- 1 - DESCRI PTI ON METHOD FOR PRODUCI NG SEM CONDUCTOR DEVI CE AND

SEM CONDUCTOR DEVI CE Technical Field [0001] The present invention
relates to a method for producing a sem conductor device and a
sem conduct or devi ce. Background Art [0002] The degree of integration

of sem conductor integrated circuits, in particular, integrated circuits
using MOS transistors has been increasing. Wth the increasing degree of
integration, the size of MOS transistaors used in integrated circuits has
been decreased to nano-scal e di nensi'ons.” Such a decrease in the size of MOS
transi stors causes difficulty in suppressing |eak currents, which poses a
problemin that it is hard to reduce the area occupied by the circuits
because of the requirenents of tIBESEWPRT GNtention of necessary currents.
To address the problem a surrounding gate transistor (hereinafter referred
to as " SHETHOD sROR gPROBUCI NG UBEMI CONBIICTOR RBEVIrcte, AND dgsiEM, CaMDUGI @R ai n ar e
arranged vertically with respect to a substrate and a gate el ectrode
surrounddEd @1 | ar - shaped semi conductor | ayer has been proposed (e.g.,

refer to PTL 1, PTL 2, and PTL 3). - 2 - [0003] In an existing

met hod flacipricRlcifiglagh SGT, a silicon pillar on which a nitride film hard
mask is fornmed in a pillar shape is forned, a diffusion layer is fornmed in
a | ower [ Q%lon of the silicon pillar, a gate material is then deposited,
the gate material is then planarized and etched back, and an insul ating
film sidewal IThes Pf &SeEd dMVERE | SNdé BhAIIESoft Ot e NELINCLL A O IPr KAULAAG: he

nitride film.hard, nask. Subhsequently, a.resist pattern for formng a gate
i ne 1o 3 orotic DT ST BT 1 SR G QO 1 | o her d ok 1

then remmved. and a, diffusion layer is formed in an upper portion of the
siIicoHE%é%Qﬁo%Qggﬁﬂ refer to PTL 4). [0004] In such a nmethod, when
t he di st between the silicon pillars is decreased, a thick gate

nateriaﬂ needs to be deposited between the silicon pillars and thus hol es

cal | ed voids T'ﬁ%ygl%?é‘:(j—;‘er 84 i ReNE R i ORE o lsie%’?o?lidlulc‘i”o?' i'nfrt]ieﬁgiagzec .reV\hen an

formed, holes are in the gate material after the etcl _

ool 2192 G0re S I8 RS e AABOT I Lo g s el e

mat eri alt RGP -hdLW&n i ncreasing. Wth the increasing degree
of integration, the size of MOS transistors used in
integrated circuits has been decreased to nano-scale
di mensi ons. Such a decrease in the size of MOS transistors
causes difficulty in suppressing | eak currents, which poses
a problemin that it is hard to reduce the area occupi ed by
the circuits because of the requirenents of the secure
retenti on of necessary currents. To address the problem a
surroundi ng gate transistor (hereinafter referred to as
"SGI") having a structure in which a source, a gate, and a
drain are arranged vertically with respect to a substrate
and a gate el ectrode surrounds a pillar-shaped sem conduct or

| ayer has been proposed (e.g., refer to PTL 1, PTL 2, and
PTL 3).



In view of the foregoing, it has been disclosed that a silicon pillar is
formed, a gate oxide filmis then formed, - 3 - a thin polyslllcon Is
deposited, a resist that covers an upper portion of the silicon pillar and
Is used to forma gate line Is then forned, a gate line Is etched, a thick
oxide filmls then deposited, the upper portion of the silicon pillar Is
caused to be exposed, the thin polyslllcon on the upper portion of the
silicon pillar Is renmoved, and the thick oxide filmls renoved by wet
etching (e.g., refer to NPL 1). [0006@ ) However, a nethod In w nch a
metal |Is used for gate electrodes Is not described. In addition, a resist
that covers an upper portion of the silicon pillar and I's used to forma
gate |ireo0@Eyds to be formed. Therefore, the upper portion of the silicon
pillar needs to be covered and thus such a nethod Is not perforned In a
sel f-al |l gnedlpr @aeexi sCi that inen hloids tf ofPa tpe otd ulcii they @nuISEST], 0@0B]i | | conPTL
1: Japanese Unexam ned Patent Application

pillar on which a nitride filmhard mask is forned in a

pillar shape is formed, a diffusion layer is fornmed in a

| oner portion of the silicon pillar, a gate material is then

deposited, the gate material is then planarized and etched

back, and an insulating filmsidewall is fornmed on the side

wal |l of the silicon pillar and the nitride filmhard mask

Subsequently, a resist pattern for formng a gate line is

formed, the gate material is etched, the nitride filmhard

mask is then renoved, and a diffusion layer is fornmed in an

upper portion of the silicon pillar (e.g., refer to PTL 4).

[ 0004]

In such a nethod, when the distance between the silicon

pillars is decreased, a thick gate material needs to be

deposited between the silicon pillars and thus holes called

voi ds nmay be fornmed between the silicon pillars. [If voids

are formed, holes are made in the gate material after the

etching back. Wen an insulating filmis then deposited to

forman insulating filmsidewall, the insulating filmis

deposited in the voids. This causes difficulty in gate

mat eri al processing.

[ 0005]

In view of the foregoing, it has been disclosed that a

silicon pillar is forned, a gate oxide filmis then formed,



Publ i cati on No. 2-71556 PTL 2: Japanese Unexam ned Patent Application
Publ i cati on No. 2-188966

a thin polysilicon is deposited, a resist that covers an
upper portion of the silicon pillar and is used to forma
gate line is then forned, a gate line is etched, a thick
oxide filmis then deposited, the upper portion of the
silicon pillar is caused to be exposed, the thin polysilicon
on the upper portion of the silicon pillar is renoved, and
the thick oxide filmis renoved by wet etching (e.g., refer
to NPL 1).
[ 0006]

However, a nethod in which a netal is used for gate
el ectrodes is not described. In addition, a resist that
covers an upper portion of the silicon pillar and is used to
forma gate line needs to be forned. Therefore, the upper
portion of the silicon pillar needs to be covered and thus
such a nmethod is not perforned in a self-aligned process.
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Summary of Invention
Techni cal Probl em
[ 0009]

It is an object of the present invention to provide a
nmet hod for producing an SGT in which a thin gate material is
used, a netal gate is enployed, and a self-aligned process
is performed and an SGI structure obtained by the nethod.
Sol ution to Probl em
[ 0010]

A net hod for producing a sem conductor device according
to a first aspect of the present invention includes:

a first step including formng a planar silicon |ayer
on a silicon substrate, and

formng a first pillar-shaped silicon |ayer and a
second pillar-shaped silicon [ayer on the planar silicon
| ayer;

a second step including, after the first step, formng

a gate insulating filmaround each of the first pillar-



Pat ent Application Publication No. - 4 - 2009-182317 Non Patent Literature
[ 0008] NPL 1: B. Yang, K D. Buddharaju, S.H G Teo, N Singh, G D

Lo, and D.L. Kwong, "Vertical Srllcon-Nanowire Formation and
Gate- Al | - Around MOSFET", |EEE El ectron Device Letters, VOL. 29, Na. 7, July
2008, pp 791-794. Sunmmary of Invention Technical Problem[0009] It Is
an object of the present Invention to provide a nethod for producing an SGI
In winch a thin gate material |s used, a netal gate |Is enployed, and a
self-al Il gned process |Is perforned and 2an SGT structure obt ai ned by the

met hod. Sol ution to Problem

shaped silicon |l ayer and second pillar-shaped silicon |ayer,
formng a netal filmand a polysilicon film around the
gate insulating film

the thickness of the polysilicon filmbeing smaller
than half of a distance between the first pillar-shaped
silicon layer and the second pillar-shaped silicon |ayer,

formng a third resist for formng a gate |line, and

formng the gate |ine by perform ng ani sotropic
et ching; and

athird step including, after the second step,
depositing a fourth resist so that a portion of the
polysilicon filmon an upper side wall of each of the first
pillar-shaped silicon |ayer and second pillar-shaped silicon
| ayer is exposed, renoving the exposed portion of the
polysilicon filmby etching, renoving the fourth resist, and
removing the nmetal filmby etching to forma first gate
el ectrode and a second gate el ectrode connected to the gate
l'ine.

[ 0011]

In the nethod, upper portions of the first pillar-
shaped silicon |layer and second pillar-shaped silicon |ayer
are etched by the anisotropic etching.

[0012]
In the nethod, an upper surface of the third resist for

formng the gate line is located at a | ower position than an



[ 0010] A nmet hod for producing a sem conductor device according to a
first aspect of the present Invention Includes: a first step
Including farmng a planar silicon |ayer on a silicon substrate, and
farmng a first pillar-shaped silicon |ayer and a second pill ar-shaped
silicon layer on the planar silicon |ayer; a second step Including,
after the first step, farmng a gate insulating film around each of the
first pillar- - 5 - shaped silicon |ayer and second pillar-shaped silicon
| ayer, formng a netal filmand a polysilicon filmaround the gate
insulating film the thickness of the polysilicon filmbeing smaller
than half of a distance between the first pillar-shaped silicon |ayer and
the secansperi |darf-sdepsd tsid iparydidyieron ffarimingn aeddh raf regss sti dfgar for mi ng
a gate line, and formng the gate |ine by perform ng ani sotropic

et chi ng;pidrdar - shaped tdiilric &t dpayerclardl rgpcaid g Itlher -sHtapet ssidp,con
depositing a fourth resist so that a portion of the polysilicon filmon an
upper sildyenal| of each of the first pillar-shaped silicon |ayer and second
pillar-shaped silicon |ayer is exposed, renoving the exposed portion of the
pol ysi | i[d¥HL3]i I m by etching, renoving the fourth resist, and renoving the
nmetal filmby etching to forma first gate el ectrode and a second gate

el ectrode codhect@d hogl s tdhere i Ncheldeso@rfourth stiep i ME! wsh R@d, upper
portions of the first pillar-shaped silicon | ayer and second pillar-shaped
silicon fAYBMG& fétf&{ed"'ﬂ;b/ﬁ%éﬁafrﬁLé%tQ%dideét dHl ) upper portion

of the first pillar-shaped silicon |ayer,

form ng a second n-type diffusion layer in a | ower
portion of the first pillar-shaped silicon layer and in an
upper portion of the planar silicon |ayer,

formng a first p-type diffusion |layer in an upper
portion of the second pillar-shaped silicon |ayer, and

form ng a second p-type diffusion layer in a | ower
portion of the second pillar-shaped silicon layer and in an
upper portion of the planar silicon |ayer.

