating film and the

second insulating film, so the first metal film is not etched by the sulfuric acid hydrogen

peroxide mixture or the ammonia hydrogen peroxide mixture when the compound of metal and

semiconductor is formed. Through this, it is possible to form a metal-semiconductor compound

on the first high concentration semiconductor layer, the first gate electrode and the second high

concentration semiconductor layer, and it is possible to contro! depletion of the channel region



Through this, it is possible to reduce penetrating current that flows during operation of a
semiconductor device composed of a first transistor and a second transistor. 20 [0035]Here, by
having the thickness of the second insulating film be thicker than the sum of the thickness of the first
gate insulating film and the thickness of the first metal film, the first gate insulating film and the first
metal film are covered by the first columnar semicthductor layer, the first semiconductor film, the first
insulating film and the second insulating film, so the first metal film is not etched by the sulfuric acid
hydrogen peroxide mixture or the ammonia hydrogen peroxide mixture when the compound of metal
and senbitspidactstAsifainddst satt ket ehistad i phssitsistiofontile fstalaseaitebnduendricompound
O e g B e g e A S [P an
concentration sEmiconauctor Tayer o1 bt86 4 RERAD HRQTESGT RO MctHL S TIAF B thR first
columnaggrimicandyetariayentadhepigaiotieditsicplpaa.semicardusiot layridba jarger than the
sum of the length from the center to the sidewall of the first columnar semiconductor layer, the
thickned& gfdaafissrijasadnewakivg: filmnthesthfckadist dfithetfirsfidrate electrode and the thickness of
the third insujating.film, it is possijble to form the. first metal-semiconductor compound on the third high
concentration SE LN G P IS RSP SRR G LBk R S ower the
resistange oo third highieoneanbation SErIcANALCREaVEl - PARA 1t dslan RQSBIRlE forthe
semiconductor device to be such that: the first conductive type is n+ type, the second conductive type
is p+ typed dnafifthtivevfiaghadidnse dotd celahirariserpicaniduintortiayees: anohticentirgttand second planar
semiconductor layers are made of sjlicon. T%I;Jrough this, it is possible to form an inverter with the first
transistSPBRHG LI ARTCSS A5 AR B Selphit SAABHISRg HEMESS REOdBa8 @ iBthod of
producing ASeMISARINAIPEALKIEF AR ARG 0 (NG RIESERIINRRIAN AGMIRS: ABracgss for preparing
a first structure having:

However, in the structure of the present invention, the second gate insulating {ilm and the second

metal film are covered by the second columnar semiconductor layer, the second semiconductor
{ilm, the fourth insulating film and the fifth insulating film, so the second metal film is not
etched by the sulfuric acid hydrogen peroxide mixture or the ammonia hydrogen peroxide
mixture when the metal-semiconductor compound is formed. Through this, it is possible to form
a metal-semiconductor compound on the third high concentration semiconductor layer, the
second gate electrode and the fourth high concentration semiconductor layer, to control depletion
of the channel region by using metal in the second gate clectrode, to reduce the resistance of the
second gate electrode and to reduce the resistance of the gate, source and drain through a
compound of metal and silicon. In addition, it is possible to reduce parasitic capacitance
between the second gate electrode and the second planar semiconductor layer by means of the
fourth insulating film.
[0034} Here, the first gate insulating {ilm and the first metal film are formed from materials
that make the first transistor enhancement-type, and

the second gate insulating film and the second metal film are formed from materials that
make the second transistor enhancement-type,

Through this, it is possible to reduce penetrating current that flows during operation of a

semiconductor device composed of a first transistor and a second transistor.



a first planar semiconductor layer; 21  a first columnar semiconductor layer formed on the first
planar semiconductor layer and a hard mask formed on the top surface of the first columnar
semiconductor;  a first high concentration semiconductor layer formed on the lower region of the
first columnar semiconductor layer and on the region of the first planar semiconductor layer below the
first columnar semiconductor layer; and a first ins@fating film formed on the first planar semiconductor
layer; a process for forming a seventh insulating film, a third metal film and a third semiconductor film,
in that order, on the first structure;  a process for etching the third semiconductor film and leaving a
sidewalll8h&He on fiseeshydiguina i fisceoiiisaeaudivonationfilayes thickeghasdks fanetthing the

i metel A1y 200 159416, sidewalshaveon the sdenal of e It colurer seiponducor ayer

. 1 51 .
a seventh insulating film ing process for etching the sevéenth insula f’ﬁg a sidewall

shape ognthesittewalliof thel ikstreelumparsenmiceaduets Javerianthlunfdesih semisepductor film
formation process for forming a fourth semiconductor film on the result of the seventh insulating film

etching ii6eess firstrgpoiggndtit: thbribe duse iimsldanadi fimarahdictectirst imetatifilnii Bmesootered by the
first colymnar semiconductor layer, the firﬁt se[nlglc;n(wctqr film, the firs’t‘ir]asul.aﬁng film and the hard
Righ-k FilY S HSE0Ror the it d! GAts INSURERP AT thEIGHAIRCiE R lice of metal

mask. When & |gh13?< filmis used S
contaminaigBespdluisi ROsSIIRA cANtHRI MG IR FANAMINALRE Ry e firstigatednsidating film and the

first metal film, which are sources of contamination, being covered by the first columnar semiconductor
layer, the fouHihraamibondustorstie thddirstinsuthting fitmdanthtlehpedmhaskhd 00391k addition, the
semiconductor device production method according to the present invention may include:  a process
for plan&P{SiRg HE YoHHCQBANESh FUStoF M Hrd the iR e ARt dm ERTEEB ISP ESBURRN: of the fourth
semicorgg,m‘ggﬁ(fuggoﬁqgﬂqt_ion process and exposing the upper region of
[0036] Here, by having the length from the center of the first columnar semiconductor layer
to the edge of the first planar semiconductor layer be larger than the sum of the length from the
center to the sidewall of the first columnar semiconductor layer, the thickness of the first gate
tnsulating film, the thickness of the first gate electrode and the thickness of the third insulating
{ilm, it is possible to form the first metal-semiconductor compound on the third high
concentration semiconductor layer formed on the first planar semiconductor layer, and to lower
the resistance of the third high concentration semiconductor layer,
[6037] It is also possible for the semiconductor device to be such that:
the first conductive type is n+ type,
the second conductive type is p+ type, and
the first and second columnar semiconductor layers and the first and second planar
semiconductor layers are made of silicon.
Through this, it is possible to form an inverter with the first transistor being an nMOS SGT
and the second transistor being a pMOS SGT.
[0038] The method of producing a semiconductor device according to the present invention
includes:
a process for preparing a first structure having:

a first planar semiconductor layer,



22 the first metal film;  a first metal film and first gate insulating film formation process for etching
the third metal film and the seventh insulating film so that the upper sidewall of the first columnar
semiconductor layer is exposed to form the first metal film and the first gate insulating film; and, a
process for forming a first oxide film on the result of the first metal film and first gate insulating film
formation process.  Through this, it is possible tdlcontrol metal contamination of the CMP device
used in the planarization process because metal is not exposed during the process of planarizing the
fourth semiconductor film and the third semiconductor film, it is possible to determine the gate length
of the SOT tHrdtigfitetenilg whtite wbreioasecionfifomtig fiig pbesiblienseohwolflagtuations in gate

length, thatis to s&xlxgéig%egtin a'g_%leng'% ?.nc{d mage to the first g)qte insulating film and the first
metal fill HOR the ats SlbetrSaR THMEE AL HELSLETHY SApacaitBie top surface is protected by

the deposited fist axjde ilbafiemuwetRIQsReRS ARE dIRIBCRIREIRRITAImGH IR JRtgTprocedures.

In addition, the first gate insulating film and the first metal film are formed only around the first
column&eBilite sayeeaddiee fipst metahfilm iscoovef et Biypolysilicon)ismitispdsgiblecioweduce metal
contaminat}on of fhe ate etchin dev&c{e by erSChing the polysilicon during gate etching.  In addition,

the first GSt& ThSOILERG ARPIS08 MK &Y iealilm are formed only around the columnar semiconductor

layer and the it metah i incayered Y S TUh Rl TURG SRMIRANNGIOr layer and the third and

fourth semiconductor films, so it is possible to reduce metal contamination of the nitride film wet
etching dlpvicessvive howeingtahitvgrithe mittidia filiinh ar thimbsietandl th eaitridérdikensicleradlofQ040] In
addition, the method of producing a semiconductor device according to the present invention includes:
a proce¥s 8 Bfé%'aﬂ%ﬁg @@ééf’iﬂ%‘ﬂfﬁbture having: a first planar semiconductor layer; 23 a first

columnar semis@pelgigrdarerfarmad el planas %%migmﬁgat 1£1L%€flrs;aa 2 firsthigh

concentration semiconductor layer formed on the lower region of thie first columnar semiconductor

layer antklerdienagedivofdiefinat ptaressmmiedagctor layer below the first columnar semiconductor
layer; a first gate insulating film formed on the sidewall in the middle region of the first columnar

semiconductbPIa§ES 8 sting Mip e netar & Batrsay Ba midrnibesprayarthe sidewall of

the first columnar semiconductor layer;

a seventh insulating film etching process for etching the seventh insulating film and
feaving a sidewall shape on the sidewall of the first columnar semiconductor layer; and

a fourth semiconductor film formation process for forming a fourth semiconductor film on
the result of the seventh insulating film etching process.

Through this, the first gate insulating film and the first metal film are covered by the fiest
columnar semiconductor layer, the first semiconductor film, the first insulating fiim and the hard
mask. When a high-k film is used for the first gate insulating film, the high-k film is a source of
metal contamination, so it is possible to control metal contamination by the first gate insulating
film and the first metal film, which are sources of contamination, being covered by the first
columnar semiconductor layer, the fourth semiconductor film, the first insulating film and the
hard mask.

10039] In addition, the semiconductor device production method according to the present
invention may include:

a process for planarizing the fourth semiconductor film and the third semiconductor film in

the result of the fourth semiconductor film formation process and exposing the upper region of



a first metal film formed on the first gate insulating film so as to surround the first gate insulating film; a
first semiconductor film formed on the first metal film so as to surround the first metal fi Im; a first
gate electrode composed of the first metal film and the first semiconductor film; and a first insulating
film formed between the first gate electrode and the first planar semiconductor layer; and a process
for forming a second high concentration semicondiictor layer of the same conductive type as the first
high concentration semiconductor layer on the upper region of the first columnar semiconductor layer
on the second structure by injecting a dopant at an angle of 10 degrees to 60 degrees, with a line
orthogot ttheesabsirste being 0 degrees.  Through this, it is possible to cover the first gate

insulating fil the fj tal fil ith the first columnar semiconductor layer, the first
Comiconducte are fr“ﬁFr‘:'f‘?? sﬁd!l%r‘?ﬁ\'ﬁ/‘é!’fil‘rﬁ”gﬁ!&rﬁiﬁc “%%@‘&WH‘%EW%‘EW@%HW B2 i REGRSH the

semiconductor 'Iéyer, the

method efREAdURING A sEMicAREREIOndaYise accordingitr ihe Bresertinyenfign.includes: a process
for preparing a third structure having: a first planar semiconductor layer; a first columnar

semicorductonibyer forred ompdselfirsioptanar Semivoridilotantbyrer firstadieshbighico fidentration
semiconductor layer farmed on the. lower regjon of the first columnar semiconductor layer and on the
region of the HAPRENAY SISO 1SSl BERA S AHE fSPEQIbhRSFSOMGBRdcdryer, o
second highsaRaaniaieaReMmicrrductor layer of the same conductive type as the first high
concentration semiconductor layer, formed on the upper region of the first columnar semiconductor

layer;  a firsbhgatghitisslatingdiisib formaohion thetdideviaiiiofitioe fifshedivhnarisemicdndiictor layer
between the first high concentration semiconductor Ia?/e.r and the second high concentration

semicorURIEIBFIA)R P EeSE P I SRATY HE TS RRshIHEP SdMiREN RO PlAGwI g the fourth
semiconductor film and the third semiconductor {ilm, it is possible to determine the gate length
of the SGT through etching of the semiconductor film, and it is possible to control fluctuations in
gate length, that is to say variances in gate length, and damage to the first gate insulating film
and the first metal film from the gate electrode top surface because the gate electrode top surface
is protected by the deposited first oxide film from wet processes and dry processes performed in
later procedures.

In addition, the first gate insulating film and the first metal film are formed only around the
first columnar silicon fayer and the first metal {ilm is covered by polysilicon, so it is possible to
reduce metal contamination of the gate etching device by etching the polysilicon during gate
etching.

In addition, the first gate insulating film and the first metal {ilm are formed only around the
columnar semiconductor tayer and the first metal {ilm is covered by the first columnar
semiconductor layer and the third and fourth semiconductor films, so it is possible to reduce
metal contamination of the nitride film wet etching device when wet etching the nitride film hard
mask and the nitride film sidewall.

{0040} In addition, the method of producing a semiconductor device according to the present
invention includes:

a process for preparing a second structure having:

a first planar semiconductor layer;



a first metal film formed on the first gate insulating film so as to surround the first gate insulating film; a
first semiconductor film formed on the first metal film so as to surround the first metal film; a first gate
electrode composed of the first metal film and the first semiconductor film; and a first insulating film
formed between the first gate electrode and the first planar semiconductor layer; a process for forming
an eighth insulating film on the third structure; and23  a process for forming a second insulating film
by etching the eighth insulating film in a sidewall shape so the eighth insulating film remains on the top
surface of the first gate electrode and the upper sidewall of the first columnar semiconductor layer.
Through this gifisiredemmerfemiresdesnd Highfeunedatrdtiofr si ol ayeianduterfliistgate electrode to
be separated o s st eate naulatng o ave an oyerlgn and o inimize atoverep.
[0042]In addifion the helGa 5 STodNng AR Ja s FBNS'SWEbFeRY B he Brésent invention
includes;uRIRSGERMIEHRIGRSIIRGR fAUKH SRUCKKE Hawn g @ fIrshPlRNAE SRITIGANSUSRL layer; a first
columnar semiconductor layer formed on the first planar semiconductor layer; a first high
concentii#tibrssaricoadsptoedagesiformed on the lower region of the first 25 columnar semiconductor
er and on the region of the first planar semiconductor layer below the first columnar semiconductor
::zer_ aq%'st g tenlnsﬁai?n g ﬁhﬁ %rmeg on the stlj(ﬂ:wa{l myihe middle region of the first columnar
semiconductor layer so as to surround the first columnar semiconductor layer;
a first metal film formed on the first gate insulating film so as to surround the first gate
insulating film;
a first semiconductor film formed on the first metal film so as to surround the first metal
film;
a first gate electrode composed of the first metal film and the first semiconductor film; and
a first insulating film formed between the first gate electrode and the first planar
semiconductor layer; and
a process for torming a second high concentration semiconductor layer of the same
conductive type as the first high concentration semiconductor layer on the upper region of the
first columnar semiconductor layer on the second structure by injecting a dopant at an angle of
10 degrees to 60 degrees, with a [ine orthogonal 1o the substrate being 0 degrees.
‘Through this, it is possible to cover the first gate insulating film and the first metal film
with the first columnar semiconductor layer, the first semiconductor layer, the first insulating
film and the second insulating film,
0041] In addition, the method of producing a semiconductor device according to the present
invention includes:
a process for preparing a third structure having:
a first planar semiconductor layer;
a first columnar semiconductor layer formed on the first planar semiconductor layet;
a first high concentration semiconductor layer formed on the lower region of the first

columnar semiconductor fayer and on the region of the first planar semiconductor layer below



a second high concentration semiconductor layer of the same conductive type as the first high
concentration semiconductor layer, formed on the upper region of the first columnar semiconductor
layer;  afirst gate insulating film formed on the sidewall of the first columnar semiconductor layer
between the first high concentration semiconductor layer and the second high concentration
semiconductor layer, so as to surround the first caldmnar semiconductor layer;  a first metal film
formed on the first gate insulating film so as to surround the first gate insulating film; a first
semiconductor film formed on the first metal film so as to surround the first metal film; a first gate
electrod@&5bedemisitbriniivatdretel Birarand the first semiconductor film; a first insulating film formed

between the first %ﬁ‘@}%‘ﬁ%ﬁﬁ’%ﬁﬁ%’ the firstpanar_ emichdu‘ctor Ia;yer; . a second insulating film
formed in sidewall Shape fing the upper sidé HS AP E BT SO EHAESF 1ayer and

contacting the Upper Siddwiif'of

the top sufecsedifia firstome Rlasiieds S0 Rsdesyieundhedop region afdhafirstgplumnar
semiconductor layer;  a third insulating film formed in a sidewall shape contacting the sidewall of the

first insukitisg filre@ndiiee first gate electrode so as to surround the first gate electrode and the first
insulating fi Im;.and a first ire f;onnected to tge fir@t)gate electrode; a contact stopper formation
)

process for forHit ’%eclgﬁ't'g@leggt BBP SR T CSAl e (s poBRRAY fSPRSAHG AR EErayer
insulatingdilgsemasita Ry dhesreioal OB CanIagh S IRRReH AR AU PIRSE S8 corfREQEESS for
forming a first resist on the interlayer insulating film, excluding on top of thé first columnar
semicorduetondaytr, 1261, soaprocessiiod dtehingdhermteriayecinduatingfiim and forming a first
contact hole g %;'[shtemi&% rfﬂ%efoiﬁﬁéj a(l)tti1nt 1J i}{ps;taggig:siﬁlgﬁisaitsigggef“mg\églapsrtc())cset;sr?o[%rdrtel{gg}‘gp gﬁ[‘ e first resist
insulating film;
a first semiconductor film formed on the first metal {ilm so as {o surround the first metal
film;
a first gate electrode composed of the first metal film and the first semiconductor film; and
a first insulating film formed between the first gate electrode and the first planar
semiconductor layer;
a process for forming an eighth insulating film on the third structure; and
a process for forming a second insulating film by etching the eighth insulating film in a
sidewall shape so the ¢ighth insulating film remains on the top surface of the first gate electrode
and the upper sidewall of the first columnar semiconductor layer.
Through this, it is possible for the second high concentration silicon layer and the first gate
clectrode to be separated from the first gate insulating film, to have an overlap and to minimize
that overlap.
[0042] In addition, the method of producing a semiconductor device according to the present
invention includes:
a process for preparing a fourth structure having:
a first planar semiconductor layer;
a first columnar semiconductor layer formed on the first planar semiconductor layer;

a first high concentration semiconductor layer formed on the lower region of the first



a process for forming a second resist on the result of the first resist removal process, excluding on the
first planar semiconductor layer and on the first gate wire;  a process for etching the interlayer
insulating film and forming a second contact hole on top of the first planar semiconductor layer and
forming a third contact hole on top of the first gate wire, on the interlayer insulating film; a process for
removing the second resist; and  a process for fdrming a first contact positioned above the first
columnar semiconductor layer, a second contact positioned above the first planar semiconductor layer
and a third contact positioned above the first gate wire on the first contact hole, the second contact
hole andhenthitdcsortactholelases ped walye regPhrdiibh fhisp reicemicidotés: day thédiest planar
semicorﬂggﬁgg[ (l;%}{ﬁ{q ;%ﬂdq tlmtiacglr%'{l%%ﬁ &{NE{I@PQ are formed through different processes, so it is possible
to optimize etching conditions 16r ormlrvlg the first contact hole on the first columnar semiconductor

layer and etchipgarrnditions ferfarming thessacend aﬁg)at%mmg&ncmJ%@@@g@ﬁ&ﬁ@iﬁ@ﬂductor
layer and the third contact hole on the first gate wiring, BRIEF DESCRIPTION OF THE DRAWINGS

1004317 ghera eorpliotesamdarsianding of thisrapplicationppan-be @btéihe diwhenwheafollowing
detailed‘_descriptiop i considered in conjunction with the following drawings, in which: FIG. IAis
a planar VIES B1{RS SN ficonductor device according to an embodiment of the present invention: FIG. |

Bisa cross—aemté@gawiﬁmalﬁg%ulm%%-%?éa_i&ﬁ!@ s|BeElPo MndSiR CBRRTREEUANAl S AlqRline ¥
I-Y1'in FIG. IA; 27 FIG. ID is a cross-sectional view along line Y2-Y2 in FIG. IA; FIG. 2Ais a
planar \iewafittie $emivghductondelicsduitngduoouations shbwirgdibhinathedofpraducing the
semiconductorr_%evici‘accordin to an embodiment of the present invention; FIG. 213 is a

cross-saElaAdar k Bﬁgsl‘i]n%q o sutiowdthe Asrst columnar semiconductor layer;

a first metal film formed on the first gate insulating film so as to surround the first gate
insulating film;

a first semiconductor film formed on the first metal film so as to surround the first metal
film;

a first gate electrode composed of the first metal film and the first semiconductor film;

a first insulating film formed between the first gate electrode and the first planar
semiconductor layer;

a second insulating film formed in sidewall shape contacting the upper sidewall of the first
columnar semiconductor layer and the top surface of the first gate electrode so as to surround the
top region of the first columnar semiconductor layer;

a third insulating film formed in a sidewall shape contacting the sidewall of the first
insulating film and the first gate electrode so as to surround the first gate electrode and the first
insulating film; and

a first gate wire connected to the first gate clectrode;

a contact stopper formation process for forming a contact stopper on the fourth structure;

a process for forming an interlayer insulating film so as to bury the result of the contact
stopper formation process;

a process for forming a first resist on the interlayer insulating film, excluding on top of the

first columnar semiconductor layer;



FIG. 2C is a cross-sectional view along line Y | -Y1' in FIG. 2A; FIG. 2D is a cross-sectional view along
line Y2-Y2'in FIG. 2A; FIG. 3A is a planar view of the semiconductor device during production,
showing the method of producing the semiconductor device according to an embodiment of the
present invention; FIG. 313 is a cross-sectional view along line X-X'in FIG. 3A; FIG. 3Cis a
cross-sectional view along line Y I -Y I'in FIG. 3A2PIG. 3D is a cross-sectional view along line Y2-Y2
in FIG. 3A; FIG. 4A is a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device according to an embodiment of the present invention;
FIG. 413 is adcPBR&Slon GHAN Mreite Anseidpipainewetin a-iGn apd Frmiagi§ust cwsacsbetionalhview along
line Y 1-Y,I'in EIG. 4A;:. FIG, 41) is a cross-sectional view along line Y2-Y2' in FIG. 4A; FIG. 5A is
a planartp\(}iéé\lfv olejt%éus]%m )%lﬁgmtor device during production, showing the method of producing the

semiconductariiavieasacaaidingsean rIPRadMentef the Rigsient invention; FIG. 5B is a _
cross-sectional view along line X-X"in FIG. 5A; FIG. 5C is a cross-sectional view along line Y 1 -Y 1'in

FIG. 5A; FIG2 BIY§ss Erosssstiopreiovibiesidong Uinecydt v e G it removEI@o6Ass a planar view
of the S%%il%%qg)ucé {1(9;\!/4 eiglljarin- #rod}ggt‘iton] Sh?\évgla%;%ht wni‘le'tpgz(ljt -OIVP‘r-QdUCing the semiconductor
device according to an emodiment of the praséht & St pdle Wite:

a process for etching the interlayer insulating film and forming a second contact hole on
top of the first planar semiconductor layer and forming a third contact hole on top of the first
gate wire, on the interlayer insulating film;

a process for removing the second resist; and

a process for forming a first contact positioned above the first columnar semiconductor
layer, a second contact positioned above the first planar semiconductor layer and a third contact
positioned above the first gate wire on the first contact hole, the second contact hole and the third
contact hole, respectively.

