TI TLE OF THE | NVENTI ON Sem conduct or devi ce and manuf acturing net hod

t hereof BACKGROUND OF THE I NVENTION 51. Field of the Invention [0001]

“The present invention relates to a seni conductor device and a method of
manuf acturing the seni conductor device. 10 2. Description of the Background
Art [0002] In sem conductor integrated circuits, particularly an

i nt egr at e TEH GFTHINVENIALS transistor, the degree of integration has
becone increasingly higher. Along with such a high degree of integration,

m ni at uri zat Semicofidutdvid®vice anbinghefuctifing hegtddithérssegrated 15 circuits has
been progressed into a nano region. The progress in mniaturization of the
MOS transi stor involves problens about difficulty in suppressing a | eakage

current ticti i in circuit occupancy area due to a
need for%éﬁggmbr@ggﬁﬁe%ﬁ%i‘m anount. Wth a view to solving this
probl em jt hRIEHRS IRRAR,Pr OPOsed a surrounding gate transistor (SGI) having
a structure V\(/ﬁere a source, a gate and a drain are 20 vertically arranged
rel ati ve[¢@13 substrate, and the gate is forned to surround a col umar
(pill ar-shaped) sem conductor |ayer (see, for exanple, the follow ng Patent
Docunent s 1 the Preseft0GOBtipiPatedmies DocuneahicbhdRtd?2 dovits58R 25[Rahedt of
Docunment 2] JP 02- 188966A [ Pat ent Docunent 3]JP 02-145761A [0004] In the
SGT, a cH‘%i‘HHgF“‘FIélgiﬂ%ﬁfechqnéﬂﬁéﬂdQVécesurround a lateral surface of the

col umar

10 2. Description of the Background Art
[0002]
In semiconductor integrated circuits, particularly an integrated circuit using a MOS ;
transistor, the degree of integration has become increasingly higher. Along with such a
high degree of integration, miniaturization of a MOS transistor for highly integrated
15  circuits has been progressed into a nano region. The progress in miniaturization of the
MOS transistor involves problems about difficulty in suppressing a leakage current and
restriction on reduction in circuit occupancy area due to a need for ensuring a required
current amount. With a view to solving this problem, there has been proposed a
surrounding gate transistor (SGT) having a structure where a source, a gate and a drain are
20  vertically arranged relative to a substrate, and the gate is formed to surround a columnar
(pillar-shaped) semiconductor layer (see, for example, the following Patent Documents 1 to
3).
[0003]
[Patent Document 1] JP 02-071556A
25 [Patent Document 2]  JP 02-188966A
[Patent Document 3]  JP 02-145761A
[0004]
In the SGT, a channel region is formed to surround a lateral surface of the columnar
semiconductor, so that a large gate width is achieved within a small occupancy area. This

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




sem conductor, so that a large gate width is achieved within a small
occupancy area. This 30 neans that it is required to allow a | arge
ON-current to pass through the small occupancy area. In this case, if

resi stances of the source and drain are high, the large ON-current wll
cause difficulty in applying a desired voltage to the source and drain.

Ther ef or eared. h&hehjsScade, i€ @6kid: JiRLRU | | idi ng .a
desi gn techni que) for reduciﬁ%efﬁggrggssi staénl?e:&sll#)df &tgh%@%gggé%éggﬁg?%%ﬁ The
| ar ge ON-wilk cense diffisoltyiiv epplyirpea desitedSnsiede ftorthe eslued BEd RSHSt BRGERHOT
contacts.  [0005] In a conventional MOS transistor, a gate el ectrode is
formed bythefépisst ops for ameO hranaspfagturing mabd r(inchgling gadesigpatetiatigud)ofoa

resi st on u%l’lflb %ratiet\ throg&lh Iithg&i&pw' tQ forma mask, and etching the
gate mat éri Al A T HECTRS K sqwse apddiap, (e lasgs (iVrepmem plspetyes 1i5e to a
transisst : I i d based on the gate pattern. In
contrgst,q{eie(ri]?%rggﬁl%%{lg?&?iﬁgni:%togr%@?tg@grface of the columar sem conduct or
serves ag0@dxhannel region, and thereby a current flows vertically relative
to the substrate. That is, in the SGI, a gate length is designed based on a
manuf act ur i ng ansemettional MR rasisbars e dzann elcgadecispdihed by depodifiag at hige gat e

length and a.variation in the gate length are determ ned by the

manuf act ST NEANSIINgG 8 2pGoBHiem to ajrgsistan agbstrate throughe fthograghy to fetuxce a
di aneter _of .t . [ m conduct or .i n_order. to. suppress an i ncrease in
| eakage (I:lﬁarSIr{’e%fa %%% tgfit%trﬂaee R e % on.t[hfl 1St tIe i ceRYentienalsMOS
necesgar yrahdistes halld st iBESERE bisdd ab | &AL S he
source and drai n%ttao rggstt rlai na shortrtglh%%gl@qjgﬁ%gét hg%&rgsa&?%d{sﬂﬁﬁpr@gs%e a

| eakage taeraesitrfac@ @FODO Eplumnar kemtichetuctdrbeives aP@Tchahhel ir8gibR CARSRENDY %

reduce a parasitic capacitance in order to nmnimze power consunption.
Thus, t heweent floysheaticalby relativgrtafthe tsubstrate. melibiad és, dapbdh SE6Toh gate lmigtty isa

arasiti : itance, [0008] 25As with the cqonventional MOS transistor,
Phe sor s tBBARAGNTEr oi-Rifithne ot harith S TGoEbun o Bhiemebem. Fofat fics
pur pose, git Idn EeSeHa¥ioh th ?‘E%E&N?f% %%t{%gag@f&% B P hah T du B W aGHur | ng

ati
process. UMVARY OF THE
15 [0006]

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

20 [0007]

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

[0008]
25 As with the conventional MOS transistor, the SGT has a need for reducing a

manufacturing cost thereof. For this purpose, it is necessary to reduce the number of

steps i a manufacturing process.

SUMMARY OF THE INVENTION
30 [0009]




It i's therefore an object of the present invention to provide an SGT

manuf acturing nmet hod capabl e of obtaining a structure for reducing

resi stances of a source and a drain, a structure for reducing a parasitic
capacitance, a desired gate length, desired configurations of the source
and drain, and a desired dianeter of a columar sem conductor. 5[0010]

I'n order to @{Cﬁltﬁ&%f&r@'aﬁ_dbﬁ)dcg%ftheagfégérg'iﬂgenttig %o irbsilic A7 RRSF nQlhufREREESENt
invention, there is provided a nethod of MRnUf actur ng a sem conguct’oe

devi ce, whnethhd copgbid sfosbtdinmgst @petued forfredubingresisfant &lofG0doufiRaind a drain, a

sem conductor |ayer on a substrate, and formng a first flat sem conductor
| ayer in SRCHpHET rpdicingon puhsitip eapagiiancear dedisedragteulavigth, ddsired corsigueaionsmar
10 sem co ctor layer;. formng. a,first sem conductor, | ayer of a second
conduct i V¥ ‘i/f)oémfena“}é 4}%}\9&&“‘1&’0 9gir‘6qwd‘8’fllefe|‘i¢9%f‘i°?]élfnné{)¥%ﬁ Ug®%i conduct or

| ayer 5ano[0gm entirety or an upper portion of the first flat sem conductor

| ayer; formr:!g a first insulating filmaround a | ower sidewall of the first
col umar si | incoret ay &¢hi@rdhabsbject! AR ofdingbo b Mkt %%tc&f‘ﬂk'gﬁ-&%nﬂ fEition
formng a gate insulating filmand a gate el ectrode around the first °

col umar théreiicpovideg emethod of mgmefactiting & demizbhdwhapisics cebiol conptbatthag
filmto surroynd an upper sidewall of the first columar silicon |ayer

whil e cor?fe&ét0¥= Haﬁlg@pg@it calypmar senyeondystog dayst oh gciubsigate.cand foomisgrarfshd a

si dewal | h t lectrode and the first  insulating,fi formng a
second seffrglhI ?:%%I 8@8?‘“?%&3&%“ %ﬁ%ﬁ?@?%’é’&rﬂf‘ ﬂé%ﬂl?ﬁ?ﬂ?\%ng_ der it{ﬁen}iﬁ_t GppEnar
portiign @émiddRdidtsSihy&Old a Bt SGRR h WSS lafé?%ffaq;r ga&agcoﬂdﬁc%{?e pndyct or
{ayer of a first conductive type between the Tirst 50 'Sem conductiot |"ayer
of the sémwerdoctivrafahe fiest tylpmnanskniibendie®e Ml cs &id HPAHLEH QK ah BYFS: Rktidhe
second conductive type; and form ng a netal -sem conductor conpound on each
of an uppEthedist iiat semicopdustar layar; foamingentst insnlaling §im afountl @ leweridbwall
cond sem conductor | ayer of

duct i yet d f f th
the secoRti eaLENTORN JHeen lgFs e FopHe (e Nt 1 o gancHgior Fayer: Hasniag a

t hi cknessgail a4 Q@dtink AR E‘t‘[? ' | Bt g HI formed around the
25f i rst %%I unnarmgi I catél?aqt %@ée?l% %%%ﬁﬂmgﬁéf%r a %?“%"ﬁ“%ﬂ&“%’?‘iﬁ‘&}a dof the
preseht sideweall-sleaped dedond Gisuldveg \iR@NoZuaSMd & ugpek Sidelvall BetHel first ch@himar
silicon |ayer and an edge of the first columar silicon |ayer is |arger
than a s#HFOT layer adge rroblacting an tppercenfacalof ghé gatsf eledtedeiandtto catrotnda

t he

ilicon |. i dewal | 300f the first col yrmar silicon Iayer,
i chnostonral il Bl el ERG nidiGe A ool e i ST & seches gemievetiter ode

and a thj,ckngs ' r ad ] lating filmformed to
sur r ound aghe s?%g%\c/gw%%[?du?ﬁﬁ@ééf Z‘t‘]gﬁqg‘g@ﬁ”ﬁ’g‘@‘n&&fn‘?‘%éﬁ %ticlp g?“ﬂaﬁémca?ﬁ’ Lfilm
[0012] and formiks e esentibonduttdr tlagerm@Fhodfif donBudRSePe bBVRBAI @1, fide gate
el ectrode has a thickness 5 larger than that of the sidewall -shaped1 second
i nsWlat i segueandurtop Fayedloft the seqond wnududtize tyeemdshelswahd sahicohductdrisfer @6l ummar

(silicon tha)éer whi Ig contacti n(g t he upper surface of the gate el ectrode.
[0013] ¢ sccond conductive type; and forming a metal-semiconductor compound on each of an

upper surface of the first semiconductor layer of the second conductive type and an upper
surface of the second semiconductor layer of the second conductive type, wherein the first
insulating film has a thickness larger than that of the gate insulating film formed around the
25  first columnar silicon layer.