[ 0014]

The nmethod further includes a fifth step including
formng silicides on the first n-type diffusion |ayer, the
second n-type diffusion layer, the first p-type diffusion
| ayer, the second p-type diffusion |ayer, and the gate |ine.
[ 0015]

A sem conductor device according to a second aspect of
the present invention includes:

a planar silicon layer formed on a silicon substrate;

first and second pillar-shaped silicon |ayers fornmed on



[ 0012] In the nmethod, an upper surface of the third resist for

formng the gate line is located at a | ower position than an - 6 - upper
surface of the polysilicon filmon each of the first pillar-shaped silicon
| ayer and second pillar-shaped silicon [ayer. [0013] The net hod

further includes a fourth step including formng a first n-type diffusion
| ayer in an upper portion of the first pillar-shaped silicon |ayer,
form ng a second n-type diffusion layer in a | ower portion of the first
pillar-shaped silicon [ayer and in an ‘upper portion of the planar silicon

| ayer, formng a first p-type diffusion layer in an upper portion of
the second pillar-shaped silicon |ayer, and formng a second p-type
di f f usi arhd gleanam i llioyer Ipydri;on of the second pillar-shaped silicon

| ayer and in an upper portion of the planar silicon |ayer. [0014] The

met hod further gane udessl atfiinfgt fii $thed or meldudir oginfdort tiend i sislti @i désren t he
first n-type diffusion |ayer, the second n-type diffusion |ayer, the first
p-type dilfdped i llisg@r,| ayey ;second p-type diffusion |ayer, and the gate
i ne. [0015] A sem conduct or device according to a second aspect of
t he present ienyénmtsitomait gcleli@ssr osleplhavamasia il eom Nad sk St dueddirén 04 silicon
SUbSITaL S et a1 and & polysili Con il m Both of which Ars . O
formed around the gate insulating film
a gate insulating filmfornmed around the second pillar-
shaped silicon |ayer;
a second gate el ectrode having a | am nated structure of
a netal filmand a polysilicon film both of which are
formed around the gate insulating film
the thickness of each of the polysilicon filnms being
smal l er than half of a distance between the first pillar-
shaped silicon |layer and the second pillar-shaped silicon
| ayer;
a gate line connected to the first and second gate
el ectrodes;
an upper surface of the gate line being |ocated at a
| oner position than upper surfaces of the first and second
gate el ectrodes;
a first n-type diffusion |ayer fornmed in an upper
portion of the first pillar-shaped silicon |ayer;
a second n-type diffusion layer fornmed in a | ower

portion of the first pillar-shaped silicon layer and in an

upper portion of the planar silicon |ayer;



- 7 - the planar silicon |ayer; a gate insulating filmfornmed around
the first pillar-shaped silicon |ayer; a first gate el ectrode having
a lamnated structure of a netal filmand a polysilicon film both of which
are formed around the gate insulating film a gate insulating film
formed around the second pillar-shaped silicon |ayer; a second gate
el ectrode having a lam nated structure of a netal filmand a polysilicon
film both of which are formed around the gate insulating film t he
t hi ckness of each of the polysilicoﬁ'ﬁ I'ms being smaller than half of a

di stance between the first pillar-shaped silicon |ayer and the second
pillar-shaped silicon |ayer; a gate line connected to the first and
second gate el ¢¢trsedgsitype di fausippel ayerf &oe nefd 4 ime agatpplerne bei ng

| ocated at a | ower position than upper surfaces of the first and second
gate el guirrtadms;of the sedondtpir-ltarpesagddissidn daydrayar;mechd n an upper

portion of the first pillar-shaped silicon |ayer; a second n-type
di f f usi on | ayesefcongedg-itiype [doviéuspont il eryesf ftoerefd i $t apil lover- shaped
silicon layer and in an upper portion of the planar silicon |layer; - 8 -

portion of the second pillar-shaped silicon layer and in an
upper portion of the planar silicon |ayer.
[ 0016]

In the sem conductor device, the gate line has a
| am nated structure of the netal filmand a silicide.
[0017]

In the sem conductor device, the thickness of the
insulating filmsidewall fornmed on a side wall of the first
n-type diffusion layer is larger than the sum of the
t hi cknesses of the netal filmand polysilicon film
[ 0018]

In the sem conductor device, the center |line of the
gate line is displaced froma line that connects a center
point of the first pillar-shaped silicon |layer to a center
point of the second pillar-shaped silicon |ayer by a first
pr edet er mi ned di st ance.

[0019]

The sem conductor device further includes silicides
formed on the first and second n-type diffusion |ayers and
the first and second p-type diffusion | ayers.

Advant ageous Effects of Invention

[ 0020]



a first p-type diffusion |ayer forned in an upper portion of the second
pillar-shaped silicon | ayer; and a second p-type diffusion | ayer
formed in a | ower portion of the second pillar-shaped silicon layer and in
an upper portion of the planar silicon layer. [0016] In the

sem conductor device, the gate line has a | am nated structure of the netal
filmand a silicide. [0017] In the sem conduct or device, the

t hi ckness of the insulating filmsidewall formed on a side wall of the
first n-type diffusion layer is Iargeﬁ than the sum of the thicknesses of
the metal filmand polysilicon film [0018] In the sem conduct or
device, the center line of the gate line is displaced froma |ine that

connects a cewicer dp®ignt coft hieh@ridsesit pinlvieat 1 mapedesid iceon beayer to a
center point of the second pillar-shaped silicon |ayer by a first
pr edet erpricvaddet s aretehod GCA9]pr oduci nidhears &L andudtiarh deviloen fgattder
includes silicides forned on the first and second n-type diffusion | ayers
and t he rMatresti alnd Sacadl @ tiygiaealdigdtusiion drpyleryed Advathtagelds Ef f ect s of
Inventi%ﬂi[éﬁgg”prdcézé is perfornmed and an SGTI structure obtained

by t he net hod.

The hei ght of each of the first pillar-shaped silicon
| ayer 104 and second pillar-shaped silicon |layer 105 is set
to be the sumof a desired height of the pillar-shaped
silicon layer and the height of a portion renoved by gate-
line etching perfornmed | ater, whereby a self-aligned process
i s achi eved.

[ 0021]

The nmethod for produci ng an SGT i ncl udes:

a second step including formng a gate insulating film
around each of the first pillar-shaped silicon | ayer and
second pillar-shaped silicon |ayer,

formng a netal filmand a polysilicon filmaround the
gate insulating film

the thickness of the polysilicon filmbeing snaller
than half of a distance between the first pillar-shaped
silicon layer and the second pillar-shaped silicon |ayer,

formng a third resist for formng a gate |line, and

formng the gate |ine by perform ng ani sotropic

et ching; and

a third step including, after the second step,



According to the present invention, there can be provided a nmethod for
producing an SGT in which a thin gate material is used, a netal gate is
enpl oyed, and a self-aligned process is performed and an SGT structure
obt ai ned by the nethod. The hei ght of each of the first pillar-shaped
silicon |l ayer 104 and second pillar-shaped silicon layer 105 is set to be
the sumof a desired height of the pillar-shaped silicon |ayer and the

hei ght of a portion renoved by gate-line etching perforned | ater, whereby a
self-aligned process is achieved. [OO%@]'The nmet hod for produci ng an SGT

i ncl udes: a second step including formng a gate insulating film
around each of the first pillar-shaped silicon | ayer and second

pi | I ar - shegpegd tdidg corf daytet ,r esi st dortmatg & pmttalod idfmtanel a pol ysilicon
filmaround the gate insulating film t he thickness of the

pol ysi | ipadry diillinodreifid rana laar up@er hsilde ofald dfsteawde dfettvieerf itrhet fir st
pillar-shaped silicon |ayer and the second pillar-shaped silicon |ayer,
form ng @ ltlr-cshaggadtsiflorcdrorlmyry saanfhtsedantk, pidrddar - shapdarstiligcare gate
line by performng anisotropic etching; and a third step including, after
the secdrdy&Jt df expased, depEitnthd ke fexpased gxrdti &b afhdthes portion of
the polysilicon filmon an upper side wall of each of the first

pi | | ar - SHApEsd 14iqqredr limyet elrhistbod®PViIng -idadedrdih ires Stayeind s
exposed, renmoving the exposed portion of the polysilicon film by etching,
renovi nd Qrﬂé"f%?‘thﬁ el f 'a{r{g e rfhsHd'g He rfé%'{a/m FifiihYy Wihing to form
a first gate el ectrode and a(fecond ate eufctrode con ecteﬂ1to t he gate

li ne. TG AN 31 FCUT FEFP fr FddLIs RHIRE QS %% - al i gned

processlq“hgms hi gh degree of integration.

Therefore, a self-aligned process is achieved.

Such a self-aligned process allows high degree of
i ntegration.

[ 0022]

The gate line has a | am nated structure of the netal
filmand a silicide. A direct contact between the silicide
and the netal filmcan decrease the resistance.

[ 0023]

The thickness of the insulating filmsidewall formed on
a side wall of the first n-type diffusion layer is |arger
than the sum of the thicknesses of the netal film and
polysilicon film

Even when a seventh resist is forned in a m saligned
manner and contact holes are fornmed by overetching, a short
circuit between a contact and the gate el ectrode can be
prevent ed.

[ 0024]



[ 0022] The gate line has a |lam nated structure of the nmetal film and
a silicide. A direct contact between the silicide and the netal filmcan
decrease the resistance. [0023] The thickness of the insulating film
sidewall forned on a side wall of the first n-type diffusion layer is

| arger than the sum of the thicknesses of the netal filmand polysilicon
film Even when a seventh resist is forned in a m saligned manner and
contact holes are forned by overetching, a short circuit between a contact
and the gate el ectrode can be preveht%g.'[0024] - 11 - The center
line of the gate line Is displaced froma |line that connects a center point
of the first pillar-shaped silicon |ayer to a center point of the second

pi |l ar-shapedhsl Icietomrr! ayere by ahe it epl ¢ohet ¢smdiep| dickidafic®m a A
sillclde that connects the second n-type diffusion layer to the second
p-type diiffauditat |cyraredts emssdnt drorpuadcht vafi dhhedn rasthipvd dri-gghajegt ee of
integration. Brief Description of Drawi ngs [ 0025] [fig. 1] fig. 1(A
s a pl & hicwm dfayersdm comiidter pevitceofaddwr dienpnad @i larbathiagad of the
present invention. Fig. 1(B) Is a sectional view taken along line X-X of
fig. 1(Mi.lifgqn lay®r ?tsyaa dotStoriiedateay maresh dilgrande.ne Y-Y' of fig.
1(A). [fig. 2] fig. 2(A) Is a plan view showi ng a nethod for
produci ng a e tbsdde dhadegiod@esd Sort dien§ecO®NdLinat ¥ Pentsbdif shoN fig. 2(B)
Is a sectional view taken along line X-X of fig. 2(A). fig. 2(C Is a
secti ondIaXATev Q 4k SRR IRId/RE Vil drusiian IAyer 1S easi| forted.
whi ch can achi eve hi gh degree of integration.
Brief Description of Draw ngs
[ 0025]
[Fig. 1] Fig. 1(A) is a plan view of a sem conduct or
devi ce according to an enbodi ment of the present invention.
Fig. 1(B) is a sectional view taken along line X-X of Fig.
1(A). Fig. 1(C is a sectional view taken along line Y-Y
of Fig. 1(A).
[Fig. 2] Fig. 2(A) is a plan view showi ng a nethod for
produci ng a sem conductor device according to this
enbodi ment. Fig. 2(B) is a sectional view taken along |ine
X-X of Fig. 2(A). Fig. 2(C is a sectional view taken
along line Y-Y of Fig. 2(A).
[Fig. 3] Fig. 3(A) is a plan view showi ng a nethod for
produci ng a sem conduct or device according to this
enbodinent. Fig. 3(B) is a sectional view taken along |ine
X-X of Fig. 3(A). Fig. 3(C is a sectional view taken
along line Y-Y' of Fig. 3(A).

[Fig. 4 Fig. 4(A) is a plan view showi ng a nethod for



[fig. 3] fig. 3(A) Is a plan view showi ng a nethod for producing a

sem conduct or device according to -Liars enbodinent. fig. 3(B) Is a
sectional view taken along line X-X of fig. 3(A). fig. 3(C Is a sectional
view taken along line Y-Y' of fig. 3(A). [fig. 4] fig. 4(A) Is a plan view
showi ng a nethod for - 12 - producing a sem conductor device according to
this enbodinent. fig. 4(B) Is a sectional view taken along |ine X-X of
fig. 4(A. fig. 4(C Is a sectional view taken along line Y-Y' of fig.