Through this, the contact holes on the first planar semiconductor layer and the first gate
wiring are formed through different processes, so it is possible to optimize etching conditions for
forming the first contact hole on the first columnar semiconductor layer and etching conditions
for forming the second contact hole on the first planar semiconductor layer and the third contact

hole on the first gate wiring,

BRIEF DESCRIPTION OF THE DRAWINGS
[6043] A more complete understanding of this application can be obtained when the
foltowing detailed description is considered in conjunction with the following drawings, in
which:
FIG. TA is a planar view of the semiconductor device according to an embodiment of
the present invention;
FFIG. 1B is a cross-sectional view along line X-X' in FIG. 1A;

FIG. 1C is a cross-sectional view along line Y1-Y I' in FIG. 1A;



28 invention; FIG. 613 is a cross-sectional view along line X-X"in FIG. 6A; FIG. 6C is a cross-sectional
view along line Y 1-Y I'in FIG. 6A; FIG. 6D is a cross-sectional view along line Y2-Y2' in FIG. 6A, FIG.
7A is a planar view of the semiconductor device during production, showing the method of producing
the semiconductor device according to an embodiment of the present invention; FIG. 713 is a
cross-sectional view along line X-X'in FIG. 7A; FI&! 7C is a cross-sectional view along line Y I -Y I'in
FIG. 7A; FIG. 71) is a cross-sectional view along line Y2-Y2 in FIG. 7A, FIG. 8A is a planar view of the
semiconductor device during production, showing the method of producing the semiconductor device
according to an enibgdiienf sratiesgetisamt Ve ating; IMGY 88'%5ia Elosd Aectional view along line X-X'
in FIG. 8A; FIG. 8G,i ross-sectional view along line Y 1-Y I'm FIG. 8A: FIG._.8D is a cross-sectional
View aiong e Y23 TR TR o A S e e et B
productigritsiowingdhecmethedsefortucing e semiconduster drvismagradingrtthanrmipdiment
of the present invention; FIG. 9B is a cross-sectional view along line X-X"in FIG. 9A; FIG. 9C is a
cross-sdetgilview along line Y I -Y1' in FIG. 9A; FIG. 91) is a cross-sectional view along line Y2-Y2'

i X i [ i i i roduction, showin
in FIG. 9A; FIG. 10fds ssRlanar iew. oL e semisenehisior devicridusng P 0

FIG. 2C is a cross-sectional view along line Y1-Y1'in FIG. 2A;

FIG. 2D s a cross-sectional view along line Y2-Y2'in FI1G. 2A;

FIG. 3A 1s a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device according o an embodiment of the present
invention;

FIG. 3B is a cross-sectional view along line X-X' in FIG. 3A;

FIG. 3C is a cross-sectional view along line YI-Y1'in FIG. 3A;

FIG. 3D is a cross-sectional view along line Y2-Y2' in FIG. 3A;

FIG. 4A is a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 4B 15 a cross-sectional view along line X-X"in FIG. 4A;

FIG. 4C is a cross-sectional view along line Y1-Y1'in FIG. 4A;

FIG. 4D is a cross-sectional view along line Y2-Y2' in FIG. 4A;

FIG. 5A is a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 5B is a cross-sectional view along line X-X'in FIG. 5A;

FIG. 5C is a cross-sectional view along line Y1-Y 1'in FIG. 5A;

IF1G. 5D is a cross-sectional view along line Y2-Y2' in FIG. 5A;

FIG. 6A is a planar view of the semiconductor device during production, showing the

method of producing the semiconductor device according to an embodiment of the present



the method of producing the semiconductor device according to an embodiment of the present
invention; FIG. 10B is a cross-sectional view along line X-X"in FIG. 10A; FIG. | OC is a cross-sectional
view along line YI-Y | 'in FIG. 1 OA; 29 FIG. 101) is a cross-sectional view along line Y2-Y2'in FIG.
10A; FIG. 11A is a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device actbrding to an embodiment of the present invention;
FIG. 1113 is a cross-sectional view along line X-X in FIG. 11A; FIG. IIC is a cross-sectional view
alongline Y 1-Y I'in Fla Il A; FIG. 11 D is a cross-sectional view along line Y2-Y2'in FIG. 11A;

FIG. 12 aiplEnar view of the semiconductor device during production, showing the method of

producing the semicaondyctor device according tq an .m_bgélg{n.e; f the present invention; FIG. | 2B is
a cross-sectionaln\yig@\i g%#galfﬁgs)s(“ﬁg}i]ﬁ’ I?filldf(’%?%\?ﬁéf"i s‘%qclr%s “Sectional view along line YI-Y 1

'in FIG. | 2A; FIG.[42D46 & arastsseslional MW alansioe Y2-¥% nFGa 124, FIG. 13Aisa

planar view of the semiconductor device during production, showing the method of producing the

semiconductor deVie &ttordingdosattiembodimaotof itheYresgnt ilMertion; FIG. 1313 is a

cross-sectional VI%W(?@R%S“Q%%% Ivnlcli\!%f t 13(:'?;\émiconductor device during production, showing the
method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 7B is a cross-sectional view along line X-X' in FIG. 7A;

FIG. 7C is a cross-sectional view along line Y1-Y 1" in FIG. 7A;

FIG. 7D is a cross-sectional view along line Y2-Y2'in FIG. 7A;

FIG. 8A is a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device according to an embodiment of the present
invention;

IF1G. 8B is a cross-sectional view along line X-X' in FIG. 8A;

F1G. 8C is a cross-sectional view along line Y1-Y 1" in FIG. 8A;

i'1G. 8D is a cross-sectional view along line Y2-Y2'in FIG. 8A;

FIG. 9A is a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device according to an embodiment of the present
invention;

FI1G. 9B is a cross-sectional view along line X-X'in FIG. 9A;

FIG. 9C is a cross-sectional view along line Y1-Y 1" in FIG. 9A;

FIG. 9D is a cross-sectional view along line Y2-Y2' in FIG. 9A;

FIG. TOA is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG, TOB is a cross-sectional view along line X-X' in FIG. 10A;

FIG. 10C 1s a cross-sectional view along line Y1-Y1'in FIG. 10A;



FIG. 13C is a cross-sectional view along line YI-Y1' in FIG. | 3A; FIG. 131) is a cross-sectional view
along line Y2-Y2'in FIG. 13A,; FIG. 14A is a planar view of the semiconductor device during
production, showing the method of producing the semiconductor device according to an embodiment
of the present invention; FIG. 1413 is a cross-sectional view along line X-X"in FIG. | 4A; FIG. 14C is a
cross-sectional view along line Y | -Y I' in FIG. 14AR9FIG. 141) is a cross-sectional view along line
Y2-Y2in FIG. | 4A; FIG. I 5A is a planar view of the semiconductor device during production,
showing the method of producing the semiconductor device according to an embodiment of the
present 30 inventitt-FIP B51398sse¢ibRabueionangiEne Aenyine XOXCTIMFIG. I15A; FIG. | 5Cis a

cross-sectional view al ImeY -Y I'in FIG.. 15A; FIG. cross-section |VleW line Y2-Y2
in FIG. 15A; g@ qq& 1|Ssdapp ALY i oY é"glé(ﬁ%)ﬂ:onaouc(t%ylﬁ(éw%énéuprlﬁg“ﬁ 5)(9u§} Yﬁ”@howmg

the methied e pradsicingdinarsemicandusiandevies aecardingde Anerahediment ofithe present
invention; FIG. 16B is a cross-sectional view along line X-X"in FIG. 16A; FIG. 16C is a cross-sectional

view aloHydiHE™ | -Y1'in FIG. 16A;

FI1G. 11B is a cross-sectional view along line X-X'in FIG. 11A;

FIG. 11C is a cross-sectional view along line YI-YI'in FIG. 1 [A;

FIG. 11D is a cross-sectional view along line Y2-Y2' in FIG. 11A;

FIG. 12A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 12B is a cross-sectional view along line X-X'in FIG. [2A;

FIG. 12C is a cross-sectional view along line Y1-Y 1" in FI1G. 12A;

FIG. 12D is a cross-sectional view along line Y2-Y2"in FIG. 12A;

FIG. 13A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 3B is a cross-sectional view along fine X-X"in FIG. 13A;

FIG. 13C is a cross-sectional view along line Y1-Y1'in FIG. 13A;

FIG. 13D is a cross-sectional view along line Y2-Y2'in FIG. 13A;

FIG. T4A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 14B is a cross-sectional view along line X-X"in FIG. 14A;

FIG. 14C is a cross-sectional view along line Y1-Y1'in FIG. 14A;

IFIG. 14D is a cross-sectional view along line Y2-Y2' in FIG. 14A;

FIG. 15A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according (o an embodiment of the present



FIG. 161) is a cross-sectional view along line Y2-Y2' in FIG. 16A; FIG. 17A is a planar view of the
semiconductor device during production, showing the method of producing the semiconductor device
according to an embodiment of the present invention; FIG. 1713 is a cross-sectional view along line
X-X"in FIG. I7A; FIG. 17C is a cross-sectional view along line Y 1 -Y 1 'in FIG. | 7A; FIG. 17D is a
cross-sectional view along line Y2-Y2' in FIG. 17A30 FIG. I8A is a planar view or the
semiconductor device during production, showing the method of producing the semiconductor device
according to an embodiment of the present invention; FIG. 183 is a cross-sectional view along line
X-X'in FIGSNBALFIG. | 8C is a cross-sectional view along line Y I -Y I'in FIG. | 8A; FIG. 18D is a

cross-sectional VlelW(jal%'g I@EcY%%YS%Lm)EI w(::l'\ﬁ'?f!’ néj Emtﬂg}(' 1]41'61 hsjalg/enar view of the

semiconductor device during production sh owing the’method of producing the semiconductor device

according to an emboedinen otihe Beesent invendiony fille Y9Byis & ¢ress-sectional view along line X-X'
in FIG. I9A; FIG. | 9C is a cross-sectional view along line Y | -Y Fin FIG. 19A; 31 FIG. 191)is a

cross-sectional vidWfalbng ifne YesyHmpGYigglong ling[E2-X@htsk é(pléﬁvar view of the
semiconductor deYJ %An oduction Sh?‘% cs)[the method 8f prod cm the semiconductor device

according to an em dlme Of[f anmr(\ég:gxh mvencigngon uctor device unng: production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. [6B is a cross-sectional view along line X-X'in FIG. 16A;

FIG. 16C is a cross-sectional view along line Y1-Y1'in FIG. 16A;

FIG. 161} is a cross-sectional view along line Y2-Y2'in FIG. 16A;

FIG. 17A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FI1G. 17B is a cross-sectional view along line X-X'in FIG. [7A;

FIG. 17C is a cross-sectional view along line YI-Y1"in FIG. 17A;

FIG. 17D is a cross-sectional view along line Y2-Y2'in FIG. 17A;

FIG. [8A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 188 is a cross-sectional view along line X-X'in FIG. 18A;

FI1G. 18C is a cross-sectional view along line Y1-Y 1'in FIG. 18A;

FIG. 18D is a cross-sectional view along line Y2-Y2' in FIG. 18A:

FIG. 19A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FI1G. 198 is a cross-sectional view along line X-X"in FIG. [9A;

FIG. 19C is a cross-sectional view along line Y1-Y 1" in FIG. 19A;



FIG. 20B is a cross-sectional view along line X-X'in FIG. 20A; FIG. 20C is a cross-sectional view along
line Y 1-Y1'in FIG. 20A; FIG. 20D is a cross-sectional view along line Y2-Y2'in FIG. 20A; FIG.
21A is a planar view of the semiconductor device during production, showing the method of producing
the semiconductor device according to an embodiment of the present invention; FIG. 2113 is a
cross-sectional view along line X-X'in FIG. 21A; FG. 21C is a cross-sectional view along line Y | -Y |'*
in FIG. 21A,; FIG. 2I1) is a cross-sectional view along line Y2-Y2' in FIG. 21A; FIG. 22Ais a
planar view of the semiconductor device during production, showing the method of producing the
semiconductor devite d8Ebluirgas-serbnmpbuirnenpag tie préSEht VRt FIG. 22B is a

cross-sectional view,algpg line X-X' in FIG. 22A; FIG. 22C is a cross-sectional yiew along line Y I -Y1'
in FIG. 22A; FIG. %(S Fsﬂg G R ne Y, ?/ﬁv@ along |'F1eu$@-\?c ViR ‘él.“§2OA?3/UCU°”Ff88V§'§A is a

planar vieyviefithe s€HcORINEtOL depicoAliing REasiichian.Ghgwingh thermeined of rrediciag the
semiconductor device according to an embodiment of the present invention; FIG. 23B is a
cross-sédngittlview along line X-X' in FIG. 23A; FIG. 23C is a cross-sectional view along line Y 1 -Y 1

in FIG. 23A; FIG. 23D i3 cross-sectional yiew along line @ngg 23A; FIG. 24Ais a
planar view of' the semiconddctor device (:‘]'url'r?g‘;”ﬁ?ngal'ﬁS 3hdWiny th¥thethod of producing the
semiconductor deyigs agcarding.te-aesnbodiment f the Rresemty riG. 204,

FIG. 20D 1s a cross-sectional view along line Y2-Y2'in FIG. 20A;

FIG. 21TA is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 21B is a cross-sectional view along line X-X' in FIG. 21A;

FI1G, 21C is a cross-sectional view along line Y1-Y 1" in FIG. 21A:

FIG. 21D is a cross-sectional view along line Y2-Y2'"in FIG. 21A;

FIG. 22A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 22B is a cross-sectional view along line X-X'in FIG. 22A;

FIG. 22C is a cross-sectional view along line Y1-Y1'in FIG. 22A;

FIG. 22D 1s a cross-sectional view along line Y2-Y2' in FIG. 22A;

FIG. 23A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 23B is a cross-sectional view along line X-X" in FIG. 23A;

FIG. 23C is a cross-sectional view along line Y1-Y 1" in FIG. 23A;

FIG. 231> is a cross-sectional view along line Y2-Y2" in FIG. 23A;

FIG. 24A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



32 invention; FIG. 2413 is a cross-sectional view along line X-X'in FIG. 24A; FIG. 24C is a
cross-sectional view along line Y I -Y 1 "in FIG. 24A; FIG. 24D is a cross-sectional view along line
Y2-Y2'in FIG. 24A; FIG. 25A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention; FIG. 25B is a cross-sectional view alongdine X-X in FIG. 25A; FIG. 25C is a cross-sectional
view along line Y 1 -Y I' in FIG. 25A; FIG. 251) is a cross-sectional view along line Y2-Y2'in FIG. 25A;
FIG. 26A is a planar view of the semiconductor device during production, showing the method of
producintfé'¥emiconductor device according to an embodiment of the present invention; FIG. 26B is

a cross-sectional i _gjﬁpg line XX, in F1G. 26A; FIG 2682&%(?;?@'5&? ctional view along line VI -Y1'

in FIG. 26A; FIG. 26D is a cross[,f?ébst?gtfllgl]%/ié/\lﬁ“é é%n ’|,IH}§ B6A; FIG. 27A is a planar

view of the semicarnducior davigesdudngpiodaion: showing.the metopd of producing the
semiconductor device according to an embodiment of the present invention; FIG. 2713 is a
cross-sectional vidllaldhg ineoress-sacHimalviay Fl@edire ¥R ardidsd:Kectibhal view along line Y 1-Y 1
in FIG. 27A; FIG. ?YE 'fs?ﬁ[;of %—ggg}i(\)f%@i{ \(/)IF measleolq ctl)ilrl]gugt(z)f‘Yd%lviigeF (u;ﬁnzg?ﬁ*;oduction, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

F1G. 2513 is a cross-sectional view along line X-X' in FIG. 25A;

'[G. 25C is a cross-sectional view along line Y1-Y 1" in FIG. 25A;

FIG. 25D is a cross-sectional view along line Y2-Y2'in FIG. 25A;

FIG. 26A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 26B is a cross-sectional view along line X-X'in FIG. 26A;

FIG. 26C is a cross-sectional view along line Y1-Y 1" in FIG. 26A;

FI1G. 26D is a cross-sectional view along line Y2-Y2' in FIG. 26A;

FIG. 27A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

'1G. 278 is a cross-sectional view along line X-X'in FIG. 27A;

FIG. 27C is a cross-sectional view along line Y1-Y1' in FIG. 27A;

FIG. 27D is a cross-sectional view along line Y2-Y2'in FIG. 27A;

FIG. 28A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 28B is a cross-sectional view along tine X-X'in FI1G. 28A;

FIG. 28C is a cross-sectional view along line Y1-Y[' in FIG. 28A;



FIG. 28A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present invention; FIG. 28B is
a cross-sectional view along line X-X"in FIG. 28A; FIG. 28C is a cross-sectional view along line VI -Y1'
in FIG. 28A; 33 FIG. 281) is a cross-sectional view along line Y2-Y2' in FIG. 28A; FIG. 29A is a
planar view of the semiconductor device during prédluction, showing the method of producing the
semiconductor device according to an embodiment of the present invention; FIG. 29B is a
cross-sectional view along line X-X"in FIG. 29A; FIG. 29C is a cross-sectional view along line Y | -Y I
in FIG. 29A; FIG. 244 %gg iy ssosesheiRnalivicrarerelite Y2-Y2' in HIG . 289, FIG. 30Ais a
planar view of the ﬁﬁpiggﬂquctor device durliqﬁ producti(an showin(% the.metho g@&o ucing the

semiconductor device according (o an smibodinert bf thausi¥seht faisnP 1savs

Cross-sastionahvie W PRIBdING Keoxdmitlad R0 el e3REole R £Iassreattianaluieyr along:ling Y I -Y1'
in FIG. 30A; FIG. 30D is a cross-sectional view along line Y2-Y2' in FIG. 30A; FIG.31Ais a
planar viev¢tfahe semiconductor device during production, showing the method of producing the

' | ' mbpdiment of the nt invention;
semiconductor de‘ﬁ‘?&.%ﬁo{sdén (;[sos—%gctelona \(fjfewaongmm S?'em 10, 29A,;

FIG. 29C is a cross-sectional view along line Y1-Y 1" in FIG. 29A;

FIG. 29D is a cross-sectional view along line Y2-Y2'in FIG. 29A;

FIG. 30A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 30B is a cross-sectional view along line X-X"in FIG. 30A;

F1G. 30C is a cross-sectional view along line Y1-Y['in FIG. 30A;

FIG. 30D is a cross-sectional view along line Y2-Y2'in FIG. 30A;

FIG. 31A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 31B is a cross-sectional view along line X-X'in FIG. 31A;

FI1G. 31C s a cross-sectional view along line Y1-Y 1" in F1G. 31A;

FIG. 31D is a cross-sectional view along line Y2-Y2'in FIG. 31A;

FIG. 32A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 32B is a cross-sectional view along line X-X'in FIG. 32A;

FIG. 32C is a cross-sectional view along line Y1-Y1'in FIG. 32A;

FIG. 32D is a cross-sectional view along line Y2-Y2'in FIG. 32A;

FIG. 33A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



FIG. 3113 is a cross-sectional view along line X-X"in FIG. 31A; FIG. 31C is a cross-sectional view
along line Y 1 -Y1' in FIG. 31A; FIG. 3 ID is a cross-sectional view along line Y2-Y2'in FIG. 31A;

FIG. 32A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present invention; FIG. 32B is
a cross-sectional view along line X-X'in FIG. 32A3fIG. 32C is a cross-sectional view along line Y | -Y
1'in FIG. 32A; FIG. 321) is a cross-sectional view along line Y2-Y2'in FIG. 32A; FIG. 33Ais a
planar view of the semiconductor device during production, showing the method of producing the
semicorndtie¢tdPdevice according to an embodiment of the present 34 invention; FIG. 33B is a

cross-sectional vieyyal ne X-X'in FIG, 33A; FIG. 33 r onal view along line Y | -Y I
in FIG. 33A; FIG.GISVP!%) e lérgg?s%géétlofn e AIGhe fing gz%v‘ i tecerit AN FIG. 34Ais a

planar view of the BEMEINGUCIOsPaiae dMring.psaduatieny showing-toe mﬁt;hod of producing the
semiconductor device according to an embodiment of the present invention; FIG. 34B is a

cross-sectional vieWlaldhlg ifrecrose-sackimaladay along line Y2-Y2'in FIG. 33A;

FIG. 34A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 3413 is a cross-sectional view along line X-X'in FIG. 34A;

FI1G. 34C 1s a cross-sectional view along fine Y1-Y 1" in FIG. 34A;

FIG. 34D is a cross-sectional view along line Y2-Y2' in FIG. 34A;

FIG. 35A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 358 is a cross-sectional view along line X-X" in FIG. 35A;

FIG. 35C is a cross-sectional view along line Y1-Y 1" in FIG. 35A;

FIG. 35D is a cross-sectional view along line Y2-Y2'in FIG. 35A;

FIG. 36A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

F1G. 36B is a cross-sectional view along line X-X"in FIG. 36A;

FIG. 36C is a cross-sectional view along line Y1-Y1'in FIG. 36A;

FIG. 36D is a cross-sectional view along line Y2-¥2'in FI1G. 36A;

FIG. 37A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 37B is a cross-sectional view along line X-X'in FIG. 37A:

FIG. 37C is a cross-sectional view along line Y1-Y 1" in FIG. 37A;



FIG. 34C is a cross-sectional view along line Y I -Y1'in FIG. 34A; FIG. 34D is a cross-sectional view
along line Y2-Y2'in FIG. 34A, FIG. 35A is a planar view of the semiconductor device during
production, showing the method of producing the semiconductor device according to an embodiment
of the present invention; FIG. 3513 is a cross-sectional view along line X-X"in FIG. 35A; FIG. 35C is a
cross-sectional view along line Y I -Y1' in FIG. 35A3FIG. 351) is a cross-sectional view along line
Y2-Y2'in FIG. 35A; FIG. 36A is a planar view of the semiconductor device during production,
showing the method of producing the semiconductor device according to an embodiment of the
present invention; FiG 336LE fscarerosstiswetivivay vieng Allony I XeX'IiA. BB 36A; FIG. 36C is a

cross-sectional vi I IlneYI -Y1'in FIG, 36A; FIG. 361 a.cr ssectlonal view along line
T e e S e e e R e R tion.

showingibenmataos oharedusing hensemicenduciacdavicspecarding ipanambadimeptot the
present invention; FIG. 37B is a cross-sectional view along line X-X' in FIG. 37A; FIG.37Cis a

cross-ségdiilview along line Y 1-Y1 in FIG. 37A; 35 FIG. 371) is a cross-sectional view along line
Y2-Y2'in FIG. 37%&6. 38B is a cross-sectional view along [ine X-X"in FIG. 38A;

FIG. 38C is a cross-sectional view along line Y1-Y'I' in FIG. 38A;

FIG. 38D is a cross-sectional view along line Y2-Y2' in FIG. 38A;

FIG. 39A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 39B is a cross-sectional view along line X-X'in FIG. 39A;

FIG. 39C is a cross-sectional view along line Y1-Y1'in FIG. 39A;

FI1G. 39D is a cross-sectional view along line Y2-Y2'in FIG. 39A;

FIG. 40A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 40B is a cross-sectional view along line X-X' in FIG. 40A,

FIG. 40C is a cross-sectional view along line Y1-Y1'in FIG. 40A;

FIG. 40D is a cross-sectional view along line Y2-Y2' in FIG. 40A;

FIG. 4TA is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

Fl1G. 418 is a cross-sectional view along line X-X'in FIG. 41A;

FIG. 41C is a cross-sectional view along line Y1-Y1"in FIG. 4[A;

FIG. 41D is a cross-sectional view along line Y2-Y2' in FIG. 41A;

FIG. 42A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



FIG. 38A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present invention; FIG. 3813
is a cross-sectional view along line X-X'in FIG. 38A; FIG. 38C is a cross-sectional view along line Y
-Y1in FIG. 38A; FIG. 38D is a cross-sectional view along line Y2-Y2'in FIG. 38A; FIG.39A s a
planar view of the semiconductor device during pré@uction, showing the method of producing the
semiconductor device according to an embodiment of the present invention; FIG. 39B is a
cross-sectional view along line X-X"in FIG. 39A; FIG. 39C is a cross-sectional view along line Y | -Y1'
in FIG. 39%HMY. 30D is a cross-sectional view along line Y2- Y2' |n FIG 39A; FIG. 40Ais a
planar view of the [sRm&gllductor devuie d rln tlon %nethod of producing the

S d Cross-scectiong n m
semiconductor device according to an em men?o"ﬁ & presen RVeftisn; FIG. 40B is a

cross-sectional vievkalang imec,?@élsiébﬁb@m%&v Fléa o406 ¥a avqrossgeciional view along line YI-Y1'in
FIG. 40A; FIG. 401) is a cross-sectional view along line Y2-Y2'in FIG. 40A; FIG. 41A is a planar

view of the semicdritudil? det/icesshaeivlp prodisetiolenghiowiig- i imEthod B producing the

Cross.sactonl el SHG T8 AR VI h 1A RS S S RreE Rt e Saoh e v 1 v

cross-sectional view 8long finé

in FIG. flAnbiad4iPpsdueressneachionsh iRy AR0adingcidn2 k! Gnddfiment of the present

invention;

FIG. 438 is a cross-sectional view along line X-X'in FIG. 43A;

FIG. 43C is a cross-sectional view along line Y1-Y1"in FIG. 43A;

FIG. 43D is a cross-sectional view along line Y2-Y2'in FIG. 43A;

FIG. 44A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

F1G. 448 is a cross-sectional view along line X-X'in FIG. 44A;

FIG. 44C is a cross-sectional view along line Y1-Y 1" in FIG. 44A;

FI1G. 44D is a cross-sectional view along line Y2-Y2'in FIG. 44A;

FIG. 45A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 458 is a cross-sectional view along fine X-X'in FIG. 45A;

FIG. 45C is a cross-sectional view along line Y1-Y 1" in FIG. 45A;

FIG. 451 is a cross-sectional view along line Y2-Y2' in FIG. 45A;

FIG. 46A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 468 is a cross-sectional view along line X-X"in FIG. 46A;

IF1G. 46C is a cross-sectional view along line Y1-Y 1" in FIG. 46A;