[0011]

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

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




In the method of the present invention, it is preferable that the first
flat sem conductor 10 |l ayer being a first flat silicon layer, the first
col umar semiconductor |ayer being a first columar silicon |ayer, the
sem conductor | ayer of the first conductive type being a silicon |ayer of
the first conductive type, the first sem conductor |ayer of the second

conduct i veetouie1R@ions, hdfd &ﬁm@és'df@%}[‘si{iﬁ%ﬁf—sﬁ ed E&oﬁ&ﬁﬁﬂﬂtiﬁgpg:ﬂ%' & dyPe,

and the second sem conductor | ayer e second conductive pe being a
second si $urwond teysideved] dftibe gdis eleomcdecmddhe fitsy istipgg filR014] In the
above nethod. the sem conductor |ayer of the first conductive type may be a
p-type siﬁopé%ﬁn | ayer or a non-doped silicon layer. Further, the first

sem conduct oy, l.ayer of .the seco conductive. type nmay be an n-type silicon

| ayer, and tﬁgfgé@gh@ @Eﬁli‘e&%%ﬁ%@?‘&pr%nq Ly eHI0gy HF!%“%@EW%@H&JBWKW% ype

may be an,f: i . r . . ivel t he 1 conduct or

| ayer gof rl'?%g; %fllla?gfdt ggn &é‘#ﬁ@ %hﬁé‘%p%eg%/ndb%ls%lﬁgnﬁg?%gon&e#%8%?‘5@35% ol )

non- dopedsiduvallcsfitht @y rcolnuidr Rilfcon 1aRr WHiRtcohBRTiRO HAUGIRF silrf-Eof e %Ji@

second conductive type nay be a p-type silicon | ayer, "and the secon

sem conde-‘éftCErpd¢-ayer 25 of the second conductive type may be a p-type

silicon |8 rr. [0016] Preferably, the above nethod includes the steps of:

form ng 6{ %}gﬂ oxide filmon the silicon substrate; formng on the pad oxide
e formation of

filma firstenitride fidmfor use as a.mask durin t

the Tirst car et dndR pRgntivepinhiils pietPibleitayths FrbiS: ShieKHCHr
30poligsi hdyepefnb! Mgyt b &ilfcbh %yeﬂ! thE IfH& Jdl+lﬂharasg iddndfct [asrgf ﬁéing tﬁ)rs{ he
first anorphous silicon or polysilicon film and transtferring a*fiTs

col ummar chlaymmar gititoretayet, thet demic@siustor tayeooitihe ifirithoShaniy iR eaaVesificdd I St

resist (r:rgresgondi ng to the first columar |ayer pattern; and etching the

first amphshihesiinst eendustivebipgsthei firghsamitondanter tayesr b thet seaond catelufiivem i n
t he above net hod

£ SR LSRR IR oo B S o RS
dry et chigfichrRRft Sapd! MOtheN@cddd Sindidfith Bie kbeing a second silicon layer of the
15 second conductive type.
[0014]

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

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

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

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

Preferably, the above method includes the steps of: forming a pad oxide film on the
silicon substrate; forming on the pad oxide film a first nitride film for use as a mask during
the formation of the first columnar silicon layer; forming a first amorphous silicon or

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




[0018] Preferably, in the above nethod, the first anorphous silicon or
polysilicon film 10 serving as the first hard mask is fully etched during
the dry etching process to cause a change in plasnma em ssion intensity
detectable by a dry etching apparatus, wherein the step of formng the
first columar sem conductor |ayer includes detecting the change in the

pl asma enbspolosilicet 06 &b randertial &f fiiicBlinthat 24yE: PakEAo! 810G t%(fhgg dry
etching process based on the detection result to control a helg%t I mensi on
of the filithogrephtnisavsial fisbresishlcasresponfid@ 18] the first delwhuerdbyer, patiert ad above

met hod, a eiggg‘:dgi mension of the first anorphous silicon or polysilicon
film bef oftemR 15t apemhaes pitierbes polysiligars fitm and theafirsh pitridee fifm iR turo 4 unmar
silicon | r. 0020 Preferably, the above nethod includes the step
of sacri ffl’a}céﬁglqr%q{(%?l&alil?'ng a surface of the first columar silicon |ayer
fabri gat g@g the substrate so as to reduce irregularities of a sidewall of
the first columar silicon |layer for use as a channel region while renoving

a surface poPtefeablpf thehabdve setlad WwiotadesSitel s10p dfaY@miRavhéd FirS@BRihnar

i npl anted thereinto during 25the dry etching process, and protect the first
col umar semioadwetplprer byraodry ctohingnproedss usisg theclinydhang masby - pr oduct to be

pr oduced gm ng a subsequent dry etching process. [0021] Pref erably,
t he above,[ lhod i ncl udes t he steps of: applying a resist onto the

et Sl Veshol BB PRLPE UGG AL T o
Secons el SODCERgEIMARc L8y A0S ) U ORI MG LR
¥ emovi ng chimgedr pbnoia epgisain infedfiR2detéttalfie bphldyy etthiag apgstuseitieadn ith’Cthﬂes
the st Ep%f %rmﬂg %g)es Iﬁ&rslt r::%luarlmliairlsle1in?c9(])n?11)§<i:'c21Sa l'clfyiall- Eplc?urzies detecting the change in the

plasma emission intensity, and determining a termination timing of the dry etching process

based on the detection result to control a height dimension of the first columnar silicon

15 layer.

{0019]

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

20 [0020]
Y Preferably, the above method includes the step of sacrificially oxidizing a surface of
the first columnar silicon layer fabricated on the substrate so as to reduce irregularities of a
sidewall of the first columnar silicon layer for use as a channel region while removing a
surface portion of the first columnar silicon layer having carbon implanted thereinto during
25  the dry etching process, and protect the first columnar silicon layer from contaminations
including a by-product to be produced during a subsequent dry etching process.
[0021]
Preferably, the above method includes the steps of: applying a resist onto the substrate

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

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




5 the first flat silicon |ayer and substrate having the first col umar

silicon layer; flattening the filling oxide film and etching the filling
‘oxide filmin such a manner as to allow a surface of an upper portion of
the first flat silicon layer to be exposed. [0023] Preferably, the

above method includes the step of: the offset spacer formation on the

10si dewal lay&f ptteen;f ands éichiak WP ailicoh | JubSRatt &Y form [tRO2AL: flat siRéS phaDIMd 0
the above nethod, the first silicon |ayer of the second conductive type is
f or med i rremegingghesecpod tastsh of the first col umar sem conductor |ayer and
t he entiqﬁ 5 or the upper portion of the first flat sem conductor |ayer by
i ntroduci b%ﬂn inpurity of the 15 second conductive type into the first
flat sem con I avi t.h irst columar siliconp. |laye ith a
of fset - spacer iRt Shot ke s tide Rt B R Brensliveg € Blliper eyl on

| mpurist y theife@tiRRIIR6AIBRS andREbdREMaife nRf fiselolsRASESL : 09251
Preferably, in the abov@se%rrea?hod, t he a%illrig;}t sili c%n ayeﬂrléag]f ﬁ%%é?%gg%ﬁ%
conduct i vke fiylpeg osid @ilhoanddtchingt the fllbue oxfderfilimom Qichth@ahhdrds ©Qlllsanar

sen conductor |ayer without injecting any inpurity into the upper portion
of the fisHEfeceefianhpaer pirlier ofthe dysiflat piiode)ayer to bPespesedbl y, the above

nmet hod igﬁ(g#ﬂes the steps of: depositing a first insulating filmmateri al
above an und the first columar silicon |ayer fabricated on the first
flat siliconp 1 . I 3 fhest _insdlating film

mat eri al depol‘glﬁ{%lgﬁgﬁ%\%&teﬁg P@é co?tﬁhrf%%%g gf'lqﬁ%gﬁgq%gl}aecrer go aO% QR he

| owen0si drledkll ofthetfitet dolurfharGaiceimdjer.si | i con layer has a thickness |arger
than that of the first insulating filmmaterial deposited around an

i nt er medil@28f upper sidewall of the first columar silicon layer; and
etching the first insylating filmmaterial around the internediate/upper

si dewal | of PE* 1351y, 43 H’S@ﬁ’m‘ﬁw@fﬁﬂlgéstth figgs silicay dyver of the peropd eonductive fyms s at i ng
filmabo fq I a Lld con, laver and .around th ower. si dewal |
of  the. foraiedn thé Rhuc BoHESE Bt i WG R gt ' 49 e Bhng® o

t hi cknes el @ipe poftltarof tatfirf fdNen@nGuéds Wyl b thifddulink AnlEndefyed ugy ound

the first columar silicon layer. [0027] S5Preferably, 1n the ‘above nethod,
t he Hat esdcosdlcandurgivé itypn ingo ther fiesd flan s¢rthizosdwbtwahyer having the first columnar

silicon layer with a offset spacer through an impurity introduction process comprising an
impurity injection process. And then, the offset spacer is etched.
[0025]
Preferably, in the above method, the first silicon layer of the second conductive type is
20  formed in the lower portion of the first columnar semiconductor layer without injecting
any impurity into the upper portion of the first columnar silicon layer.
[0026]
Preferably, the above method includes the steps of> depositing a first insulating film
material above and around the first columnar silicon layer fabricated on the first flat silicon
25 layer, in such a manner that the first insulating film material deposited above the first
columnar silicon layer and around the lower sidewall of the first columnar silicon layer has
a thickness larger than that of the first insulating film material deposited around an
intermediate/upper sidewall of the first columnar silicon layer; and etching the first
insulating film material around the intermediate/upper sidewall of the first columnar

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




of the first columar silicon layer with a first hard mask of nitride film
fabricated on the first flat silicon |ayer, wherein the nethod includes the
steps of: formng a second anorphous silicon or polysilicon filmserving as
a gate electrode material, on an in-process structure obtained by the step
of formng the gate insulating film in such a manner as to 10 allow the
first colaomad theilbvediddvaliast thefiRe cSlikpdAgdcsRY& i sueRd rﬁ@ﬂnhxs 0%al O
second anorphous silicon or polysilicon filmby a chem cal nechanica

pol i shi ngthpkoessdargerthiwathet of the gateénedhtingfidm wuef fanred abemdeihg fEhoRinkrak de
filmservin s the first hard mask is used as a stopper against the

chem cal A<al polishing process to control a polishing anount with
enhanced @ﬁ@ﬂoducibility. 15[ 0028] Preferably, the above nethod
i ncl udes € ‘steps of: etching back the second anorphous silicon or

pol ysisl i con_ Piekug! il (30 vl AEROR! e ShRGHEANTIF! [hormb® Rl OWaL Iy 03t €

(5
el ectrode to be forned with a desired gate ;o an positing a rst

oxi de fi lafithefissn colnprapsitissn fHyetl6htlrLhiabhaid@eskoyr titRleStigPrOHcAte Bhnge back
t he second anorphous silicon 20 or polysilicon film whereby the first

oxi de fi IfirstcHat prligoedeyesn wherar thaimictbed oficlodes that steml ofit fomingf rogecandiet

etching or dr etﬁhi ng Ig)roc:less 0 be perfornmed _ in a subsequent step, so as
to suppr ATOTRHONE sihigen Bf PYKichn i seaving @s ggete qleigde matrdiall EgdndIoEeRe gat e
i nsul at i i . u [ rface of the te.el ectrode. [0029

25Pr ef er ggl"{/t!ulet %g,g oteﬁﬁe{zﬁ%af f"ﬁ“&’r‘%@% %aﬁeemgltﬂgﬁ’%g gfn.l’ ’1“ost”ﬁ¥gj ﬁdn%‘"%@%ﬁﬂj
nitritde filbw ae frheolisd idod9afdr!iBbectAbidugd inl %ﬂ% otdeb@lgy f11m
to forma third inSUO| ating fiol maiirdeml |, and gl?ég Ph%ﬁ@q I sitﬂeosg?lb e film
appl yi ng amohidwous mlia br palfdibain film by atdhamidaBARC)ani@y poliditOpratess fo BARCESS
structure obtained by the step of etching back the second nitride film

appl yi ng2&latersddppetustacs svhgpmrthegyiide flmdgserving as @e firei fard maskds weedi asgr

pattern t i st throu l.ithogr.aphy to | eave a third.resist

corres pogtgPé]eg gﬁ?{@%g% TSR Heggamﬁfitpf’g?mf,?g i’f?fﬁ?snﬁ ‘EOHB'O]BQQQIW D& AMOURY t he
second amhgmegiéﬂr&m@iwﬁtypol ysilicon filmserving as the gate el ectrode
material, using the third resist as a mask, to forma gate el ectrode body

and B> gaf®28j ri ng whi ch nake up the gate el ectrode; partly renoving the
first insul ?ti ng filmby a dry etc_hi]g]% or wet etching to allow the surface
of the firstreferablynithe hgre grethay einclyfles rbe swensndf: colobiingt back thepeedopidng

osi st amnPhRteEet PR B ST B0 e o e ko AU ace
o i, ke cmlesinnde mkn suiacomolbiedh ok T CARLBAC et ©
r enovi ngant ineprbeass strmittreicbeaindd by thoawp dihacHing dhckCdl YoddAH aSidrpiRB stiryRr and
the second nitride_ film 10 around the first columar silicon |ayer by an
et cHng Prrvbugliconim, vderbyrihe dine qxade Bl ¢en prateqt aanwpehsirface of toxgate fil m
(and the Jle% rrOEIQ fr%)r(rl g %velt %t%glrn'g o[r%orycf)’ glching process to be performed in a subsequent step,
50 as to suppress a change or variation in the gate length and damage of the gate insulating
film from the upper surface of the gate electrode.
[0029]