4(A) . [fig. 5] fig. 5(A) Is & pIL?an vi ew show ng a net hod for

produci ng a sem conductor device according to this enbodinent. fig. 5(B) Is
a sectional view taken along line X-X of fig. 5(A). fig. 5(C Is a

sect i onglr odi ngkers atiagndudteorY-déviafe fagcoradiAg to thidfig. 6] fig. 6(A
Is a plan view show ng a nmethod for producing a sem conductor device

accor di rgraaditrerd .enbodi. méiB) fiisga 6EB) i lonah seew orklenviadwnigakemeal ong
line X-X' of fig. 6(A). fig. 6(C) Is a sectional view taken along line Y-Y
of fig. (R .of Fig. [4(iA).. 7Fii.g4(D)A) sl & segltawnal ewi showiakgna net hod f or
produci ng a seni conductor device according to this enbodinent. fig. 7(B) Is
a sectiéaﬂnglﬂdvm&a\ke\h @forfg 9.i M A- X' of fig. 7(A) fig. 7(C Is a
sectional view taken along line Y-Y of fig. 7(A [fig. 8] fig. 8(A
I's a plan VI Wi Showlndri &- m.5t(I4’éd'f50ra M%U'W&@é‘ﬂnn@o@d@@ﬁ@pddé\ﬂ ce
according to this enbodi nent. 8\;63 Is a sectional view taken al ong

i ne X- 0T QRAUGREY B(SHM ¢ U@(Qf) CI% SAGYrHING ity tk&en along 1ine Y-Y

of fig. Ian i ew show,ng a, nethod for - 13

8 f
- pr oducﬁ'ﬁb&a Igcoﬁ%@ct %I( ESew cé‘ é@& F&’nﬁé V6 et &k @%bé‘(ljoﬁ‘gn '€ g. 9(B)
I [ I w t I A 9(0 |1
sZc?i 3%"@?2% t%{l&n gﬁ@ggal':o @5} e Pl %ecé %ﬁ af D e [t%lk& (12)] fslg
10(A) Is aqrgé em ﬁ/é @ho(w ng daf Irggt qd for producing a sem conductor device

accordi ng enbodi ment 10(B) Is a sectional viewtaken al ong

'Y'_ Q,e z)(]; Xfi 8‘_‘ ffé?,;-A) _%‘]Kﬁ 9. 116921060k I6F o S8 Ui WP TRk Fo R g 11 ne
produci ng a sem conductor device according to this
enbodiment. Fig. 6(B) is a sectional view taken along |ine
X-X of Fig. 6(A). Fig. 6(C) is a sectional viewtaken
along line Y-Y' of Fig. 6(A).

[Fig. 7] Fig. 7(A) is a plan view showi ng a nethod for
produci ng a sem conductor device according to this
enbodiment. Fig. 7(B) is a sectional view taken along |ine
X-X of Fig. 7(A). Fig. 7(C) is a sectional view taken
along line Y-Y of Fig. 7(A).

[Fig. 8 Fig. 8(A is a plan view showi ng a nethod for
produci ng a sem conduct or device according to this
enbodi nent. Fig. 8(B) is a sectional view taken along |ine
X-X of Fig. 8(A). Fig. 8C is a sectional viewtaken
along line Y-Y' of Fig. 8(A).

[Fig. 9] Fig. 9(A) is a plan view showi ng a nethod for



[fig. 11] fig. 11(A) Is a plan view showi ng a nethod for producing a
sem conduct or device according to this enbodinent. fig. 11(B) Is a
sectional view taken along line X-X of fig. 11(A). fig. 11(O Is a
sectional view taken along line Y-Y' of fig. 11(A). [fig. 12] fig.
12(A) Is a plan view show ng a nethod for producing a sem conductor device
according to this enbodinent. fig. 12(B) Is a sectional view taken al ong
line X-X of fig. 12(A). fig. 12(C) Is_a sectional view taken along |ine
Y-Y of fig. 12(A). [fig. 13] f1d."13(A) Is a plan view show ng a
met hod for producing a sem conductor device according to this enbodi nent.
fig. 13(B) Is a sectional view taken along line X-X of fig. 13(A). fig.
13(0) | praodesitngral settieswridikestroral dng de recoerdi i tfo g.hilS(A) . [fig. 14]
fig. 14(A) Is a plan view showing a nethod - 14 - for producing a

sem condudiadi rdavi.ce FagcodiB)gi tso at Biest ewinadi veriv tfakgn B4EBRY 1 $ n@
sectional view taken along line X-X of fig. 14(A). fig. 14(C Is a
sectionaX- Xi eaf thaken HAng IFige (¥ ofs fai gecta4pmpl view tlakieg. 15] fig.
15(A) Is a plan view showing a nethod for producing a sem conductor device
accor di rj ang tlHinre e\ﬁ'b\6di0ferﬁgl.g-f iYA15(B) I's a sectional view taken al ong
line X-X of fig. 158A) . fi&. 15(C) Is a sectional view taken along |line
Y-Y of fig. [£50a) 10] Fig.[fi0§A)16p & ! amevArW §h@wWhingn ayind@lhesowi ng a
met hod for producing a sem _conductor device according to this enbodi nent.
fig. 16(H" 1K QUL dhalCRi P AHKST aff%HgCQiq'fécg(-@('”g)ftQitd‘.' 6(A). fig.

1909 e B dEE ek v vi B bebaatShaig 1ine (19
e ConSk e SR, Mlet Sl ST Oy o P,

ti i -t I i Y- Y, of fig. 17(A). fig. 18] fig.
ig?Al) Olnz‘?haalH ;Yn' '@é'(gﬁ, fhgﬁgn@(‘genleq(h@dof orI gr odug:i Lg a sem [colnguct o]r dlegi ce

according to[chs quodh geniys (W0, <I(B) oS vF APEhCATely W piaKen 2l ong

line X-X of I's "a sectional view taken along |ine

YoV o fdi9-prlddting fd SeniHorddikt dro(dblyilce Aadt AIMIEW PRI @ et hod -

15 - for producing a sem conductor vice according to this enmbodi ment.
fig. 19(&hpdd memect impral 1My §aken salc®n@nll NG B¥wX't _a‘Rfenfl'Slﬁ(DAo)nbgﬁlf\he fig.

19(C) |Is a sectional view takén along Iine Y-Y' of fig.
X-X of Fig. 11(A). Fig. 11(C) is a sectional view taken
along line Y-Y of Fig. 11(A).

[Fig. 12] Fig. 12(A) is a plan view show ng a nethod
for producing a sem conductor device according to this
enbodi ment. Fig. 12(B) is a sectional view taken along |ine
X-X of Fig. 12(A). Fig. 12(C) is a sectional view taken
along line Y-Y of Fig. 12(A).

[Fig. 13] Fig. 13(A) is a plan view show ng a nethod
for producing a sem conductor device according to this
enbodi nent. Fig. 13(B) is a sectional view taken along line
X-X of Fig. 13(A). Fig. 13(C) is a sectional viewtaken
along line Y-Y' of Fig. 13(A).

[Fig. 14] Fig. 14(A) is a plan view show ng a nethod



[fig. 20] fig. 20(A) Is a plan view showi ng a nethod for producing a

sem conduct or device according to this enbodinent. fig. 20(B) Is a
sectional view taken along line X-X of fig. 20(A). fig. 20(C Is a
sectional view taken along line Y-Y' of fig. 20(A). [fig. 21] fig.
21(A) Is a plan view show ng a nethod for producing a sem conductor device
according to this enbodinent. fig. 21(B) Is a sectional view taken al ong
line X-X of fig. 21(A). fig. 21(C) Is a sectional view taken along |ine
Y-Y of fig. 21(A). [fig. 22] f19.722(A) Is a plan view show ng a
met hod for producing a sem conductor device according to this enbodi nent.
fig. 22(B) Is a sectional viewtaken along line X-X of fig. 22(A). fig.
22(0) | & @& gaaddugialg va evertiak@dwdtang deviecer-aécafdifng.t @a(A)s [fig.
23] fig. 23(A) Is a plan view showi ng a nmethod for producing a

sem condudiadi rdavi.ce Fagecondi(iBy i e Bhisecemoodl nentew tiagen23( Bngl $iae
sectional view taken along line X-X of fig. 23(A). fig. 23(C Is a

secti onak- Xi e thiken B4 (oNg | iFng. YIE( Of ifsi @ seBtApnal f ivgevedpkieing. 24(A) Is
a plan view showing a nethod - 16 - for producing a sem conductor device
accor di rj ang tlHinre e\ﬁ'b\édloferﬁl gfikf(A4(B) Is a sectional view taken al ong
line X-X of fig. ﬁ . 81 24(C) Is a sectional viewtaken along |ine
Y-Y of fig. [Za@a) 15] Fi 9 [ 5g§A)25]S i @l aps VALY $havwhingn avindkheowi ng a
met hod for produci ng a sem _conductor device according to this enbodi nent.
fig. 25(H) IR QHUGIAY chaleRli AP AUH aﬂf%ﬁgc%%féc@(@t”g)ft%td“ D5(A). f| g

25(C) | | long line Y-Y of f .

26] 11 g P RIR) Y 2 B G o0k shavn e hRba Vi & es'f%@uc.aig%g line 1110
i d di nbodi_nent |

et i ondl i & Tk Ry | PR ?a?'CSf PEG SSahpnel Py ey

section i t | ong e of flg 26( A) . [fig. 27] fig.
27( A |2"Jl' Ogﬂe\évn' @e}(gﬁvfhoﬁ 'J: d; ma%( for produci ng a sem conduct or device
according to o] nt fo al ] | n al ong
line X-X of [;ths g_%‘) qjlré? 16(fl} Is a S?Zé/?leg\ﬁgwo\?\f Z]\% ;éaﬁgrtlthg)llagng l'i ne

v-Y of 49 9 pr dlling a se Hd&da&ﬁlorf' v Alcd d;ﬁ@%wmvgshow ng a

net hod for uci ng a sem conduct or device accor to this enbodi nent.
fig. 28(&hndd mermect impal 168y §akan salc@n@nlal N§i &/\?(t aRlenf 'agon%8“\ e fig.

28(C) Is a sectional vi ewtaken along line Y-Y' of fig. 28(A) . [fig. 29]
fig. 2904)x! sofa mIg@n M€y .shenigng 18 (It heda sectional view t aken
along line Y-Y' of Fig. 16(A).

[Fig. 17] Fig. 17(A) is a plan view show ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 17(B) is a sectional view taken along |ine
X-X of Fig. 17(A). Fig. 17(C is a sectional view taken
along line Y-Y of Fig. 17(A).

[Fig. 18] Fig. 18(A) is a plan view show ng a nethod
for producing a sem conductor device according to this
enbodi nent. Fig. 18(B) is a sectional view taken along line
X-X of Fig. 18(A). Fig. 18(C) is a sectional viewtaken
along line Y-Y' of Fig. 18(A).