FIG. 42A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present 36 invention; 4213
is a cross-sectional view along line X-X'in FIG. 42A; FIG. 42C is a cross-sectional view along line Y |
-Y1'in FIG. 42A; FIG. 42D is a cross-sectional view along line Y2-Y2'in FIG. 42A; FIG. 43A is a planar
view of the semiconductor device during producticr, showing the method of producing the
semiconductor device according to an embodiment of the present invention; FIG. 4313 is a
cross-sectional view along line X-X"in FIG. 43A; FIG. 43C is a cross-sectional view along line Y | -Y1'
in FIG. 43A; FIG. 43P F&égﬁés%%ééﬁé%era}uéw‘h%%liﬁ@ Y2:Y2' in FIG. 484 FIG. 44A is a planar

view of the Sem'cqfi@'“%tﬁ’f\ qg\élg alqc%{n KIS scmls(l):[]x}? 48 tdhcev;ré]{,et Octlié(r)}%%b §04r1§%]0W1né;

semiconductor device according to an embo iment o e present |nven

cross-seletianghyiew ploagding KeXdmiclizdtidy, dGocddCoiala Lrossisacbionalodeyr alengdipa Y -Y1'in
FIG. 44A; FIG. 44D is a cross-sectional view along line Y2-Y2'in FIG. 44A; FIG. 45A is a planar view

of the séMisERBuctor device during production, showing the method of producing the semiconductor

device according { an, e Rodiment of e, PIESE YRS in FiG. 47,

FIG. 47C is a cross-sectional view along line Y1-Y 1" in FIG. 47A;

FIG. 47D is a cross-sectional view along line Y2-Y2'in FIG. 47A;

FIG. 48A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FI1G. 481 is a cross-sectional view along line X-X'in FIG. 48A;

FIG. 48C is a cross-sectional view along line Y1-Y1'in FIG. 48A;

FIG. 48D is a cross-sectional view along line Y2-Y2' in FIG. 48A;

FIG. 49A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 498 is a cross-sectional view along line X-X'in FIG. 49A;

F1G. 49C is a cross-sectional view along line Yi-Y1'in FIG. 49A;

FIG. 49D is a cross-sectional view along line Y2-Y2' in FIG. 49A;

FIG. 50A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 508 is a cross-sectional view along line X-X' in FIG. 50A;

FIG. 50C is a cross-sectional view along line Y1-Y1'in FIG. 50A;

FIG. 50D is a cross-sectional view along line Y2-Y2'in FIG. 50A;

FIG. 51A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



FIG. 45B is a cross-sectional view along line X-X'in FIG. 45A; FIG. 45C is a cross-sectional view
along line YI-Y I'in FIG. 45A; FIG. 451) is a cross-sectional view along line Y2-Y2' in FIG. 45A;

FIG. 46A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present invention; FIG. 4613
is a cross-sectional view along line X-X' in FIG. 46%&; FIG. 46C is a cross-sectional view along line Y
-Y1'in FIG. 46A; 37 FIG. 46D is a cross-sectional view along line Y2-Y2' in FIG. 46A; FIG. 47A
is a planar view of the semiconductor device during production, showing the method of producing the
semicorB¥f&itbPevice according to an embodiment of the present invention; FIG. 47B is a

cross-sectional weB/y algplg line X-X'in FIG, A7A; FIG. 47C Bi(% croEf sg?fﬁnal view along line Y -Y1'in

FIG. 47A; FIG. 47D'i 2 crodd SSetiohal viaw Siori e v FIG. 48A is a planar

view of the semicandustar deviessduENG MPAYGIADN SRwing the metbod of producing the
semiconductor device according to an embodiment of the present invention; FIG. 4813 is a

cross-sectional vidWaldhg iirecress-ipcHisal48ay Fi@g4se R aYefosdieciivhal view along line Y I -Y1'
in FIG. 48A; FIG. 4‘?9 |§2?\%Oas %f%ﬁﬁ“?ﬂ%' XF A (,a‘!(c,)ig C(lylﬂguuosz%v%ch Smiséoductmn showing
the method of producing the semiconductor device according to an embodiment of the present
invention:

FI1G. 52B is a cross-sectional view along line X-X'in FIG. 52A;

FI1G. 52C is a cross-sectional view along line Y1-Y 1" in FIG. 52A;

FIG. 52D is a cross-sectional view along line Y2-Y2' in FIG. 52A;

FIG. 53A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 53B is a cross-sectional view along line X-X'in FIG. 53A;

FIG. 53C is a cross-sectional view along line Y1-Y1'in FIG. 53A;

IF1G. 53D is a cross-sectional view along line Y2-Y2'in FIG. 53A;

FIG. 54A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 54B is a cross-sectional view along line X-X'in FIG. 54A;

FI1G. 34C is a cross-sectional view along line Y1-Y 1" in FIG. 54A;

FIG. 54D is a cross-sectional view along line Y2-Y2'in FIG. 54A;

FIG. 55A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 55B is a cross-sectional view along line X-X"in FIG. 53A;

FIG. 55C is a cross-sectional view along line Y1-Y1'in FIG. 55A;



FIG. 49A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present invention; FIG. 493 is
a cross-sectional view along line X-X"in FIG. 49A; FIG. 49C is a cross-sectional view along line Y 1-Y
I"in FIG. 49A; FIG. 49D is a cross-sectional view along line Y2-Y2'in FIG. 49A; FIG.50A is a
planar view of the semiconductor device during pr&fluction, showing the method of producing the
semiconductor device according to an embodiment of the present invention; FIG. 5013 is a
cross-sectional view along line X-X"in FIG. 50A; FIG. 50C is a cross-sectional view along line Y 1-Y1'
in FIG. 50A; FIG. 349 i%5§>é?d’s@1§écat¢@ﬁama}iéw»aféﬂgglihﬁ@\?f’?-—\?@" in FIG. 504 FIG.51A s a

Planar view of the seinicpRauciar deviag duing.piadetan shauing e methofl gl progucing the
semiconductor device according to an embodiment of the présent invention; : |

Cross-segtionahyirwf YRAYJIRE KeXdiEdfriRiA delieSLEolaiaLIese sapinfiakMieyy along:ling YI-Y1'in
FIG. 51A; FIG. 51D is a cross-sectional view along line Y2-Y2"in FIG. 51A; FIG. 52A is a planar
view of thgc8Bfticonductor device during production, showing the method of producing the
semiconductor deyige aggarding to an embediment of fhe reasntyanten:

FIG. 56C is a cross-sectional view along line Y1-Y1"in FIG. 56A;

F1G. 56D is a cross-sectional view along line Y2-Y2'in FIG. 56A;

FIG. 57A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

F1G. 578 is a cross-sectional view along line X-X"in FIG. 57A;

FIG. 57C is a cross-sectional view along line Y1-Y1'in FIG. 57A;

FIG. 57D is a cross-sectional view along fine Y2-Y2'in FIG. 57A;

F1G. 58A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention:

FI1G. 588 is a cross-sectional view along line X-X"in FIG. 58A;

F1G. 58C is a cross-sectional view along line Y1-YI' in FIG. 58A;

FIG. 38D is a cross-sectional view along line Y2-Y2'in FIG. 58A;

FIG. 59A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 59B is a cross-sectional view along line X-X'in FIG. 59A;

FIG. 59C is a cross-sectional view along line Y1-Y 1" in FIG. 59A;

FIG. 59D is a cross-sectional view along line Y2-Y2'in FIG, 59A;

FIG. 60A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



FIG. 52B is a cross-sectional view along line X-X in FIG. 52A; FIG. 52C is a cross-sectional view along
line Y 1-Y1'in FIG. 52A; FIG. 52D is a cross-sectional view along line Y2-Y2'in FIG. 52A; FIG.
53A is a planar view of the semiconductor device during production, showing the method of producing
the semiconductor device according to an embodiment of the present invention; FIG. 53B is a
cross-sectional view along line X-X'in FIG. 53A; FI&. 53C is a cross-sectional view along line YI-Y1' in
FIG. 53A; FIG. 531) is a cross-sectional view along line Y2-Y2'in FIG. 53A,; FIG. 54A is a planar
view of the semiconductor device during production, showing the method of producing the
semicorl@tigtBP#evice according to an embodiment of the present invention; FIG. 54B is a
cross-sectional view. al line X-X'in FIG. 54A; FIG. 54C |s g crgss:sectional view along line YI-Y1'in
FIG. 54A; FIG. 54%@5%?:%0’33“-%%0&%5%“\’/L?é‘\l/v‘”eﬁ‘b"naé %’ﬁg‘%-%g fr‘?(ﬁé‘. %?A& FIG. 55A is a planar
view of the semicanduaior dayigesdusndhRIPAUGIgRNshRwIng-the metopd®{producing the
semiconductor device according to an embodiment of the present invention; FIG. 55B is a
cross-sectional vidit(albRg linexex-sacHiGa55ay Bl@ 88T ¥2aiciosdiBedtidhal view along line Y I -Y1'
in FIG. 55A; 39

FIG. 61A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 61B is a cross-sectional view along fine X=X in FIG. 61A;

F1G. 61C is a cross-sectional view along line Y1-Y1' in FIG. 61A;

FIG. 61D is a cross-sectional view along line Y2-Y2'in FIG. 61A;

FIG. 62A 1s a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 62B is a cross-sectional view along line X-X'in FIG. 62A;

FIG. 62C is a cross-sectional view along line Y1-Y1' in FIG. 62A;

FI1G. 62D is a cross-sectional view along line Y2-Y2' in FIG. 62A;

F1G. 63A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 638 is a cross-sectional view along line X-X"in FIG, 63A;

F1G. 63C 15 a cross-sectional view along line Y1-Y1'in FIG. 63A;

FIG. 63D is a cross-sectional view along line Y2-Y2' in FIG. 63A;

FIG. 64A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 64B is a cross-sectional view along line X-X"in FIG. 64A;

FIG. 64C is a cross-sectional view along line Y1-Y1' in FIG. 64A;



FIG. 551) is a cross-sectional view along line Y2-Y2'in FIG. 55A; FIG. 56A is a planar view of
the semiconductor device during production, showing the method of producing the semiconductor
device according to an embodiment of the present invention; FIG. 5613 is a cross-sectional view along
line X-X in FIG. 56A; FIG. 56C is a cross-sectional view along line Y 1-Y1' in FIG. 56A; FIG. 56D is a
cross-sectional view along line Y2-Y2' in FIG. 56A¢1 FIG. 57A is a planar view of the
semiconductor device during production, showing the method of producing the semiconductor device
according to an embodiment of the present invention; FIG. 57B is a cross-sectional view along line
X-X"in FIG. 57A; Hil&i. 890 is mcepesscsoetignagvialaralding ¥aeYe w115 B16; 5Th; FIG. 57D is a
cross-sectional view aloag ine Y2 10 FIG 78 0. FIC. 584 IS 3 planar yiew of the

semiconductor devicé dufing production. showing the Thetiiod 6F prodUEiRg e SEMiboiiets: device

accordingeteman RMiIgdinent gfiRepresatinve ntion: klGorafk3is A GIRsSHRREHCHRliew.alang line
X-X"in FIG. 58A; FIG. 58C is a cross-sectional view along line Y -Y1'in FIG. 58A; FIG. 58D is a

cross-segtgtitview along line Y2-Y2' in FIG. 58A; FIG. 59A is a planar view of the
roducing the semiconductor device

semiconductor deY; Jdggﬂr} EPr_Qq;u_ct_iotn(, showing the met ,Qf]%[ _ : ) _
according to an emg(ceJ |meng PR Prada |‘ﬁ'\‘73’r?ﬁ8ﬂ%l£'|@. 5i5'8 (¥38s-sectional view along line
X-X'in FIG. S9A; i@, §9C s A RQSSeafsHionahwigwiaAnRg Yiney Y1 hidndsiG. S9A;

FIG. 651 is a cross-sectional view along line Y2-Y2' in FIG. 65A;

FIG. 66A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according o an embodiment of the present
invention;

FIG. 66B is a cross-sectional view along line X-X"in FIG. 66A;

FIG. 66C is a cross-sectional view along line Y1-YI'in FIG. 66A;

FI1G. 66D is a cross-sectional view along line Y2-Y2' in FIG. 66A;

FIG. 67A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 678 is a cross-sectional view along line X-X'"in FIG. 67A;

FIG. 67C is a cross-sectional view along line Y1-Y1'in FIG. 67A;

FIG. 67D is a cross-sectional view along line Y2-Y2' in FIG. 67A;

FIG. 68A s a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 68B is a cross-sectional view along line X-X' in FIG. 68A;

F1G. 68C is a cross-sectional view along line Y1-Y 1" in FIG. 68A;

FIG. 68D is a cross-sectional view along line Y2-Y2' in FIG. 68A;

FIG. 69A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



FIG. 591) is a cross-sectional view along line Y2-Y2'in FIG. 59A; FIG. 60A is a planar view of
the semiconductor device during production, showing the method of producing the semiconductor
device according to an embodiment of the present 40 invention; FIG. 6013 is a cross-sectional view
along line X-X"in FIG. 60A; FIG. 60C is a cross-sectional view along line Y | -Y1'in FIG. 60A; FIG.
601) is a cross-sectional view along line Y2-Y2' in4G. 60A; FIG. 61A is a planar view of the
semiconductor device during production, showing the method of producing the semiconductor device
according to an embodiment of the present invention; FIG. 61B is a cross-sectional view along line
X-X'in PIGSBIM; FIG. 61C is a cross-sectional view along line Y -Y1'in FIG. 61A; FIG. 6ID is a

cross-sectional view al line Y2-Y2' in FIG..6lA, TN o \E Y Jis.a planar view of the
semiconductor devﬁ!:(g ggﬁnla ‘b?b%sﬁbht(l‘(%%?ns%g\}\ﬁﬁgél[%'}é’rwé(fhggg(olfgrg&uég ¢ the semiconductor device

according to an enpipgdiment Ot e REeseRTIIDNONERAL Gz B2 {5ia cr@sgesectional view along line
X-X"in FIG. 62A; FIG. 62C is a cross-sectional view along line YI-Y1'in FIG. 62A; FIG. 62D is a

cross-sectional vieW(al6RY line cymsysgeiipmG ie@ajong line Y2-Y2'in FI1G. 69A;

FI1G. 70A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 708 is a cross-sectional view along Jine X-X'in FIG. 70A;

F1G. 70C is a cross-sectional view along line Y1-YI'in FIG. 70A;

FIG. 70D is a cross-sectional view along line Y2-Y2" in FIG. 70A;

FIG. 71A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 71B is a cross-sectional view along line X-X"in FIG. 71A;

FIG. 71C is a cross-sectional view along line Y1-Y1"in FIG. 71A;

FIG. 71D is a cross-sectional view along line Y2-Y2'in FIG. TIA;

FIG. 72A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 72B is a cross-sectional view along line X-X'in FIG. 72A:

FIG. 72C is a cross-sectional view along [ine Y1-YI'in FIG. 72A;

FIG. 72D is a cross-sectional view along line Y2-Y2' in FIG. 72A;

FIG. 73A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FI1G. 738 is a cross-sectional view along line X-X'in FIG. 73A;

FIG. 73C is a cross-sectional view along line Y1-Y1"in FIG. 73A,;



FIG. 63A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present invention; FIG. 6313
is a cross-sectional view along line X-X'in FIG. 63A; FIG. 63C is a cross-sectional view along line Y |
-Y1'in FIG. 63A; FIG. 631) is a cross-sectional view along line Y2-Y2'in FIG. 63A; FIG. 64Ais a
planar view of the semiconductor device during préduction, showing the method of producing the
semiconductor device according to an embodiment of the present invention; FIG. 64B is a
cross-sectional view along line X-X"in FIG. 64A; FIG. 64C is a cross-sectional view along line Y -Y1'in
FIG. 64A; 41 FIG 64D/ M aicrasessesetionaivisw along e 22YL2im e BYA; FIG. 65A is a

planar view of the ﬁ&gni%)}gductor device durlicri]lg productlggdtgp(aW|n% t(ﬂe_.metho o%gkroqucm%the

. 15,.4 lanar VICW O 2 SCIM| il CVIC 113182 DI C NOWi
semiconductor device according to an embodiment of the present mvenh&nf ieh 3N

cross-sentionahview poagding KeoXdiniEd oA fel@BREIGAL IO SemiRnakyiey alongdlng VI -Y1'
in FIG. 65A; FIG. 65D is a cross-sectional view along line Y2-Y2"in FIG. 65A; FIG. 66A is a
planar vigv#sfie semiconductor device during production, showing the method of producing the

semicondcior e BRI 0 SRR, o e 5P Y HEr IO 58 2

FIG. 74C is a cross-sectional view along line Y1-Y1'in FIG. 74A;

FIG. 74D is a cross-sectional view along line Y2-Y2'in FIG. 74A;

FtG. 75A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

F1G. 751 is a cross-sectional view along line X-X'in FIG. 75A;

FIG. 75C is a cross-sectional view along line Y1-Y ' in FIG. 75A;

FIG. 750> is a cross-sectional view along line Y2-Y2'in FIG. 75A;

FIG. 76A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 768 is a cross-sectional view along fine X-X'in FIG. 76A;

FIG. 76C is a cross-sectional view along line Y1-Y 1" in FIG, 76A;

FIG. 76D is a cross-sectional view along line Y2-Y2' in FIG. 76A;

FIG. 77A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 77B is a cross-sectional view along line X-X'in FIG. 77A;

FI1G. 77C is a cross-sectional view along line Y1-Y1'in FIG. 77A;

FI1G. 77D is a cross-sectional view along line Y2-Y2'in FIG. 77A;

FIG. 78A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



FIG. 66C is a cross-sectional view along line Y I -Y1' in FIG. 66A; FIG. 661) is a cross-sectional view
along line Y2-Y2'in FIG. 66A, FIG. 67A is a planar view of the semiconductor device during
production, showing the method of producing the semiconductor device according to an embodiment
of the present invention; FIG. 673 is a cross-sectional view along line X-X'in FIG. 67A; FIG. 67C is a
cross-sectional view along line YI-Y1'in FIG. 67A;4RIG. 67D is a cross-sectional view along line Y2-Y2'
in FIG. 67A, FIG. 68A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present in FIG.
68B is a'B¥§88%ectional view along line X-X' in FIG. 68A; FIG. 68C is a cross-sectional view along line

YI-Y 1'in FIG. 684, FIG, 68E) is a cross-sectional view alQng, Jin g(\ﬁzlgg in FIG. 68A,; FIG. 69A
is a planar view of [t#g'gasrlgiicso‘?'lc Ltor ¢ é?f}gevéﬂ?'iﬁlllgﬁ)%ébnﬁ(?#gﬁ,’gﬁ iHg'the method of producing the

semiconductor devigg. 8eordingJa-aB.aBMRPIBERLAE the Bresent 43 dnvgntion; FIG. 69B is a _
cross-sectional view along line X-X in FIG. 69A; FIG. 69C is a cross-sectional view along line YI-Y1'in

FIG. 69A; FIG. 69Dlis. d drbiss: sewstionatlivimwatong dinel ve X2YR' FIGIGIRAEIG. 70A is a planar view
of the semiconduc}g&.clggfeisdélg%%ﬁreglﬁlvcg?r&,msggm&%ductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 79B is a cross-sectional view along line X-X'in FIG. 79A;

FIG. 79C is a cross-sectional view along line Y1-Y1'in FIG. 79A;

FIG. 79D is a cross-sectional view along line Y2-Y2'in FIG. 79A;

FIG. 80A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 80B is a cross-sectional view along line X-X' in FIG. 80A;

FIG. 80C is a cross-sectional view along line Y1-Y 1" in FIG. 80A;

FIG. 80D is a cross-sectional view along line Y2-Y2" in FIG. 80A;

FIG. 81A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

F1G. 81B is a cross-sectional view atong line X-X'in FIG. 81A;

FIG. 81C is a cross-sectional view along line Y1-Y1"in FIG. 81A;

FIG. 81D is a cross-sectional view along line Y2-Y2'in FIG. $1A;

FIG. 82A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FI1G. 82B is a cross-sectional view along line X-X'in FIG. 82A;

FIG. 82C is a cross-sectional view along line Y1-Y 1" in FIG. 82A;



the method of producing the semiconductor device according to an embodiment of the present
invention; FIG. 7013 is a cross-sectional view along line X-X"in FIG. 70A; FIG. 70C is a
cross-sectional view along line Y I -Y I'in FIG. 70A; FIG. 70D is a cross-sectional view along line
Y2-Y2'in FIG. 70A; FIG. 71A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor devicéaccording to an embodiment of the present
invention; FIG. 7IB is a cross-sectional view along line X-X"in FIG. 71A; FIG. 71C is a cross-sectional
view along line Y | -Y "in FIG. 71 A; FIG. 711) is a cross-sectional view along line Y2-Y2'in FIG. 71A;
FIG. 72A is a plan&tVidwldftAsrestriedinnabide valose tuiNg-produdlion§showing the method of

producing the semicandygtor deyice according to an.embodiment.of the.present invention: FIG. 72B is
a cross-sectionaln\][/izg\;\i g%%léb”?'lg\{%l% nH @Pg‘iﬁ’ﬂl—af&?n?ﬂ&% %E‘%s@é’ﬁéti%ﬁ)gfi%%w asféen‘b”i‘he Y -Y1
in FIG. z%;&i&a?@fq;iacaa&ncg,saT@%@tm&ald(i@wraJ@ﬂgeliﬁl&(mm%%dmﬁlc@qb%%ﬁﬁéﬁk%i%ﬁé\%ﬁe@eﬁdanar

e

view of the semiconductor device during production, showing the method of producing t
semicondv@itBPdevice according to an embodiment of the present invention; FIG. 733 is a . _
cross-secional vielgag ne XX INFIS, T34 EIG, T3 Is @ crospssgeonl view slong ne ¥ -Y1'i
FIG. 73A,

FIG. 83C is a cross-sectional view along line Y1-Y 1" in FIG. 83A;

FIG. 83D is a cross-sectional view along line Y2-Y2'in FIG. 83A;

FI1G. 84A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 84B is a cross-sectional view along line X-X'in FIG. 84A;

FIG. 84C is a cross-sectional view along line Y1-Y1'in FIG. 84A;

FIG. 84D is a cross-sectional view along line Y2-Y2'" in FIG. 84A;

FIG. 85A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

F1G. 851 is a cross-sectional view along line X-X'in FIG. 8§5A;

FI1G. 85C is a cross-sectional view along line Y1-Y 1" in FIG. 85A;

FIG. 85D is a cross-sectional view along line Y2-Y2'in FIG. 85A;

FIG. 86A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

IF1G. 868 is a cross-sectional view along line X-X'in FIG. 80A;

FIG. 86C is a cross-sectional view along line Y1-Y1"in FIG. 86A;

FIG. 86D is a cross-sectional view along line Y2-Y2'in FIG. 86A;

FIG. 87A is a planar view of the semiconductor device during production, showing

the method of producing the semiconductor device according to an embodiment of the present



43 FIG. 73D is a cross-sectional view along line Y2-Y2'in FIG. 73A; FIG. 74A is a planar view of the
semiconductor device during production, showing the method of producing the semiconductor device
according to an embodiment of the present invention; FIG. 7413 is a cross-sectional view along line
X-X"in FIG. 74A; FIG. 74C is a cross-sectional view along line Y I -Y 1 "in FIG. 74A; FIG. 74D is a
cross-sectional view along line Y2-Y2' in FIG. 74A4FIG. 75A is a planar view of the semiconductor
device during production, showing the method of producing the semiconductor device according to an
embodiment of the present invention; FIG. 75B is a cross-sectional view along line X-X in FIG. 75A,
FIG. 75¢N 8 ss-sectional view along line Y 1-Y 1'in FIG. 75A; FIG. 751) is a cross-sectional view

along line Y2:Y2 it |Gy T504FIG. Z0ATS A DISNALYEW 15 Sgmjeondyctor device during

production, showing the method of producing the se ctor device aécording to an embodiment

of the present inveRtion RIG. a7&Bsissaccons-destianad Vieywalong #inei&-X7io FIG. 76A; FIG. 76Cis a
cross-sectional view along line YI-Y Fin FIG. 76A; FIG. 76D is a cross-sectional view along line Y2-Y2'
in FIG. 76A; FIG. 7‘7%{'i§'£)ydl%1‘ri‘18‘i°§?ewcﬁf’ﬂ%%@Yﬁf&@%&jﬂéﬁ‘o‘@éﬁcé‘é“lh@lné%\rbduction, showing the

method of producifg hgssenizRgHOARYIGR ASGRIING A A emRegiment oLie dregentin,

the method of producing the semiconductor device according to an embodiment of the present
invention;

FIG. 888 is a cross-sectional view along fine X-X'in FIG. 88A;

FIG. 88C is a cross-sectional view along line YI-Y 1" in FIG. 88A; and

FIG. 88D is a cross-sectional view along line Y2-Y2"in FIG. 88A;

DETAILED DESCRIPTION

[0044] The embodiments of the present invention are described below with reference to
FIGS. 1A to 88D.
[0045] (Embodiment 1)

FIG. IC shows an SGT 220 according to a first embodiment of the present invention.
10046] This SGT 220 is an nMOS SGT and is provided with a first planar silicon layer 234
and a first columnar silicon layer 232 formed on top of the first planar silicon layer 234,
[0047] A first n+ type silicon layer 113 is formed on the lower region of the first columnar
silicon layer 232 and the region of the first planar silicon layer 234 positioned below the first
columnar silicon layer 232, and a second n+ type silicon layer 157 is formed on the upper region
of the first columnar silicon layer 232. In this embodiment, the first n+ type silicon layer 113,
for example, functions as a source scattering layer and the second n+ type silicon layer 157
functions as a drain scattering layer. In addition, the area between the source scattering layer and
the drawing scattering layer functions as a channel region. The first columnar silicon layer 232
between the first n+ type silicon layer 113 and the second n+ type silicon layer 157 functioning
as this channel region is called a first silicon layer 114.