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

nitride film, applying a resist onto the BARC layer, and transferring a gate wiring pattern

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




e

isubj ect i

Preferably, the above method includes the steps of: formng a third nitride
filmon the first columar silicon |ayer fabricated on the first flat
silicon layer, the gate el ectrode 15 surrounding the first col umar
silicon |layer, etching back the third nitride filmin such a manner t hat
the respective upper surfaces of the first sem conductor |ayer of the
second copuiend;i stéhihy B BART la3e€eimdtihe sbédndl arkGpHERA1icdH bﬁg&yéiﬁ}f filighd
the upper portion of the first columar silicon |ayer, are exposed, and
form ng asesenpnd thngateatleeipdeithatesald eviag the ehivd nregist s taheasi, devahh-5haped
second ingulating fil to surround the upper sidewall of the 20 first

col umar <§9%odg H’Oﬁ%i)?@ig]avﬂﬁtq Wi vhich ake e thepgrie clsairgdee padly rehwvingt e

I d : d j | I co i
o rpur ST iR AIBLRG o 3% SleRRUCe Bt oleBs R 81cis B BRes ob i e
firstscol em@mdaéht G9Br bAWE sel dHIOUBuaE Y H}ifi%g th%&ﬂéﬂﬂ?s& icgﬂm&_’ﬁ%ﬁﬁ

conprising an inpurify injection process e secon S|'|con3Payer
of the sdawmdo beesstd e tonpeingticitesistppe thedBARID foriing iR ik bxiieliayear
25 silicon layer, and formthe silicon |layer of the first conductive type
bet ween t0Hearf p¥pnsed swifacsnof thy egatepéle¢trmlesaiothd suohchsadfi the firytpeendochdubier
second sill i COE | ayer [ﬁf the.secon _con%ijecéll;ve type; and formng a first
metal fi IPCEQE theaecand coadustiveniype fyipgpeder dhe BishFelumesy siisamlayera reheving

respecti of .t fi idicon | ayer pof the.second
conduct i élge fﬁ gsggﬁgﬁgslﬁih{egg%{ee{h&%g F%&%‘?ﬂ miuslﬂ Célﬁ I%YSﬁé?d %%T F%C@é‘dd}lgr{‘ﬁeﬁlgécond
si i ¢on afounliehs AepReluaRRANGEMY Byby B¥hi3@ Ro&RBY ldh8rthGvi %?a% i

¥ the first rlrlet al film tyo @eﬁneat tr%e@? nerita?lse{%g&flg%mvi g %xﬁde

n
unr eact e@?lpamd thé firfioxiledilmt andabetbufthloxidetlaydror m a met al - seni conduct or
conpound (805 ﬁach of the first silicon |ayer of the second conductive type
and the £888hd silicon | ayer of the second conductive type. [0031]

5Preferably, e hod includes,.the stge of . farmng.a.contact

st opper sucﬁréli}sg%gﬁgi < e%flllel%rﬁ_d 1_8?11“ Freibf SRS Oggglﬁ‘Hﬂ%Ft@F‘{n{“é’g‘#ﬁ BP?he _
fabri cat gebt QR fdilich fab@! fablibdte@on! MY Sfhirst FRE sHRLSE 1 eﬁ%f: fe SHEGOWNDI NG
the first columar silicon layer; formng a third oxide fi serving as an
i nt eld ayswrrdundinigathe igstf dolumnayrsilidon laps) aching thaplp ete, third hifridattigninngich he

third oxide filmby a chem cal nechanical polishing process; formng a
cont act P8R that 98 respcstaver eprsk Srdaqes lofnthe fipw spmicondunton laperuplde seiatel of

t he seco iLkic Layer _of th econd conductive t fornmed i.n t upper
portion %ﬂldtﬁ hl]é‘;efl %tlyl)é%luﬁrﬁ{a egiir? iccc,’gur?“faéfﬂ}c?nB?/ye&rf’%ﬁgﬁiuﬁ@erm%glft ofﬁi ng
contact figt @stuhihat taﬁiclbﬂfﬂiléyér,%'é d@pbdei M rRRAS h WS Qr‘inglﬂgtﬂfg;hiﬁ{%i&&% r

sides of the first silicon | ayer of the second conductiv pe formed in

t he entiseetiyg oy thetselewatl eshagsl detaml infulhdey film, 36 sifk@indIBTsERASAeOll of giser
lying under the first columar silicon 15|l ayer, and the gate el ectrode, by
an e¥chifigt priveearssilicanclayergviileecopeactipg theoippeh suréasaod the gioplgetrode and to

correspondi ng,to the respeciive contact hpoles. .[0032] . According to a
second asé‘]%é)c dotﬁetslﬁ(gevfﬂ‘ﬁeggﬁf‘eig‘?{‘ﬁeﬁp -C&ﬂé&twgpauqlég FoVTRIEHY a0k 8 seroddct or

devi ce WanghaME S8 1 ks hokhd 0PN EPCEL Rk BET, LOLMRo0n 3 20

substrate; a first columar "sem conductor Tayer _
sem condmpurty inayéiction prodess cEBHiH Rty 3YQ&tioR prétes EPRAINCBRdMGhh Ve
type formed in a lower portion of the first columar sem conductor |ayer
and an e&fidopdayeropf the seeped cpumhuctivn tyfe irhéhef uppst pottain e thec firtl wotumindrayer ;
a sggond. sem conductor | ayer of the second conductive type fornmed in an
uppér pSHiPBARST Aoy fhsisilicondmisart dieifirigiontugiive tyne heseanchel Gt silicpayer of
a first layer of the second conductive type and the second silicon layer of the second conductive

type; and forming a first metal film such as a nickel (Ni) film or a cobalt (Co) film, on the

respective exposed surface of the first silicon layer of the second conductive type and the

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

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




__second

25 conductive type fornmed between the first seniconductor |ayer of the
second conductive type forned in the | ower portion of the first columar
sem conductor |ayer, and the second seni conductor |ayer of the second
conductive type fornmed in the upper portion of the first columar silicon
| ayer; a gate insulating filmand a gate el ectrode which are fornmed around
the firstumedaeipdrt of Hedeat-irey@r filnd, i fbrh al mshl-RAdidchdhbbMéRpSEA ReLagen
the gate el ectrode 30 and the first flat sem conductor |ayer; a

si dewal | - &fithp dustsdlicondayerfithet saagnd condukbvernetand thessecondisitican layppef the
sidewal | of the first columar silicon |layer while contacting an upper
surface oF°PHECGIPEE¥R% r ode and to surround a sidewal | of the gate

el ect rode[oggl the first insulating film a netal -sem conduct or conpound
formed on each of an upper surface of the first sem conductor |ayer of the
second conduPtefotebl g ah&ramekhbd i g i of
the first flat semsr%:ltgnduct orgtlhgg<laﬁr0|,r'&lae§(I:%J]lE éaﬂg%%opfg{rﬁontsnlh}%%g%df%?%{()ﬁgglrs&elggh%d
seni conductitridel feyng on die filsecatennndiloonduet fateichicpenfies ARdAMiNRE 145 4P 8 he
portion of the first columar sem conductor |ayer, wherein the first

i nsul at i gt Plepreds sHErpupdingaln firslecqjamaar bilicon dajer;afodmingea fthird bxideafilm

sem cond%gtor | a eri?t%gg a .thickne | arger than that of the gate insul ating

filmforred & 8U ¥ pagulatme i O G cBRAGE afapper. pof dBdoping the Asiedr di ng
0. LB SR USROS Al B v

sem conduct or devVice ch co ITS

formed onxalesfibstatapdition bhrihé (PPerIRRT of ¢HE GEMAHCEHRE] BYRF JFOfBBL QY t he
first flat sem conductor |ayer; a first sem conductor |ayer of a second
conduct i $endugfiee fypenfodmied in thoweperpportiboof dhe tihst dalurabar iBconolayeMay an

sem conductor | ayer fand.an entirety or an}gﬁ)pe_r portion of the first flat
seni condGEPBE BrgRss:. foxming entinct bigles dn dbe third pxide filratinesitions ondespeetiect i ve

type for i i the first .coalumar_.silicon | ayer; a
SohT conanger siies B HRAES: PRI IR BE dleNEe bl FBRETHE BERhE e eRbeh oot
sem condtigtupper SyRon of the HRstTRE Wi cEANBUE NS 1}1}{@&1&&%{ Sothiifiadl QW&

portion of the first columar sem conductor layer, and the secon

seni Bondlayenand dhe gatsf cledimdsebynd «dring process; teyqitng dienpattion of RBe UpREE
portion of the first_ columgmar silicon layer; a gate insulating filmand a
gate el eXPPREGEOFHPRAIIRE & %F?ﬁé’ﬂ"t%&?ﬁﬁw’f €first columar silicon layer: a
first in bgﬁing filmfornmed between the gate electrode and the first flat
sem conductor |ayer; a sidewall-shaped second insulating filmfornmed to
surround anAupReingsitslenalebof abhRt fof Sthe GRELINARvehibhC Wk éa%eéro\%]delde
contacting an upper 25 surface of the gate el ectrode ané to Surround a

si dewal | segficaridactgatdeviet exbich dempmides: e ffritr 84t bddsivbiduedy thydrMor@ed on a

met aﬂ)lo-sgﬁ%conductor conmpound forned on each of an upper surface of the
first? seWPeieuR {6t solyBparpsemipendysiop dayes oietned ionethe \iget flar seanicomluttve

the first flat sem conductor |ayer, and an

tiret : i
Upper surre Py VERELABRI IR R o srnd coPycky Bl ot SciRar aNGBE, ve

type forh@drdt Rohibifhat BRRIcoRRItr Aye? fank ?{? | efnicigeg)? cr)rxggn ggée\?\ggﬁfotnﬁ%g ?igsq Lél'{%i or

| ayer, wherein: the first 1nsuldting m e ga ctrode

and t he stini@hdbdtat lagea cecutidasemicdnduedr higer of thbisedor@SOndhRt9e iy fh@Rmtdat of

the gate insulating filmfornmed around the first columar silicon |ayer;

and a | éh@nHinpet ﬁk&‘?ne{)fcfbﬁtﬁfal codhsarofilicdrelafyen; st sendtaminetor $dyler ofr figyer and
the firs licon layer is |larger than a sum of a

an ge of col umar sj

|en3? h 5epdueae v {%IHW Yetugen dhefirgtiempeqndpcien layenaf the jeceush comgluctiyer  and
a side ] kLJ | ayer,. th hi ckness of the gate

nsul at e P e bk RN iy SRlhmesB! Bvghuficlon ISP B sy ¢ he
si dewal kerfiftap@itciaeRn @ knsdekatd bt ; ' | of

t he gat ee el ectr(t)de )angd t he fﬁds?glldgbst:lj‘ly@atﬁrﬁéhg@%e??nn%‘%@%}&fﬁ}%@ﬁ%ﬁ%& to a
fourth eelpewmar sificarhieypr @ gatetindularien tfilmnndtaereelb&rdileomiigese FornSQHrsaduct or

device whigch conprises: a first_flat sem conductor |ayer formed on a
subst r athe: fizst eelpwparglicemlayers arfitsbmawieting filmyfermédbetwderothet dage tlectsadef | at

sem,con rel r. a first sem conductor |ayer of. a second conductive
tyg}éé:f ofg&réfe‘g]%iﬁr{mgﬁ%osmco SP(ES[ rof‘?y%tf aﬁ%ﬂfﬂﬁ#@@p%qeﬁ pnsulaing §Hadermend toayer
and an entirety or an upper portion of the first flat 15 sem conductor

| ayer; a second sem conductor |ayer of the second conductive type fornmed in
an upper portion of the first columaP silicon layer; a seniconductor |ayer
of a first conductive type forned between the first sem conductor |ayer of
t he second conductive type forned in the | ower portion of the first

col umar sem conductor |ayer, and the second sem conductor |ayer of the
ductive type forned in the upper portion of the first