[Fig. 19] Fig. 19(A) is a plan view show ng a nethod



- 17 - for producing a sem conductor device according to this enbodi nent.
fig. 29(B) Is a sectional view taken along line X-X of fig. 29(A). fig.
29(C) Is a sectional view taken along line Y-Y' of fig. 29(A). [fig.
30] fig. 30(A) Is a plan view show ng a nethod for producing a
sem conduct or device according to this enbodinent. fig. 30(B) Is a
sectional view taken along line X-X of fig. 30(A). fig. 30(C Is a
sectional view taken along line Y-Y' of fig. 30(A). [fig. 31] fig.
31(A) Is a plan view show ng a net hodlPor produci ng a sem conductor device
according to this enbodinent. fig. 31(B) Is a sectional view taken al ong
line X-X of fig. 31(A). fig. 31(C Is a sectional view taken along |line
Y-Y' of ffarg.prddu®i.ng a sedifdendBR]orf idpvidH Acder & nd aro itdvg showi ng a

met hod for producing a sem conductor device according to this enbodi nent.
fig. 32(dBybdd rerdect iFogal 19( By i akan salcongnlal nei XWXt atdenf iad ong2( Ane fi g.
32(C) Is a sectional view taken along line Y-Y' of fig. 32(A). [fig.
33] fig.X38(Af IFa plH AV eWwi gholi%§)ai sevhsect vonat oduevwng aken

sem conduct or device according to this enbodinent. fig. 33(B) Is a

sect i onall an@ew itk e 4l oifg Fiithe D20A) .of fig. 33(A). fig. 33(C Is a
sectional view taken along line Y-Y of fig. 33(A). [fig. 34] fig. 34(A) Is
a plan view $fo@ ng0d MbOhod0(A) 18- 3 B afy Yl EN B OMM S\dmidc FBANOdor devi ce
according to this enbodinment. fi Is a sectional view taken al ong

(e s Fbabiolb SRR ol il oS e Ao T
ot hod (G ng P40 cA0k Blaber 6 S6BY CBhe b Rul hEVE PhPSCCIOB ment
el R R i T
sem cono‘ehlcc%ogfI er\?/el ?e'%cgoofr dﬁ\rlg’b [%yt‘t'gf‘}i's enbodiment. fig. 36(B) Is a

Socti onal vi SRRk ArSRE A i, Dl vi g Shovi by &pEbhod
37(A) s & 3% Idsléimsa{‘%rﬂt%(ﬂ}d[%t@d((%\fi ¥ UL Ry SEggpnduct or devi ce

according t odi nen 1g. 37 I's a sectional view taken al ong

line X->enddifreht .37 FNg. fzilg_-B)B%C)a k% ool | Onaly YiaRWnt akemgal pne | i ne
Y-Y' of fig. 37(A). [fig. 38] fig. 38(A) Is a plan view show ng a
met hod Harx'prerdutidig 21 (s®m cengucar gjevisca aeeel dinag /9 et kembodi ment .

fig. 38(B) Is a sectional view taken along line X-X of fig. 38(A). fig.
38( 0 | salarmpedtiimmay- Wi ey tRiken 21(@Ng line Y-Y' of fig. 38(A).

[Fig. 22] Fig. 22(A) is a plan view showi ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 22(B) is a sectional view taken along |ine
X-X of Fig. 22(A). Fig. 22(C) is a sectional view taken
along line Y-Y of Fig. 22(A).

[Fig. 23] Fig. 23(A) is a plan view show ng a net hod
for producing a sem conductor device according to this
enbodi nent. Fig. 23(B) is a sectional view taken along |line
X-X of Fig. 23(A). Fig. 23(C) is a sectional viewtaken
along line Y-Y' of Fig. 23(A).

[Fig. 24] Fig. 24(A) is a plan view show ng a net hod



[fig. 39] fig. 39(A) Is a plan view showing a nethod - 19 - for producing
a sem conductor device according to this enbodinent. fig. 39(B) Is a
sectional view taken along line X-X of fig. 39(A). fig. 39(C Is a
sectional view taken along line Y-Y' of fig. 39(A). [fig. 40] fig.
40(A) Is a plan view showi ng a nethod for producing a sem conductor device
according to this enbodinent. fig. 40(B) Is a sectional view taken al ong
line X-X of fig. 40(A). fig. 40(C) Is_a sectional view taken along |ine

Y-Y' of fig. 40(A). Description of Enb®dinents [0026] A producti on
process of a sem conductor device having an SGI structure according to an
enbodi nent of the present invention will now be described with reference to

figs. 2 ftar 4r.odWl2vd a seni dordducttorstagyivdid lacvy dienglasertiiesl. The fir st
step Includes formng a planar silicon layer 107 on a silicon substrate 101
and formemgpd Mentst G lgl. ak4gBaped i Isiecon onayewvi 29 t akéna ateognd i ne
pillar-shaped silicon |ayer 105 on the planar silicon |ayer 107. [0028]
First, a&Xhovin Firgfi2A(A),. fiA g 24€iGt $ s102 sacd i 03I f vit emes p&eni vel y
formng a first pillar-shaped silicon |ayer 104 and a second pill ar-shaped
silicon alagng 108 a¥-eV'f o¥fneid 9.- 20 A) .
[Fig. 25] Fig. 25(A) is a plan view show ng a nethod
for producing a sem conductor device according to this
enbodi nent. Fig. 25(B) is a sectional view taken along line
X-X of Fig. 25(A). Fig. 25(C) is a sectional view taken
along line Y-Y' of Fig. 25(A).
[Fig. 26] Fig. 26(A) is a plan view showi ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 26(B) is a sectional view taken along |ine
X-X of Fig. 26(A). Fig. 26(C) is a sectional view taken
along line Y-Y' of Fig. 26(A).
[Fig. 27] Fig. 27(A) is a plan view showi ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 27(B) is a sectional view taken along |ine
X-X of Fig. 27(A). Fig. 27(C) is a sectional view taken
along line Y-Y of Fig. 27(A).
[Fig. 28] Fig. 28(A) is a plan view show ng a net hod
for producing a sem conductor device according to this
enbodi nent. Fig. 28(B) is a sectional view taken along line
X-X of Fig. 28(A). Fig. 28(C) is a sectional view taken
along line Y-Y' of Fig. 28(A).

[Fig. 29] Fig. 29(A) is a plan view show ng a net hod



on a silicon substrate 101. [0029] Next, as shown in Fig. 3, the
silicon substrate 101 is etched to forma first pillar-shaped silicon |ayer
104 and a second pillar-shaped silicon |ayer 105. The height of each of the
first pillar-shaped silicon | ayer 104 and second pillar-shaped silicon

| ayer 105 is desirably the sumof a desired height of the pillar-shaped
silicon |layer and the height of a portion renoved by gate-line etching
performed later. [0030] Next, as_shown in Fig. 4, the first resists
102 and 103 are renoved. [0031] - lRext, as shown in Fig. 5 a second
resist 106 for formng a planar silicon layer 107 is fornmed. [0032]

Next, as shown in Fig. 6, the silicon substrate 101 is etched to forma

pl anar idr qarodwyiarg 10 Gedida@3®uct or ddNaxde ascatdiwy itro Rilg.s 7, the second
resist 106 is renoved. [0034] Next, as shown in Fig. 8, an el enent
separ at iearbddilmeritQ8 iFs gf 029 @) ail surad skelee | phahavi ew it akenl ayengl0Y ne

X-X of Fig. 29(A). Fig. 29(C is a sectional view taken

along line Y-Y of Fig. 29(A).

[Fig. 30] Fig. 30(A) is a plan view show ng a net hod
for producing a sem conductor device according to this
enbodi nent. Fig. 30(B) is a sectional view taken along line
X-X of Fig. 30(A). Fig. 30(C) is a sectional viewtaken
along line Y-Y of Fig. 30(A).

[Fig. 31] Fig. 31(A) is a plan view showi ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 31(B) is a sectional view taken along |ine
X-X of Fig. 31(A). Fig. 31(C) is a sectional view taken
along line Y-Y of Fig. 31(A).

[Fig. 32] Fig. 32(A) is a plan view showi ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 32(B) is a sectional view taken along |ine
X-X of Fig. 32(A). Fig. 32(C) is a sectional view taken
along line Y-Y of Fig. 32(A).

[Fig. 33] Fig. 33(A) is a plan view show ng a net hod
for producing a sem conductor device according to this
enbodi nent. Fig. 33(B) is a sectional view taken along |line
X-X of Fig. 33(A). Fig. 33(C) is a sectional view taken
along line Y-Y' of Fig. 33(A).

[Fig. 34] Fig. 34(A) is a plan view show ng a net hod



- 21 - The first step has been described, the first step including
formng a planar silicon layer 107 on a silicon substrate 101 and formng a
first pillar-shaped silicon |ayer 104 and a second pillar-shaped silicon

| ayer 105 on the planar silicon |ayer 107. [0035] A second step w |
now be described. The second step includes formng a gate insulating film
109 around each of the first pillar-shaped silicon |ayer 104 and second
pillar-shaped silicon |ayer 105, formng a netal film 110 and a
polysilicon film 111 around the gate ?%sulating film 109, t he

t hi ckness of the polysilicon film 111 being smaller than half of a distance
between the first pillar-shaped silicon |ayer 104 and the second

pi | | ar - shapast cdudiann & ay@ti ddidudtamideviacd hnacbrdsigtt diifor formng a
gate line 114c, and formng the gate line 114c by perform ng
ani sot r ggmmoditrodmtng. H @QO3@K(B) i s As selcowonah Wi gw 9 akengal enignsulnat i ng
film2109 is fornmed around each of the first pillar-shaped silicon |ayer 104
and secotdX'pidfl dri-ghapHd)si | iIFkcogn BAy€) 165a Aeckti anal i Mmel 0 aket a
polysilicon film111 are formed - 22 -
along line Y-Y of Fig. 34(A).
[Fig. 35 Fig. 35(A) is a plan view show ng a net hod
for producing a sem conductor device according to this
enbodi nent. Fig. 35(B) is a sectional view taken along line
X-X of Fig. 35(A). Fig. 35(C) is a sectional view taken
along line Y-Y' of Fig. 35(A).
[Fig. 36] Fig. 36(A) is a plan view showi ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 36(B) is a sectional view taken along |ine
X-X of Fig. 36(A). Fig. 36(C) is a sectional viewtaken
along line Y-Y of Fig. 36(A).
[Fig. 37] Fig. 37(A) is a plan view showi ng a net hod
for producing a sem conductor device according to this
enbodi ment. Fig. 37(B) is a sectional view taken along |ine
X-X of Fig. 37(A). Fig. 37(C is a sectional view taken
along line Y-Y of Fig. 37(A).
[Fig. 38 Fig. 38(A) is a plan view show ng a net hod
for producing a sem conductor device according to this
enbodi nent. Fig. 38(B) is a sectional view taken along |line
X-X of Fig. 38(A). Fig. 38(C) is a sectional view taken
along line Y-Y' of Fig. 38(A).

[Fig. 39] Fig. 39(A) is a plan view show ng a net hod



around the gate insulating film 109. Herein, a thin polysilicon filmis
used so that voids can be prevented frombeing formed in the polysilicon
film The netal film 110 nay be conposed of any netal, such as
titaniumnitride, that is used in a sem conductor process and sets the
threshol d voltage of a transistor. The gate insulating film 109 may
be any filmused in a sem conductor process, such as an oxide film an
oxynitride film or a high-dielectric film [0037] Next, as shown in
Fig. 10, a third resist 112 for forhi%% a gate line 114c is fornmed. In this
enbodi nent, the description is made so that the height of the resist is
smal l er than that of each of the pillar-shaped silicon |ayers. This may be
because,f ovhegir ddeciheg ghtseafi saedustfort e iidd atccdratiaty sid itddrs | ayers is

| arge, the thickness of a resist on an upper portion of the pillar-shaped
silicon drdymdi mentdeciegse@99B)t he polsest i iooah i leny dakam apoeg pomnel on of
the pillar-shaped silicon |ayer is exposed. As the wdth of the gate |line
decreases, Xt e dgolysi3odn fiH g oK 68 usper spoitt iooal ofvi ehe tgiklenar - shaped
silicon |ayer tends to be exposed. The hei ght of the resist may be

| ar ger talang HdtnefY-ehchpfofFithe 38(Aar - shaped silicon |ayers. [0038] - 23
- Furthernore, the third resist 112 is preferably forned so that the
center |ine &fFitOhe 40hi i O ei0§tN) 113 PoP! BoY Vil By SHOWAI%e & iné Mosl di spl aced
froma |line that connects the center point of the first pillar-shaped

si l'i con Iy AQWICitNY 13 &S YBMRUPIYTi i (g?rv'th‘e LI Itlcgrt-@rﬁaped silicon

| ayer 105., This i s because ilicide that connects a second n-type

0111 usi FTMOR)aTerts 6 0 Q0ha ! B By 5ECH PNGLI oh Vi Kol P80 hE My

111 y |' || 1 'b | | | 111 d.