[0048] A gate insulating film 140 is formed surrounding the first columnar silicon layer 232



invention; FIG. 77B is a cross-sectional view along line X-X"in FIG. 77A; FIG. 77C is a cross-sectional
view along line Y 1 -Y 1"'in FIG. 77A; FIG. 771) is a cross-sectional view along line Y2-Y2'in FIG. 77A;
FIG. 78A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present 44 invention; FIG.
78B is a cross-sectional view along line X-X' in FI&7 78A; Fla 78C is a cross-sectional view along line
YI-Y1'in FIG. 78A, FIG. 781) is a cross-sectional view along line Y2-Y2'in FIG. 78A; FIG. 79A is
a planar view of the semiconductor device during production, showing the method of producing the
semicorf80eH6n tevie Eha chandm doicn dirtbetimirmi st €l prédemanventior MGG 9B dside

Cross-s tlonal |ew Ion Ilne X.in FIG IG. 79C is S ctlonal iew along lineYI-YI'
in FIG. l\]\ ?:P @l}}s(a %E]ol 8- éévlci: |ona'll\}¥}éa\[/\1/ﬁé)llgha é'nsé' a@g&i@é %K’e SUITOR] %%%OA is a

planar w&w«%ﬁéhﬁsﬁﬁmi@%ﬁﬂﬂw dexiersduing Rradustiany stowing he eefhrd.af pradueing the
semiconductor device according to an embodiment of the present invention; FIG. 80B is a

cross-sédtitsiealaitay alontingX-XiundeI & igopolysilicon films 136 and 152 are formed surrounding
this first metal film 138. The first metal {ilm 138 and the first polysilicon films 136 and 152

constitute a first gate electrode 236. Thus, by using metal as the gate electrode, it is possible to
control depletion of the channel region while also lowering the resistance of the gate electrode.
In the present embodiment, a channel is formed in the first silicon layer 114 by
impressing a voltage on the first gate electrode 236 during operation.
[6049] In addition, a first metal-silicon compound 172, a third metal-silicon compound 170
and a second metal-silicon compound 171 are formed on the first n+ type silicon layer 113, the
gate electrode 236 and the second n+ type silicon layer 157, respectively. As the metal
comprising the metal-silicon compounds, Ni or Co may be used, for example. Through these
metal-silicon compounds, the first n+ type silicon layer 113, the gate clectrade 236 and the
second nt type siticon layer 157 are connected to below-described contacts. Through this, the
resistances of the gate, source and drain are fowered.
10050] The first n+ type silicon layer 113 is connected to a contact 230 via the first metal-
silicon compound 172. The contact 230 is formed from a barrier metal layer 189 and metal
layers 194 and 199. The contact 230 is further connected to a power source wire 225. The
power source wire 225 is composed of a barrier metal layer 216, a metal layer 217 and a barrier
metal layer 218.
[0051] The second n+ type silicon layer 157 is connected to a contact 229 via the second
metal-silicon compound 171. The contact 229 is composed of a barrier metal layer 188 and
metal layers 193 and 198. The contact 229 is further connected to an output wire 223. The
output wire 223 is composed of a barrier metal layer 213, a metal 214 and a barrier metal layer
215.

10052] Furthermore, a first insulating film 129 is formed between the first gate electrode 236



FIG. 80C is a cross-sectional view along line Y I -Y I' in Fla 80A; FIG. 801) is a cross-sectional view
along line Y2-Y2'in FIG. 80A, FIG. 81A is a planar view of the semiconductor device during
production, showing the method of producing the semiconductor device according to an embodiment
of the present invention; FIG. 81B is a cross-sectional view along line X-X"in FIG. 81A; 8IC is a
cross-sectional view along line Y 1 -Y1' in FIG. 81A8FIG. 81D is a cross-sectional view along line
Y2-Y2'in FIG. 81A; FIG. 82A is a planar view of the semiconductor device during production,

showing the method of producing the semiconductor device according to an embodiment of the
present NGLMtiGE Plaag sbiGenargsi3d creneadvisniaivad imd 92 ¢ frrmrd 82 Aidryall 8bmids a

Cross- s%%tlttplg%l g;givg alon a‘i’! Im@{hl\gil cH?uﬁln%x %ﬁﬁm ? EHB?%;%' a o d‘sectlqnals\(/llue(wd along line

Y2-Y2 in Fl G Alsap anar view of the Sémiconductor uring productlon

showing 8ee améthidet @fmoaiucongathmemmfuauat@ kidevigr aegeishngeta anembodimeataidhe
present invention; FIG. 8313 is a cross-sectional view along line X-X'in FIG. 83A; FIG. 830 isa

cross- sé!ﬁ%’rﬁ’QP\ﬁé@/“ﬁfi‘)Htj’ e ngueting BRI HiG! 83044 dHosd Xbistivnbirvbbnedtond line
Y2-Y2' I{l]lgfl %m%‘?ﬁm such as SiOF, SiOH or the ike, for example. The second insulating film 162 and

the third insulating film 164 are oxide films, nitride [ilms or high-k films, for example.
The parasitic capacitance between the gate electrode and the planar silicon layer is
reduced by the first insulating film 129,
10053] With the above composition, downsizing and lowering of resistance in the
semiconductor device are realized in the nMOS SGT according to the present embodiment, and
in addition parasitic capacitance between multi-layer wiring is reduced. Through this, it is
possible to avoid lowering of operation speeds accompanying downsizing of the SGT.
10054] In the nMOS SGT according to this embodiment, the thickness of the second
insulating film 162 is preferably thicker than the sum of the thickness of the first gate insulating
film 140 and the thickness of the first metal film 138. In this case, the first gate insulating film
140 and the first metal film 138 are covered by the first columnar silicon layer 232, the first
polysilicon films 136 and 152, the first insulating film 129 and the second insulating film 162.
By using the above-described composition, the entirety of the first metal film 138 is
protected, so this film is not etched by a sulfuric acid hydrogen peroxide mixture or an ammonia
hydrogen peroxide mixture when forming the metal-silicon compound.
[6055] In addition, the length from the center of the first columnar silicon layer 232 to the
end of the first planar silicon layer 234 in the ntMOS SGT according to the present embodiment
is preferably larger than the sum of the length from the center to the sidewall of the first
columnar silicon layer 232, the thickness of the first gate insulating film 140, the thickness of the
first gate electrode 236 formed by the first metal [ilm 138 and the first polysilicon films 136 and
152 and the thickness of the third insulating film 164.

When the above-described composition is used, it is possible to form the first metal-



FIG. 84A is a planar view of the semiconductor device during production, showing the method of
producing the semiconductor device according to an embodiment of the present invention; FIG. 843 is
a cross-sectional view along line X-X"in FIG. 84A; FIG. 84C is a cross-sectional view along line Y -Y I
in FIG. 84A; FIG. 84D is a cross-sectional view along line Y2-Y2' in FIG. 84A; FIG. 85A is a
planar view of the semiconductor device during prédluction, showing the method of producing the
semiconductor device according to an embodiment of the present invention; FIG. 853 is a
cross-sectional view along line X-X"in FIG. 85A; FIG. 85C is a cross-sectional view along line Y [ -Y1'
in FIG. SEUQP'FFG’?*@BE{WSIg%%éé@sféiéﬁaﬁéym&}\}l%rigynhél\?szwtmepm;add:tiozmé. 86A is a
lanar vj f the. icondyctor device during production, showing the method of producing the
Eemicorﬁ%%%éggﬁgg‘ég%%g ing to an embodiment of the present invention; FIG. 863 is a

cross-s¢oiseial vigwmbongnineX-X' in FIG. 86A; FIG. 86C is a cross-sectional view along line Y | -Y
in FIG. 86A,; FIG. 861) is a cross-sectional view along line Y2-Y2'in FIG. 86A, FIG. 8This a
planar view of the SehRfidBHdtIERoH Hesiterd aing Meodsctionshiowing thes netodeofiproduding the
semiconge!Ql ARVIRE REERITLRB R AR IR AMeR LR PRIl et ONEaNalb f multiple

columnar semiconductor layers.

An inverter according to the second embodiment is provided with a pMOS SGT and

an nMOS SGT.

[0057] The nMOS SGT 220 is provided with a first planar silicon layer 234 and a first

columnar silicon layer 232 formed on top of the first planar silicon layer 234,

[0058] A first n+ type silicon layer 113 is formed on the lower region of the first columnar

silicon layer 232 and the region of the first planar silicon layer 234 positioned below the first

columnar silicon layer 232, and a second n+ type silicon layer 157 is formed on the upper region

of the first colurmmnar silicon layer 232. In this embodiment, the first n+ type silicon layer 113,

for example, functions as a source scattering layer and the second n+ type silicon layer 157

functions as a drain scattering layer. In addition, the area between the source scattering layer and

the drawing scattering layer functions as a channel region. The first columnar silicon layer 232

between the first nt type silicon layer 113 and the second n+ type silicon layer 157 functioning

as this channel region is called a first silicon layer 114.

[06G59] A first gate insulating film 140 is formed surrounding the first columnar silicon layer

232 functioning as the channel region. The gate insulating film 140 may be, for example, an

oxide film, a nitride film or a high-k film. Furthermore, a first metal film 138 is formed

surrounding this first gate insulating film 140. The first metal {ilm 138 may be, for example,

titanium, titanium nitride, tantalum or tantalum nitride. First polysilicon films 136 and 152 are

formed surrounding this first metal film 138. The first metal film 138 and the first polysilicon

[ilms 136 and 152 constitute a first gate ¢lectrode 236. Thus, by using metal as the gate

electrode, it is possible to control depletion of the channel region while also lowering the



FIG. 8713 is a cross-sectional view along line X-X in FIG. 87A; FIG. 87C is a cross-sectional view
along line Y | -Y1' in FIG. 87A; FIG. 87D is a cross-sectional view along line Y2-Y2'in FIG. 87A; FIG.
88A is a planar view of the semiconductor device during production, showing the method of producing
the semiconductor device according to an embodiment of the present invention; FIG. 88B is a
cross-sectional view along line X-X'in FIG. 88A; FI(. 88C is a cross-sectional view along line Y | -Y1'
in FIG. 88A; and FIG. 881) is a cross-sectional view along line Y2-Y2'in FIG. 88A; DETAILED
DESCRIPTION 100441The embodiments of the present invention are described below with reference
to FIGS I#StaNes ¢).thoeats HEsipdiiment 1) FIG. IC shows an SGT 220 according to a first

embodiment of th sent invention, 100461 This SGT 220.is an nMO:X .SG'E{an.di rovided with a
first planar siliconﬁéﬁ/{gﬁr3 §§3 Lgﬁaléﬂ[r}é?}gg U‘Fn(]:r%}émr“gf i(lzsofwo'lgiltéirlﬂzge[ ”r?r%w)fé%dl%)ﬁl Sf)cbfl ﬁg) first planar

silicon layer234g[004idAfuatnetiine sillcondayes 3d3dafasngd-Anihe lower region of the first
columnar silicon layer 232 and the region of the first planar silicon layer 234 positioned below the first
columndf®fiéon 1dpeddBmnandisidaesha icotygensiiceh 13Yer 1hT ndotrmiddor:thepuppet Hegion of Me
first columpar silicon layer.232. In this e iment, the first n)- type silicon.layer 113, for example,
function%“gsa 3%8&0'3%%% tering Ay ?Lg}ﬁg;%%dé%@dﬁ&%%i Ce@ﬂﬁﬁn”/&‘/éﬂf@‘? W‘i’étﬂc}r’{_siag a drain
scatterimgslayes. JRadditions the ﬂf@@e@@{&’ﬁe@yﬁl@;ﬁ%fp%ﬁaﬂ@['%Q%Wcﬁnd‘[tﬁ@rﬁié%‘{vmg scattering

layer functions as a channel region. The first columnar silicon layer 232 between the first n+ type
silicon l89@P1sBHiy theldedbern raypesileomiabeNL 87 Gontlivnimgrds this chanhetcegioh is called a
ot licop Syt AR AR SRR T 19 B e i guaing i st gumnar sicon

type silicon layer 157 are connected to below-described contacts. Through this, the resistances

of the gate, source and drain are lowered.

[0061] Furthermore, a first insulating film 129 is formed between the first gate electrode 236

and the first planar silicon layer 234, a second insulating film 162 is formed in a sidewall shape

on the upper sidewall of the first columnar silicon layer 232 and above the first gate electrode

236, and a third insulating film 164 is formed in a sidewall shape on the sidewall of the first gate

electrode 236 and the first insulating film 129. The first insulating film 129 is preferably a low-k

insulating film such as SiOF, SiOH or the like, for example. The second insulating film 162 and

the third insulating film 164 are oxide {ilms, nitride films or high-k films, for example.

The parasitic capacitance between the gate electrode and the planar silicon layer is

reduced by the first insulating film 129.

[0062] The pMOS SGT 219 and is provided with a second planar silicon layer 233 and a

second columnar silicon layer 231 formed on top of the second planar silicon layer 233.

[0063] A first p+ type silicon layer 119 is formed on the lower region of the second

columnar silicon layer 231 and the region of the second planar silicon layer 233 positioned

below the second columnar silicon layer 231, and a second p+ type silicon layer 159 is formed

on the upper region of the second columnar silicon fayer 231. In this embodiment, the first p+

type silicon layer 119, for example, functions as a source scattering layer and the second p+ type

silicon layer 139 functions as a drain scattering layer. In addition, the area between the source



47 functioning as the channel region. The gate insulating film 140 may be, for example, an oxide film,
a nitride film or a high-k film. Furthermore, a first metal film 138 is formed surrounding this gate
insulating film 140. The first metal film 138 may be, for example, titanium, titanium nitride, tantalum or
tantalum nitride. First polysilicon films 136 and 152 are formed surrounding this first metal film 138.
The first metal film 138 and the first polysilicon filn¥d 136 and 152 constitute a first gate electrode 236.
Thus, by using metal as the gate electrode, it is possible to control depletion of the channel region
while also lowering the resistance of the gate electrode. In the present embodiment, a channel is
formed irtHe Metaifcar i avingyarprassingalvottiane snatienirst tyaierelddwodeoads during
operation,, [0049]In.addjtion,.A {i s,_meta‘l;ﬁs_‘ilf on compound 172, a third metal-silicgn compound 170
and a sgéégr?]g%n?é% -%ﬂifc?gﬁ[c%ri;%(étlmgﬁ gﬁrseE grr%é% %llrll"ﬁ%]e?‘fi‘/r%[t lnLB @’pﬁ%&é‘flf’%ﬂqgﬁéﬂﬁ , the gate
electrodgi236 rie ey gesanshiv t¥Rristicondaxeidoit.darpeciiveh Agdheistabgomprising the
metal-silicon compounds, Ni or Co may be used, for example. Through these metal-silicon
compouliédine firssprongisilicanaayefitm 3 3this GatecdlaotoodiR86handetie sebomthnsltype silicon
layer 157 %E,eﬁ?r%@nec%tgd to fbeIQW\-]c!esc_Tib_e)d con‘[Flct§A. ‘Trgo_u Jh thi(]?' the P! sistances of the gate, source
and draif aré Towarea 1OBEbTHSS THAPALSI08 s lito iera) etz s i adley 88 MadP230 via the

are

first metalasilicomaampaund 4 {2 dhgisrntasi23Q isformachom.e, Ravisrmpialgyar3§9,and metal

layers 194 and 199. The contact 230 is further connected to a power source wire 225. The power
source Wiraapgiisogodipodes wtendarieimassinayen 2860, 4 metablayer2l Tiand3d baiyibe, oetal layer

218. 1005;%;:?6 second n+ type Silicgn Ia¥§£ 157 is connected to a contact 229 via the second

metal-sieBAPESHBS G A PR U B2YRCL SREGEB 4 5195 barserimatarityt 1825 dAa metal
layers 183250 495 SORARFAA IR WLDRY ARANGRIRT 18 aBWRURIFE 28T RE P wire 223 s

composed of a barrier metal layer 213, a metal 214 and a barrier metal layer 215. 100521Furthermore,
a first inswlatingpfitelit29 fBforhisdiseivbemthieuficst gate Elpetrdde 336238 dariditheyfirstplanar silicon
layer 234, a seand ins Iatig%film 162 is formed in a sidewall shape on the upper sidewall of the first

columndiSifi &S GaEaE S50l db B THE firkt LTl dertcsing o5EeHhanathirg RIsHAMAIMIm 164 is
formed jp.asiflewall-shape sy the sidewal,gfighe first gate electrode 236 and the first insulating film
129. The first insulating film 129 is preferably a low-k insulating film such as SiOF, Si011 or the like, for
example. The secbndiénsedatingfilndit62anditherthirdiinsutating dile didsareoaxigerfilmvsy yitride films
or high-k films, for example. The parasitic capacitance between the gate electrode and the

planar _éi_ﬁBB‘ﬁ%\&&’e*} Yé’lfé“' 8@8‘5?%’@@%@8%% fiftn ‘i@@%%‘@]ﬂﬂﬂth the above composition,
downsifigand loweringigl teaisianae . heceRTRANdNAIRE S IR Ale Ealized [0 ihe AMQR SOT

according to the present embodiment, and in addition parasitic capacifance between multi-layer wiring
is reduced.dTdxcughitisiitis passibisdto@vaidiepeing pFaperaie msPRaIS- a0 SIRNYING -
downsizing of the SGT.
119, the second gate electrode 235 and the second p+ type silicon layer 159. As the metal
comprising the metal-silicon compounds, Ni or Co may be used, for example. Through these
metal-silicon compounds, the first p+ type silicon fayer 119, the second gate electrode 235 and
the second pt+ type silicon layer 159 are connected to befow-described contacts. Through this,
the resistances of the gate, source and drain are lowered.
[0066] Furthermore, a fourth insulating film 129 is formed between the second gate
electrode 235 and the second planar silicon layer 233, a fifth insulating film 161 is formed in a
sidewall shape on the upper sidewall of the second columnar silicon layer 231 and above the
second gate electrode 235, and a sixth insulating film 164 is formed in a sidewall shape on the
sidewall of the second gate electrode 235 and the fourth insulating film 129. The fourth

insulating film 129 is preferably a low-k insulating film such as SiOF, SiOH or the like, for



[00541In the nMOS SOT according to this embodiment, the thickness of the second insulating film 162
is preferably thicker than the sum of the thickness of the first gate insulating film 140 and the thickness
of the first metal film 138. In this case, the first gate insulating film 140 and the first metal film 138 are
covered by the first columnar silicon layer 232, the first polysilicon films 136 and 152, the first
insulating film 129 and the second insulating film $82. By using the above-described
composition, the entirety of the first metal film 138 is protected, so this film is not etched by a sulfuric
acid hydrogen peroxide mixture or an ammonia hydrogen peroxide mixture when forming the
metal-siﬁé@ﬁpé%mpound. [0055]In addition, the length from the center of the first columnar silicon layer
232 to the end of the first planar silicon layer 234.in the nMOS SOT, according to the present
embodiment is pre?gfr:al{)%f ?5%52{“%%‘3%&? (éqﬁvr‘ﬁe% Ww% %?ﬁé’!\él‘%&ﬁ ng %]ee er o t Be(’%lil é)\y\?élisof the first
columnaedilicob jayerdsé the thigkrassiebthe first gate insulating film 140, the thickness of the first
gate electrode 236 formed by the first metal film 138 and the first polysilicon films 136 and 152 and the
thickned8W¥fihe thirerifistilatinyrriniicea anmd A iecaborwed dseritsetheolppasitiba fesusedilit is possible

1 10 (L HSIet 49 Isp0 compoug L2 on e st e Sficon gt g wnout e

., SIHGO ot .
special Addition of manu acturing processes 8 bodiment, an

exampleawas Bipxa pha singleosalumBe samicopsiuciardanel phikindhr sesrRNEgMpgdiment, an
example is shown of a circuit composed of multiple columnar semiconductor layers. An inverter

accordif§16 thresescshd 2Hbddimentdd probidadrwitiich pic8 GO T end aerMOSEOR180571The
nMOS SOT]%ZO is%%;)vided with a first planar silicon layer 234 and a first columnar silicon layer 232
e

formed BI" opag?rt irst planar silicon layer 234. 100581A first n+ type silicon layer 113 is formed on

the lowgngggjon of thadiist CalumRasi B YEH 232.ARCL e Legion el ey st planay silicon layer

234 positioned below the first columnar silicon layer 232, and a second n+ type silicon layer 157 is

formed ostthsi lppecregiomoflte flist colniRdf siiconpaser F3ohdnithis e bodim8ataitie first n+ type
nctions as a source scattering layer and the second n+ type silicon

silicon layer 1[13,.for xa f ! Irce scattering [a S _ _
layer 15'%/011%&\“8??5132 %f’g]ri#%‘sﬁgﬁéﬂw@q%ﬁ usthgfsngrEed A A b REMME N st Edurd scattering
37 bt e e B N oning s
this chalapei 2&fjion is called a first silicon layer 114.

[6069] The first gate electrode 236 is connected to a contact 228 via the third metal-silicon

compound 170 and the second gate electrode 235 is connected to the contact 228 via the fifth

metal-siticon compound 170. The contact 228 is composed of a barrier metal layer 187 and

metal layers 192 and 197. The contact 228 is further connected to an input wire 224. The input

wire 224 is composed of a barrier metal layer 213, a metal layer 214 and a barrier metal layer

215.

[0070] The first p-+ type silicon layer 119 is connected to a contact 226 via the fourth metal-

silicon compound 168. The contact 226 is formed from a barrier metal layer 185 and metal

layers 190 and 195. The contact 226 is further connected to a power source wire 222. The

power source wire 222 is composed of a barrier metal layer 207, a metal layer 208 and a barrier

metal layer 209.

[0071] The second p+ type silicon layer 159 is connected to a contact 227 via the sixth

metal-silicon compound 169. The contact 227 is composed of a barrier metal layer 186 and

metal layers 191 and 196. The contact 227 is further connected to an output wire 223. The



[0059)A first gate insulating film 140 is formed surrounding the first columnar silicon layer 232
functioning as the channel region. The gate insulating film 140 may be, for example, an oxide film, a
nitride film or a high-k film. Furthermore, a first metal film 138 is formed surrounding this first gate
insulating film 140. The first metal film 138 may be, for example, titanium, titanium nitride, tantalum or
tantalum nitride. First polysilicon films 136 and 152%re formed surrounding this first metal film 138.
The first metal film 138 and the first polysilicon films 136 and 152 constitute a first gate electrode 236.
Thus, by using metal as the gate electrode, it is possible to control depletion of the channel region
while al$8'Ribeviif Rl ssomesrhate bitive Gate dzetdidea metal [pyeheldresbabermibodirént, a
channeliiaséé(r)rﬂgd in the first silicon layer 114 by impressing a voltage on the first gate electrode 236
during operation. 100601In addition, a first metal-silicon compound 172, a third metal-silicon

compou 40 andiasegond meval-silisra-cmpannd ditaedomegopissiisstinitypgsicon layer
113, the first gate electrode 236 and the second n+ type silicon layer 157, respectively. The metal
comprisifg @reShétatilicon compounds may be Ni or Co, for example. Through these metal-silicon
compou smihe firﬁt“na- tlil%e silicon Iat er 113, j[h‘e\glate\ electrode 236 and the second n+ type silicon
layer 157 ard connetiat to Be Sl AN B AP SHB0 SRR A et dLFstEmMese d¥ehs gate, source
and draif.axe lRweiad[0NGhd Futhermaia: Adicshinswating i d2dsdaremedhetvesnhe first gate
electrode 236 and the first planar silicon layer 234, a second insulating film 162 is formed in a sidewall
shape offiatieragpe cadeiraliobthectinsholeynnarisiicondayst. 282 @t tioveithedibtaate electrode
236, and a third insulailin film 164 is formed in a sidewall shape on the sidewall of the first gate

electrod’ 3496 SRA¥hE AT L SRRY FRFCYPG M HBEPSE IHHARHE Sim 129 is preferably a low-k
insulatingip Suckas Siliood AV OiH0R I g {OT QARG SRATLINRY ALNA fi 267,00 the third

insulating film 164 are oxide films, nitride films or high-k films, for example. The parasitic
capacitanciebblweertiab gatenslbctiodevid®l SKE H2hanisilicandayspis sedueedbynthefirst insulating

film 129, 109621}é1ec%MOS SOT 219 and is provided with a second planar silicon layer 233 and a
second ESIUHIRE Lo LS ScrarhiRtiab i Bplof e RisEsAR pranarainidin mafsr haaMoe3]A first

b+ ypesiipaJaaAAR (5 QUREd A0 IRIOSL IBBIN ALNS-SECASh SRR, S0 Iy 231 and

the region of the second planar silicon layer 233 positioned below cond columnar silicon layer
231, andompesahal i tyEe Sillcon 129end B: isNted b Iheuppes kegidnwefithe second columnar
silicon Ia%/er 231. In this embodiment, the first p+ type silicon layer 119, for example, functions as a

source ! Wfdring 1aye v bR eI Peitss tayks endedineinbatislbrein ddhgering layer.
In add'tL%@om%é[l%inMﬁ]eikH‘% Eﬁlf%ﬁ%ly thicker than the sum of the thickness of the first gate

insulating film 146 and the thickness of the first metal film 38, In this case, the first gate
insulating fitm 140 and the first metal film 138 are covered by the first columnar silicon layer
232, the first polysilicon films 136 and 152, the first insulating film 129 and the second
insutating film 162.