20 columar silicon layer; a gate insulating filmand a gate el ectrode
which are fornmed around the first columar silicon |ayer; a first
insulating filmformed between the gate el ectrode and the first flat

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

cont act i ngurmnd pperppstisitiewsl] of thd8rsgabRnelae Silicotl GrydP While OHaEPMNSh Apper
sidewal | of the gate el ectrode; a 25 netal -sem conduct or conpound forned on
each of afwrfagpef %Bwﬂﬁ%le]écmdetm thisngpugkarisidewdlll of e gy elcctoddet e the diostd
conducti ve t%ﬁ%ﬁ%‘md in the entirety or the upper portion of the first
flat sem OSH 1 Bjpstal-sgmirorduGtonimpraynd demncgk on prehaf dereprse Rasa i Ct or

I f ] i in th . tion of t
7St oby BEsunseagROHY AL br BUPSlREATA A 05 1B RN bRRGof B,
f or med baip[g%@oitm &afhe ROCNBCnAdndRf: RS i hn fuk)gr%ri ﬁgﬂ}&%q ts&roghayer

has a thickness larger than that of the gate I nsu II'mtorne
around t rremiidangictonlayemafithe sédoad Rohducere tygedoiniel iBahe uppes portheohAs figst

thi ckness |arger than that of the sidewall-shaped second insulating film
formed t GORmRas srapqoRdugipnEyets whetwn theofirst frsulating tfilmoformedh betsiekn dungitay er
whi | e contacti.n e r. sur.fage of the gate.el ectrode. 5[0035] As
above, t ﬁréecgfgg%%‘aé gtﬁcyggﬁﬁﬁgse%c‘}“ﬁﬁ‘xf’f Jager ]é%[?eﬁ"l“iﬂ?sstlﬁ’@%?hég &hat of tcesate on,
COMP i SCSndliflir{eAfiSFofthed ALY AR s doliihnt UAMR S conduct or | ayer on a
substrate, and formng a first at sem conduct of | ayer in an upper portion
of thé sybsyjate |ying under the first columar sem conductor |ayer;
formng a first sem conductor |ayer of a second conductive 10 type in a

| ower porti ofcekdingio ¢ thistaspeit ofitherpresent ioverdion; therd iapervidedch semieniducter y or

an upper portign of the first flat sem conductor |ayer; formng a first
i nsul at | ngﬂ ok somarises| gvigst Satssmicendiciarrayer fosned on avpiastraie; iachit | ayer

and abov i LSt 1.CO or | . Horm.ng a.gate,insulating
11 m andcaiet Eifeaifio® IECAMEL U o Ty AL B EoRaBi s 2 5T ng
a_si devakémizbagetbrsiagans 4 BevohatdonBudtivk Ty SO ftttell OB NCIoAR: YORRI S AR Of
15 the first columar silicon |ayer while contacting an upper surface of

t he Yat ecelbmonr samicandudter $ayer cuddam eslitkeyvalrl amfuppbie pgaton ef eld fastefland t he
first insul.atgliﬁggffi | m form ng a second sem conductor |ayer of the second

conduct i Y&E 9 layers hsreend semicgpdustor; Iagersqf thg secgnd clye typerfotmegder |

and form 1 y f a.first conductive t bet t he
First son o anRE s uE Rl it B Shuis Bilcob Tt Foemispie v BB 20
sen condesrdattiveaypt fofmddBerdReP Mt GRPIMAIOHEudNPEYerdYOhE UbLHAcdhductive
met al - sem conduct or conpound on each of an upper Surface of the first

seni condiype derniedyin theolowieh portieo e thecfiusticrd tinuar seppeondaconnyeppeat theueiage of
t he .second .senj con uctgé | ayer of the second conductive type, wherein the

first i nSHHeRMdNgor (ayaT phthe £Cead Gendudive Ayppetormpdiin the appesfporten gfithe first

_ C i _ q £ | il | . ,25[ 0036
The. anovetrabe TR SHE R Bpd bRt siedte Pue b5t Eiisd s#bPde. an

SGT manuhagirstr oM Rt NRdnaa a,bg Firfl inQRARNHRY fGtnil Seeh L ehE %uer Qdyei a9

resi stances of a source an rain, a structure for reducl a parasitic
capaci t amdethe firddhit sedicgadwetdrdagirha silesiall 8HagedneteHdr abulmse ffm thehedayr ce

and drain, and a desired dianmeter of a colummar 30 sem conductor. [0037]
In the ritfeued aecopern sidewall ehtheplinst eolnmdarsiboeti et while chmtagtirmsan tipper

| ayer atate GEE St SFHo0E <0 o aNTIALS SAPVEbAT Myiste SIsCTadogBa bndrsta sum

of ale et K [ f first 5. calumar silicon |ayer
and a siqgéed\}ﬁ:a/a ° %}?@[&h{ggﬁl ?‘%ﬁfcéo uuc?%}é:?)m 1 |‘§:]g?1 egyo&?ac{;ﬁg P HPERLEEECE P he
gate inghé &kstRemidohdictér labéiCKNBE SeQind!DdRIBANR $HEEIiRE%n tdNeh ﬁet%'mrctﬁgess of
t he sidewal | -shaped second insulating filmforited to surrounJ the sidewal |
of the @gape pdrtionrofdbe dinst fldteschiicaiduitos ldyet,i aig 4d Lpper Baifacd eAthy econkes it
possible to agequat ely forma netal -sem conduct or conpound on the first
seni condeiendycigrdaysiof thesesapd pepduisivreE ermed in the upper portion of the first

30 columnar semiconductor layer, wherein: the first insulating film formed between the gate

10




10 type forned in the entirety or the upper portion of the first flat
sem conduct or | ayer |lying under the first columar sem conductor |ayer, so
as to reduce a resistance of the first sem conductor |ayer of the second

conductive type formed in the entirety or the upper portion of the first
flat sem conductor |ayer lying under the first columar sem conductor

| ayer. 15¢i60B@le and thé fird: it BhiooktREE QA Mds b OhiclRsPlef@ thACthedragL Bhit of
the present invention, the gate el ectrode has a thickness |arger than that

of the sithewaling Siapletmed eomadithe dirstt ¢abgmhar siliéar hayer; tandsajtelngtlnntr:‘bttvhm upper
sidewal | of the firs ol umar siljcon | ayer while contacting the upper
surf ace o‘f’enfrﬁga’&étoé téff g&‘ rch’él?ﬂ&T iisop dayes raad Aankedeeial the disst (tjﬂo édgqaat ely
form 20 & -ah - ' t Qr und on the te electrode, according to
necd, so- S0 S B ThEP RS ISR SR kef e APuaE0 e B B¢ S8 oot noc

accord ngla%r& R RAKEAY bafle A RE|UMRRE sBicok |T!ﬁ|ef3 rtﬁéﬁfﬁkgkégvcﬁﬂﬁé gzpe ifglagdgs the

steps of: formng a pad oxide filmon the si'li'con substrate, "formng on the
pad oxi defilph o iHichness of she paterdleterode) md arthitk@esdsofathebsdevibilirdhaged B&ond
formation of the_ first columar silicon I(;atyer; formng a first amorphous

si | i con oRsyingshily fosmed tq aremnd the sidaveall of the zate efei:irwge aydphg fing isulatag st
onto the ffi rst anmorphous silicon or polysilicon film and transferring a
first col E}mﬁar | ayer pattern to the resist through lithography to |eave a
first regipgjqjcorresponding to the first columar |ayer pattern; and etching
the first anmorphous silicon or 30 polysilicon filmand the first nitride

filmlon turnAterdiapg mea o ifosith Napectes kihe ThicSerdt € fvihon, MRS i§ tprBGRsd bhe to
control a height of the first columar silicon |layer according to

det er mi naemenondicter tevied veltichogomprisesy aofirsa fixtyseetiadnidngop iaeesormeal bhea
S e e ol egriconducior Tayar Wil on S omt ot amoondator O

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

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

15 semiconductor layer; a second semiconductor layer of the second conductive type formed

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

conductive type formed between the first semiconductor layer of the second conductive

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

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

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

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

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

surround an upper sidewall of the first columnar silicon layer while contacting an upper

surface of the gate electrode and to surround a sidewall of the gate electrode; a

25  metal-semiconductor compound formed on each of an upper surface of the first

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

portion of the first flat semiconductor layer, and an upper surface of the second

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

columnar semiconductor layer, wherein: the first insulating film formed between the gate

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

11




5 the step of formng the first columar sem conductor |ayer by a dry

et ching process using the first hard mask. During this dry etching process,
the first anmorphous silicon or polysilicon filmserving as the first hard
mask is fully etched to cause a change in plasm em ssion intensity
detectable by a dry etching apparatus. Thus, the change in the plasm

eni ssi on insulansg fijn Gammddarelaidetit kst ol el EINcHE |a¥et; ARTHRAL OB sl @f t he
dry etching 10 process based on the detection result to control a height

di mensi onthatknessdarfger tan duit ofitharsideiwalleshapddesgeond infd4tidg film fdrmedesd haebund
according,to one.preferred_enbodi nent_of the present invention, a

hei ght dig‘ifFE NQP%‘rFl‘gefwaﬁbrfér t’fel? figst calypman silisors layerowhileeonseatipgithe wener sunfanend’ or e
the dry i cess is less than that of the first columar silicon

| ayer. Tﬁ%g%?%g%%ggaﬁakes it possible to adequately determ ne the

term 3atifo3sf m ng of the dry etching process. [0042] The net hod
according to one preferred enbodi nent of the present invention includes the
step of sacr iAbiabowd, the muthdil 2édogdiag saitiairer Rpedt BEtHel presenCiol v c@hl%ﬂigé@n

| ayer fabricated on 20 the substrate. This feature nakes it possible to
reduce i rihegigpacftiorsingfa firss colawmar sahicondictarrlayer cwl aiputatrate hud Gormlimyer f or

use as afcha nel r.eqgion V\,Uile.rem)vi ng a surface portion of the first

col umnar &7} ﬁﬁtoﬁenFlﬁ RLVINFG 1B A0 RPeT ROFHY %’gﬂleh%}béﬁrﬁ? dyigryndst iheetiest v
t chi t ' il I f .

cont am nar ez oA onRh At e B b SR Bir Bl 300 shffitve n

dry edchitpng i 9d@sea. potho®) @f e first cdRgnim®BAkAGERS:IPE L A enieff 6F LEd

enbodi rent of the present invention includes the steps of: applyi'ng a
resi st omppenpretigubbtedirst fiesemipondrectdr lapdr; fominma firss ihsubing IfApedrourring
renel o4 00 Safudchs Byt hon LAVGL el Lern Lo she tegl sL Ui auon
oo, BT e PO AL o SRR TREBIC T el
e SO g ot ity PP TRRL h3gh 001)
i ncl UWes theharssedpmnafsiliaagegirtwhilg @nfactihg my uppdrderfhde oft the ghtb @ldciroad afd at
silicon !toag/uentou?lgczji s? ersatllroat:[tlele gate electrode and the first insulating film; forming a second
semiconductor layer of the second conductive type in an upper portion of the first
columnar silicon layer, and forming a semiconductor layer of a first conductive type
between the first semiconductor layer of the second conductive type and the second
20 semiconductor layer of the second conductive type; and forming a metal-semiconductor
compound on each of an upper surface of the first semiconductor layer of the second
conductive type and an upper surface of the second semiconductor layer of the second
conductive type, wherein the first insulating film has a thickness larger than that of the gate
insulating film formed around the first columnar silicon layer.
25  [0036]
The above feature of the present invention makes it possible to provide an SGT
manufacturing method capable of obtaining a structure for reducing resistances of a source
and a drain, a structure for reducing a parasitic capacitance, a desired gate length, desired

configurations of the source and drain, and a desired diameter of a columnar

30  semiconductor.