Her ei n, é t ness  of st on the upper portion of each of the
piIIar-qﬂgﬂﬁq il léﬁﬁ§ déﬁ Il or the polysilicon filmon the upper
portion of ea 'é???ﬂe pI (gr-stgggd silicon |layers is exposed, the upper
portion qﬂxgﬂch of the pillar-shaped silicon |ayers may be etched during
t he etc#ing. In such a case, when each of the pillar-shaped silicon |ayers

is formed, the heidulkt i ®h Phecisls ¥F- shared conldueedr! ¥eei cBnag nget to be
the sum of a desired height of the pillar-shaped silicon |ayer and the

Trefelorlh STEUGRIT SAION o g afEneRe o e
sel f - al iignaghtdr@cedd.l now be described with reference to Figs. 2 to
40.
[ 0027]

A first step will now be described. The first step
includes formng a planar silicon layer 107 on a silicon
substrate 101 and formng a first pillar-shaped silicon
| ayer 104 and a second pillar-shaped silicon |ayer 105 on
the planar silicon | ayer 107.

[ 0028]
First, as shown in Fig. 2, first resists 102 and 103

for respectively formng a first pillar-shaped silicon |ayer

104 and a second pillar-shaped silicon |ayer 105 are forned



- 24 - Since the netal film 110 is etched later, only the polysilicon
film111l may be etched in this process. [0040] Next, as shown in Fig.
12, the third resist 112 is renoved. The second step has been

descri bed, the second step including formng a gate insulating film 109
around each of the first pillar-shaped silicon | ayer 104 and second
pillar-shaped silicon | ayer 105, formng a netal film2110 and a
polysilicon film 111 around the gate jinsulating film 109, t he

t hi ckness of the polysilicon filn11112%eing smal | er than half of a distance
between the first pillar-shaped silicon |ayer 104 and the second
pillar-shaped silicon |ayer 105, formng a third resist 112 for formng a
gate |irmm 1d4,| iaggh subst fatreri1@l.t he gate |ine 114c by perform ng

ani sotropi c etching. [0041] A third step will now be described. The
third st[e29]cl udes depositing a fourth resist 113 so that portions of the
polysilicon filnms 111b and 111a on upper side walls of the first

pi | I ar - shapedNesit],i @sn slhayer | D0&i and 3s et dved spil li Ican shdnséd agiel ilddnilsayer 105
are exposed, renoving the exposed - 25 - portions of the polysilicon filns
111a ancetichiad gyo dtatnray,f iretowind amesaned rsirldsgasn [1anger radtfb\a ng t he
metal film 110 by etching to forma first gate el ectrode 114b and a second

gate el ¥qGUHE PildarcoimRadditld aoie Igater 110 1The. hpoglp) of each

of the first pillar-shaped silicon |layer 104 and second
pillar-shaped silicon [ayer 105 is desirably the sumof a
desired height of the pillar-shaped silicon |layer and the
hei ght of a portion renoved by gate-line etching perforned
| ater.
[ 0030]

Next, as shown in Fig. 4, the first resists 102 and 103
are renoved
[ 0031]

Next, as shown in Fig. 5 a second resist 106 for
formng a planar silicon layer 107 is forned.
[ 0032]

Next, as shown in Fig. 6, the silicon substrate 101 is
etched to forma planar silicon | ayer 107.
[ 0033]

Next, as shown in Fig. 7, the second resist 106 is
renmoved
[ 0034]

Next, as shown in Fig. 8, an elenent separation film

108 is formed around the planar silicon | ayer 107.



As shown in Fig. 13, a fourth resist 113 is deposited so that portions of
the polysilicon filnms 111b and 111a on upper side walls of the first
pillar-shaped silicon |ayer 104 and second pillar-shaped silicon |ayer 105
are exposed. This is preferably perforned by resist etch back. A coating
filmsuch as a spin-on-glass filmmay al so be used. [0043] Next, as
shown in Fig. 14, the exposed portions of the polysilicon filnms 1l1la and
111b are renoved by etching. This is Ereferably performed by isotropic dry
etching. [0044] Next, as shown £ Fig. 15, the fourth resist 113 is
removed. [0045] Next, as shown in Fig. 16, the netal film 110 is
renoved by etching to forma netal film 110b on a side wall of the first

pi | I ar-shapedhsi fiesn Isayeer hBe4 beznmelealcrfiiblen, 110@ énratsisdepnal | of the
second pillar-shaped silicon [ayer 105, and a netal film 110c bel ow t he
pol ysi | iigool ddilmg Fldram Aidhis plsamarefsariabdon deayfear e yn i cdirldman et chi ng.

- 26 - The netal film 110b and the polysilicon film 1l1llb constitute a
first gauwslreaite oddel Jamb.f or mi ng The imettal piflillan -IslitepethdsitiHec ol ysi | i con
film1llla constitute a second gate el ectrode 1l14a. The netal film

110c and ayey pdI4 And corsggand 1ild ayorshaned esid igeare llayey 140 .omher ef or e,

this process is a self-aliqned process. [0046]
the planar silicon1ayer 107.

[ 0035]

A second step will now be described. The second step
includes formng a gate insulating film 109 around each of
the first pillar-shaped silicon |ayer 104 and second pill ar-
shaped silicon |ayer 105,

formng a netal film 110 and a polysilicon film 111
around the gate insulating film 109,

the thickness of the polysilicon film 111 being snaller
than half of a distance between the first pillar-shaped
silicon layer 104 and the second pillar-shaped silicon |ayer
105,

formng a third resist 112 for formng a gate |line 1ll4c,
and

formng the gate |ine 114c by perform ng ani sotropic
et chi ng.

[ 0036]

As shown in Fig. 9, a gate insulating film109 is
formed around each of the first pillar-shaped silicon |ayer
104 and second pillar-shaped silicon |ayer 105.

A netal film2110 and a polysilicon film 111 are forned



The third step has been described, the third step including depositing a
fourth resist 113 so that portions of the polysilicon filnms 111b and 11lla
on upper side walls of the first pillar-shaped silicon |ayer 104 and second
pillar-shaped silicon |ayer 105 are exposed, renoving the exposed portions
of the polysilicon filns 111a and 111b by etching, renmoving the fourth
resist 113, and renoving the netal film 110 by etching to forma first gate
el ectrode 114b and a second gate el ectrode 114a connected to the gate line

114c. [0047] A fourth step wi 112f0ow be described. The fourth step
includes formng a first n-type diffusion layer 117 in an upper portion of
the first pillar-shaped silicon | ayer 104, formng a second n-type

di ffusi car diayeert Hel &atre a daviedt ipay tfiidmmaof09.he Heirle$ i, pial It &i nshaped silicon

| ayer 104 and in an upper portion of the planar silicon |layer 107, form ng
a first poltygid ididr usilan ilayesed XD itrhatn wppks carkbe mpaeverdredff tdra second
pillar-shaped silicon | ayer 105, and formng a second p-type

di f fusi dreilrgy droriddd iim & heowenl ysirltiicon dfi lthe second pil | ar-shaped silicon
| ayer 105 and in an upper portion of the planar silicon |ayer 107. [0048]
As shown in Aihg netalanidxi ddOf inem DES Ciogmdsessiofe@ny 0849 , such Next, as
showmn in Fig. 18, a fifth resist 116 for formng a first n-type diffusion
| ayer 1188 drid alis&BdHd M-d&spd At fiksiwied dyera 1818 GOFHHGHRY.  JroUBigSs

Next, as shown in Fig. 19, arsenic is inplanted to forma first n-type

di f fusi N9 S&rS 1 grﬂi %S@diﬁtp'ﬁ-a%é)fdi%ftds@w §t®fer 118. [0051]

Next, as Sho%ei r(]:]alt:ieg'i nzs(l)jl attrilengf iffiﬁrrlnrl ?)i Sr"rttslyljb% ia%yr?wvrrel!%’sed in a
sem conduct or process, such as an oxide film an oxynitride
film or a high-dielectric film
[ 0037]

Next, as shown in Fig. 10, a third resist 112 for
formng a gate line 114c is fornmed. |In this enbodi nent, the
description is made so that the height of the resist is
smal |l er than that of each of the pillar-shaped silicon
| ayers. This may be because, when the hei ght of each of the
pillar-shaped silicon layers is large, the thickness of a
resi st on an upper portion of the pillar-shaped silicon
| ayer is decreased or the polysilicon filmon an upper
portion of the pillar-shaped silicon |ayer is exposed. As
the width of the gate |line decreases, the polysilicon film
on the upper portion of the pillar-shaped silicon |ayer
tends to be exposed.

The height of the resist nmay be |arger than that of
each of the pillar-shaped silicon | ayers.

[ 0038]



[ 0052] Next, as shown in Fig. 21, a sixth resist 119 for formng a
first p-type diffusion |ayer 120 and a second p-type diffusion layer 121 is
formed. [0053] Next, as shown in Fig. 22, boron or boron fluoride is
inplanted to forma first p-type diffusion layer 120 and a second p-type
di ffusion layer 121. - 28 - [0054] Next, as shown in Fig. 23, the
sixth resist 119 is renpoved. [0055] Next, as shown in Fig. 24, a
nitride film122 is deposited and a heat treatnent is perforned. The
fourth step has been descri bed, the féarth step including formng a first
n-type diffusion layer 117 in an upper portion of the first pillar-shaped
silicon | ayer 104, formng a second n-type diffusion layer 118 in a
| ower porti ofFuet hieherofrier, st hgi It Iniur-dshagedtsillizcon lpreder B4 yafidrinedan upper
portion of the planar silicon |ayer 107, formng a first p-type
di ffusi ao ltadyadr t1#9) centaar Upper qforttheort hafr d hreessestondl 2ifl drarf-ahapey sil i con
| ayer 105, and _ form ng a second p-type diffusion layer 121 in a | ower
portion tdfe tdad esddoml i |disgplsrged raamiadn netdratl @ ramLtis tdre upper
portion of the planar silicon |ayer 107. [005%} o

center point of the first pillar-shaped silicon |layer 104 to

the center point of the second pillar-shaped silicon |ayer

105. This is because a silicide that connects a second n-

type diffusion layer 118 to a second p-type diffusion |ayer

121 is easily forned.

[ 0039]

Next, as shown in Fig. 11, the polysilicon film 111l and
the netal film 110 are etched.
As a result, a polysilicon film1llla, a polysilicon

film11llb, and a polysilicon film 111lc are fornmed. Herein,

if the thickness of the resist on the upper portion of each

of the pillar-shaped silicon layers is small or the

polysilicon filmon the upper portion of each of the pillar-

shaped silicon layers is exposed, the upper portion of each

of the pillar-shaped silicon |ayers may be etched during the

etching. In such a case, when each of the pillar-shaped

silicon layers is fornmed, the height of the pillar-shaped

silicon layer nay be set to be the sum of a desired height

of the pillar-shaped silicon |ayer and the height of a

portion renmoved by gate-line etching perforned |ater.