When the above-described composition is employed, the first metal film 138 is
protected in its entirety and thus is not etched by a sulfuric acid hydrogen peroxide mixture or an
ammonia hydrogen peroxide mixture when the metal-semiconductor compound is formed.
[0076] In addition, in the pMOS SGT according to this embodiment, the thickness of the
second insulating film 161 is preferably thicker than the sum of the thickness of the second gate
insulating film 139 and the thickness of the second metal film 137. In this case, the second gatc
insulating film 139 and the second metal film 137 are covered by the second columnar silicon

layer 231, the second polysilicon films 135 and 151, the fourth insulating film 129 and the fifth



51 scattering layer and the drawing scattering layer functions as a channel region. The second
columnar silicon layer 231 between the first p+ type silicon layer 119 and the second p+ type silicon
layer 159 functioning as this channel region is called a second silicon layer 120. [00641A second gate
insulating film 139 is formed surrounding the second columnar silicon layer 231 functioning as the
channel region. The second gate insulating film 139 may be, for example, an oxide film, a nitride film
or a high-k film. Furthermore, a second metal film 137 is formed surrounding this second gate
insulating film 139. The second metal film 137 may be, for example, titanium, titanium nitride, tantalum
or tantalfiaitra& 8d&dnd polysilicon films 135 and 151 are formed surrounding this second metal
film 137. The sec l film 137 and the second polysilicon films 135 gand 151. consfjtute a second
gate electrode ZSEMI' L@%%b@ﬁéqéﬁggg?ﬁgfé’fﬁé? e gate éﬁgﬂ’[?o‘) ee,(xl‘t%’ﬁ ‘%g?glg?ba?:tmgsgégpletion of the

channelmegionrdihile alstdowadnguthe resistasee of thergatesle Ben peroxXfadhe RIESSPLy
embodiment, a channel is formed in the second silicon layer 120 by impressing a voltage on the

second YAIBBYHEReeBBerITiAg BpdrEtivhe 006 B htabekiitiopn duturthmpetaldsifiéomcdmpound 168, a
fifth metglssilicon gompound 170 an ixth-metalssilicon compound 169 are respectively formed on
the firstc@?t e sill?:gr(?%i%nr’ 1 1,etwg/l§e§c%¢% IR ORI 5@%’ Bl e TR Bsilicon layer

159. Asghadnetal comniisinghtieimetal-siicesn compeunds (N @ CRmaxheysesfosexample.
Through these metal-silicon compounds, the first p+ type silicon layer 119, the second gate electrode

235 and’tRE'gbboleerippdbsiteondbijeragoharesshnectsd to thelsupdesofifed tentactandihrough

this, thes{ﬁsi%t%ncie_%%f Wetﬂag sour,cga afq drain are lqwer d.){0066]Fur§hermore a fourth insulating
film 12918 FOMmed Botvesn e KSR ah GANS S OYRAD Al Q&@H&“ﬁﬁ%%friéﬁi&‘bﬂ glfer 233, a
fifth inswlatinatilmzd Gldmionmas dosa sislewsll shapgianihg pper sidewall of the second columnar
silicon layer 231 and above the second gate electrode 235, and a sixth insulating film 164 is formed in

a sidewall shape othtietkiddwai-déshé e comdagitencectrpiie 2B hardsthecfalisthidnsulating film 129.
The fourth insulgt'ir_}g' film 12 _iig(geferaply a low-k insulating film such as SiOF, Si01-1 or the like, for
52 exampidOund U gan g Jumed apdf i densetienshitier JAdrdibetigld iardmnenstidar silicon layer is
reduced@mt%ttggw%tb;g&g@gng film 129. 100671The first n+ type silicon layer 113 is connected to a
contact 230 via the first metal- silicon compound 172. The contact 230 is formed from a barrier metal
layer 149088 metalddgicicsn 1 Brilanph09.STHe scontdiol 236his furthelicennectes iehaipewes source wire
225. The EJOW?J;}EOUI’CG wire 225 is composed of a barrier metal layer 216, a metal layer 217 and a

barrier FALET yaf FEENBETHG heondver Ahdsiiesndaidhasroedalinacidises Byemddt 229 via
the secandererably larger than the sum of the length from the center to the sidewall of the second

columnar silicon layer 231, the thickness of the second gate insulating film 139, the thickness of

the first gate electrode 235 and the thickness of the sixth insulating film 164.

When the above-described composition is employed, the fourth metal-silicon
compound 168 can be formed on the p+ type silicon layer 119 without adding any special
manufacturing processes.

[0079] Next, one example of the manufacturing method for forming an inverter provided
with SGTs according to the embodiments of the present invention will be described with
reference to F1GS. 2A through 88D. In these drawings, the same constituent elements are
labeled with the same reference numbers,

FIGS. 2A through 88D show an example of producing an SGT according to the
present invention. In each drawing, part A shows a planar view, part B shows a cross-sectional

view along line X-X', part C shows a cross-sectional view along line Y1-YI' and part D shows a



metal-silicon compound 171. The contact 229 is composed of a barrier metal layer 188 and metal
layers 193 and 198. The contact 229 is further connected to an output wire 223. The output wire 223 is
composed of a barrier metal layer 213, a metal layer 214 and a barrier metal layer 215. 100691The
first gate electrode 236 is connected to a contact 228 via the third metal-silicon compound 170 and the
second gate electrode 235 is connected to the corftact 228 via the fifth metal-silicon compound 170.
The contact 228 is composed of a barrier metal layer 187 and metal layers 192 and 197. The contact
228 is further connected to an input wire 224. The input wire 224 is composed of a barrier metal layer
213, a nfERETREFEP A A ISHR R MR ReReYal layer 215. [0070]The first p type silicon layer 119 is

connect contagt ia the fourt tal- silicon c d 168. The contact 226 is formed
from a b@g)nggr)a metgﬁgaii/ésrz%{ga and }}%Qg%é g;%%@@d%%#ﬁé& %gelsc]ggrlf B8 998 RHHEr connected to a

power sestig il @221 ddeoRRIVEN SO TenVife 2 scompaserRf sbarriarmetallaugrR07, a metal
layer 208 and a barrier metal layer 209. 100711The second p+ type silicon layer 159 is connected to a

contact 92 RAthe! sikieemédtatckiilion abmribufiinresy Fhévoedant PR Ziliccomposed efiallmrrier metal

layer 185919%% mectgll la ggsf(}l?n%ggg &.1%6. T e%iﬁ%nt?a 227 is furthgr onnected to an. Qutput wire 223.

The 53 OUEBLL Wite 393 15 COMBoaEd of S Tarils et Pgsnogsbadime: i s ps At irl dabshrrier

metal layars2d as [A0 GZLbAreNeh1de AbRMEe, 3NJRVEIMTROEITEIE s FaMRasRAfien Ne.PHORROT 219
and the nMOS SOT 220. [0073]Through this composition, lower resistance and downsizing of the

semicorifliter devieears pipreldyer tierinvener viroditaddotdihg pertiiapbesentethboiinieht, and in

additionogla]ee%%r?sipc C |otacitant e betwee[l{interllra)éer wires is redgqud. Throy.gh(this, it is possible to

avoid slowing of operafing SpedL AcbFmyaRYThg SOF HOWhBILRG STOR A INCtHIA S AbGHaNL, the first

gate insigql@dglg?ti{@wi;ﬂ&@n%n%@@_t metal film 138 are preferably materials that make the nMOS SGT

220 enhancement-type, and the second gate insulating film 139 and the second metal film 137 are

preferalfipfitaterialetiatcaskédthendMES @ @219 2hhanoeskdotdypainTihe gaoetratiagacerrent that

fl dyri ti fthisi t d of the nMOS SOT 220 and the pMOS SOT 219

e be [edion the nitride 1Tm 103, as shown in FIGS. 3A Lo 3D, anemen can
{0082] Next, the nitride film 103 is etched and hard masks 106 and 107 are formed, as

shown in FIGS. 4A to 4D,

10083] Next, the silicon layer 102 is etched and columnar silicon layers 231 and 232 are
formed, as shown in FIGS. 5A to 5D,

[0084] Next, the resists 104 and 105 are removed. Conditions on the substrate foflowing
removal are shown in FIGS. 6A 1o 6D.

[0085] The surface of the silicon layer 102 is oxidized and a sacrificial oxide film 108 is
formed, as shown in FIGS. 7A to 7D. By making this sacrificial oxide film, the surface of the
silicon, such as carbon thrown in during silicon etching, is removed.

[0086] The sacrificial oxide film 108 is removed through etching to form the shape shown in
FIGS. 8A to 8D.

[0087] An oxide film 109 is formed on the surface of the silicon layer 102 and the hard
masks 106 and 107, as shown in FIGS. 9A to 9D.

[0088] The oxide film 109 is etched and left in sidewall shape on the sidewall of the
columnar silicon layers 231 and 232 to form sidewalls 110 and 111, as shown in FIGS. 10A to

10D. When forming an n+ type silicon layer by injecting dopants surrounding the bottom of the



[0075]In addition, in the nMOS SOT according to this embodiment, the thickness of the second
insulating film 162 is preferably thicker than the sum of the thickness of the first gate insulating film
140 and the thickness of the first metal film 138. In this case, the first gate insulating film 140 and the
first metal film 138 are covered by the first columnar silicon layer 232, the first polysilicon films 136 and
152, the first insulating film 129 and the second in§Glating film 162. When the above-described
composition is employed, the first metal film 138 is protected in its entirety and thus is not etched by a
sulfuric acid hydrogen peroxide mixture or an ammonia hydrogen peroxide mixture when the
metal-séRliBRtUBIse e dipotild ersrhika b0 T rradditiorevimtideEmOBSOMabeiiding to this
embodiment, t ickness of the secand jnsulating film 161 is preferably thickey than the sum of the
ickneas ot T G D S B S TR e i 2371 this
case, thfpesepnd gaiesissuiatiog e d30ppahibenaeernad maialfim I3das sonered\Ry shg gecond
columnar silicon layer 231, the second polysilicon films 135 and 151, the fourth insulating film 129 and
the fifth feuipiseaipug i the zolumnarwhiem thecaBdless urvibén I0giipbsitianlistemployed, the second

metal fil is protected in its entirety and { is ot etched by a sulfuric acid hydrogen peroxide
mixture i(?r&g:é\?am mﬂbsn'i%f¥ Cﬁéﬁ%g’érﬁ 15é léil e”?‘r‘fii?hgf'e #ﬁ@ﬂ“[lﬁlé(mé't%ﬂgé‘er{'ﬂbfi’r‘fﬂl}%’t‘br‘wmﬁ%nd is
formed. {00 Tl 1RG0y DG MYRSIFShatIRLGING L Sois Rbadimant: the Jenofh i fhe center

of the first columnar silicon layer 232 to the end of the first planar silicon layer 234°is preferably larger
than the"suimrosiliotdagth Fdrauieuodivie tho ibigosiddiwallcofithe firsit icolumpranallican dayen232, the

thickness of the %i_r]st gate i jsula}ﬁrég fiIm)lA(ijﬁ the Iihic;kne{ss of the first gate electrode 236 and the
thickness O th& thisa IHSUIANG Ahitd $&8%Ered by Rk g skoliVeapd Sesibderedi pb st employed,

the first saesalesiican GARARKAA LG CMBR SAURRILANIEDAYEE AUEON AR pithout adding

any special manufacturing processes. [0078]In addition, in the p SGT actording to this
embodinsdnn tiesibogthafrorddRe center of the second columnar silicon layer 231 to the end of the
second ﬁlﬁ@ﬁé sili(,:lg}rgf layer 233 is preferably larger than the sum of the length from the center to the
sidewall 0t the secolid ToibiAdF &ifiovrfayer BiHONR A hckibesast fRlcvdsarenyatd meshuivy film 139,
the thickpess ©f the fiystgate electrode 235 and the thickness of the sixth insulating film 164.

When the above-described composition is employed, the fburth metal-silicon compound 168 can be
formed BW9RE p+ Hipessiticatdayorabdd Withoutraddid ghanybredial naufactking MOGESSe%
[0079]Ne>it, one example of the manufacturing method for forming an inverter provided with SGTs

accordiftf '8 FFMRHMTHROF thEIoreskH Hvdition will be described with reference to FIGS. 2A
through 3, In theas.iR1RdS: S RALE FANRUMRLLEI AN HelaRRisd WLIg,pqne reference
Through this, the injected dopants are scattered to the bottom of the columnar silicon tayer 232,
as shown in FIGS. [5A to 15D. Through this, even the bottom of the columnar silicon layer 231
becomes an n+ type silicon layer and forms a portion of the n+ type silicon layer 113.
[0094] An oxide film 115 is formed on the silicon layer 102, the hard masks 106 and 107
and the n+ type silicon layer 113, as shown in FIGS. 16A to 16D,
[0095] The oxide film 115 is etched, leaving behind a sidewall shape in the sidewall of the
columnar silicon layers 231 and 232 to form sidewalls 116 and 117, as shown in FIGS. [7A to
17D. When forming a p+ type silicon layer by injecting dopants surrounding the bottom of the
columnar silicon layer 231, these sidewalls prevent dopants from entering the channel, making it
possible to control fluctuations in the threshold voltage of the SGT.
[0096] A resist 118 is formed surrounding the columnar silicon layer 231 in order to inject

dopants into the bottom of the columnar silicon layer 232, as shown in FIGS. 18A to 18D.



FIGS. 2A through 88D show an example of producing an SGT according to the present invention. In
each drawing, part A shows a planar view, part B shows a cross-sectional view along line X-X', part C
shows a cross-sectional view along line Y1YI and part D shows a 55 cross-sectional view along line
Y2-Y2'. [0080]First, as shown in FIGS. 2A to 21), a nitride film 103 is formed on a substrate composed
of a silicon oxide film 101 and a silicon layer 102. Blere, the substrate may also be composed of
silicon. In addition, an oxide film may be formed on the silicon layer and another silicon layer may be
formed on the oxide film. In the present embodiment, an i-type silicon layer is used as the silicon layer
102. WHERN b-typd sinisatesysr haareeis-ty peERidaR Rk F Yoe hesen foptaeame teinisgsel silicon layer,
dopants; are. intr: ed.int > part that becomes t |.Q; the SGT. In addition, a thin n-type
Sioon e oy e N ETeee 1S B sHEOAyEr: (BB LN,

resists 104igndsiitb danferminguabardimask fetiacolumnansiicaniaver arefosmed qnritheditride film
103, as shown in FIGS. 3A to 3D. [0082]Next, the nitride film 103 is etched and hard masks 106 and

107 are'‘RSrRfEE0 HESHEM iR &2 aavescd by [DodaiN e tRBGsilidohdajdmpd is eshemand columnar
silicon layers 23 2 are farmed as shawn.in FIGS. 5A té) 51%. 1E(3084] ?%xt the resjsts 104 and

cOmE 1eaqq23~.s ef, cOMpPrising instead a ¢ I S ri\% TEPIOR 1 i
105 are removed. Conditions on the substrate follaiing FERMBVAT &r¥'SAYA R 8 1B Ao 61/

100851 thearsustasecofthessiigpn layer 102 is oxidized and a sacrificial oxide film 108 is formed, as
shown in FIGS. 7A to 71). By making this sacrificial oxide film, the surface of the silicon, such as
carbon 188 in dUrnigssiliddB isttsegeis feenditisahs on the substrate following removal are shown

in FIGS. 20A to 20D.

[0899] The sidewalls 116 and 117 are removed through etching. Conditions on the substrate
following etching are shown in FIGS. 21A to 21D.

[0100] Annealing is accomplished and the injected dopant, here boron, is activated.
Through this, the injected dopant is scattered to the bottom of the columnar silicon layer 231, as
shown in FIGS. 22A to 22D. Through this, even the bottom of the columnar silicon layer 231
becomes a p+ type silicon layer and forms a portion of the p+ type silicon layer 119.

[0101] An oxide film 121 is formed on the surface of the hard masks 106 and 107, the n+
type silicon layer 113 and the p+ type silicon layer 119, as shown in FIGS 23A to 23D. This
oxide film 121 protects the first silicon layer 114 and the second silicon layer 120 from resist for
forming a planar silicon layer later.

[01062] Resists 122 and 123 for forming a planar silicon layer are formed. The resists 122
and 123 are formed so as to cover the second silicon layer 120 and the area surrounding the
bottom thereof, and the first silicon layer 114 and the area surrounding the bottom thercof,
respectively, as shown in FIGS. 24A {0 24D.

[0103] The oxide film 121 is etched and partitioned into oxide films 124 and 125, as shown
in FIGS. 25A to 25D.

[6104] Portions of the p+ type silicon layer 119 and of the n+ type silicon layer 113 are
etched to form planar silicon layers 233 and 234, as shown in FIGS. 26A and 26D. The planar

silicon layer 233 is the planar portion of the p+ type silicon layer 119 arranged surrounding the



[0086]The sacrificial oxide film 108 is removed through etching to form the shape shown in FIGS. 8A
to 8D. 100871An oxide film 109 is ffirmed on the surface of the silicon layer 102 and the hard masks
106 and 107, as shown in FIGS. 9A to 9D. [0088]The oxide film 109 is etched and left in sidewall
shape on the sidewall of the columnar silicon layers 231 and 232 to form sidewalls 110 and 111, as
shown in FIGS. 10A to 10D. When forming an n+ f$pe silicon layer by injecting dopants surrounding
the bottom of the 56 columnar silicon layer 231, these sidewalls 110 and 111 prevent dopants from
entering the channel, making it possible to control fluctuations in the threshold voltage of the SGT.
[0089]A TS NI Eifdt infstain dhaspemnd sHiermbsstidth bt addiconisarlaincoiitaydn2s234 formed
surroundli columnar.silicon layer. 231, as shown in FIGS. | 1A to lii), [0090]As indicated by the
arrows T e T e o Bre B 15 e regron

where theloMAS B Tiirde hedormed, thereby forming an n+ type silicon layer 113 surrounding the
bottom of the columnar silicon layer 232. At this time, the part of the silicon layer 102 covered by the

hard md8# %07 andtpecsideniliantl #Hats Horbewsbni@nHsipss typéhsifidoiraty il comprismyahstead a
first silicon layer 114.region in t olumnar silicon layer 232. [0091]The resist 112 is removed.
Conditio%% EEi)zllrélg t ne"%tt@?ré e#o[ﬁ)g%i%g removal are shown in FIGS. I3A to 131). [0092]The sidewalls

110 anddfgbpre refnexvert thirauah ptehingd onditensen the SHESYA® and 123 and the planar
silicon layers 233 and 244, as shown in FIGS. 28A to 28D.
[0107] CMP (Chemical Mechanical Polishing) is accomplished, the oxide film 126 is
planarized and the hard masks 106 and 107 are exposed, as shown in FIGS. 29A to 29D.
[0108] The oxide films 126, 124 and 125 are etched to form an oxide film 126 buried
between the planar silicon layers 119 and 133, as shown in FIGS. 30A to 30D.
[0109] An oxide film 128 is formed on the result of the above processes. At this time, the
oxide film 128 is formed thickly on the n+ type silicon layer 113, the p+ type silicon layer 119,
the oxide film 126 and the hard masks 106 and 107, and the oxide film 128 is formed thinly on
the sidewalls of the columnar silicon layers 231and 232, as shown in FIGS. 31A to 31D.
[0110] The oxide film 128 formed on the sidewalls of the columnar sificon layers 231 and
232 is removed through etching. The etching is preferably isotropic etching. The oxide film 128
is formed thickly on the n+ type silicon layer 113, the p+ type silicon layer 119, the oxide film
126 and the hard masks 106 and 107 and the oxide film 128 is formed thinty on the sidewalls of
the columnar silicon layers 213 and 232, and consequently, the oxide film 128 remains on the n+
type silicon layer 113, the p+ type silicon layer 119 and the oxide film 126, forming an insulating
film 129, as shown in FIGS. 32A to 32D. In addition, in this case oxide films 130 and 131
remain on the hard masks 106 and 107 as well.

By means of the insulating {ilm 129, it is possible to reduce the parasitic capacitance

between the gate electrode and the planar silicon layer.
[0111] A gate insulating film 132 is formed so as to cover at least the first silicon layer 114

and the surface of the surroundings of the bottom thereof and the second silicon layer 120 and



following etching are shown in FIGS. | 4A to 141). [0093]Annealing is accomplished and the injected
dopants, here arsenic, are activated. Through this, the injected dopants are scattered to the bottom of
the columnar silicon layer 232, as shown in FIGS. I5A to 151/ Through this, even the bottom of the
columnar silicon layer 231 becomes an n+ type silicon layer and forms a portion of the n+ type silicon
layer 113. [0094]An oxide film 115 is formed on théSsilicon layer 102, the hard masks 106 and 107 and
the n+ type silicon layer 113, as shown in FIGS. | 6A to 161). 100951The oxide film 115 is etched,
leaving behind_a sidewall shape in the sidewall of the columnar silicon layers 231 and 232 to form

sidewall$'q 16558 Afithe sersnadingh Hibsbetomithareef, avssvioliigSa Ppadlicbhelayer by

injectin t r ing:the hottom of the columnar silicon layer 231, these sidewalls prevent
dopantgi ﬁsglﬁﬁgrﬁgﬁg?%%c%%%é ,'?tﬁlé{ T aitt ES%%S?B%’#? %iﬂlr%’fiﬁ ﬁéﬁﬁ%‘tf‘o{r}llsu fﬁetﬁénméle\%ﬁold \_/o_ltage of
the SGThi[HOP6]A rasiatiditidis fasmedsuinoundingthesaolumranslicon leyeiishbiaerder to inject
dopants into the bottom of the columnar silicon layer 232, as shown in FIGS. | 8A to 181). 57
[0097]A&RRAEALERS BY thdsgsneimmydsatonuighed D sy opluonexahspleldrindtted dd2the silicon

layer 102, jn4he reqgion where MOS SGT is to he formed, thereby form + type silicon layer
119 sur o&?%?ng the lﬂgggr%n% ePng URnar siGsH 1aSe? i.éﬂ\tft‘r?l%&{ﬂ%‘& lﬁ@ 3&% Sggqg‘%ﬂigbn layer
102 covered .y the aml. mask:tQ6 andithegideval 516 dagsnak besome thenmivRgglicon layer,

comprising instead a second silicon layer 120 region in the columnar silicon layer 231. 10098]The
resist 1188 pensvieetaloanelitislis Bi thingtssmate! foltowingnembleabaxershbienl il GEH20A to 201).
100991The SidRwals 210 PRARS LA e Nyed trouan stehing, Conditpns o e, suostrate
to use a manufacturing process for later processes so as to control metal contamination by the
metal gate electrode.
0113] A polysilicon film 134 is formed on the surface of the metal film 133, as shown in
FIGS. 35A to 35D. In order to control metal contamination, it is preferable to form the
polysilicon film 134 using normal-pressure CVD.
[0114] The polysilicon film 134 is etched to form polysilicon films 135 and 136 remaining
in sidewall shape, as shown in FIGS. 36A to 36D,
[0115] The metal film 133 is etched. The metal film on the sidewalls of the columnar
silicon layers 231 and 232 is protected by the polysilicon films 135 and 136 and thus is not
etched, and becomes the metal films 137 and 138 remaining in sidewall shape, as shown in FIGS.
37At0 37D,
[6116) The gate insulating film 132 is etched. The gate insulating film on the sidewalls of
the columnar silicon fayers 231 and 232 is protected by the polysilicon films 135 and 136 and
thus is not etched, and becomes the gate insulating film 140 remaining in sidewall shape, as
shown in FIGS. 38A to 38D.
10117} A polysilicon film 141 is formed on the surface where circuits are formed, as shown
in FIGS. 39A to 39D. In order to control metal contamination, the polysilicon film 141 is
preferably formed using normal-pressure CVD.