12




5 having the first columar silicon layer; flattening the filling oxide
film and etching the filling oxide filmin such a manner as to allow a
surface of an upper portion of the first flat silicon |layer to be exposed.
This feature makes it possible to adequately achieve an interel ement

i solation. [0045] 10The nethod according to one preferred enbodi nent of the
present if8fEion includes the step of: the offset spacer formation on the
sidewal | of the first columar silicon layer. This feature nmakes it
possible to prévemethmd doepuding o Pnopréfeiredy cinbpdianne df fliopreshie inverioal b of
the first, colymar silicon | ayer during an inpurity injection process.
[0046] 15f DS BETHRE 3K A ghe &g relysnesr stlicen layas gl ermdgefoftthe fipttesent

0 the. | okt sl 18jer i Bkt BU'a Gim bk ST PR BE et o b ok ™
entireaty @ubie sURRA TaRQ ahl ANsi@wdINgr fnle ikt édl%ﬂﬁ%&%ﬁgﬁf %e@ﬁ&g l?)? | at

introducing an inpurity of the second conductive type in I'rs

senm condub¢ qgatd ayedatingviig, thehidknest of cheinmer eldctrib@QnaddyehioMnkts arahé set
spacer 20 through an inpurity introduction process conprising an inpurity
i nj ect i orfidsMatleshapedagerond eimsulating dflms Srmedatoe sutraindt theesidewll ©ff that gate

makes it possible to efficiently formthe first silicon |layer of the second
conduct i V&E9HRaq %ﬁit ipsiigting fﬁ’é’t héﬁ%fge%lrfdmﬁbewbpf&ﬁ@leptp@ﬂé%a@dy &l ment
of the pr N i ier.St. Sk |1 | ayer t he seconpd..
conduct P\?gé fﬁyn%gh‘l%s{](ap %t?fr)rgodn #‘ﬂﬁltd h()g‘ﬁ[lh{@::)v\ﬁ/{gsrQt SS%%’“Jtolngfri\)&%% laa%‘?{e‘)fﬁlf’? %%COB% F?fhcprlﬁpve

seni aondugicoforthad @i thei entifdty of fHeQfpbNBor@ibY of RRUfist Ylal fnfic ,Aa%aBPlPﬁ@T g@;ggo ion

of the first columar silicon layer. This feature nakes It possrb

easi |y opnder the farshdoluinoas sohicoedypent laye, isopmsrtot igdide) £ atdigmapr o desst f or
t he upper portion of the . first colunmnar silicon |ayer and the first flat
silicon |S%r5’é°Pn uyrtorglayereots thestecond epndietivg hipgdarmed & the entiretytoratha wppshor t

30ch { I ! t 048 T t hod
aceor i ngor s ahene Ao Dot Srb SR e (P9 a Bl colveRtisomisondiaitos ¢ e

steps of laydgpositing a first insulating filmmaterial above and around the
first columar silicon |ayer fabricated on the first flat silicon layer, in
suchl®a nHK¥EEl that the first 5 insulating filmmterial deposited above

the first c?I umar sili con_la%ﬁr and _around the | ower sidewall of the first
col umar si %} dnmethpdrachording tonprecprefeared arahadimentofi the presentt inwerftions the

i nsul ati i ri.al , deposit ro an .i nternediat e/ ypper sidewal |l of
the 1 P clebR Sl Bk AR Rk TRy L e PHE ey Bochnd B Slacihg B
mat er i al foaned sl sirfRindNhe LR isc®/aRPhe 8ide¥RldnaPEil Ef whi ’
silicon |ayer t(S:) formt heﬁ?éiiirsst [ ngﬁl 2& %\Sg% 10 Ff%l%E%E%&%ﬁ?ﬁxé@?{nﬁé@ﬁlg

col ummar the iupparonrfacy ef thagateaiatrode.t HEhik Goseure siatteyitlpossible thaddquiely oahumar

siligon layer, in such a manner as to have a_ thickness larger than that of
t he dat & M&lseRicagdydongomponad pp thregrta plsetrere; pesotding to nesidusmas togediiceon

i“l::%:::i t;%%gi's{ﬁgé Y& ggtlé% ecj[rgdgossi ble to reduce a gate-source parasitic

[0039]

The method according to one preferred embodiment of the present invention includes

the steps of: forming a pad oxide film on the silicon substrate; forming on the pad oxide

25  film a first nitride film for use as a mask during the formation of the first columnar silicon

layer; forming a first amorphous silicon or polysilicon film on the first nitride film;

applying a resist onto the first amorphous silicon or polysilicon film, and transferring a

first columnar layer pattern to the resist through lithography to leave a first resist

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

30 polysilicon film and the first nitride {film in turn to form a first hard mask. This feature
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[ 0049] 15In the nethod according to one preferred enbodi nent of the present
invention, the gate insulating filmis formed on the sidewall of the first
‘columar silicon layer with a first hard mask of nitride filmfabricated on
the first flat silicon |layer, wherein the nethod includes the steps of:
form ng a second anorphous silicon or polysilicon filmserving as a gate

el ect r odemalasseit i pakssibleNtoadonitidt R BEIGHIS o6 el Giksdrd@iadl sficbnbMyérh BccdtBRg Ab
formng the gate 20 insulating film in such a manner as to allow the
first coldstarainationiof efertranasiontimibg ofadstetduing hroceisrin thermibpguesthsiapy t he
second a /%)(ﬂous silicon or polysilicon filmby a chem cal mechani cal

pol i shi ng‘aé cess to have a flattened upper surface. According to this
feature, theprpllri fi ' i I h mask .can bhe used as a
topper " agar hot MehS8 akkonoB 6 YhE RheAndd infodiBin 1 kc BREG SBmEEm HRffocS

pol i sbi ngh@BRHRE fivnlifle BRNASCATRRISRIAARLAL! iab¥% b QAPPkiching pIiRsdRLiROd
according to one preferred enbodi nent of the preséent i'nvention iIncludes the
st eps of :thetfchti myd baedk. t Darmgchixd dgmetchinguproseds] denfiest gpdrykédsi sticorf ol m
serving as_the gate electrode material, to allow the gate electrode to be

f or med” wibehsHicgB dibnesgrving as thefgsihard omsl inBlysitehed go sayserasthangd teplpstan on
an in-process structure ed, by the ste chi back the] second

L h f
anor phoygng?sll(?nclgﬁenﬁ]fy B%tF?gl%I?:bg’ @ndryieﬁﬁi’ﬂggﬁx a(ﬁ‘i?%g S’ttﬁggh"‘l‘néﬁt‘% the plasiea ¢ r st
oxi de filmiGhh Hﬁé@ﬁﬁﬁgaﬁ% Lﬂ%&%{ed%r&e@éiﬁm?é a il didn t?llnﬁqg 6@&%@:&%@%&%@ as

etching or dry et process to be perforned 1n a subsequen

to sUPpr geess biaNgn thé dvREhidl icailt kd chitfol gak@ghtangihsig df dRBGEE clundnBe gat e
insulating filmfromthe upper surface 5of the gate el ectrode. [0051]

The net hadicaebyedi ng to one preferred enbodi ment of the present invention

i ncl udes éd}ﬁ steps of: formng a second nitride filmon the first oxide
film et £ J; back the second nitride filmto forma third insulating film
sidewal I, a ' . [ ' . | a bhottom..
anti-refl ecpﬁ vtgé glcli)gé &né%ﬁkﬂ%)% Iogléég g%ﬁeg@é%b%gﬁﬁglﬁo%ﬁe@g PLEFHC PRt ned
by the sheiphiodinfh§ibh @ gkt AABrpheGPRMcH bf poigsifibtdHIn2PRloYd 18 dy RBiHt ONt o
the BARC | ayer, and transferring a gate wiring pattern to the resist

t hr oligh piocersgs tgshthanchdtedvie Brst tolnonareslicin laper e$porfditng rhakes fepagsibe
wiring pattern; etching the BARC | ayer, and the second anorphous silicon or
pol ysi | i@o%ﬁieﬂwwgsmﬁﬁt%%tepﬁwaga@émémgeeﬁthﬁég%ﬁv@spmems using the third
resi st am?gz sk, to forma gate el ectrode body and a gate wiring which
make up e g:te el ectrode; partly renmoving the first insulating filmby a
dry etchi ng The m¥éfioPicebidigh (ol drofrbd 8mbHaHREL o Pfhe Ph&ehi inSinRaNhagauct or

| ayer of the second conductive type lying under the first columar silicon
| ayer t othbetepxgicsaificidlheoxidinimgi ngurfabe of teifist chtntdrailRARGyet datricagdtone
fourth oxide Ia¥er gn an exposed surface of the gate electrode and the 20

sur fAcesthesubsigls  rlads fatre srdieritqrossiblpdp reduce Hecstuading onsidevall ef thepe
(lying u the first col umnmar silicon |ayer: noving the first nitride
171 m e et SRond R s B RO LT RE SR rice BBt m
around R frét’ kPl WML 18¥er Ha9Mhe! @AY PDIANEIRING RERAGERS: mving
the pad ‘oxite Fprar AEOh, [aycr Hadihe ctiin plaied iethind dirin %Sf)ﬁg"é?%%er .
Thi s f egirocess,makE protectphs sfitel eolumnbosilicbhelagat Bol enitaroniaieisoitrthdidye af i r st
columar silicon |ayer. 25[0052]
by-product to be produced during 4 subsequent dry etching process.
25 [0043]
The method according to one preferred embodiment of the present invention includes
the steps of: applying a resist onto the substrate having the first columnar silicon layer, and
transferring a first flat silicon layer pattern to the resist through lithography to leave a

second resist corresponding to the first flat silicon layer pattern; and etching the silicon

30  substrate to form the first flat silicon layer, and removing the second resist. This feature
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The 'net hod according to one preferred enbodi nent of the present invention
i ncludes the steps of: formng athird nitride filmon the first col umar
silicon layer fabricated on the first flat silicon layer, the gate

el ectrode surrounding the first columar silicon |ayer, etching back the
third nitride filmin such a manner that the respective upper surfaces of

30 the fi mmkesiepositieucidequdtelyachiete ihiitaelemant islAGMict i ve type |ying under
the first columar silicon layer, and the upper portion of the first
col umar E%#ton | ayer, are exposed, and formng a second insulating film

sidewal | servin he sj.dewal | - shapeqd secqnd insulating film to surround
t he upper si \é[lé\ﬁ/gﬁ“fatﬁ‘?f# aqugian Ws?nedﬁFéﬁﬁgF"‘g’Paﬁl%ﬁof%é’Fem lgéefé’fﬁ’ﬁtla?t‘f%g t he
upper surfac, f 3 I t rd Qu t.he sj dewa e
ggf e el ec{hr%osg‘?;g %fit ?t% ?‘%?i%@lg %gfﬁg{ﬁé i%%gdﬁr i yo_gft_ﬁ?tﬁé&s@%o% Corrdtlc 8‘%%}5@ into
the upperhfand tHenfiRf célfinkt Eifitort MlyePM@diteRin (RO TilkiAY 8%idk HIRAY AR %Ebhir;?tr{e' ty
introduction process conprising an inmpurity injection process, to formthe
second si fillipgoxideyfdm infsutihe nemoard to alowet surfacd i uppet partivppE theffast flan of
the first columar silicon |layer, and formthe silicon |ayer of the first
conduct | vEli¢3PpEYBR ubEncxieeed:  This featiiecmkesaiteposaibla b adeptely achidve ahve
type and itnee 1(e) seojot?d silicon layer of the second conductive type; and
formng a ?IEIP THPURUYY | m such as a ni ckel (Ni) filmor a cobalt (Co)

film on [hhesyrespective exposed surface of the first silicon layer of the
second conductive type and the gate el ectrode, and an upper surface of the

secori® si | i cOhe plethoderco@diptio ©aB GutTtirdPerh¥RBmeRVofah® PRk Th RGP ABsiRes
subj ecti ng the first netal filmto a heat treatnent, and removi ng an
unr eact edheaiep off the loélselcapacer femmaipnfanl the sidewall Sfftlr firsh colatrmkr siliovrc tayduct or

conpound .qn each of the first silicon |ayer of the second conductive type
an (rjrp t he s’lj’é% E‘?f'%érf: IS it éﬂ?é?i’l&f 1o PREVEH Bh SR HY Jeam eeing, paplanied dram e t o

this feat t Ok he fi.rst silicon |ayer of
the secon eguglnl u?h veﬁ%oﬁ%gﬁ%ggrrcg’g @%ggﬁéﬁg%&ﬁéusrﬁy (lzné?czlr?ﬂé)Focgissi‘i con |ayer
and the gee4)d silicon |ayer of the second conductive type fornmed in the

upper portion of the first columar silicon |ayer, are
15 In the method according to one preferred embodiment of the present invention, the