Therefore, the production process of the present invention

is a self-aligned process.



Afifth step will now be described. The fifth step includes formng
silicides on the first n-type diffusion |ayer 117, the second n-type
diffusion | ayer 118, the first p-type diffusion |layer 120, the second
p-type diffusion layer 121, and the gate line 114c. [0057] As shown in Fig.
25, the nitride film122 is etched to - 29 - formnitride filmsidewalls
123, 124, and 125. [0058] Next, as shown in Fig. 26, the oxide film
is etched to formoxide filmsidewallg 127, 126, and 128. The nitride film
sidewal | 123 and the oxide filmsidewafl 127 constitute an insulating film
sidewal | 129. The nitride filmsidewall 124 and the oxide film sidewall 126
constitute an insulating filmsidewall 130. The nitride filmsidewall 125
and the oxi deihiclemt $iedesalal 28 norl1@ $isdet\whledd ofattehe fonl st tpie | ar - shaped
silicon |layer 104 constitute an insulating filmsidewall 131. The nitride
filmsidavaidi lli2zorafd Itrhel dikirdey fhe etsaliedhaln 1188 qr ecessgde wal | of the
second pillar-shaped silicon |ayer 105 constitute an insulating film

si dewal I[ ABA)] [ 0059] Herein, the thickness of the insulating film
sidewal | 129 formed on a side wall of the first n-type diffusion |ayer 117
i s preferabl \NeXdr g@s shawn hé@ &g ofl 2 hé hehitdkngssesist (1@ mstal film 110b
and polysilicon film 111b. When the thickness of the insulating film
si dewal I" e g%hr med on a side wall of the first n-type di ffusion |layer 117
is larger than the sum of the thicknesses of the netal film 110b and

pol ysil'i con fiNEmSEEPRd StEMINASE bLed UesCiabedel &b SEEOITLSI&Pe easily

nsul at e £t €25 Y SUACS IS ST S0 M Lo 8OO

the first pillar-shaped silicon |ayer 104 and second pillar-
shaped silicon |ayer 105,
formng a netal film 110 and a polysilicon film 111
around the gate insulating film 109,
the thickness of the polysilicon film 111 being snaller
than half of a distance between the first pillar-shaped
silicon layer 104 and the second pillar-shaped silicon |ayer
105,
formng a third resist 112 for formng a gate line 114c,
and
formng the gate |ine 114c by perform ng ani sotropic
et chi ng.
[ 0041]
A third step will now be described. The third step
i ncl udes depositing a fourth resist 113 so that portions of
the polysilicon filnms 111b and 11la on upper side walls of
the first pillar-shaped silicon |ayer 104 and second pill ar-

shaped silicon |layer 105 are exposed, renoving the exposed



- 30 - Next, as shown in Fig. 27, a netal is deposited, a heat
treatnent is performed, and an unreacted netal is renoved to formsilicides
134, 138, 136, 137, 133, and 135 on the first n-type diffusion |ayer 117,
the second n-type diffusion |ayer 118, the first p-type diffusion |ayer
120, the second p-type diffusion |ayer 121, and the gate |line 114c. [0061]
The second n-type diffusion |ayer 118 and the second p-type diffusion | ayer
121 are connected to each other through the silicide 138. Since the center
line of the gate line 114c is displac d froma line that connects the
center point of the first pillar-shaped silicon |ayer 104 to the center
point of the second pillar-shaped silicon |ayer 105, the silicide 138 is
easi |y fponmmEdnsTher afror goolhygh idagT €4 lafs i Mt Egratd onl darbyestaghiiray,ed.

[ 0062] Since the polysilicon filmwring 111c is thin, the gate |line
114c tendsmavd npaveha flaumtriatressisttr uck3ir earcd rtdreovmat@lt He ImetldlOd idnd t he
silicide 133. The silicide 133 and the netal film 110c are in direct

cont act ¥iQ Moyeadchitngrt afdrtmus ftinestr egatst aalectoanddel 8 ravateal. [ 0063]
The fifth step has been described, the fifth step including formng

si | i ci dese@Md Hgatfe redtedi-nggre Hi4d amiedtsgtrt dihe tgad &dddml hl4G.pe
diffusion layer 118, the first - 31 - p-type diffusion |layer 120, the
second fd-q diffusion layer 121, and the gate |line 114c. [0064] Next, as

shown in Fig. 28, a contact staqopper .139 such , ,
gﬁs shown ?n ﬁfg. 13?pa fourt% resist 113 is deposited

so that portions of the polysilicon filns 111b and 111a on
upper side walls of the first pillar-shaped silicon |ayer
104 and second pillar-shaped silicon |ayer 105 are exposed.
This is preferably performed by resist etch back. A coating
filmsuch as a spin-on-glass filmmy al so be used.

[ 0043]

Next, as shown in Fig. 14, the exposed portions of the
polysilicon filnms 111la and 111b are renoved by et ching.
This is preferably performed by isotropic dry etching.
[ 0044]

Next, as shown in Fig. 15, the fourth resist 113 is
renmoved
[ 0045]

Next, as shown in Fig. 16, the netal film 2110 is
removed by etching to forma netal film 110b on a side wall
of the first pillar-shaped silicon |layer 104, a netal film
110a on a side wall of the second pillar-shaped silicon
| ayer 105, and a netal film 110c bel ow the polysilicon film

111c. This is preferably performed by isotropic etching.



as a nitride filmis formed and an interlayer insulating film140 is
formed. [0065] Next, as shown in Fig. 29, a seventh resist 141 for
form ng contact holes 142 and 143 is fornmed. [0066] Next, as shown in
Fig. 30, the interlayer insulating film140 is etched to formcontact hol es
142 and 143. In the case where the thickness of the insulating film
sidewal | 129 fornmed on a side wall of the first n-type diffusion |ayer 117
is larger than the sum of the thicknesses of the netal film 110b and
polysilicon film 111b, even if the se¢Bnth resist is fornmed in a m sal i gned
manner and the contact holes are fornmed by overetching, a short circuit

bet ween the contact and the gate el ectrode 114b can be prevented. [0067]
Next, as showme mefiag. f31,m ti1@bsevent imer @il $tsi 14tons fiémovadb [ 0068] Next,

as shown in Fig. 32, an eighth resist 144 for - 32 -
constitute a first gate el ectrode 114b.

The netal film 110a and the polysilicon film l1l1lla
constitute a second gate el ectrode 114a.

The netal film 110c and the polysilicon film 1l1llc
constitute a gate line 114c. Therefore, this process is a
sel f-aligned process.

[ 0046]

The third step has been described, the third step
i ncl udi ng depositing a fourth resist 113 so that portions of
the polysilicon filnms 111b and 111a on upper side walls of
the first pillar-shaped silicon |ayer 104 and second pillar-
shaped silicon layer 105 are exposed, renoving the exposed
portions of the polysilicon filnms 11la and 111b by etching,
removing the fourth resist 113, and renoving the netal film
110 by etching to forma first gate electrode 114b and a
second gate el ectrode 114a connected to the gate line 114c.
[ 0047]

A fourth step will now be described. The fourth step
includes formng a first n-type diffusion |ayer 117 in an
upper portion of the first pillar-shaped silicon | ayer 104,

formng a second n-type diffusion layer 118 in a | ower
portion of the first pillar-shaped silicon layer 104 and in
an upper portion of the planar silicon |ayer 107,

formng a first p-type diffusion layer 120 in an upper



form ng contact holes 145 and 146 is fornmed. [0069] Next, as shown in
Fig. 33, the interlayer insulating film2140 is etched to form contact hol es

145 and 146. [0070] Next, as shown in Fig. 34, the eighth resist 144
is renmoved. [0071] Next, as shown in Fig. 35, portions of the contact
stopper 139 bel ow the contact holes 142 and 143 and the contact holes 145
and 146 are renoved by etching. [0072] Next, as shown in Fig. 36, a

netal is deposited to formcontacts 147, 148, 149, and 150. [0073] Next, as
shown in Fig. 37, a netal 151 for net af W rings is deposited. [0074]
Next, as shown in Fig. 38, ninth resists 152, 153, 154, and 155 for form ng
nmetal wirings are forned.

portion of the second pillar-shaped silicon |ayer 105, and

form ng a second p-type diffusion layer 121 in a | ower
portion of the second pillar-shaped silicon layer 105 and in
an upper portion of the planar silicon |ayer 107.

[ 0048]

As shown in Fig. 17, an oxide film 115 is deposited.
[ 0049]

Next, as shown in Fig. 18, a fifth resist 116 for
formng a first n-type diffusion layer 117 and a second n-
type diffusion layer 118 is forned.

[ 0050]

Next, as shown in Fig. 19, arsenic is inplanted to form
a first n-type diffusion |ayer 117 and a second n-type
di ffusion | ayer 118.

[ 0051]

Next, as shown in Fig. 20, the fifth resist 116 is
renoved
[ 0052]

Next, as shown in Fig. 21, a sixth resist 119 for
formng a first p-type diffusion layer 120 and a second p-
type diffusion layer 121 is fornmed.

[ 0053]

Next, as shown in Fig. 22, boron or boron fluoride is

inplanted to forma first p-type diffusion layer 120 and a

second p-type diffusion |layer 121



[ 0075] Next, as shown in Fig. 39, the netal 151 is etched to form
metal wirings 156, 157, 158, and 159. [0076] Next, as shown in Fig. 40, the
ninth resists 152, 153, - 33 - 154, and 155 are renoved. The et hod
for producing an SGI in which a thin gate nmaterial is used, a netal gate is
enpl oyed, and a self-aligned process is perfornmed has been descri bed.

[ 0077] Fig. 1 shows the structure of a sem conductor device produced
by the above production nethod. As_shown in Fig. 1, the sem conduct or
device includes: a planar silicon Iay%§ 107 fornmed on a silicon substrate
101; first and second pillar-shaped silicon | ayers 104 and 105 forned
on the planar silicon |ayer 107, a gate insulating film 109 forned
around t[l@54]rst pillar-shaped silicon [ayer 104; a first gate

el ectrode 114b having a lam nated structure of a netal film 110b and a
pol ysilicon fNelxin, 1hbb,shooihiof Ry, cl23ar ¢ heorsimed har@sndtt Hd 9gatse i nsul ating
rm 109r’ermved.
[ 0055]
Next, as shown in Fig. 24, a nitride film122 is
deposited and a heat treatnent is perforned.
The fourth step has been described, the fourth step
including formng a first n-type diffusion layer 117 in an
upper portion of the first pillar-shaped silicon | ayer 104,
formng a second n-type diffusion layer 118 in a | ower
portion of the first pillar-shaped silicon layer 104 and in
an upper portion of the planar silicon |ayer 107,
formng a first p-type diffusion layer 120 in an upper
portion of the second pillar-shaped silicon [ayer 105, and
form ng a second p-type diffusion layer 121 in a | ower
portion of the second pillar-shaped silicon layer 105 and in
an upper portion of the planar silicon |ayer 107.
[ 0056]
Afifth step will now be described. The fifth step
includes formng silicides on the first n-type diffusion
| ayer 117, the second n-type diffusion |layer 118, the first
p-type diffusion |layer 120, the second p-type diffusion
| ayer 121, and the gate line 1l14c.
[ 0057]