When a high-k film is used in the gate insufating films 134 and 140, this high-k film



following etching are shown in FIGS. 21A to 2ID. 10100]Annealing is accomplished and the injected
dopant, here boron, is activated. Through this, the injected dopant is scattered to the bottom of the
columnar silicon layer 231, as shown in FIGS. 22A to 22D. Through this, even the bottom of the
columnar silicon layer 231 becomes a p+ type silicon layer and forms a portion of the p+ type silicon
layer 119. 10101]An oxide film 121 is formed on t1%€ surface of the hard masks 106 and 1_07, the n+
type silicon layer 113 and the p+ type silicon layer 119, as shown in FIGS 23A to 23D. This oxide film
121 protects the first silicon layer 114 and the second silicon layer 120 from resist for forming a planar
silicon I&RPE LR FOUP PO TREERiSRAPRTNGHEM 23 for forming a planar silicon layer are formed. The

esists 122 and 127 s oRed 10,19 69V 116 2qspnd slicon aver 129 470 the afe sygounding

C
the bottom thereof, an e first on layer 114 and’the area strroundi of,

respectiselyoagahpywndr dmpaldhcto 24:L). 280 103 Lbha oxiderfiim }?ﬂ%ﬁﬁ@?ﬂﬂ@ﬂ%%ﬁﬁ@ioned into
oxide films 124 and 125, as shown in FIGS. 25A to 25D. [01041Portions of the p+ type silicon layer
119 andbPthedrindype hanésrskyé0113 are etched to form planar silicon layers 233 and 234, as

Shoun L FIOS. 250 SN0, IS ARy S35 e plna et o ey shon

1 d .
layer 119 arrangeof surroundin areaimm h

additionedhenplanarcsicondager dd4isihadlanan PesianLide N teaSilicon.3ys 1l 4,arranged
surrounding the area immediately below the first silicon layer 114. [0105]ﬁ1e resists 122 and 123 are

removela@ ol dRE on the substrate following removal

That is to say, the gate insulating films 139 and 146 and the metal films 137 and 138,
which are all sources of contamination, are covered by the columnar silicon layers 231 and 232,
the polysilicon layers 135, 136 and 141, the insulating {ilm 129 and the hard masks 106 and 107,
s0 it is possible to control metal contamination by metal contained in the gate insulating films
139 and 140 and the metal films 137 and 138.

In order to achieve the aforementioned objectives, it would be fine to form a structure
in which the metal film is thickly formed, etching is accomplished to leave a sidewall shape and
the gate insulating film is etched, following which a polysilicon film is formed and the gate
insulating film and the metal film are covered by the columnar silicon layer, the polysilicon layer,

the insulating film and the hard mask.

[0118] A polystlicon film 142 is formed on the surface where the circuits are formed, as
shown in FIGS. 40A to 40D. In order to bury the columnar silicon 231 and 232, the polysilicon
film is preferably formed using low-pressure CVD. The gate insulating film and the metal film
that are the source of contamination are covered by the columnar silicon layers 231 and 232, the
polysilicon layers 135, 136 and 141, the insulating film 129 and the hard masks 106 and 107, so
it is possible to use low-pressure CVD,

[0119] CMP (chemical mechanical polishing) is accomplished with the oxide films 130 and
131 and polishing steppers, as shown in FIGS. 41A to 41D, and the polysiticon film 142 is
planarized, as shown in FIGS. 41A to 41D. Because the polysilicon film is planarized, it is

possible to control metal contamination of the CMP device.



are shown in FIGS. 27A to 27D. [0106]An oxide film 123 is formed on the surface of the resists 122
and 123 and the planar silicon layers 233 and 244, as shown in FIGS. 28A to 28D. [0107]CMP
(Chemical Mechanical Polishing) is accomplished, the oxide film 126 is planarized and the hard masks
106 and 107 are exposed, as shown in FIGS. 29A to 291). [0108] The oxide films 126, 124 and 125
are etched to form an oxide film 126 buried betweéh the planar silicon layers 119 and 133, as shown
in FIGS. 30A to 30D. [0109]An oxide film 128 is formed on the result of the above processes. At this

time, the oxide film 128 is formed thicklé/ on the n+ type silicon layer 113, the p+ type silicon layer 119,
the oxid Pl 126 dReIaREhErrHI8ed Bdlane repYvan dhiReSHE it Coadidgarmedthinly on the

sidewallg,pf,the, ?81'!6@”@&%?9 J%y%{%%e}ﬂ%@ /Q%SWn in FIGS. 31A to 3111 [0110]The oxide
0

film 128 formed on the sidewalls of the columnar silicon layers 231 and 232 is removed through

etching. [T ptchirtdgpraficiallyiisotuopic eiabinghdline pyidaifibm 18 isformad thickhurndpe n+ type
silicon layer 113, the p+ type silicon layer 119, the oxide film 126 and the hard masks 106 and 107
and the SXiBIETHN L2815 1HER BN LIS tRecsiad Wa kT itse sdharfias $Akendddemedand 232,

and co 18N oxidsg fi N ins, on the n+ type silicon layer 113, the p+ type silicon layer
119 angﬁfﬁ%%gkiédlisﬁ?n% lﬁjﬁé}%ﬁé %%%%?uleﬂllﬁ(éu q]n%[rlliszbwgg Shov rd}%lﬁfﬁ@é.oég}& %’;2 . In addition,
in this caseraxigel films 130 and 131 remain on the hard masks 106 and 107 as well. By means
of the insulating film 129, it is possible to reduce the parasitic capacitance between the gate electrode
and thelBE3ar silidds gt (fong 134 ayatd 38 sulshingphimsidavi forfitkdcstramito Shver ayteast the first
silicon lgyer 1 d the surface of the surroundings of the bottom thereof and the second silicon layer
120 anc? }£§9&"€r(1:11’eé s%nr ace o %ﬁ’gﬁsﬁd%&n%lc ¥ of the HotS M @r%‘gﬁt%cslr?&‘%‘ﬁg IS8R 10 33D. The
gate insiHabing filmck3248 aduarcontaining at least one out of an oxide film, a nitride film and a high-k
film. In addition, prior to forming the gate insulating film, hydrogen atmosphere annealing or epitaxial
growth H2y3be acdbmpiishiesh biitad batudthardslitbon dyensR8 idewh 1321 [Bd taldnmetsitifitm 133 is

formed pn the surface of the gate insplating film 132, as shown in FIGS. 34A to 34D. The metal film is
preferagfg)/’eésfel‘% %Pé‘grﬂ?tg%ﬁb(’ﬁ?é ?ﬁ?ﬁ,tﬁigﬁa?ﬁ‘ﬁ?mﬂa'e Camtiion o taneuRstifiede g ity the metal
film, it isRessRleiiorgontres dapletign of the channel region and it is also possible to lower the
resistance of the gate electrode. It is necessary to use a manufacturing process for later processes so
as to cdfirdtimetahoontaininatibiiy firvendaialtiyate lectsdda: the circuits are formed, as shown

in FIGS. 46A to 46D. Because the gate electrode top surface is protected by this oxide film 144
from the wet treatment or dry treatment accomplished in later processes, it is possible to control
fluctuations in gate length, that is to say variance in gate length, and damage to the gate
insulating films 139 and 140 and the metal films 137 and 138 from the gate electrode top surface.
[0125] A nitride film 145 is formed on the surface of the oxide film 144, as shown in FIGS.
47A 10 47D.

[0126] The nitride film 145 and the oxide film 144 are etched to form the oxide films 148
and 149 and the nitride films 146 and 147 remaining in a sidewall shape, as shown in FIGS. 48A
to 48D.

The sum of the film thicknesses of the oxide film 148 and the nitride film 146
remaining in sidewall shape is the film thickness of the gate clectrode 235 later, and the film
thickness of the oxide film 149 and the nitride film 147 remaining in sidewall shape is the film
thickness of the gate electrode 236 later, so by adjusting the film formation thicknesses and

etching conditions of the oxide film 144 and the nitride film 145, it is possible to form a gate



[0113]A polysilicon film 134 is formed on the surface of the metal film 133, as shown in FIGS. 35A to
351). In order to control metal contamination, it is preferable to form the polysilicon film 134 using
normal-pressure CVD. [0114]The polysilicon film 134 is etched to form polysilicon films 135 and 136
remaining in sidewall shape, as shown in FIGS. 36A to 361). 101151The metal film 133 is etched. The
metal film on the sidewalls of the columnar siliconddyers 231 and 232 is protected by the polysilicon
films 135 and 136 and thus is not etched, and becomes the metal films 137 and 138 remaining in
sidewall shape, as shown in FIGS. 37A to 371). 101161The gate insulating film 132 is etched. The
gate ms?fl%it‘i‘r?@%ﬁﬁ%ﬁCiFl%‘%ijd‘éwa‘lhs‘%f‘ﬁ% columnar silicon layers 231 and 232 is protected by the

polysilicon films 1 136 thus ched come the ate insulatin fllm
remaining in sidevirgl a{%ii’ 16@3% ‘2\%&!}?\[@@% 3R g%ﬁ l[lb’ﬁ'}j,& ofyait %ogl m QﬁI %ﬁirmed on
the surface whers: oif ot larenfiokmessas shownnfhGE s3I0 m%ﬂﬁdéwmﬂf&d@cﬁ%m& metal

contamination, the polysilicon film 141 is preferably formed using normal-pressure CVD. When a
high-k fitieyAi5Rs theereipslrtifg fﬁmgsmmnmngn@higfhug:hmﬂmhe@@lmxmlmmurce of

tal tamination i ate insulating, film 139 and the metal
Hl]ri alSC%gr@'rpc %%rlenauba“}“fjéi s cl}lr%?ng}s ilicon allyﬁ :ﬁq & iSh} it ﬂ?rﬂ%"i Y4 41, the insulating
film 129%-anghthe fHincdrimagk 390and the kﬂ:ﬁ@@@h@ﬂnth%@@éw&l@ﬁﬁl&mmc]{ﬂ%%d ihe metal film 138

are covered by the columnar silicon layer 232, the polysilicon films 136 and 141, the insulating film 129
and theH&idefiiB4Drmaining in sidewall shape to be larger than the diameter of the outer

circumference of the cylinder composed by the gate insulating film 140 and the metal film 138.
At this time, because the metal films 137 and 138 are covered by the polysilicon film after gate
etching, it is possible to control metal contamination.
[0127] A resist 150 for forming a gate wire 221 is formed on the polysilicon layer 142 at
least between the first silicon layer 114 and the second silicon layer 120, as shown in FIGS. 49A
to 49D,
{0128] The polysilicon films 142, 141, 135 and 136 are eiched to form gate electrodes 235
and 236 and the gate wire 221, as shown in FIGS. 50A to 50D.

The pate electrode 235 is composed of the metal film 137 and the polysilicon films
135 and 151, and the gate electrode 236 is composed of the metal film 138 and the polysilicon
{ilms 136 and 152,

The gate wire 221 connecting the gate electrodes 235 and 236 is composed of the
polystlicon films 135, 151, 142, 152 and 136.
[0129] The insulating film 129 is etched and the surfaces of the p+ type silicon layer 119 and
the n+ type silicon layer 113 are exposed, as shown in FIGS. 51A to 51D.
[0E30} The resist 150 is removed. Conditions on the substrate following removal are shown
in FIGS. 52A to 52D.
[0131] Oxidation is accomplished to form oxide films 153, 154 and 155, as shown in FIGS.
53A 10 53D. The p+ type silicon layer 159, the n+ type silicon layer 157, the gate electrodes 235

and 236 and the gate wire 221 are protecied by these nitride films from etching through wet



That is to say, the gate insulating films 139 and 140 and the metal films 137 and 138, which are all
sources of contamination, are covered by the columnar silicon layers 231 and 232, the polysilicon
layers 135, 136 and 141, the insulating film 129 and the hard masks 106 and 107, so it is possible to
control metal contamination by metal contained in the gate insulating films 139 and 140 and the metal
films 137 and 138. In order to achieve the afdrementioned objectives, it would be fine to form a
structure in which the metal film is thickly formed, etching is accomplished to leave a sidewall shape
and the gate insulating film is etched, following which a polysilicon film is formed and the gate
insulatingCAMeEhar dhe Hraaqithiare oevbiaadhyhnbasd mashal ¢ievh il endite poNddiconslayer, the
insulatinmﬁIm@p@tpg.ll%%m%%. [0118]A polysilicon film 142 is formed on the surface where the
circuits are formed, as shown in FIGS. 40A to 401). In order to bury the columnar silicon 231 and 232,

the polygilican filmisqirefe raklySfoomesiusnglewpresruraiky RicThe oateiosuating film and the
metal film that are the source of contamination are covered by the columnar silicon layers 231 and
232, theP ORI R shyere 1 seimeat apdrr ArEatheihs Glone Mine L 1 avlbtiaée Holld winskes 106 and 107,

so it is possible to useJew-press D. [0119]CMP (chemical mechanical polishing) is

accom pf?sghéép %\}Et ntﬁglt)gi\:éjg&ii%r)nésﬁﬁ?ﬁ%ﬁ%[ieﬁ%Cair? Buoll(tlgﬁirﬁrg @ e ‘Sfér“s?%g@ﬁg{klrﬁ’ ‘ﬂcig?&%[.‘ ATA to 41D,
and the jpolysiligeqnfibn 142,15 RIananized tas shawvm i U8 3n 4 A0 4 D. Betausedtlig,polysilicon film
is planarized, it is possible to control metal contamination of the CMP device. 61 [0120]The oxide

films 130UsHEIT SreFertoed thibisdh Bichigrashtitondeoptthendubsirate fdlowirgetthing are

shown in FIGS. 42A 10, 42D 012 e polysilicon film IS ed and the polysilicon film 142 is
removed 16 the {%%néd%gso :{é)ea régjgfl;lc-)[?\a\l/b @r%*ﬂ%é%&@%ﬁ?t?&fé%%ﬁ(fﬂbﬁlbcalt‘é"ih"é'ﬁf‘&ﬁrﬁ’é s 139 and
140 are dadeadormrd, AssonR E IS if3Mia ARMhTI¥OMan s fiching, theopie Jphgty of the SOT

is determined. 101221The metal films 137 and 138 on the upper sidewalls of the columnar silicon
layers 28¢ ehg28 2 arecrephoviéd thidhgt3 etthiing1d0Saditions it thiensudBtnate INating etching are
insulating films 139 and 140 on the upper sidewalls of the

shown in £1GS, 444 (0,441 J0123]hg qate inulaing fime 130 and 140 on the upper sid
columné&r smcon Tayers 251 4md 33 ?é AR thiri?‘é%&ﬂ?néf) EskdgatayRaR Libtrate
following;glgbimghare: ) lHIG S drirdaAoD
[0133] The oxide films 148, 149, 153, 154 and 155 are removed by etching, Conditions on
the substrate following etching are shown in FIGS. 55A to 55D.
[0134] A resist 156 for forming an n+ type silicon layer on the columnar silicon fayer 232
through dopant injection is formed surrounding the columnar silicon layer 231, as shown in
FIGS. 56A to 56D. In advance of this process, a thin oxide film may be formed as a through (7)
oxide film for dopant injection.
[0135] As indicated by the arrows in FIGS. 57B and 57C, arsenic, for example, is injected
into the top of the columnar silicon fayer 232 to form an n+ type silicon layer 157. The angle of
injecting the arsenic is preferably 10 degrees to 60 degrees, and more preferably the large angle
of 60 degrees, where a line orthogonal to the substrate is taken as 0 degrees. By injecting the
arsenic at a large angle, the n+ type silicon layers 157 and the gate clectrode 236 are given an
overlap and it is possible to minimize this overlap.
j0136] The resist 156 is removed. Conditions on the substrate following removal are shown
in FIGS. 58A to 58D.

[0137] Heat treatment is accomplished and the arsenic is activated. Conditions on the



101241An oxide film 144 is formed on the surface where the circuits are formed, as shown in FIGS.
46A to 46D. Because the gate electrode top surface is protected by this oxide film 144 from the wet
treatment or dry treatment accomplished in later processes, it is possible to control fluctuations in gate
length, that is to say variance in gate length, and damage to the gate insulating films 139 a nd 140 and
the metal films 137 and 138 from the gate electrodé top surface. 101251A nitride film 145 is formed on
the surface of the oxide film 144, as shown in FIGS. 47A to 471). 101261The nitride film 145 and the
oxide film 144 are etched to form the oxide films 148 and 149 and the nitride films 146 and 147
remaining i ASIRARAINRSH RGN RSN EIGSS 48R t6 48D The sum of the film thicknesses
of the oxifladilm 148 and itride film 146 remaining in sidewall shape is, the film thickness of the
gate ele)gg%gﬁe 23;}%%}5{ éﬁtp% ?ﬁeﬂ?‘rﬁﬁ%gﬁr?egé%f 1 Cé%lf} @ fi H 48 %cﬁd) fhteomt{’nB e &i’l’?ﬁ“ﬂ? remaining
in sidewsilishapgeitiedilonghickpessgédhengate alestade.336 dater csmbMadiusting ihefim formation
thicknesses and etching conditions of the oxide film 144 and the nitride film 145, it is possible to form a
gate 62°2RENERY dHthe BRAIRE%IM thickness. In addition, it is preferable for the sum of the
radius o olumnar silicon layer dt m of the film thicknesses of the gxide film 148 and
the o 146 e e e e S R T S R e e
circumferencecef e evindarceampesesiby thergate nsulatingfiiy.t 38xand.the petal fijwa 37, and for
the sum of the radius of the columnar silicon layer 232 and the sum of the film thicknesses of the oxide
film 149thberRe Hitieemhty 18 dearaettintidesigesalidhapemsbabirder trgn theldiditeter of the outer
circumference of the cylinder composed by the gate insulating film 140 and the metal film 138. At this
time, becaea tha er’nce%ﬁlrfﬁr%léhfg?%?n%) ﬂ?fS%%\E&tlcg(t)%/gr@g‘@ydﬁgg‘%glﬁgﬂiC%H e e g A %ehing, it is
possible ta:gorHabnieig coptamibatien [0 139 1h desist 4o 0l for fauning.a.gale e Aa ks fermed on
the polysilicon layer 142 at least between the first silicon layer 114 and the second silicon layer 120,
as showhisrpfigige woniezedthie 2eihe polysilicon films 142, 141, 135 and 136 are etched to "bin

gate el es 235 and.236. and the gate wire 221, as shown in FIGS. 50A to 50D. The gate
electroiéngﬁ is ceci)?ﬁ%8§lé%jl%&ﬁéerw8tgaﬁ‘frilﬁ\f\% AR SIPSHRIG AR B HAwL 8, ARl the gate
electrodg RRésisseanpgsped of the metal film 138 and the polysilicon films 136 and 152. The gate

wire 221 connecting the gate electrodes 235 and 236 is composed of the polysilicon films 135, 151,
142, 1500k 136Heat treatment is accomplished and the boron is activated. Conditions on the

substrate following activation is shown in FIGS. 63A to 63D. By separately undertaking heat
treatment of the n+ type silicon layer 157 and heat treatment of the p+ type silicon layer 159, it is
possible to easily optimize heat treatment conditions for cach, so it is possible to control the short
channel effect and to control leak current.

[0142] A nitride film 160 is formed on the surface where the circuits are formed, as shown
in FIGS. 64A o 64D.

[0143] The nitride film 160 is etched to form an insulating {ilm 161 composed of nitride film
formed in a sidewall shape on the upper sidewall of the columnar silicon layer 231 and the upper
part of the gate electrode 235, an insulating film 162 composed of a nitride film formed in a
sidewall shape on the upper sidewall of the columnar silicon layer 232 and the upper part of the
gate electrode 236, an insulating film 164 composed of a nitride {ilm formed in a sidewall shape
on the sidewalls of the insulating film 129 and the gate electrodes 235 and 236, an insulating film
163 composed of a nitride film formed in a sidewall shape on the sidewall of the p+ type silicon

layer 119 and an insulating film 165 composed of a nitride film formed in a sidewall shape on



[0129]The insulating film 129 is etched and the surfaces of the p+ type silicon layer 119 and the n+
type silicon layer 113 are exposed, as shown in FIGS. 5IA to 511). 101301The resist 150 is removed.
Conditions on the substrate following removal are shown in FIGS. 52A to 521). [0131]Oxidation is
accomplished to form oxide films 153, 154 and 155, as shown in FIGS. 53A to 53D. The p+ type
silicon layer 159, the n+ type silicon layer 157, thet§ate electrodes 235 and 236 and the gate wire 221
are protected by these nitride films from etching through wet 63 treatment or dry treatment during
etching of the hard masks 106 and 107 and the nitride films 146 and 147 performed later. [0132]The
hard mad€ssitsy ahal foerdnanpe Hremeanid 3.46 dhvadr BeSembved By .etching through a wet

treatment or dry treatment. C n(ii]'g.:]qns_ on the substrate following etching are shown in FIGS. 54A to
5411 Because the 19p sur Stg o llt(’énﬁastcésé) ALY élgl ?énﬁrﬂ gét%%lf?ggmpf%ze Wet® fé%ﬁﬁédﬁtw dry

treatmenhiy: thetbxige filmiacldl appiAd lilis nossine deucentraldugtiations ia-gale length, that is to
say variances in gate length, and to control damage to the gate ins_ulatlng films 139 and 140 anq the
metal fil&R%CI37BAdeL H8dremhtiethe pusndhthe diithoayste Elduiateinat thisgiftasthi) gateligbulating
films 13 140 and metal films 137 an 8 are, coyered hy the polysilicon 135, 136, 151 and 152,
the nitrigg%fri}ﬁ%i@ﬁ@gsﬁsfﬁﬁ ﬂé%%flggr]ﬂﬁgrgg?ﬁggnﬁgyég 49 ’éﬂﬂ"ﬁ@ﬁ Tﬁ?j '[ﬁ% ?Hgl.ﬁhét_tiﬁﬁl_‘fillm 129, so
metal cantamisaiionstibe witide fimwetaishing,device isconyallesh [l3siBaexifs filps 148, 149,
153, 154 and 155 are removed by etching. Conditions on the substrate following etching are shown in
FIGS. 58ugtam1lifol 2hpad duidna8e oy fdmding andris apitisilicbon dagenatathe: ¢olundteasilicon layer

232 th h dopant injection is formed surrounding. the columnar silicon layer 231, as shown in FIGS.
56 10 SHD A SO AN BreLERd S N BHGE i (ALY e B BahBiiSh (39 B fim fo

dopant injactien 404351 ARindisalad Ry tha aREWS N FIGS. 5713 and 57C, arsenic, for example, is

injected
[0144] A resist 166 for forming a deep n+ type sificon layer in the direction orthogonal to
the substrate on the upper part of the columnar silicon layer 232 through dopant injection is
formed surrounding the columnar silicon layer 231, as shown in FIGS. 66A to 66D. By making
this an n+ type silicon layer deep in the direction orthogonal to the substrate, it is possible to
form a metal-silicon compound later on the n+ type silicon tayer. If this were an n+ type silicon
layer shallow in the direction orthogonal to the substrate, the metal-silicon compound formed
later would be formed on the n+ type silicon layer and the first silicon layer and would become a
source of leak current.
0145} As shown in FIGS. 67B and 67C, arsenic, for example, is injected into the upper part
of the columnar silicon layer 232 and the n+ type silicon layer 157 is made deep in the direction
orthogonal to the substrate. The angle of injecting the arsenic is preferably a low angle of 0
degrees to 7 degrees, where the line orthogonal to the substrate is taken to be 0 degrees. By
injecting the arsenic at a low angle, it is possible to form an n+ type silicon layer deep in the
direction orthogonal to the substrate on the upper part of the columnar silicon layer of the nMOS
SGT.
[01406] The resist 166 is removed. Conditions on the substrate following removal are shown
in FIGS. 68A to 68D.