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

30  channel effect so as to reduce a leakage current.
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20 isolated fromeach other by the second insulating filmsidewall. This
makes it possible to prevent a short between the gate el ectrode and the
Tespective ones of the first silicon layer of the second conductive type
formed under the first columar silicon layer and the second silicon |ayer
of the second conductive type formed in the upper portion of the first

col umar EiMBEon | ayer, due to the netal - sem conductor conpounds. In

addi tion, the 25 upper sidewall of the first columar silicon layer is
covered by tH&esug depsshingaio ang riréferred enbogiitient Thihe praakmsSnvdntipnssilides t o
prevent a rre{ al ?(g conducﬁ?é.co ou frombeing formed on the upper

si dewal | B StoRs oFdeResiug & st insulafing Siim) mgterialjabgrgqnd around the firgtrolymanod

accor di ngifg, 7 d ogdi £ th resent. invention jncludes
a000r o MBRrOMSPTALELIACL MO Bic BBl SRRy HARAL o Rel HEL WASS
first scolusmating filrh GRdlerial| RY6ditel HPHYE ML Hr Roludfhal isliRbn fi f’aﬁﬂ 'a&&@a Hhaver,
the gate el ectrode surrounding the first columar silico ayer; tormng a
t hird oxildwef sidewaboftha firasommnantibicomisger hazsithrkidsg 1drpdrivharothat Sfahe Gk act

st opper, .and fl atteni n%r_t he third oxide filmby a chem cal nechani cal

pol i shi ngnPH&es §ilms waterinly dapasied sseundope intermpdiatehipper ol fof] theafirst
position on the secon 5 silicon.layer of the seco conductive type
formed i %ﬂaﬁpﬁlz‘l?mbglﬂ’?ro efcﬁjé‘gf i l?estf?TEBIIWIFéV’gS ﬁ?mcawqr e?'f?u‘ﬁfi/l ths

et chi ng BrRARSHate/PHE HekvialP t b eGP | nsaA

posi tions on reggélgP?vé uppe(r)fc@? egt CSMtlﬁ% gf%oépg%%ﬁ?g%ﬁgﬁr# lcl)’fsmfaﬁrég
second cdiigusbiveetht et telunBar silicoh eayRtandeiryu tHehRviePREIewRA! b 2 ffst t he
first flat semi conductor |ayer |ying under the first columar silicon

I ayer, af@lumpar glicen dyen tin oeid, a tygnizan aste havere thickpessderpsy thet ¢livit of teheate
portion of the ntact stopper corresponding to the respective contact

hol es. Tﬁl?séﬁafhélﬁtciﬁ?letor%ﬁlfé‘?“{)dtar?)‘ﬂ'édsélﬁﬁéﬁt%l%ﬁé can fayey stlhicleatyre mpkes it
contact. 4 T el - i ce according to the second aspect
of the pPe%gﬁtél?rn?\c}g%%? argégon%‘?ﬁés{g%ﬁggq%?&rlcgﬂat sem conductor |ayer forned
on a subgoosje; a first columar 15 sem conductor |ayer formed on the
first flat sem conductor |ayer; a first sem conductor |ayer of a second
condlZti ve tlpghe imsthasldadearding omene pefdriadnersboditent off e presentminaention, the

sem conductor |l ayer, and_an entirety or _an upper portion of the first flat
sem condﬁ?:tFé?S“:laé%}/’@rﬁ,lmdS Eamsdndhevidswal of e fﬁ‘&f@fmmartsmog bysnhwith@rirsict i ve

type for i rii fd r.st_.col.umar silicon ] ayer,;

sem condg%tqollglg?%?g%ﬁ&é giﬁﬁi lfa‘é)ﬁpa(t%&naﬁg E|:\ﬁer=_3tt @laﬁem’iﬁmf %P’?Fe&"hs&“t‘ eh¥’fel%)d?i rst

sem condiiehles taysedpsAt: for@ies aRend andHholy Silit¥P8r HAYHREH flnt E'&Vin%"iﬁra

portion of the first columar sem conductor |ayer, and the second

seni condgaie eleciradeemaisfial, be as ér-prtessomattre vbtaingg dyfie sreglof forinhey thppeare

portjon of the first columar silicon |ayer; ?éq?ate insulating filmand a
<

gat &bl loFviatRe ifme in sugh 12 MABACTa A% i dilloMe t cobmrasasiliean fayen 10 dger: a

first i i imf .b t | ectrod .th 25 first
HIEE E i L AR

to surrogchiéd heBeRicll SRMRInL Rbcekd® hivesh fﬁﬁéﬂﬂ;ﬂ%eﬁ ki@

( USHindL! ©
contacting an upper surface of the gate electr gm

nd to surroun

si dewal | thof feataee, dfat mitridecfiltr eaeing agl tHehf@rs hard mdsk $bih 8¢ wi@ dsid FopRer against

met al - sem conduct or conpound forned on each of an upper surface of the
first schfchamiset siechanjcal pefishing prsessnie wwaotralietriolishing pechor with dnhatded
entiy.ety or .the. upper 30 portion of the first flat sem conductor |ayer, and
an perregli?fiF%fE’éHgf the second seniconductor |ayer of the second
conduct i}mgsd ype formed in the upper portion of the first col umar

sem con uctJr | ayer, wherein the first insulating filmforned between the
gat e el ect r pRenRthddtad€ortingSh oht plefSiedd GRARSHIRERY of tBY Efes&ﬁ%&nﬁ@h ; 3

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

col umarths step of etchingr back[tBOSEshnd amorphous silicon or polysilicon film serving as the

gate electrode material, to allow the gate electrode to be formed with a desired gate length;

30 and depositing a first oxide film on an in-process structure obtained by the step of etching
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In the sem conductor device according to the second aspect of the present
invention, different voltages can be applied to respective ones of the
first sem conductor |ayer of the second conductive type forned in the
entirety or the upper portion of the first flat sem conductor |ayer |ying
under the first columar sem conductor |ayer, the gate el ectrode, 10 and

t he seconbackeai ssndd ai@fpHoay eilicod of Ry SBEH EInt ONbietdiNgtd RGedefBe % t he
upper portion of the first columar sem conductor layer. In addifion,

respect i vexidedile canceroteof an hppdri susfacs efrileogate eteotrodajiom ofwet hf&ha%capﬁk-y
conductive type fornmed in the entirety or the upper portion of the first
flat seni ?Bﬁ‘égd%‘fesﬁ d9he psiGgednie? shhseapent stters dOuURMEY Swwiess ohabangeror

| ayer, an n 1 6O tor | r of .the .second. conductive e 15
formed | n oy ISR s RRLECO Bl T o B o E TRPCHAR Ui Gt Sy can
be reducesk Mbbhe clRHHE.NY @ gate-source parasitic capacitance. [0056] The
sem conduct or device according to the third aspect of the present invention
conpri ses[00aljfirst flat sem conductor |ayer formed on a substrate; a first
col umar 20 seni conductor |ayer formed on the first flat sem conductor

| ayer; a fir$he sephadoregerding: ol apgaefefredicmbedingncofitie prasew inygneioh onaiedksi n a

I i f.t first | ummar . sem conduct Qr | ayer and an entirety or
an upper o EPOAEIPTRRE PG HITE (aHiT: Bifdek G Hperetcns Bebriae second

: . . i f ormed., | .
Sort | on cpirie FIRYES i 4 SiaCRRNGHAEMIHC Stal VA LOBRE ot el olBR Sy,

firstlocongphing/a bywan 2mtieAsaibesBENHBARC) iErh SRHT FODAMCEAS SA¥Rlre Of
the second conductive type formed in the | ower portion of the first

col unmar obtamesiobytlet step lofyetehinghack the seauhditdénfiongdyiop al @yier ontb thbe

second c tive type forned in the upper portion of the first col umar
silicon ﬁ%@%ﬁ;f&aﬂga{@ ARl BT g  gate) Wisingrieptisiy i theotesist Huerghnlithegraphe 16 or ned

around Mol SPUUTRRL AL AR Bk Pt SEHLE R R ChFS
si dewal | tighaqeesd s&repbus RAHALIrMBIFilidPn @IT84ving SUWhE YaRelectrode material,
15 using the third resist as a mask, to form a gate electrode body and a gate wiring which
make up the gate electrode; partly removing the first insulating film by a dry etching or wet
etching to allow the surface of the first semiconductor layer of the second conductive type
lying under the first columnar silicon layer to be exposed; the removing the resist and the
BARC; forming the fourth oxide layer on an exposed surface of the gate clectrode and the
20 surfaces of the first semiconductor layer of the second conductive type lying under the first
columnar silicon layer; removing the first nitride film above the first columnar silicon layer
and the second nitride film around the first columnar silicon layer by an etching process;
and removing the pad oxide film, and the first oxide film and the fourth oxide layer. This
feature makes it possible to form the gate electrode around the first columnar silicon layer.
25 [0052]

The method according to one preferred embodiment of the present invention includes
the steps of: forming a third nitride film on the first columnar silicon layer fabricated on
the first flat silicon layer, the gate electrode surrounding the first columnar silicon layer,
etching back the third nitride film in such a manner that the respective upper surfaces of

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

17




an upper sidewall of the first columar silicon |ayer while contacting an
upper surface of the gate electrode and to surround a sidewall of the gate
el ectrode and the first insulating film a netal -sem conductor conpound
formed on each of an upper surface of the first sem conductor |ayer of the
second conductive type fornmed in the entirety or the upper 5 portion of the
first fl akilisedriaendustds by YPortidNOf 8RR FRPEHlufaf ﬁﬁ@o&iag%ﬂ%ré@ﬁ%gd, and

sem conductor layer of the second conductive type fornmed in the upper
portion oformirg 4 secend owhlating filis sidevel daviny ad thy sidewulhshiagicd sedond ifisulfing
insulating, filmfor between the gate el ectrode and the first flat

senmi conduf{TrtoSugeyn EUBPQTHIQ?W’}HQ%’F%“@E?OIPW&W sikicon layer pHuleganaciingsiicat i ng
filmfor r first,columar silicon layer: and | engt h bet ween a
10 centra &ée)gisg}i%% %ﬂgleﬁa}%telegﬁ?%enﬂ%ﬁ[ Qg Qg }hﬁyséﬁie“éai]dogﬁ‘ee% CEFIPdfe
first ol aakcisd hi @Y, i | ] t t he
central axis ofn%% hﬁe%?m @Ftﬁ%@? Hg?ﬁ?%%gglt%ezfrﬁ%aﬁ% %pgfgg&mﬁlgfl%?gﬁ@? Esé
first col erimanarssili¢onolayéraiesughtaneiniguiriek Ressiuefiod PRcodt @nipiiitgddd nﬁ%drit&m a
t hi ckness of the gate el ectrode, and a thickness of the sidewall-shaped
second i NEIfCHeR pEpcess e femrthe segomd silioom dayeh of shedeawahd cofiductive dgteein the

el ectrode_and t he fifrtﬁt fj nsul ati ng  15f ii m [ 0057] In the sem conduct or
devi ce acBPFUPHTORPL e Tirpl siwaayetibicass layere apd demm ths piligon fayar of theafit t i on

c g _ et of i
of the prEarins i el SHACHALEL LOBE R Tnf 5] dikcliog dnd mE<Pect

adequat el sgcdrrsisdnaslyer BE theQet drldSdonddive A Gh@ ForhRYEA fifdh niehf ﬁ?ﬁ%ﬂ&g a
0

conductive type formed in the entirety or the upper portion the first
flat semnimeked (i) dilm| cryaerobhly (Go) filnden théieespeatnt egxpdbsednafacearfitbofitueiliosn | ayer
to reduce a resjstance of the first sem conductor |ayer of the second
conduct i %Yewgéh%%% cppdyctize dyie ansk heggate Blsciiprise rni @ntupper sfrfacheffthe st

flat i 0 | vi the first | i duct
| yer - Duraafih e fedoh BehAIBASE RdC bl Bl Do ctshe Bl Aot of
the presemdtall AIMERLd Bt GeARIhE 984 rémbiihg tanfdn?%acf%ﬁ éﬁ%ﬁ%-ﬂeﬂ%gﬁl&o{m d on

a substrate; a first columar sem conductor |ayer fornmed on t rgt flat

seni ¢dnddetor meyksemisorfducet compounhdtatol dfayefirafsikeconeRofdol hiadiessidv e
type forned, in a | ower portion of the first columar 30 sem conductor |ayer

and an efPRtustye e and thspeeonsovilisasdaysr of the Fecprd canduetivedype onksording td ayer ;

d ] t f.th nduct i t f in
Cioper _potEF BRFBEHE b8t el S, e cith &R 5w Tl S Sonl rreiuer o
a first %@J@%ﬁhéd%&&pﬁefﬁ%Mu&ﬁW@iﬁPoﬁ @%ef"aﬁﬁ?&é%%%&ﬁ”ﬂﬁ@?%y&?éf'ﬁheﬁ the

second conductive type fornmed in the | ower portion t he umar

sen condssbod comipetive ypd fotneedsia chndpise potiomdsfahe fird chiayighr SlicéhRysearnd
conductive type fornmed in the upper portion of the first columar silicon
| ayetl aisgleted from greht other iy thaseqead dngatinedlloctidewml. wiihétmakes if possible t@r ound