As shown in Fig. 25, the nitride film122 is etched to



a gate insulating film 109 formed around the second pillar-shaped silicon

| ayer 105; a second gate electrode 114a having a | am nated structure
of a netal film 110a and a polysilicon film 11la, both of which are forned
around the gate insulating film 109 fornmed around the second pill ar-shaped
silicon layer 105; the thickness of the polysilicon filnms 111b and 11la -
34 - being snmaller than half of a distance between the first pillar-shaped

silicon layer 104 and the second pill ar-shaped silicon |ayer 105; a
gate line 114c connected to the firStZ%ate el ectrode 114b and second gate
el ectrode 114a; an upper surface of the gate line 114c being | ocated

at a lower position than those of the first and second gate el ectrodes 114b
and 1l14d&orm nitrd de rfstl m-diygenailf§ us2pn 124 eradd 714%rmed in an upper
portion of the first pillar-shaped silicon |ayer 104; a second n-type
di ffusi dr00%8jer 118 forned in a |lower portion of the first pillar-shaped
silicon layer 104 and in an upper portion of the planar silicon |ayer 107,
a first p-tydNexdif fassistownayer FL20 f26r, nédhel oxadeuppém per teit omesk ttohe second

pi |l ar-shaped silicon |ayer 105; and a second p-type diffusion |ayer
121 for e MrXd deovidr! rpaitdenrldrs ther,selbdhd 1d 1 1d8.shdped nsitiri één | ayer 105
and in an upper portion of the planar silicon |ayer 107. [0078] The

gate |ird lmad dpuald 153 midd ke radide d idfmideddenaldl ¥31 reansgd taHeE t he
silicide 133. The silicide 133 and the net%I fllnllloi,zre in dir?ct
contact & tIHLHA IAhdr 'dﬁoﬁ'tiﬁ)’&a't'hel%%si Jdhgnbé tEsdepd i § o séssyal

124 and the oxide filmsidewall 126 constitute an insulating
filmsidewall 130. The nitride filmsidewall 125 and the
oxide filmsidewall 128 on a side wall of the first pillar-
shaped silicon layer 104 constitute an insulating film
sidewal | 131. The nitride filmsidewall 125 and the oxide
filmsidewall 128 on a side wall of the second pillar-shaped
silicon layer 105 constitute an insulating film sidewall 132.
[ 0059]
Herein, the thickness of the insulating film sidewal
129 fornmed on a side wall of the first n-type diffusion
| ayer 117 is preferably larger than the sum of the
t hi cknesses of the nmetal film 110b and polysilicon film 111b
When the thickness of the insulating filmsidewall 129
formed on a side wall of the first n-type diffusion |ayer
117 is larger than the sum of the thicknesses of the netal
film 110b and polysilicon film 111b, a contact and the gate
el ectrode 114b are easily insulated from each other during
the formation of the contact.

[ 0060]



[0079] The thickness of the insulating filmsidewall 129 - 35 - forned on
a side wall of the first n-type diffusion layer 117 is larger than the sum
of the thicknesses of the nmetal film 110b and polysilicon film 111b.

Even if the seventh resist is forned in a m saligned nanner and the contact
hol es are fornmed by overetching, a short circuit between the contact 148
and the gate el ectrode 114b can be prevented. [0080] The center |ine
of the gate line 114c is displaced frogma line that connects the center
point of the first pillar-shaped siTi%gn'Iayer 104 to the center point of
the second pillar-shaped silicon |layer 105 by a first predeterm ned

di st ance. The silicide 138 that connects the second n-type diffusion
| ayer 118 t o Nelxe,sesorthownt ype Filigh. f 251, o Ineyerl 121 deposasicdy faomheed.
Therefore, high degree of integration can be achieved. [0081] In the

present timaanterdn,i s gerdus resdhodambrdars wnrceaaicd d irosttalonss aaamibee dretde

w t hout departing fromthe broad sprit and scope of the present invention.
Fur t her rfoorem giHd cdhiese-Ibscridtd Bhodidkntl33y mri ki aro tdesdriinsd one
enbodi nent of the present invention, and the scope of the present invention
is not In-ixeel difdrugion [lonea] 117,38 he second n-type diffusion

| ayer 118, the first p-type diffusion |ayer 120, the second
p-type diffusion layer 121, and the gate line 11l4c.
[ 0061]

The second n-type diffusion layer 118 and the second p-
type diffusion |layer 121 are connected to each other through
the silicide 138. Since the center line of the gate line
114c is displaced froma line that connects the center point
of the first pillar-shaped silicon |layer 104 to the center
poi nt of the second pillar-shaped silicon |ayer 105, the
silicide 138 is easily forned. Therefore, high degree of
i ntegration can be achi eved.

[ 0062]

Since the polysilicon filmwring 111c is thin, the
gate line 114c tends to have a |l am nated structure of the
metal film 110c and the silicide 133. The silicide 133 and
the metal film 110c are in direct contact wth each other
and thus the resistance can be decreased.

[ 0063]

The fifth step has been described, the fifth step

including formng silicides on the first n-type diffusion

| ayer 117, the second n-type diffusion |ayer 118, the first



For exanple, a nethod for producing a sem conductor device In wi nch the
p-type (Including the 144-type) and the n-type(lncluding the nfilype)are
each changed to the opposite conductivity type In the above enbodi nent, and
a sem conduct or device produced by the nethod are al so obviously invention.
Included In the technical scope of the present Reference Signs List

[0083] 101.

- 31 -

p-type diffusion |layer 120, the second p-type diffusion
| ayer 121, and the gate line 1l14c.
[ 0064]

Next, as shown in Fig. 28, a contact stopper 139 such
as a nitride filmis formed and an interlayer insulating
film 140 is forned.

[ 0065]

Next, as shown in Fig. 29, a seventh resist 141 for
form ng contact holes 142 and 143 is forned.
[ 0066]

Next, as shown in Fig. 30, the interlayer insulating
film140 is etched to formcontact holes 142 and 143. In
the case where the thickness of the insulating film sidewall
129 fornmed on a side wall of the first n-type diffusion
| ayer 117 is larger than the sum of the thicknesses of the
metal film 110b and polysilicon film 111b, even if the
seventh resist is forned in a msaligned manner and the
contact holes are forned by overetching, a short circuit
bet ween the contact and the gate el ectrode 114b can be
prevent ed.

[ 0067]

Next, as shown in Fig. 31, the seventh resist 141 is
renoved
[ 0068]

Next, as shown in Fig. 32, an eighth resist 144 for



102. 103. 104. 105. 106. 107. 108. 109. 110. 110a. 110b. 110c. 111.
111a.

form ng contact holes 145 and 146 is forned.
[ 0069]

Next, as shown in Fig. 33, the interlayer insulating
film2140 is etched to formcontact holes 145 and 146.
[ 0070]

Next, as shown in Fig. 34, the eighth resist 144 is
renmoved
[0071]

Next, as shown in Fig. 35, portions of the contact
st opper 139 bel ow the contact holes 142 and 143 and the
contact holes 145 and 146 are renoved by etching.
[0072]

Next, as shown in Fig. 36, a netal is deposited to form
contacts 147, 148, 149, and 150.
[ 0073]

Next, as shown in Fig. 37, a netal 151 for netal
Wi rings is deposited.
[ 0074]

Next, as shown in Fig. 38, ninth resists 152, 153, 154,
and 155 for formng netal wirings are forned.
[ 0075]

Next, as shown in Fig. 39, the netal 151 is etched to
formmetal wirings 156, 157, 158, and 159.
[ 0076]

Next, as shown in Fig. 40, the ninth resists 152, 153,



111b. silicon substrate first resist first resist first pillar-shaped
silicon | ayer second pillar-shaped silicon | ayer second resist planar
silicon | ayer elenment separation filmgate insulating filmnetal film netal
filmmetal filmmetal filmpolysillcon filmpolysillcon film polysillcon
film - 37 -

154, and 155 are renoved.

The nmethod for producing an SGT in which a thin gate
material is used, a netal gate is enployed, and a self-
al i gned process is perforned has been descri bed.

[0077]

Fig. 1 shows the structure of a sem conductor device
produced by the above production nethod.

As shown in Fig. 1, the sem conductor device includes:

a planar silicon layer 107 formed on a silicon
substrate 101,

first and second pillar-shaped silicon |ayers 104 and
105 fornmed on the planar silicon | ayer 107;

a gate insulating film2109 fornmed around the first
pillar-shaped silicon |ayer 104;

a first gate el ectrode 114b having a | am nated
structure of a netal film 110b and a polysilicon film 111b,
both of which are fornmed around the gate insulating film
109;

a gate insulating film 109 fornmed around the second
pillar-shaped silicon |ayer 105;

a second gate el ectrode 114a having a | am nat ed
structure of a netal film 110a and a polysilicon film 11la,
both of which are fornmed around the gate insulating film 109
formed around the second pillar-shaped silicon | ayer 105;

the thickness of the polysilicon filnms 111b and 11la



111c. polysificon wiring 112. third resist 113. fourth resist 114a. second
gate electrode 114b. first gate electrode 114c. gate line 115. oxide film
116. fifth resist 117. first n-type diffusion [ayer 118. second n-type

di ffusion layer 119. sixth resist 120. first p-type diffusion |ayer 121.
second p-type diffusion layer 122. nitride film

- 34 -

being smaller than half of a distance between the first
pillar-shaped silicon |ayer 104 and the second pill ar-shaped
silicon | ayer 105;

a gate line 114c connected to the first gate el ectrode
114b and second gate el ectrode 114a;

an upper surface of the gate line 114c being | ocated at
a lower position than those of the first and second gate
el ectrodes 114b and 114a;

a first n-type diffusion |ayer 117 formed in an upper
portion of the first pillar-shaped silicon |ayer 104;

a second n-type diffusion layer 118 formed in a | ower
portion of the first pillar-shaped silicon layer 104 and in
an upper portion of the planar silicon |ayer 107;

a first p-type diffusion |ayer 120 forned in an upper
portion of the second pillar-shaped silicon |ayer 105; and

a second p-type diffusion layer 121 formed in a | ower
portion of the second pillar-shaped silicon layer 105 and in
an upper portion of the planar silicon |ayer 107.

[ 0078]

The gate line 114c has a lam nated structure of the
metal film 110c and the silicide 133. The silicide 133 and
the metal film 110c are in direct contact wth each other
and thus the resistance can be decreased.

[ 0079]

The thickness of the insulating filmsidewall 129



123. nitride filmsldewall 124. nitride filmsldewall 125. nitride film
sldewal | 126. nitride filmsldewall 127. oxide filmsldewall 128. oxide
filmsldewall 129. insulating filmsldewall 130. insulating film sldewall
131. insulating filmsldewall 132. insulating filmsldewall 133. sificlde
- 38 - 134. sificlde

formed on a side wall of the first n-type diffusion |ayer
117 is larger than the sum of the thicknesses of the netal
film 110b and polysilicon film 111b.

Even if the seventh resist is forned in a m saligned
manner and the contact holes are formed by overetching, a
short circuit between the contact 148 and the gate el ectrode
114b can be prevented.

[ 0080]

The center line of the gate line 114c is displaced from
a line that connects the center point of the first pillar-
shaped silicon layer 104 to the center point of the second
pillar-shaped silicon |ayer 105 by a first predeterm ned
di st ance.

The silicide 138 that connects the second n-type
diffusion layer 118 to the second p-type diffusion |ayer 121
is easily formed. Therefore, high degree of integration can
be achi eved.

[ 0081]

In the present invention, various enbodi nents and
nmodi fi cati ons can be made wi t hout departing fromthe broad
sprit and scope of the present invention. Furthernore, the
above- descri bed enbodinent is provided to describe one
enbodi ment of the present invention, and the scope of the
present invention is not limted thereto.