[0147] A resist 167 for forming a deep p+ type silicon layer in the direction orthogonal to



into the top of the columnar silicon layer 232 to form an n+ type silicon layer 157. The angle of
injecting the arsenic is preferably 10 degrees to 60 degrees, and more preferably the large angle of 60
degrees, where a line orthogonal to the substrate is taken as 0 degrees. By injecting the arsenic at a
large angle, the n type silicon layers 157 and the gate electrode 236 are given an overlap and it is
possible to minimize this overlap. [0136]The resist$56 is removed. Conditions on the substrate
following removal are shown in FIGS. 58A to 58D. [0137]Heat treatment is accomplished and the
arsenic is activated. Conditions on the 64 substrate following activation is shown in FIGS. 59A to
591). [01ABIRLAERISOIShTEPRSF IR AL A Sl aiichicriy ey orttcluppeh gepedfitiecdotimnar silicon
layer 23 , [ injection is formed surropnding the columnar silicon layer 232, as shown by
FIGS. oA by oL A S B A PR ST o8 B 5 hited ito tre
upper pattsof thagelvitnar isiisardpyprRidideden a-tibdypg ailiceniayesda0isTheangle ffiniecting
the boron is preferably 10 degrees to 60 degrees, and more preferably the large angle of 60 degrees,
where alliHedribBraeteddaswadstaken @ dbyrsed! tdy wijkscting thwes sdiam ayarlarge

angle, the p+ type,silicon layers, 159 and the gate electrode 2335 are given an oyerlap and it is possible
o i T U oL AT TR Reat o R TGS SHAEN DSt BN owng
removaharel $bewnind e HeGRATRa210e 104kl inaahireangntisaoeomalishad rnskthe beron is

activated. Conditions on the substrate following activation is shown in FIGS. 63A to 631). By
separatéy sadéeakisg ekt treatment of the n type silicon layer 157 and heat treatment of the pi- type

silicon | 59, itis possible | ily optimize heat treatment conditions for each, so it is possible to
control Eﬁ@g ort cRasHe Ef%‘ééﬁﬁéﬁ%%c %irr,g} ﬁ)eglglé’ﬂr#@ﬁfﬁ@THf}A%Wﬁ@‘ﬁlﬁ%ﬁ@@ WOREFREH on the
surface yyiiere hgnaieUis & & JRFPSHa RS RBBWRype silicon layer 159 is made deep in the direction

orthogonal to the substrate. The angle of injecting the boron is preferably a low angle of 0
degrees to 7 degrees, where the line orthogonal to the subsirate is taken to be 0 degrees. By
injecting the boron at a low angle, it is possible to form a p+ type silicon layer deep in the
direction orthogonal to the substrate on the upper part of the columnar sificon layer of the pMOS
SGT.

[0149] The resist 167 is removed. Conditions on the substrate following removal are shown
in FIGS. 71A to 71D.

[0150] Heat treatment is accomplished in order to activate the dopant. Conditions following
activation are shown in FIGS. 72A to 72D.

fO151] By sputtering a metal such as Ni or Co and adding heat treatment, a metal-silicon
compound is formed on the surface of the p+ type silicon layer 119, the p+ type silicon layer 159,
the gate electrode 235, the n+ type silicon layer 113, the n+ type silicon layer 157 and the gate
clectrode 236, and by removing the unreacted metal film using a sulfuric acid hydrogen peroxide
mixture or an ammonia hydrogen peroxide mixture, a metal-silicon compound 168 is formed on
the surface of the p+ type silicon layer 119, a metal-silicon compound 169 is formed on the
surface of the p+ type silicon layer 159, a metal-silicon compound 170 is formed on the surface
of the gate electrode 235, the gate wire 221 and the gate electrode 236, a metal-silicon compound

172 is formed on the surface of the n+ type silicon layer 113, and a metal-silicon compound 171



in FIGS. 64A to 641). 10143]The nitride film 160 is etched to form an insulating film 161 composed of
nitride film formed in a sidewall shape on the upper sidewall of the columnar silicon layer 231 and the
upper part of the gate electrode 235, an insulating film 162 composed of a nitride film formed in a
sidewall shape on the upper sidewall of the columnar silicon layer 232 and the upper part of the gate
electrode 236, an insulating film 164 composed oftd nitride film formed in a sidewall shape on the
sidewalls of the insulating film 129 and the gate electrodes 235 and 236, an insulating film 163

composed of a nitride film formed in a sidewall shape on the sidewall of the p type silicon layer 119
and an iNd9ERRHORReIBS e Jet gy acithiers ferptdified in a sidewall shape on 65 the sidewall of

the n.+- type Silicoﬁ}[l@ég{e]h]r 1&%@“%”1!{6 %1'1%% 1§éatloﬂ§n51Q38 are co%gi'm%kirﬂget%h ithic‘k nesses of the

insulating films 161 and 162 formed In a sidewa S ape on the upper si ewalls of the columnar

semicondlicion dgyez3 A nic: the upRenFans ofshegase eleciiades hivken toan dhr.sumiefithe
thicknesses of the gate insulating films 139 and 140 and the thicknesses of the metal films 137 and

138, theGatd Ghstildingdiiviorathasaeriasriatapdim 138 ard bevestd bynthd7curmarercdilicshdayer 232,
the polysili rs 136 angl, 152, the insulating film, 129 the insulating.film, 162, and in addition,
é&fﬁ%@:«l@ﬁﬁon %ﬁ@lr;%’i’tﬁg Pr??a)fgl?ﬁl(r)‘ﬁ ﬁ ﬁg' andal%q 1)(/: {TSHEIUIH )g{ i1 &ﬁc‘ nr$ Irt;v

the gate insulating film are covered e columnar si er 231, the

polysilicordryesillizblantsd 9l thednsiating film 13Pansbthecinsubating il d64cid @lAdlAresist 166
for forming a deep n+ type silicon layer in the direction orthogonal to the substrate on the upper part of
the coluPRFANHIEbHYES @ PRy eispaIst drjdetivitigtormed surrounding the columnar silicon

layer 231, as shown in FIGS. 66A to 66D. By making.this an n+ type silicon layer deep in the direction
SR it Yo AT G A 2 ¥ ype sticon

orthogonal to the substrate, it'is possibte
layer. If ihigeigAiR Rt BMROSICOR fR¥SHLENRINIBIhG drsstimmerithagrnaldpthe subsiigte. the

metal-silicon compound formed later would be formed on the n+ type siliconﬁayer and the first silicon
layer arl@ Woigld veesivanseseiiifsecofdelktcuteant 103465 3shdwreinel@8si67E ahth6éZgs.arsenic, for
exampI%bLlls |(r3111en%t%d |ﬁ;[t%lthe iuppe[,p{artlof the columnar silicon layer 232 and the n+ type silicon layer

157 is made deep i the direction SHR6GERAIYERAE Substrate. The angle of injecting the arsenic is

preferably a low anglenafif, draseesiQ Gidearses, whereheding.aineganaltn the sibpypte is taken to

be 0 degrees. By injecting the arsenic at a low angle, it is possible to form an n+ type silicon layer
deep inlthéralihewiionc o thagomat totthe spibst tatepoticties uppercpartof tidNcolubnat silicambayer of the
LIMOS SGT. 146,]'11:Ee ggist 166 is removed, Conditions on the substrate following removal are
shown I FISSBBA TEE0, HEPRTINY KISHAET TR FORTIRGSIEP e bype Sieisnasieninihe
direction, QriRAGOREh PP mposed of a nitride film formed in a sidewall shape on the sidewall,

[0152] A contact stopper 173 of nitride film is formed, an interlayer insulating film 174 is

deposited and planarization is undertaken, as shown in FIGS. 74A to 74D.

[0153] A resist 175 for forming contact holes is formed above the columnar silicon layers

231 and 232, as shown in FIGS. 75A to 75D,

[0154] The interlayer insulating film 174 is etched to form contact holes 176 and 177 above

the columnar silicon layer 232, as shown in FIGS. 76A to 76D.

[0155] ‘The resist 175 is removed. Conditions on the substrate following removal are shown

in FIGS. 77A to 77D.

[0156] A resist 178 for forming contact holes above the planar silicon layers 233 and 234

and above the gate wire 221 is formed, as shown in FIGS. 78A to 78D.

[0157] The intertayer insulating film 174 is eiched to form contact holes 179, 180 and 181

above the planar silicon layers 233 and 234 and above the gate wire 221, respectively, as shown



the substrate on the upper part of the columnar silicon layer 231 through dopant injection is formed
surrounding the columnar silicon layer 232, as shown in FIGS. 69A to 691). By making this a p+ type
silicon layer deep in the direction orthogonal to the substrate, it is possible to form a metal-silicon
compound later on the p+ type silicon layer. If this were a p+ type silicon layer shallow in the direction
orthogonal to the substrate, the metal-silicon com@8und formed later would be formed on the p+ type
silicon layer and the second silicon layer and would become a source of leak current. [0148]As shown
in FIGS., 79§%nd 70D, horon, for example, is injected into the upper part of the columnar silicon layer
231 andl?heij tZ/%’é Qiich layer 159 is made deep in the direction orthogonal to the substrate. The
angle of injecting (e glof i=cRIeIErABILA R ANGHS SR HRATESR I, dQIges ARG ine
orthogonal to the substrate is taken to be 0 degrees. By Injecting the boron at a low angle, it is
possibletiie fontac lptety b silktbmtbyet deep ihdhpe:cirattian exthegmsmkiia e swbstatema the upper
part of the columpar silicon layer of the pMOS SGT. 1014191The resist 167 is removed. Conditions on
the subStH& 6T GMREF H?Eﬁfg‘{hé?é%h%ﬁ“ﬁ‘?tm@@?wwiw vohingepsditiqeatardetmiaatie
acoompUshee ARIIPHAETYAIB 0L dleRant GRNHIGHS IFInMRG AcivAlon A%, SR R RIES: 72A
to 72D. 10151]By sputtering a metal such as Ni or Co and adding hea 1trea%me , ame alsilicon
compoufuisdgined ancthelsuface1 80 thel p8 typevsilicopldayetiiish thaptige slisenlayer 159, the
gate electrode 235, the n+ type silicon layer 113, the n+ type silicon layer 157 and the gate electrode
236, and15y FehsEs g iFe2aA reactaeh e Bt MiTsing a sulfuric acid hydrogen peroxide mixture or an
ammoni rogen,peroxis ixture, a metal-silicon compound 168 s formed on tgg_g irface of the p+
type siliﬁgﬁgyer 1@1{9% lggrfrgwgg -élslilgg?wdgtéghg%%nr%hf%ﬁg 5‘%@ : tb“ictﬁoelfgﬂ‘/#}é’c'é’ ‘B P+ P silicon
layer 159, dGe®isiicerncompound 170 is formed on the surface of the gate electrode 235, the gate

wire 221 and the gate electrode 236, a metal-silicon compound 172 is formed on the surface of the n+
type silitdHyer 1430A¢ slonpeall dlisoridshpdandiLapnerisdbrnidd,daahtssutftendfithe 11+ type

silicon layer.157. . The gate | qua’gin film 140 and the metal film 138 are covered by the
columngrozllﬂg:tg)ﬁ“lg)r/}e[rh %lé!?st ge{%p‘{?g)llyi;%l it cﬁilr}ﬁ%gfﬁ%bgﬁgf ]1512{%& 'ir&i(&né‘ﬁgg%m 129 and the insulating
film 162y0a6d)in adglition, the gatr inswatingfilgudRand themetaldmpl37 freicquared by the
columnar silicon layer 231, the polysilicon films 135 and 151, the insulating film 129 and the insulating
film 161f0s@¢Hearmstal ilhs 1groaiel 138 Mreopshatcied Byothe isutdifc 82idthydidgen peroxide mixture
or ammpnia hydrogen peroxide mixture, _Inother words, by using the structure of the present
inventio&j}ﬂg posggfgpz Il?s&efsn??f’ SIIeth Gute BRsiPoddSieN bBsEIbte: ' Eoittotiepletion of the

channejgegign, it impossifier i lowarstsesisiance: ofdhe gate ﬁ!@%‘if@&%a%ﬂ%ﬁ I5pQRRIG SO lower the

resistance of the gate, source and drain through a metal-silicon compound. Normally, the
natural bxitediktacenife Birfdes, RthendilidOndaylervis remicue By hyBtdfluoicanidcag s pre-treatment
metal such as Ni or Co. At this time, the insulating film 129 composed of an

prior to ?utteyiqqéh% letal such as | - this tim ulatir |
oxide fiff P PIBtELBAHEH ML hiersrtirmehutatty s Atiand im 164267HE&2é of a nitride film
formed ég aidevyall shape s%aﬁh%ﬁé@9@@!&&%@%]%98@@{ SHPRRY. Yif Qb UEds, i is formed, an
interlayer insulating film 174 is

composed ol'a barrier metal layer 187 and metal layers 192 and 197. The contact 229 is

composed of a barrier metal layer 188 and metal layers 193 and 198. The contact 230 is

composed of a barrier metal layer 189 and metal layers 194 and 199.

[0163] A barrier metal layer 200, a metal layer 201 and a barrier metal layer 202 are

deposited in this order on the planarized surface, as shown in FIGS. 85A to 85D.

[0164] Resists 203, 204, 205 and 206 for forming a power source wire, an input wire and an

output wire are formed, as shown in FIGS. 86A to 861,

{0165] The barrier metal layer 202, the metal 201 and the barrier metal layer 200 are ctched

to form power source wires 222 and 225, an input wire 224 and an output wire 223, as shown in



deposited and planarization is undertaken, as shown in FIGS. 74A to 741). [0153]A resist 175 for
forming contact holes is formed above the columnar silicon layers 231 and 232, as shown in FIGS.
75A to 751). [0154]The interlayer insulating film 174 is etched to form contact holes 176 and 177
above the columnar silicon layer 232, as shown in FIGS. 76A to 76D. 10155]The resist 175 is
removed. Conditions on the substrate following reffoval are shown in FIGS. 77A to 771). 10156]A
resist 178 for forming contact holes above the planar silicon layers 233 and 234 and above the gate
wire 221 is formed, as shown in FIGS. 78A to 78D. [0157]The interlayer insulating film 174 is etched to
form contaet Hoedo5d) 1 8B e UE Ve IH & 231 Arranaeesn YAy di e sk s 3AY atwesielthe gate
wire 221, re tively as.spewn N 79A 10 791). . cause the coptact holes 176 and
177 abg&ﬁfw?&%ﬁ%&%@sﬁﬁ%ﬁ%13%%5Eciiﬁ gg?g%l Otﬁ?al ggﬁgg%g” ﬁlglég%l‘?é:f) Té’b’bé(i(rfg %’8 “Bhove the planar

silicon layers 233 and, 234candhaboyey thel gatermdren2l laveformedithrgughdifierent processes, the
etching conditions for forming the contact holes 176 and 177 above the columnar silicon 231 and 232
and the CEWIPRs EhATTEHS TEItafairg #Ad aonesdt muled iz dreorain mew dapveife planar silicon

ers SRR ARG e R SR Lo b e AT e 70
layer 212.
[01606] The resists 203, 204, 205 and 206 are removed. Conditions on the substrate
following removal are shown in FIGS. 88A to 88D.
[0167] With the above production method, it is possible to produce a semiconductor device
with a small parasitic capacitance between the gate electrode and the planar silicon layers
because of the first and fourth insulating films.
[0168] Having described and illustrated the principles of this application by reference to one
(or more} preferred embodiment(s), it should be apparent that the preferred embodiment(s) may
be modified in arrangement and detail without departing from the principles disclosed herein and
that it is intended that the application be construed as including all such modifications and

variations insofar as they come within the spirit and scope of the subject matter disclosed herein.



in FIGS. 80A to 80D. 101591A contact stopper 173 is etched below the contact holes 179, 176, 180,
177 and 181. Conditions on the substrate ffillowing etching are shown in FIGS. 81A to 811).
[0160]After a barrier metal layer 182 is deposited on the surface where the circuits are formed, a metal
183 is deposited on the top thereof, as shown in FI®S. 82A to 821). [0161]A metal 184 is deposited to
bury the gap, as shown in FIGS. 83A to 83D. 10162]The metals 184 and 183 and the barrier metal
layer 182 are planarized and etched to form contacts 226, 227, 228, 229 and 230, as shown in FIGS.
84A to 841). The contact 226 is composed of a barrier metal layer 185 and metal layers 190 and 195.
The contact 227 is composed of a barrier metal layer 186 and metal layers 191 and 196. The contact
228 is composed of a barrier metal layer 187 arfd-febld? layers 192 and 197. The contact 229 is
composed %aa barrier metal layer 188 and metal layers 193 and 198. The contact 230 is composed of
a barrier n{e ﬁb% 89 and metal layers 194 and 199. [0163]A barrier metal layer 200, a metal layer

201 and a barrienmeta)i IRy R e rpasited (%Fﬂﬁ pgqq{dqn the planarized surface, as shown in
FIGS. 85A to 85D. 101641Resists 203, 204, 205 and 206 for {brining a power source wire, an input

wire and an outpat Wirestre fibramed, asestiovoniuelGS. 86y ter 86D. [0165]The barrier metal layer 202,
the metal 201 and the barrier metal layer 200 are etched to form power source wires 222 and 225, an
input wire 224 arfl &h betpuRWiteap 23 hargtbwaei eonductor [ayer forned on the

first planar sem conductor |ayer;

a first high-concentrati on sem conductor |ayer forned
in a lower region of the first pillar-shaped sem conduct or
| ayer and in the first planar sem conductor |ayer;

a second hi gh-concentrati on sem conductor |ayer forned
in an upper region of the first pillar-shaped sem conduct or
| ayer and having the same conductivity type as the first
hi gh- concentrati on sem conductor | ayer;

a first gate insulating filmfornmed on a side wall of
the first pillar-shaped sem conductor |ayer between the
first high-concentration sem conductor |ayer and the second
hi gh- concentrati on sem conductor |ayer so as to surround the
first pillar-shaped sem conductor | ayer;

a first netal filmformed on the first gate insulating
filmso as to surround the first gate insulating film

a first sem conductor filmforned on the first netal
filmso as to surround the first netal film

a first gate electrode including the first netal film
and the first sem conductor film

a first insulating filmforned between the first gate



FIGS 87A to 87D. The power source wire 222 is composed of a barrier metal layer 207, a metal layer
208 and a barrier metal layer 209. The power source wire 225 is composed of a barrier metal layer
216, a metal layer 217 and a barrier metal layer 218. The input wire 224 is composed of a barrier
metal layer 213, a metal layer 214 and a barrier m&tal layer 215. The output wire 223 is composed of a
barrier metal layer 210, a metal layer 211 and a barrier metal layer 212. [0166]The resists 203, 204,
205 and 206 are removed. Conditions on the substrate following removal are shown in FIGS. 88A to
88D. 101671With the above production method, it is possible to produce a semiconductor device with

a small parasitic capacitance between the gate electrode and the planar silicon layers because of the
first and foRMBGhEAEENG AN, NE168]HRVinY ddRFibaaMEneMEstEdted theélbBhciples of this application

by reference to one %)r mocqei gref?rr?d em dimenct](gs) itﬁfhguld be a arenlt Ithz?trghe preferred
embodiment(s) n?af' & PGaitide ih réﬁ‘ggemérhtnArI Elgt%t vitthoit 8e§ rti‘ﬁ% from the principles

disclosed eyieinyapd it isatepdpd thaliipe apelicatianie epnsifueshasinguding gljsuch

modifications and variations insofar as they come within the spirit and Scope of the subject matter
disclosed herein.hé0 SilddMEalCGlaini 1hA sgppeonguntol deviod comeritingsa fipst plamar
semiconductor layer;  a first pillar-shaped semiconductor layer formed on the first planar
semicondfdiéPagesem aansiusiyRcoha¥ ffatfih SEmicOnaUEILP HYdr FINRPIAa loR@r@Bgion of the

fi ilar- d icond I d in,the fi I icond I ; d
nighconogH 0L donEhn Lo oy B ARG U SLRAIGEGlor GHRE frst pilar-shaped

semiconductor layef gng avig ingiSame FONIHGLYIIEPERs hesfiigkhighrgoncgntration
semiconductor layer;
contact with the side walls of the first gate el ectrode and
the first insulating filmso as to surround the first gate
el ectrode and the first insulating film
a first contact forned on the first pillar-shaped
sem conductor | ayer;
a second contact fornmed on the first planar
sem conductor | ayer; and
a third contact forned on the first gate el ectrode,
wherein the first gate insulating filmis covered with
the first pillar-shaped sem conductor |ayer, the first netal
film the first sem conductor film the first insulating
film and the second insulating film and
the first metal filmis covered with the first gate
insulating film the first sem conductor film and the
second insulating film
[ O ai m 2]
The sem conduct or device according to Caim1, wherein

the thickness of the second insulating filmis larger than



a first gate insulating film formed on a side wall of the first pillar-shaped semiconductor layer between
the first high-concentration semiconductor layer and the second high-concentration semiconductor
layer so as to surround the first pillar-shaped semiconductor layer; a first metal film formed on the
first gate insulating film so as to surround the first ga&e insulating film; a first semiconductor film
formed on the first metal film so as to surround the first metal film; a first gate electrode including
the first metal film and the first semiconductor film; a first insulating film formed between the first gate
71 electrode and the first planar semiconductor layer; a second insulating film formed as a side
wall in contact with the upper surface of the first gate electrode and the side wall of an upper portion of

the first pilfdtShaBBYH SentiBénduttekagess®hs td8ufrblisd afldfppel RsylbAoF Bk filst Plllar-shaped

semiconductoy Ifa . a,third insuljat'{nﬁ film forme ei\si e wall in contact with the side walls of

er; d as
the first ga?(—?glecﬁ%d%i};{n%l&ﬂssfﬁst%sulaﬁn iy 50'55't8 surljolqu the first gate electrode and the first

insulating f”@?;ai maj]'rst contact formed on the first pillar-shaped semiconductor layer; a second
contact formed on thé first planar semiconductor layer; and a third contact formed on the first gate
electrode, whEeingbeaificstrgiie iraulateng fde iscovedtichyith cheCfiest pillarshaged semiconductor
layer, the first metal film, the first semiconductor film, the first insulating film, and the second insulating
film, and WheHeEfirt mekal'iih iSebdbredianitis Hediet gateGASMALNG filng, therfiEsedicaRductor film,

and the second insulatjng film. [Claim 2]. . . .
upper sur*a?ce oI{ ﬁm 2l]| rst high-concentration sem conduct or

| ayer.
[ A ai m 4]

The sem conductor device according to any one of C ains
1 to 3, wherein the length froma center of the first
pill ar-shaped sem conductor |ayer to an end of the first
pl anar sem conductor layer is larger than the sum of the
length fromthe center to the side wall of the first pillar-
shaped sem conductor |ayer, the thickness of the first gate
insulating film the thickness of the first gate el ectrode,
and the thickness of the third insulating film
[ aimb5]

The sem conduct or devi ce according to any one of C ains
1 to 4, wherein a third netal sem conductor conpound is
formed on the upper surface of the first gate el ectrode.
[ O ai m 6]

The sem conductor device according to any one of C ains
1 to 5 wherein a second netal sem conductor conpound is
formed on the upper surface of the second high-concentration

sem conductor | ayer.