100 1L hoFh TR ShUFhe b ol Mtk AR08 LM L RS RS
o he 1 B T T e AT P s B3 o7 ™
silicon layer of the second conductive type formed in the upper portion of the first
columnar silicon layer, due to the metal-semiconductor compounds. In addition, the
25 upper sidewall of the first columnar silicon layer is covered by the second insulating film
sidewall. This makes it possible to prevent a metal-semiconductor compound from being
formed on the upper sidewall of the first columnar silicon layer.
[0053]
The method according to one preferred embodiment of the present invention includes

30  the steps of: forming a contact stopper such as a nitride film, on the first columnar silicon
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10 the gate electrode and to surround a sidewall of the gate electrode; a
net al - sem conduct or conpound formed on each of an upper surface of the
first sem conductor |ayer of the second conductive type fornmed in the
entirety or the upper portion of the first flat sem conductor layer, and an
upper surface of the second sem conductor |ayer of the second conductive
type for nager fattrieeted pgethep€irst i fud sificonhiyén fisd gl am%ﬁfdesﬁmoﬁﬁdlﬁg%@rﬁrétayeﬁ
15 wherein: the first insulating filmformed getmeen the gate electrode and
t he fir stcqlpmpasshsarolaser fomingg dhirhenside fimiscivirgsas anain@Tayeﬂﬁamlﬂaﬂ'rrg filo, 5 he
ate insulating filmforned arpund the fjrst col ar silicon layer; an
'? he gate & éféef gB’@féahggp%er’t ﬁ’?‘g Heung &ﬁ’fyé{f”r‘f RHlet ﬁg byt Z t%é?%qab]mﬁﬁmfﬁap?d
second i ' Ik r uppex, si de of ,the fi.rs
col urmar By Tmerpe st ol bl okt At e WRRSfaf bR i e
el ect rsodesili@f RH8OLf the skforidhEorkRbli GORHECTRMmeAEH | S prﬁ%w bP tﬁ{ﬁrétourt h

aspect of the present invention, in addition to the advantages of e

seni condusiennateilicvs laee.drydimeching pheetsh forechiag pactomdct hbks pi geahird oxide
i nvention, a netal -sem conductor conpound can be adequately on the gate
el ect r odelilm @& RAgIigRs 1o Hespactivieo uPRI LB dsaof dhg dirsinsidicort leyes ofathe edcoodr ode.

25 BRI EF CRI.PT] ON. OF THE,,DRAW NGS [.0060 . Fl ( is a top plan view
showi ng ocrgg§%%tlé'(5%%e g’%@%f}leo?n TR OF hﬁ%ﬂdeﬁﬁoﬁmg_éﬂ%t%%ﬁgﬁgﬁb?engéﬁ tor
accordin | rr}ﬂ?aF I Nvent. i 1Sy

secti ona:‘h}fléi?el\g;)vﬂ1 algiggpgliﬁ%tt tcﬁ]‘él | neSH{&-SIZ%&iIeFf %\ﬁcﬁl %(g%Tb el%%ﬁ&%% g)a}ni %tagﬁ%op

pl an 19i ewwrsdeesyi endhigntheStoriior of thbeonmt pef-t&rrépbidihg tthRaeigetiivd cottRY
taken along the line A-A" in FIG 2(a). FIG 3(a) is a top pllan view show ng
one step hogﬁst Hlis fiaafure anakps Epoghle i reduseatesishate of thacomtkan al ong the |ine
A-A in E (a). 5FIG 4(a) is a top plan view showi ng one step in the

nmet hod. ﬁb@ (b) is a sectional view taken along the line A-A" in FIG

4(a). The semiconductor device according to the second aspect of the present invention

comprises: a first flat semiconductor layer formed on a substrate; a first columnar

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

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

25 first flat semiconductor layer; a sidewall-shaped second insulating film formed to surround
an upper sidewall of the first columnar silicon layer while contacting an upper surface of

the gate electrode and to surround a sidewall of the gate electrode and the first insulating

film; a metal-semiconductor compound formed on each of an upper surface of the first
semiconductor layer of the second conductive type formed in the entirety or the upper

30 portion of the first flat semiconductor layer, and an upper surface of the second
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FIG5(a) is a top plan view show ng one step in the nethod. FIG 5(b) is a
sectional view taken along the line A-A" in FIG5(a). FIG6(a) is a top
‘pl an vi ew showi ng one step in the nethod. 10FI G 6(b) is a sectional view
taken along the line AAA in FIG6(a). FIG7(a) is a top plan view show ng
one step in the method. FIG 7(b) is a sectional view taken along the |ine

A-A i n Refaicobdagtor blér &thy sécdnd cofuciivatypeifemnahiawhd gppen posicdnfithe fifse
met hod. FIG 8(b) is a sectional view taken along the line A-A" in FIG 8(a).
15FI G 9( applumnay sempropilagion lager, swhowim gheofiust stsulating fidmclommpechbetwernt edgdy i s a

[ | Vi t I the |i A in FlLG 9 . FIG 10 ' t
ST S T TRAACDR 4Rl e oo B el
t ak I ' = A I (0] I [ t [
aken 1 SRS A b TS Qe bty 2 2 top Bl Ve

the | sne [665“5& in FIG 11(a). FIG 12(a) is a top plan view show ng one step
in the method. FIG 12(b) is a sectional view taken along the line A-A" in

FIG 12(a). It i@&fmpndisctia deojreplcenrdingaw thdoaviond aspeet of thp presentiavenionod.
FIG 13(b) .is a sectional viewtaken along the line AAA in FIG 13((}). 25FI G
14(a) is diferep yollages\samhesamplipchly arecive puesefithe fins sppisonducerilays)ofitke a
PRI S Mo A O DS N P
semiconductor layer lying under the first columnar semiconductor layer, the gate electrode,

10 and the second semiconductor layer of the second conductive type formed in the upper
portion of the first columnar semiconductor layer. In addition, respective resistances of
the first semiconductor layer of the second conductive type formed in the entirety or the
upper portion of the first flat semiconductor layer lying under the first columnar
semiconductor layer, and the second semiconductor layer of the second conductive type

I5  formed in the upper portion of the first columnar semiconductor layer, can be reduced
while reducing a gate-source parasitic capacitance.

[0056]
The semiconductor device according to the third aspect of the present invention
comprises: a first flat semiconductor layer formed on a substrate; a first columnar

20 semiconductor layer formed on the first flat semiconductor layer; a first semiconductor
layer of a second conductive type formed in a lower portion of the first columnar
semiconductor layer and an entirety or an upper portion of the first flat semiconductor
layer; a second semiconductor layer of the second conductive type formed in an upper
portion of the first columnar silicon layer; a semiconductor layer of a first conductive type

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

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

30  first flat semiconductor layer; a sidewall-shaped second insulating film formed to surround
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FI G 15(b) is a sectional view taken along the line AAA" in FIG15(a). FIG
16(a) is a top plan view showi ng one step in the method. 30FIG 16(b) is a
sectional view taken along the line A-A" in FIG 16(a). FIG 17(a) is a top
pl an view showi ng one step in the method. FIG 17(b) is a sectional view
taken along the line AAA" in FIG 17(a). FIG 18(a) is a top plan view

show ng omeuspeepidewall d thefio dolufringr sili8éb Jayes wils e6hth@ndl anvishdr badkaR & ong
the line AAA" in FIG 18(a). 5FIG 19(a) is a top plan view show ng one
step in tihe eaetslerdrodriags 19 swyound msidewall of e gatecelectedde rand |tn Girst fiesulating  A- A

FI'G 20( )11 % mElARFBahduparaluR PG Pt b AASRben s e oS0 l?s?tpf‘%d
oot onal UTRRIPEREINEF B a? Mo ABRITHRE, P il IR Epéo%azﬁ%(?épea top

secti onal

pl an $i evpostiivoTgtheNGrsst B8R kénichRdubtirh 8er, Fid %B(Q)pef Ssu?faéé%ﬂ fRakeshew
taken along the line AAA in FIG 22(a). FIG 23(a) I's a top plan view

showi ng camicndpctonlayéreofitbe badnd BoEh28(d }ype Somlainttho mper Yoftiwnt &b figk ong
the line co_u'?\rlmejr gegic%ndgc%ra ayer, wherein: the first insulating film formed between the gate
electrode and the first flat semiconductor layer has a thickness larger than that of the gate
insulating film formed around the first columnar silicon layer; and a length between a
10 central axis of the first columnar silicon layer and an edge of the first columnar silicon
layer is larger than a sum of a length between the central axis of the first columnar silicon
layer and a sidewall of the first columnar silicon layer, the thickness of the gate insulating
film, a thickness of the gate electrode, and a thickness of the sidewall-shaped second
insulating film formed to surround the sidewall of the gate electrode and the first insulating
15  film.
[0057]

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

20 first semiconductor layer of the second conductive type formed in the entirety or the upper
portion of the first flat semiconductor layer lying under the first columnar semiconductor
layer to reduce a resistance of the first semiconductor layer of the second conductive type
formed in the entirety or the upper portion of the first flat semiconductor layer lying under
the first columnar semiconductor layer.

25 [0058]

The semiconductor device according to the fourth aspect of the present invention
comprises: a first flat semiconductor layer formed on a substrate; a first columnar
semiconductor layer formed on the first flat semiconductor layer; a first semiconductor

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

30 semiconductor layer and an entirety or an upper portion of the first flat semiconductor
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15FI'G 24(a) is a top plan view showing one step in the method. FIG 24(b)
s a sectional view taken along the line A-A" in FIG 24(a). FIG 25(a) is a
top plan view showing one step in the nethod. FIG 25(b) is a sectional view
taken along the line A-A" in FIG 25(a). FIG 26(a) is a top plan view

showi ng one step in the nmethod. 20FI G 26(b) is a sectional view taken al ong

the |ine Aeyat; 4 sedoh® s2hilc@hdudtbrGagd( 8) tHeSse@ordRomlu@five/ hRW BRAY E}Qaﬁri%p&t ep
in the nethod. FIG 27(b) is a sectional view taken al'ong the line A~A" in

FI G 27(ayortencfigy fnst fdumnarotiligsindayari &mcmhﬁndtfwg)rdm%r zf e!ﬁrsitglotédhﬁc;ig?ttmd) :
' ' [ I t ine A-A" in a) .