[ 0082]



135. sificlde 136. sificlde 137. sificlde 138. sificlde 139. contact
stopper 140. Interlayer insulating film 141. seventh resist 142. contact
hol e 143. contact hole 144. eighth resist 145. contact hole 146. contact
hol e 147. contact 148. contact

For exanple, a nethod for producing a sem conduct or
device in which the p-type (including the p*-type) and the
n-type (including the n*-type) are each changed to the
opposite conductivity type in the above enbodi nent, and a
sem conduct or devi ce produced by the nethod are al so
obviously included in the technical scope of the present
i nvention.

Ref erence Signs Li st
[ 0083]

101. silicon substrate

102. first resist

103. first resist

104. first pillar-shaped silicon |ayer

105. second pillar-shaped silicon |ayer

106. second resi st

107. planar silicon |ayer

108. element separation film

109. gate insulating film

110. netal film

110a. netal film

110b. netal film

110c. netal film

111. polysilicon film

111a. polysilicon film

111b. polysilicon film



149. contact 150. contact 151. netal 152. ninth resist 153. ninth resist
154. ninth resist 155. ninth resist 156. netal wiring 157. netal wring
158. nmetal wiring - 39 - 159. netal wiring

111c. polysilicon wring

112. third resist

113. fourth resist

114a. second gate el ectrode

114b. first gate el ectrode

114c. gate line

115. oxide film

116. fifth resist

117. first n-type diffusion | ayer
118. second n-type diffusion | ayer
119. sixth resi st

120. first p-type diffusion |ayer
121. second p-type diffusion | ayer
122. nitride film

123. nitride film sidewal

124. nitride filmsidewall

125. nitride film sidewal

126. nitride film sidewall

127. oxide film sidewal

128. oxide film sidewall

129. insulating film sidewal

130. insulating filmsidewall

131. insulating film sidewal

132. insulating filmsidewall

133. silicide



- 40 - CLAIMS [C aim1] A nmet hod for producing a sem conductor

devi ce, the nethod conpri sing: a first step including formng a

pl anar silicon |layer on a silicon substrate, and formng a first
pillar-shaped silicon |layer and a second pillar-shaped silicon |ayer on the
pl anar silicon |ayer; a second step including, after the first step,
formng a gate insulating filmaround each of the first pillar-shaped
silicon |l ayer and second pillar-shaped silicon |ayer, form ng a netal
filmand a polysilicon film around th§893te insulating film t he

t hi ckness of the polysilicon filmbeing smaller than half of a distance
between the first pillar-shaped silicon |ayer and the second pill ar-shaped
silicon | ayer34f orirlngiaet hird resist for formng a gate |ine, and
formng the gate |line by perform ng anisotropic etching; and athird
step includi AQ5. afst ¢ clilde second step, depositing a fourth resist so that a
portion of the polysilicon filmon an upper side wall of each of the first
pi |l | ar-shaped3&.| istdmcligger and second pillar-shaped silicon |ayer is
exposed, renoving the exposed portion of the

137. silicide

138. silicide

139. contact stopper

140. interlayer insulating film

141. seventh resi st

142. contact hole

143. contact hole

144. eighth resi st

145. contact hole

146. contact hole

147. contact

148. cont act

149. cont act

150. contact

151. neta

152. ninth resist

153. ninth resi st

154. ninth resist

155. ninth resi st

156. netal wring

157. nmetal wring

158. netal wring



- 41 - polysilicon filmby etching, renoving the fourth resist, and
renmoving the netal filmby etching to forma first gate electrode and a
second gate el ectrode connected to the gate line. [C aim 2] The

nmet hod for producing a sem conductor device according to Claim1, wherein
upper portions of the first pillar-shaped silicon |ayer and second
pillar-shaped silicon |ayer are etched by the anisotropic etching. [Claim
3] The net hod for producing a sem conductor device according to Claim
1, wherein an upper surface of the thPPd resist for formng the gate line
is located at a | ower position than an upper surface of the polysilicon
filmon each of the first pillar-shaped silicon |ayer and second

pi |l ar-shaped59.! ineomll ayer .ngl C ai m 4] The net hod for producing a

sem conduct or device according to Claiml1, further conprising a fourth step
including formng a first n-type diffusion |layer in an upper portion of the
first pillar-shaped silicon |ayer, formng a second n-type diffusion
| ayer in a |ower portion of the first pillar-shaped silicon layer and in an
upper portion of the planar silicon |layer, formng a first p-type diffusion
| ayer in an upper - 42 - portion of the second pillar-shaped silicon

| ayer, and formng a second p-type diffusion layer in a |ower portion
of the second pillar-shaped silicon |ayer and in an upper portion of the

pl anar silicon |ayer.



[ Cl ai m 5] The nethod for producing a sem conductor device according
to daim4, further conprising a fifth step including formng silicides on
the first n-type diffusion |ayer, the second n-type diffusion |layer, the
first p-type diffusion |ayer, the second p-type diffusion |ayer, and the

gate line. [Claim®6] A sem conductor device conprising: a planar silicon
| ayer fornmed on a silicon substrate; first and second pillar-shaped silicon
| ayers formed on the planar silicon |ayer; a gate insulating film
formed around the first piIIar-shap'ed4 iTicon | ayer; a first gate
el ectrode having a lam nated structure of a netal filmand a polysilicon
film both of which are fornmed around the gate insulating film a

gate insulating filmformed around Cbhal Bcond pill ar-shaped silicon |ayer;
a second gate electrode having a |lam nated structure of a netal filmand a
pol ysi | i[adraifmldh both of which are - 43 - formed around the gate

insulating film the thickness of each of the polysilicon filns being
snmal | er t hanAalet hod 4 odi $radcei et wesen le@nidiucs or pidelvaiceshdped silicon
| ayer and the second pillar-shaped silicon |ayer; a gate line

connect gtetthpd eomprrisii Rgid second gate el ectrodes;

a first step including formng a planar silicon |ayer
on a silicon substrate, and

formng a first pillar-shaped silicon |ayer and a
second pillar-shaped silicon |ayer on the planar silicon
| ayer;

a second step including, after the first step, formng
a gate insulating filmaround each of the first pillar-
shaped silicon |layer and second pillar-shaped silicon |ayer,

formng a netal filmand a polysilicon filmaround the
gate insulating film

the thickness of the polysilicon filmbeing snaller
than half of a distance between the first pillar-shaped
silicon layer and the second pillar-shaped silicon |ayer,

formng a third resist for formng a gate |line, and

formng the gate |ine by perform ng ani sotropic
et ching; and

athird step including, after the second step,
depositing a fourth resist so that a portion of the
polysilicon filmon an upper side wall of each of the first
pillar-shaped silicon |ayer and second pillar-shaped silicon

| ayer is exposed, renoving the exposed portion of the



an upper surface of the gate Iine being |ocated at a | ower position than
upper surfaces of the first and second gate el ectrodes; a first
n-type diffusion layer fornmed in an upper portion of the first
pillar-shaped silicon |ayer; a second n-type diffusion |ayer forned
in a lower portion of the first pillar-shaped silicon |layer and in an upper
portion of the planar silicon |ayer; a first p-type diffusion |ayer
formed in an upper portion of the second pillar-shaped silicon |ayer; and
a second p-type diffusion |ayer formetlin a | over portion of the second
pillar-shaped silicon [ayer and in an upper portion of the planar silicon

| ayer. [Claim7] The sem conduct or device according to Cl aim6,
wher ei n gdleygatiecdn rfe Ihashya dtaghingg,ed etowiaigiricheff dure atedi Sti | rarmhd a
silicide. [Claim8] - 44 - The sem conductor device according to

Cl ai m 6,r evrienqn tthee ridtialkrfadsnddy tdtechinsyltad ifray rhid rhisisevgdtle f ormed on a
side wall of the first n-type diffusion |layer is |arger than the sumof the
t hi cknessleactofodeheanrbtaalsdddnd ggat e adlyadtiiadm danmact[ed diontdje gate The

sem conduct or device according to Claim6, wherein the center line of the
gate |ind n& displaced froma line that connects a center point of the
first pillar-shaped silicon layer to a center point of the second

pi |l ar- dHd@d"sAll i con | ayer by a first predeternined distance. [C ai m 10]

The nmethod for produci ng a sem conductor device
according to Claim1, wherein upper portions of the first
pillar-shaped silicon |ayer and second pillar-shaped silicon
| ayer are etched by the anisotropic etching.

[ A ai m 3]

The nethod for produci ng a sem conductor device
according to Claim1l, wherein an upper surface of the third
resist for formng the gate line is |located at a | ower
position than an upper surface of the polysilicon filmon
each of the first pillar-shaped silicon |ayer and second
pillar-shaped silicon |ayer.

[ A ai m 4]

The nethod for producing a sem conductor device
according to Claim1l, further conprising a fourth step
including formng a first n-type diffusion layer in an upper
portion of the first pillar-shaped silicon |ayer,

formng a second n-type diffusion layer in a | ower
portion of the first pillar-shaped silicon layer and in an
upper portion of the planar silicon |ayer,

formng a first p-type diffusion |layer in an upper



The sem conduct or device according to Claim9, further conprising silicides
formed on the first and second n-type diffusion |layers and the first and
second p-type diffusion |ayers.

portion of the second pillar-shaped silicon |ayer, and

form ng a second p-type diffusion layer in a | ower
portion of the second pillar-shaped silicon layer and in an
upper portion of the planar silicon |ayer.

[ aimb5]

The nmethod for produci ng a sem conductor device
according to Claim4, further conprising a fifth step
including formng silicides on the first n-type diffusion
| ayer, the second n-type diffusion |layer, the first p-type
di ffusion | ayer, the second p-type diffusion |ayer, and the
gate line.

[ O ai m 6]

A sem conduct or devi ce conpri sing:

a planar silicon layer formed on a silicon substrate;

first and second pillar-shaped silicon |ayers formed on
the planar silicon |ayer;

a gate insulating filmformed around the first pillar-
shaped silicon |ayer;

a first gate el ectrode having a | am nated structure of
a nmetal filmand a polysilicon film both of which are
formed around the gate insulating film

a gate insulating filmfornmed around the second pillar-
shaped silicon |ayer;

a second gate el ectrode having a | am nated structure of

a nmetal filmand a polysilicon film both of which are



formed around the gate insulating film

the thickness of each of the polysilicon filnms being
smal l er than half of a distance between the first pillar-
shaped silicon layer and the second pillar-shaped silicon
| ayer;

a gate line connected to the first and second gate
el ectrodes;

an upper surface of the gate line being |ocated at a
| ower position than upper surfaces of the first and second
gate el ectrodes;

a first n-type diffusion |ayer forned in an upper
portion of the first pillar-shaped silicon |ayer;

a second n-type diffusion layer fornmed in a | ower
portion of the first pillar-shaped silicon layer and in an
upper portion of the planar silicon |ayer;

a first p-type diffusion |ayer forned in an upper
portion of the second pillar-shaped silicon |ayer; and

a second p-type diffusion layer forned in a | ower
portion of the second pillar-shaped silicon layer and in an
upper portion of the planar silicon |ayer.

[Claim7]

The sem conductor device according to Claim6, wherein
the gate line has a |lam nated structure of the metal film
and a silicide.

[ aim 8]



The sem conductor device according to Claim6, wherein
the thickness of the insulating filmsidewall fornmed on a
side wall of the first n-type diffusion layer is larger than
the sum of the thicknesses of the netal filmand polysilicon
film
[C aim9]

The sem conductor device according to Claim6, wherein
the center line of the gate line is displaced froma line
that connects a center point of the first pillar-shaped
silicon layer to a center point of the second pill ar-shaped
silicon layer by a first predeterm ned distance.

[ A ai m 10]

The sem conduct or device according to Claim@9, further
conprising silicides formed on the first and second n-type
diffusion layers and the first and second p-type diffusion

| ayers.