The semiconductor device according to Claim 1, wherein the thickness of the second insulating film is
larger than 72 the sum of the thickness of the first gate insulating film and the thickness of the first
metal film. [Claim 3] The semiconductor device according to Claim 1 or 2, wherein a first metal
semiconductor compound is formed on an upper sugace of the first high-concentration semiconductor
layer. [Claim 4] The semiconductor device according to any one of Claims 1 to 3, wherein the
length from a center of the first pillar-shaped semiconductor layer to an end of the first planar
semiconductor layer is larger than the sum of the length from the center to the side wall of the first
pillar-shaped semiconductor layer, the thickness of the first gate insulating film, the thickness of the
first gate di&dt@id® &hd the thickness of the third insulating film. [Claim 5] The semiconductor
device according {o an one C aims 1 to.4, wherein a thlrd metz?l sen%lc?nductor %ompound is
The s

formed on the up'%e?%urfggg Fﬁw e rsplggt'edeeiegt%ﬁ)e [é\ é] re3hddcor device

according ig,any 088 & fdaiMS k&9 St yypereln a second metal semiconductor compound is formed on
the upper surface of the second high-concentration semiconductor layer. 73 [Claim 7] A
semiconductor dewiee fconyarisingaadirg ttiansisten artl agecond transistor, the first transistor including

a first planar sem conductor | ayer,

a first pillar-shaped sem conductor |ayer forned on the
first planar sem conductor |ayer,

a first high-concentration sem conductor |ayer of a
second conductivity type which is formed in a | ower region
of the first pillar-shaped sem conductor |ayer and in a
region of the first planar sem conductor |ayer, the region
of the first planar sem conductor |ayer being bel ow the
first pillar-shaped sem conductor | ayer,

a second hi gh-concentrati on sem conductor |ayer of the
second conductivity type which is formed in an upper region
of the first pillar-shaped sem conductor |ayer,

a first gate insulating filmfornmed on the side wall of
the first pillar-shaped sem conductor |ayer between the
first high-concentration sem conductor |ayer and the second
hi gh- concentrati on sem conductor |ayer so as to surround the
first pillar-shaped sem conductor | ayer,

a first netal filmformed on the first gate insulating
filmso as to surround the first gate insulating film

a first semconductor filmfornmed on the first netal

filmso as to surround the first netal film



a first planar semiconductor layer, a first pillar-shaped semiconductor layer formed on the first
planar semiconductor layer, a first high-concentration semiconductor layer of a second conductivity
type which is formed in a lower region of the first pillar-shaped semiconductor layer and in a region of
the first planar semiconductor layer, the region of thé first planar semiconductor layer being below the
first pillar-shaped semiconductor layer, a second high-concentration semiconductor layer of the
second conductivity type which is formed in an upper region of the first pillar-shaped semiconductor
layer, a first gate insulating film formed on the side wall of the first pillar-shaped semiconductor

layer between the first high-concentration semiconductor layer and the second high-concentration
semiconductor lafef 5b%s t8&ufrothathe Aes pilRElsHAbBE seRfichhditorByad, fi hfrst metal film

formed on tp\e ﬁr[ teq e irnstulagin@].filmns as to smI;rir?und the first gate insulating film, a first
semicond&tgr iIM-formed orthe firS etal fim'so' a8 to surround the first metal film, 74 a first

gate electrode inglugingsthe; fisgimatal fin andrhe Srshsenyeeniuion e 1 i r aifirgidpgulating film

formed between the first gate electrode and the first planar semiconductor layer, a second

insulating &linettrmedieasaadidehwal in sontptanidn treuppersiutacerofithg éirst gate electrode and the

side wall of an upper portion of the first pillar-shaped semiconductor layer so as to surround an upper

region of the firstiB@CcsHbeldnsethigbhddetbt lafef, Or Madhag ifsuiatiRy e forind as a side wall in

contact with the side wagtlj%o{ he first %ate ele?trode an the firfst insulatér:sg fil S to,surround the
fir

first gate et oYl arld FindOR F1g ?i%, acq Rlst %%al ddicod of %?%%5898 formed on
the upper gyiage,ef & paEIgRf thefirgighsaPCeyrationSEIRICPRAUSLPT @yep;the portion being

formed in a region below the first pillar-shaped semiconductor layer, a third metal semiconductor
compoundsfoaped osethiecppenstidace af the first gatetalectmodeyand an asggrandrrogiabn
semiconductor compound formed on the upper surface of the second high-concentration
semicondtort 189ef: iahgt pillar-shaped sem conductor |ayer,

athird insulating filmfornmed as a side wall in
contact with the side walls of the first gate el ectrode and
the first insulating filmso as to surround the first gate
el ectrode and the first insulating film

a first nmetal sem conductor conpound forned on the
upper surface of a portion of the first high-concentration
sem conductor |ayer, the portion being formed in a region
bel ow the first pillar-shaped sem conductor | ayer,

a third netal sem conductor conpound forned on the
upper surface of the first gate el ectrode, and

a second netal sem conductor conpound forned on the
upper surface of the second hi gh-concentrati on sem conduct or
| ayer; and

the second transi stor including

a second pl anar sem conductor |ayer,

a second pillar-shaped sem conductor |ayer formed on



the second transistor including a second planar semiconductor layer, a second pillar-shaped
semiconductor layer formed on 75 the second planar semiconductor layer, a third
high-concentration semiconductor layer of a first conductivity type which is formed in a lower region of
the second pillar-shaped semiconductor layer and® a region of the second planar semiconductor
layer, the region of the second planar semiconductor layer being below the second pillar-shaped
semiconductor layer, a fourth high-concentration semiconductor layer of the first conductivity type
which is formed in an upper region of the second pillar-shaped semiconductor layer, a second gate
insulating film formed on the side wall of the second pillar-shaped semiconductor layer between the
third high-E8ceHRGa0H sehAEGHdReN 189E04KEd fle fo@KAMigh-concentration semiconductor layer so
as to surround the T con&rgllar-shaé)ed semiconductor a secoPd metal film formed on the
tin i

lay
second gate insufating fil 6%@13 UﬁSUE& éggcosnﬁgtrgriﬁlé{ﬁgﬁrqg ﬁW,er ¥ sétond
SemiCO”deqt?rsfﬂ"'Tb@ﬁ'a‘&étqr\/‘ihﬁf\]ﬁetcﬂig ML Hm §Ofa§ﬁPr§HfrPHnﬁtﬁ'%ﬁ%?°'?%q1%ﬂ b, a

second gate electrode including the second metal film and the second semiconductor film, a fourth
insulating filhefaseoektpieehdhe shaprd gaenelecmade ind thegecorzhplanar aeméempindoctor layer,
a fifth insulating film formed as a side wall in 76

of the second planar sem conductor |ayer, the region of the

second pl anar sem conductor | ayer being bel ow the second

pil |l ar-shaped sem conductor | ayer,

a fourth high-concentration sem conductor |ayer of the
first conductivity type which is fornmed in an upper region
of the second pillar-shaped sem conductor |ayer,

a second gate insulating filmformed on the side wall
of the second pillar-shaped sem conductor |ayer between the
third high-concentration sem conductor |ayer and the fourth
hi gh- concentrati on sem conductor |ayer so as to surround the
second pillar-shaped sem conductor |ayer,

a second netal filmfornmed on the second gate
insulating filmso as to surround the second gate insulating
film

a second sem conductor filmfornmed on the second net al
filmso as to surround the second netal film

a second gate el ectrode including the second netal film
and the second sem conductor film

a fourth insulating filmfornmed between the second gate

el ectrode and the second pl anar sem conductor | ayer,

a fifth insulating filmforned as a side wall in



contact with the upper surface of the second gate electrode and the side wall of an upper portion of the
second pillar-shaped semiconductor layer so as to surround the upper region of the second
pillar-shaped semiconductor layer, a sixth insulating film formed as a side wall in contact with the
side walls of the second gate electrode and the fodtéh insulating film so as to surround the second gate
electrode and the fourth insulating film, a fourth metal semiconductor compound formed on the
upper surface of a portion of the third high-concentration semiconductor layer, the portion being
formed in a region below the second pillar-shaped semiconductor layer, a fifth metal

semiconductor compound formed on the upper surface of the second gate electrode, and a sixth
metal semfc@nidaeior Wohipduh@ fHRREA obUhé apPePEuifiE sedRTEuARRyIEESSEd R R ion

semiconductor IfaMer, : wh\{%%ﬂ] ths first gate insulatin{;.film isFo red with th firsf Pillar-shaped
semicond&rt]gr Iay(gr,%gﬁrs ta ilmzf"t]heuﬁ%?rse%%or{oﬂ%toor fil ,&esﬁr%{)f?] ul%l'tinget‘ﬁrh, and the

second in%pgmgdfilgbm cthedlirst metzplawr@ris é:gvgréedt\“it@mer@'@haa[q«,igsw?g@g film, the first

semiconductor film, and the second insulating film, the second gate insulating film is covered with the

77 secondriipreshagpiedt semisecductoplayearthe isapend setalddmd et secdraygamiconductor film,

the fourth insulating film, and the fifth insulating film, and  the second metal film is covered with the

second gate instfatfrigilh, ithe Yeédnd8erhidofdlieforifn agndtte fifth M@llatihg film. [Claim 8] The

semiconductor. device afbord'ﬁlﬁq to.Claim 7, herai)n the first gate insulating film and the first metal
il th 5

film are m&@&bRE mAehd m%'kgg tH@'fills? tBhsistt air& c%%e%t?yp? : a{n%de 4RE second
gate insulgting flgy ardhthesanond gt filmess maderdf amatei dhatiaakes Kigsepand transistor

an enhancement type.

el ectrode and the fourth insulating film

a fourth nmetal sem conduct or conpound forned on the
upper surface of a portion of the third high-concentration
sem conductor |ayer, the portion being fornmed in a region
bel ow t he second pill ar-shaped sem conductor |ayer,

a fifth netal sem conductor conpound forned on the
upper surface of the second gate el ectrode, and

a sixth netal sem conductor conpound forned on the
upper surface of the fourth high-concentrati on sem conduct or
| ayer,

wherein the first gate insulating filmis covered with
the first pillar-shaped sem conductor |ayer, the first netal
film the first sem conductor film the first insulating
film and the second insulating film

the first metal filmis covered with the first gate
insulating film the first sem conductor film and the
second insulating film

the second gate insulating filmis covered with the



[Claim 9] The semiconductor device according to Claim 7 or 8, wherein the thickness of the second
insulating film is larger than the sum of the thickness of the first gate insulating film and the thickness
of the first metal film. [Claim 10] The semiconductor device according to any one of Claims 7 to 9,
wherein the length from a center of the first pillar-sh@aped semiconductor layer to an end of the first
planar semiconductor layer is larger than the sum of the length from the center to the side wall of the
first pillar- 78 shaped semiconductor layer, the thickness of the first gate insulating film, the thickness
of the first gate electrode, and the thickness of the third insulating film. [Claim 11] The
semiconductor device according to any one of Claims 7 to 10, wherein the first conductivity type is a
n+ type; theesdAdRidndatidRADBE i$ 8 MbaPpetuinr |1A¥Sirst dritess@mensliardiped

semicondt*clt?r layers and the f(iJst and seco Ianaf S miconﬁluci‘or Ia){%rs are CPrarx] osed of silicon.
ce,

d
[Claim 12] R m‘ge%eo$%?%panu§§é?uﬁﬂg usCeP icondudtbr EI HMHE Methda'be g'; anpted for
manufactulrilngr{pe §ﬁa1iqqﬂ§quqrtq§vliq?$@¢c&rgi,q§ tpiQIﬁ'ﬁm Arfnd comprising: a step of preparing a

first structure including a first planar semiconductor layer, the first pillar-shaped semiconductor
layer formed on thiedirsigaanar seshmontluctor iayec andreelani mask foemsslcamthegap@er surface of
the first pillar-shaped semiconductor layer, the first high-concentration semiconductor layer formed in a
lower regioetinatfirspifial-shapdtessfeonducemfRraratRa rehlom ofaRd fitdtelanar

fifth insulating film
[ O ai m 8]

The sem conduct or device according to Claim?7,

Wherein the first gate insulating filmand the first
netal filmare nade of a material that makes the first
transi stor an enhancenent type; and

the second gate insulating filmand the second net al
filmare nmade of a material that makes the second transistor
an enhancenent type.

[Caim9]

The sem conduct or device according to Claim?7 or 8,
wherein the thickness of the second insulating filmis
| arger than the sum of the thickness of the first gate
insulating filmand the thickness of the first netal film
[ C ai m 10]

The sem conduct or devi ce according to any one of C ains
7 to 9, wherein the length froma center of the first
pill ar-shaped sem conductor |ayer to an end of the first
pl anar sem conductor |ayer is larger than the sum of the

length fromthe center to the side wall of the first pillar-



semiconductor layer, the region of the first planar 79 semiconductor layer being disposed below the
first pillar-shaped semiconductor layer, and a first insulating film formed on the first planar
semiconductor layer; a step of sequentially forming a seventh insulating film, a third metal film, and
a third semiconductor film on the first structure; 78 step of etching the third semiconductor film to
leave the third semiconductor film as a side wall on the side wall of the first pillar-shaped
semiconductor layer; a step of etching the third metal film to leave the third metal film as a side
wall on the side wall of the first pillar-shaped semiconductor layer; a step of etching the seventh

insulating film to leave the seventh insulating film as a side wall on the side wall of the first
pillar-shapeBaRescesdigondyst: @ndl ay f step b fériiick REdaEItRfsehfiGoriductdr MRt éh the

manuiact MG EoOnEUbDY dolie dAE SRR T Blai o Hufitr CBMBGhS ! Weiep of
depqsiting(ﬁ]@ftlf ﬁ%n’uﬂ'qgr@klﬁggg_ilrafoqtllqg rgp,yl;qptirp@tgrigl[ q?fr{aeﬁte?prpf forming the fourth
semiconductor film, and planarizing and etching back the 80 fifth'semiconductor film, the fourth
semicondyadbrafilm, Bbp the third semiconductor film to expose an upper region of the first metal film;
The sem conduct or devi ce according to any one of C ains
7 to 10,
wherein the first conductivity type is a n* type;
the second conductivity type is a p* type; and
the first and second pill ar-shaped sem conductor |ayers
and the first and second planar sem conductor |ayers are
conposed of silicon.
[C aim12]
A net hod for manufacturing a sem conductor device, the
nmet hod bei ng adapted for manufacturing the sem conduct or
device according to Caim1 and conpri sing:
a step of preparing a first structure including
a first planar sem conductor | ayer,
the first pillar-shaped sem conductor |ayer formnmed
on the first planar sem conductor |ayer and a hard nmask
formed on the upper surface of the first pillar-shaped
sem conduct or | ayer,
the first high-concentration sem conductor | ayer
formed in a lower region of the first pillar-shaped
sem conductor layer and in a region of the first planar

sem conductor |ayer, the region of the first planar



a step of etching the third metal film and the seventh insulating film to expose the side wall of an upper
portion of the first pillar-shaped semiconductor layer, thereby forming the first metal film and the first
gate insulating film; and a step of forming a first oxide film on the resultant material of the step of
forming the first metal film and the first gate insula@®g film. [Claim 14] A method for manufacturing
a semiconductor device, the method being adapted for manufacturing the semiconductor device
according to Claim 1 and comprising: a step of preparing a second structure including a first planar
semiconductor layer, the first pillar-shaped semiconductor layer formed on the first planar
semiconductor layer, the first high-concentration semiconductor layer formed in a lower region of the
first pillar-shape® S8 cREUEioP TayeR @t iR rRgioH SRASSPstRARAY desicbhdddtor layer, the
region of the first Iﬂ\ar se iconauctor Ia%/er einlg dis;Posed below the first pillar-shaped
semiconductor ldyer, &Y a?irs‘?fpg% e Tetathg iR B medoH the3ie wall of an intermediate region of

the first pillar-shaped semjGongducion iayessPRy 10 JUHGUCHRR st Ril-shansd samiggpductor

layer, a first metal film formed on the first gate insulating film so as to surround the first gate
insulating film, a $ietiseoncluwtustor faiyeiormed on the first metal film so as to surround the first metal
film, a first gate electrode including the first metal film and the first semiconductor film, and

a step of sequentially form ng a seventh insulating
film a third metal film and a third sem conductor filmon
the first structure;

a step of etching the third sem conductor filmto | eave
the third sem conductor filmas a side wall on the side wall
of the first pillar-shaped sem conductor |ayer;

a step of etching the third netal filmto | eave the
third netal filmas a side wall on the side wall of the
first pillar-shaped sem conductor |ayer;

a step of etching the seventh insulating filmto | eave
the seventh insulating filmas a side wall on the side wall
of the first pillar-shaped sem conductor |ayer; and

a step of formng a fourth sem conductor filmon the
resultant material of the step of etching the seventh
insulating film
[C ai m 13]

The nethod for manufacturing a sem conductor device
according to Caim12, further conpri sing:

a step of depositing a fifth sem conductor filmon the

resultant material of the step of formng the fourth

sem conductor film and planarizing and etchi ng back the



a first insulating film formed between the first gate electrode and the first planar semiconductor layer;
and a step of implanting an impurity into an upper region of the first pillar-shaped semiconductor
layer of the second structure at an angle of 10 to 60 degrees with respect to 0 degree of a line
perpendicular to a substrate, thereby forming a se&nd high-concentration semiconductor layer of the
same conductivity type as the first high-concentration semiconductor layer. [Claim 15] A method
for manufacturing a semiconductor device, the method being adapted for manufacturing the
semiconductor device according to Claim 1 and comprising: 82 a step of preparing a third structure

including a f_irstg%Ianar semiconductor layer, the first pillar-shaped semiconductor layer formed on
the first pldndrisensieshdrirgiuayer, fitHs filsbRighottidensafibs QBRI RIuctdr!18YerdBEmed in a

lower region of the first pillat-shaped semi | di ion of the first pl
somiconc15r b} S PG BRHSS At bl Lo ML cH oy g SpBLed below the frs:

pillar-shapedsemicQpdypterlayes, | m @ second high-concentration semiconductor layer formed in an
upper region of the first pillar-shaped semiconductor layer and having the same conductivity type as
the first high-conaestratproserstconngtot kayer hi r ch finst gatefinsutatingl fitnh éorseackan the side wall
of the first pillar-shaped semiconductor layer between the first high-concentration semiconductor layer
and the selcBAHIhfdH-B6nddrttioR nessdidisr Blyeesyvak ko 8lirralnd BiRefirsPPlilar-8Raped
oraﬂed on thzﬁérst €ate ilnsulating film so as to surround the
t

semicondugtor layer, . first metal fim f
first gate iﬁcs}tulzgtﬁgg {iIH,%ﬁ‘irQ{igﬁrcb BRGH it OGS HR fifstYEd met ‘?ﬁrﬁb% as to surround
the first Mg} #Mhg the first netal filmand the first gate insul ating

film and

a step of forming a first oxide filmon the resultant
material of the step of formng the first netal filmand the
first gate insulating film
[ A ai m 14]

A net hod for manufacturing a sem conductor device, the
nmet hod bei ng adapted for manufacturing the sem conduct or
device according to Claim1 and conpri sing:

a step of preparing a second structure including

a first planar sem conductor | ayer,

the first pillar-shaped sem conductor |ayer forned
on the first planar sem conductor | ayer,

the first high-concentration sem conductor | ayer
formed in a lower region of the first pillar-shaped

sem conductor layer and in a region of the first planar

sem conductor |ayer, the region of the first planar

sem conduct or | ayer being di sposed bel ow the first

pi | | ar-shaped sem conductor | ayer,



a first gate electrode including the first metal film and the first semiconductor film, and a first
insulating film formed between the first gate electrode and the first planar semiconductor layer; a
step of forming an eighth insulating film on the third structure; and a step of etching the eighth
insulating film so as to leave the eight insulating filBllas a side wall on the upper surface of the first
gate electrode and on the side wall of an upper portion of the first pillar-shaped semiconductor layer,
thereby forming a second insulating film. [Claim 16] A method for manufacturing a semiconductor
device, the method being adapted for manufacturing the semiconductor device according to Claim 1

and comprising: a step of preparing a fourth structure including a first planar semiconductor layer,
the first pillar-shaped sémidon8itic@® i dr fsihed bR%hd FitstplpiarRenfcordiR & 188er, the first
high-concentration semiconductor layer formed in a lower region of the first pillgr;shaped

7 CPn g ] g c%o?h 1

semiconductor Iavy\/%r and i %nre'gf% of'th 'fi?‘st%la(rﬁe ' i@ néuh I'ag/g,t}‘?é régﬁéﬁ of the first
planar 84 semicghdytar LYRT PegtisRASadRRIPWLRe JsstiylaiinapgH seecnqycier layer,  a

second high-concentration semiconductor layer formed in an upper region of the first pillar-shaped
semiconductor |gyel had-hsivangeitiessami e oaodiattivity ypeeas the first high-concentration
semiconductor layer,
a first netal filmformed on the first gate
insulating filmso as to surround the first gate
insulating film
a first sem conductor filmforned on the first
metal filmso as to surround the first nmetal film
a first gate electrode including the first netal
filmand the first sem conductor film and
a first insulating filmforned between the first
gate el ectrode and the first planar sem conduct or
| ayer; and
a step of inplanting an inpurity into an upper region
of the first pillar-shaped sem conductor |ayer of the second
structure at an angle of 10 to 60 degrees with respect to O
degree of a |line perpendicular to a substrate, thereby
formng a second hi gh-concentrati on sem conductor | ayer of
the same conductivity type as the first high-concentration
sem conductor | ayer.
[ C ai m 15]

A net hod for manufacturing a sem conductor device, the

met hod bei ng adapted for manufacturing the sem conduct or

devi ce according to Claim1 and conpri sing:



a first gate insulating film formed on the side wall of the first pillar-shaped semiconductor layer
between the first high-concentration semiconductor layer and the second high-concentration
semiconductor layer so as to surround the first pillar-shaped semiconductor layer, a first metal
film formed on the first gate insulating film so as to8irround the first gate insulating film, a first
semiconductor film formed on the first metal film so as to surround the first metal film, a first gate
electrode including the first metal film and the first semiconductor film, a first insulating film formed
between the first gate electrode and the first planar semiconductor layer, a second insulating film
formed as a side wall in contact with the upper surface of the first gate 85 electrode and the side walll
of an upper portién 9F 8t st pliIgR3AANEH 3efiondusior Weidi’se ddel siftdithd an upper region of
the first pillar-shaped sem}condtuctolr Iaﬁ/er, a thirdﬁjns Iatinﬁ; film formed as a side wall in contact
with the side walls of thd flrgtrg':'atepel(gl Jde>ana e e m%trjlati%‘?irlm S0 as to surround the first gate

electrode and the first ipgidating 8im.@nd ar - shARbrss GRS RIGRRRACtPA R e rshaate

electrode;
on the first planar sem conductor | ayer,

the first high-concentration sem conductor | ayer
formed in a lower region of the first pillar-shaped
sem conductor layer and in a region of the first planar
sem conductor |ayer, the region of the first planar
sem conduct or | ayer being di sposed bel ow the first
pi |l | ar-shaped sem conductor | ayer,

a second hi gh-concentrati on sem conductor | ayer
formed in an upper region of the first pillar-shaped
sem conductor |ayer and having the sane conductivity
type as the first high-concentration sem conduct or
| ayer,

a first gate insulating filmfornmed on the side
wall of the first pillar-shaped sem conductor | ayer
between the first high-concentration sem conductor
| ayer and the second hi gh-concentration sem conduct or
| ayer so as to surround the first pillar-shaped
sem conduct or | ayer,

a first netal filmforned on the first gate
insulating filmso as to surround the first gate
insulating film

a first sem conductor filmforned on the first



a step of forming a contact stopper on the fourth structure; a step of forming an interlayer insulating
film so as to fill the resultant material of the step of forming the contact stopper; a step of forming a
first resist on the interlayer insulating film except on the first pillar-shaped semiconductor layer; a
step of etching the interlayer insulating film to form8&first contact hole in the interlayer insulating film; a
step of removing the first resist; a step of forming a second resist on the result of the step of
removing the first resist except on the first planar semiconductor layer and on the first gate line; 86

a step of etching the interlayer insulating film to form, in the interlayer insulating film, a second contact

hole on the first planar semiconductor layer and a third contact hole on the first gate line; a step of
removing the sedBridelesfst! dABO assied STUbFRAGH filkechhtast diBBbSed bhlthe first pillar-shaped

semiconductor layer, a se clarrld fontatct dis oszcg on the fi[:s't pl nar se ic?riqucttor Ia¥%r|, and a third
contact disposed on théfirst g%l e 15 f (el tcon‘?aét%olé’, he%ecofid cohtict 6

e, and the third
contact hole, respe¢tiMeld the first semiconductor film and

a first insulating filmforned between the first
gate el ectrode and the first planar sem conduct or

| ayer;

a step of formng an eighth insulating filmon the
third structure; and

a step of etching the eighth insulating filmso as to
| eave the eight insulating filmas a side wall on the upper
surface of the first gate electrode and on the side wall of
an upper portion of the first pillar-shaped sem conductor
| ayer, thereby formng a second insulating film
[ O ai m 16]

A net hod for manufacturing a sem conductor device, the
nmet hod bei ng adapted for manufacturing the sem conduct or
device according to Claim1 and conpri sing:

a step of preparing a fourth structure including

a first planar sem conductor | ayer,

the first pillar-shaped sem conductor |ayer forned
on the first planar sem conductor | ayer,

the first high-concentration sem conductor | ayer
formed in a lower region of the first pillar-shaped
sem conductor layer and in a region of the first planar

sem conductor |ayer, the region of the first planar
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sem conductor | ayer being di sposed below the first
pill ar-shaped sem conductor |ayer,

a second hi gh-concentrati on sem conductor | ayer
formed in an upper region of the first pillar-shaped
sem conductor | ayer and having the sane conductivity
type as the first high-concentration sem conduct or
| ayer,

a first gate insulating filmfornmed on the side
wall of the first pillar-shaped sem conductor | ayer
between the first high-concentration sem conductor
| ayer and the second hi gh-concentration sem conduct or
| ayer so as to surround the first pillar-shaped
sem conduct or | ayer,

a first netal filmformed on the first gate
insulating filmso as to surround the first gate

insulating film

a first sem conductor filmfornmed on the first
metal filmso as to surround the first nmetal film

a first gate electrode including the first netal
filmand the first sem conductor film

a first insulating filmforned between the first
gate el ectrode and the first planar sem conduct or
| ayer,

a second insulating filmforned as a side wall in

contact with the upper surface of the first gate
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el ectrode and the side wall of an upper portion of the

first pillar-shaped sem conductor |ayer so as to

surround an upper region of the first pillar-shaped
sem conduct or | ayer,

athird insulating filmfornmed as a side wall in
contact with the side walls of the first gate

el ectrode and the first insulating filmso as to

surround the first gate electrode and the first

insulating film and
the first gate line connected to the first gate
el ectr ode;

a step of formng a contact stopper on the fourth
structure;

a step of formng an interlayer insulating filmso as
to fill the resultant material of the step of formng the
contact stopper;

a step of formng a first resist on the interl ayer
insulating filmexcept on the first pillar-shaped
sem conductor | ayer;

a step of etching the interlayer insulating filmto
forma first contact hole in the interlayer insulating film

a step of renoving the first resist;

a step of formng a second resist on the result of the
step of renoving the first resist except on the first planar

sem conductor |ayer and on the first gate |ine;
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a step of etching the interlayer insulating filmto
form in the interlayer insulating film a second contact
hole on the first planar sem conductor layer and a third
contact hole on the first gate |ine;

a step of renoving the second resist; and

a step of formng a first contact disposed on the first
pill ar-shaped sem conductor |ayer, a second contact disposed
on the first planar sem conductor |ayer, and a third contact
di sposed on the first gate line in the first contact hol e,

t he second contact hole, and the third contact hol e,

respectively.