P51 &\ obfuel SR SRl G g %ﬁgleiqee@qumn%wmgngpg 851

' ' I I | A-A,in a a) is a

Lop o an. A pofdEoE ECR PR SorblRBRidY ekt hiEing SN, SERCOPOIA v e

taken %l ohget be thd 8RoM Aonduetif Gra0fihed Flh%ié"’ ixﬁagér fé(ﬁﬁ@n LR FRY é@h@é‘iﬁaral ong

showi ng one step in the nethod. 30FI G 31(b) sectional view ta

the |ine #ligon laperth @a@litailatingHile 32 apaieseletiodd whlichnary E@ﬂe&@&ﬁr{&&h@@ﬁst?t ep
in the net tiod. FILG 32(b) is a sectional view taken along the Iine A-A" in
FI G 32( a) Solpnepraglicon layerp atfgpt iselating &l Shovgdibetonen tteegatd pletthadenmtdnthd. FI G

IR S TGRS E TR MLV O
an upper sidewall of the first columnar silicon layer while contacting an upper surface of
10 the gate electrode and to surround a sidewall of the gate electrode; a metal-semiconductor
compound formed on each of an upper surface of the first semiconductor layer of the
second conductive type formed in the entirety or the upper portion of the first flat
semiconductor layer, and an upper surface of the second semiconductor layer of the second
conductive type formed in the upper portion of the first columnar semiconductor layer,
15 wherein: the first insulating film formed between the gate electrode and the first flat
semiconductor layer has a thickness larger than that of the gate insulating film formed
around the first columnar silicon layer; and the gate electrode has a thickness larger than
that of the sidewall-shaped second insulating film formed to surround the upper sidewall of
the first columnar silicon layer while contacting the upper surface of the gate electrode.
20  [0059]
( In the semiconductor device according to the fourth aspect of the present invention, in
addition to the advantages of the semiconductor device according to the third aspect of the

present invention, a metal-semiconductor compound can be adequately on the gate

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

25
BRIEF DESCRIPTION OF THE DRAWINGS
[0060]
FIG. 1(a) is a top plan view showing one step in a method of manufacturing a
semiconductor device, according to one embodiment of the present invention.
30 FIG. 1(b) is a sectional view taken along the line A-A' in FIG. 1(a).
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FI G 34(b) is a sectional view taken along the line AAA" in FIG34(a). FIG
35(a) is a top plan view showing one step in the nethod. FIG 35(b) is a
sectional view taken along the Iine A-A" in FIG 35(a). FIG 36(a) is a top
plan view showi ng one step in the method. 10FI G 36(b) is a sectional view
taken along the line AAA in FIG 36(a). FIG 37(a) is a top plan view

showi ng one HIEP2(apistahep PRARSEY sHovéng 6addtep n Re HREJgONal view taken al ong
the line AAA in FIG 37(a). FIG 38(a) is a top plan view showi hg one step

in the met hodIGRHB) B8(ssytidnel wewdalkdnohalg the dne Makein FiGal(g).t he 1ine A-A' in

FIG 38(a). 1 39(a) is a top plan view showing a sem conductor device
obt ai nfad) by ﬁé%}ﬁgd?lﬁlﬂ%‘@g‘(ﬁaomgg anesgen inghamettiodw t aken al ong the |ine

Sor conduct of AP L 2ggs EPLue R Renalod heBrPhdR KB BS"Y Secti ona

senm conduct or

vi ew tsaaken alFonaik lg vRw d : I, 41(a) is a top plan
Vi ew show ngh:g@ggn?ggrgé uc?ﬁrége%hpggﬁg(?%ﬁ%ﬂ%ﬁ ‘B@mte gﬁ;met hod. FIG 41(b) is a

sectional vi EWGt4dk)en aabaingalt iewlikea afonf the IndFAQY idF(@)4a)f| G 42 is a
sectional view taken along the line B-B in FIG 41(a). 25 DESCRI PTI ON OF

THE PREFERREDIGENBODS MENTEA] Die®1shoMing ontlstep) inite methop. pl an vi ew showi ng an
NMOS (N-chan t.al oxide sem conductor)-type SGI obtained by an SGT
manuf act ur i ng @dﬁaéﬁ%ﬁf‘éivﬁ@wf egatong the fine KA FIG 3(a).
FIG. 6(a) is a top plan view showing one step in the method.
10 FIG 6(b) is a sectional view taken along the line A-A' in FIG. 6(a).
FIG. 7(a) is a top plan view showing one step in the method.
FIG. 7(b) is a sectional view taken along the line A-A' in FIG. 7(a).
FIG. 8(a) is a top plan view showing one step in the method.
FIG. 8(b) is a sectional view taken along the line A-A' in FIG. 8(a).
15 FIG. 9(a) is a top plan view showing one step in the method.
FIG. 9(b) is a sectional view taken along the line A-A' in FIG. 9(a).
FIG. 10(a) is a top plan view showing one step in the method.
FIG:. 10(b) is a sectional view taken along the line A-A"in FIG. 10(a).
FIG. 11(a) is a top plan view showing one step in the method.
20 FIG. 11(b) is a sectional view taken along the line A-A' in FIG. 11(a).
s FIG. 12(a) is a top plan view showing one step in the method.
FIG. 12(b) is a sectional view taken along the line A-A' in FIG. 12(a).
FIG. 13(a) is a top plan view showing one step in the method.
FIG. 13(b) is a sectional view taken along the line A-A' in FIG. 13(a).
25 FIG. 14(a) is a top plan view showing one step in the method.
FIG. 14(b) is a sectional view taken along the line A-A’ in FIG. 14(a).
FIG. 15 (a} is a top plan view showing one step in the method.
FIG. 15(b) is a sectional view taken along the line A-A' in FIG 15(a).

FIG. 16(a) is a top plan view showing one step in the method.

30 FIG. 16(b) is a sectional view taken along the line A-A’ in FIG. 16(a).
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30 enbodi rent of the present invention, and FIG 41(b) is a sectional view
taken along the |ine A-A" in FIG 41(a). Wth reference to FIGS. 41(a) and
‘41(b), a structure of the NMOS-type SGI will be described below. [0062] A
first flat silicon layer 112 which is a first flat sem conductor |ayer, is
formed on a 5 silicon substrate 110 which is a substrate, and a first

col umar si | Fieni 7/{zyes topBanviewshowing dnkestdp i hdrBdibd.sem conduct or | ayer,
is formed on_the first flat silicon layer 112. A source diffusion |ayer 200

which is a fFKat7duns ¢ sastional gievt wiren alohg thedisohdy' coRdudiiaye type, is forned

in a | ower i of the first columar sil.icon | r 113 and an upper
portion (orpgj;]é'éﬁ{]ai”seat PN Yifw Sﬁ?‘ﬁ’t"gé’i“Fis@BﬁnF}&ﬁE‘Ftﬂ%‘iz, and a drai npp

di1.usi on | ayRY 1893 iDiklioh v BRI doASuRaoRNdNCHRE jhayer of the second

conductive type, formed 1 n an upper portion o mar silicon

| ayer 5113. [m;m(a)isapeplgmlyvi&ﬁghminﬁlané§te§i§ﬂi@rﬁaﬂ&wct or layer of a first
conductive type, 1s forned between the source diffusion |ayer 200 fornmed in

the | ower poflG d%(bpis a seetiénal stewctakemaleng thedinkiAcanin Fger9(@l3 and the upper

portion (or irety) of the flat silicon layer 112, and the drain
di f f usi on |a@&§§@18faotpﬁﬁbﬂiw‘¥ﬁ@mpgene Biep in B masfthadhe col urmar silicon

| ayer 113. [ . .A gate insulati film 12 a gate el ectrode
141 (a gate e 'egé(rbz)lgea %Stdepagﬁlfgt@%‘?“r%ﬁ‘?ﬁ#ﬁémﬂ‘?‘éAb’&évﬁggg?)‘ and a gate wiring
141b ext endimg 3 1@Mstahisp 9BhL S &Y I f - %ﬁﬁl are formed around the
first col umar si(l {@gongﬁ)gyer I113. |g%gg nglr?@?jrt eord,' a first insulating
film®03, i .KG 2Kh) exidetidnal vieWakenglond the tlkoasa’ ihaigeri(hhan that of the

‘gate insulating film124, is formed between the gate el ectrode 141 and the
sour ce di f f J3Co#(Relyertopplon vRasgwvareg bug stemin thhewetliodst i nsul ating fil m 303,

| nail at i ng. FIPTRZLBAS 5B EE PR SekgeLons B Lo den i Flana@ne source o -
Fioggg]Si on | 3¥6"23¢90s aRoPALE VRAHGEIRASASHL) f ERARIyance can be reduced.
FIG. 23(b) is a sectional view taken along the line A-A' in FIG. 23(a).
15 FIG. 24(a) is a top plan view showing one step in the method.
FIG: 24(b) is a sectional view taken along the line A-A' in FIG. 24(a).
FIG 25(a) is a top plan view showing one step in the method.
FIG. 25(b} is a sectional view taken along the line A-A' in FIG. 25(a).
FIG. 26(a) is a top plan view showing one step in the method.
20 FIG. 26(b) is a sectional view taken along the line A-A' in FIG. 26(a).
FIG. 27(a) is a top plan view showing one step in the method.
FIG. 27(b) is a sectional view taken along the line A-A' in FIG. 27(a).
FIG. 28(a) is a top plan view showing one step in the method.
FIG. 28(b) is a sectional view taken along the line A-A' in FIG. 28(a).
25 FIG. 29(a) is a top plan view showing one step in the method.
FIG. 29(b) is a sectional view taken along the line A-A' in FIG, 29(a).
FIG. 30(a) is a top plan view showing one step in the method.
FIG. 30(b) is a sectional view taken along the line A-A' in FIG. 30(a).
FIG. 31(a) is a top plan view showing one step in the method.

30 FIG 31(b) is a sectional view taken along the line A-A’ in FIG. 31(a).
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A sécond insulating filmsidewall 134, i.e., a sidewall-shaped second
insulating film 30 is fornmed to surround an upper sidewall of the first

col ummar silicon layer 113 while contacting an upper surface of the gate
el ectrode 141 (gate el ectrode body 141a), and a second insulating film
sidewal | 133, i.e., a sidewall-shaped second insulating layer, is forned to

surround a sF#@VEN(4) ioh tdphslageices shbedig atdatddh thd SEM6H. SA
met al - sem conduct or conpound 153 is formed in an upper surface of the

sour ce dif f u§iGrPAyep sconalane takep alangseniinohdidn BIG.da@ound 152 is
formed in an r .surface of, the drain diffusion |ayer 201. Further, a
net al - seni coﬁ%%ﬁ&q’) 1%%#?é’dﬁﬂhvﬁgfﬁpw}?éﬁpilﬂﬂ§ﬂnﬁtﬁﬂ r surface of the gate
el ectrode 14 [ . i rned on rce diffusion

| ayer 200 (misz%%ls‘?@gérﬁ%on 3@?@?&%&#%%@3559{5%@%@nﬁ@f}g?@& 173 is forned
on theé drai nFH 30 iONtdpRA viéd shéWhisalne SR BRAHELQY. compound 152).
Further, a contact 172 is formed on the gate wiring 141b (the

net al - seni cohfudé@y) icosutional vidi jaker 81069 fhellbfel GAd h FIKG @4@RCt i onal vi ew

t aken al ong e line B-B' in FIG 41(a). The netal -sem conductor conpound
153 is for 356 Hehlor Mla iewshevingoas sispamthe nodthed.sour ce region. In

oL et X, o1 s 58, BRI PSS SRRV SR a b oS ! 1 e
cord 11 el b Tl kol AR Wt et 0 7 D
siliddn | ayefIGLiGbaisch seoticrhleieof takdiealonihe gindiAl AURI FIG, 3@yper 200;
‘W is a length between the central axis of the first columar silicon |ayer
113 and a sitdEwdT(e) sidepolan visvshowisg ane stee kmibs snedlfiodt he gat e i nsul ati ng
Frim 124 (Tig! 3 78) W Bltichal VS ke afing thotine A-A' in FIG. 37(a),
FIG. 38(a) is a top plan view showing one step in the method.
FIG. 38(b) is a sectional view taken along the line A-A' in FIG. 38(a).
15 FIG. 39(a) is a top plan view showing a semiconductor device obtained by the
method.
FIG. 39(b) is a sectional view taken along the line A-A' in FIG. 39(a).
FIG. 40(a) is a top plan view showing a semiconductor device obtained by the
method.
20 FIG. 40(b) is a sectional view taken along the line A-A' in FIG. 40(a).
FIG. 41(a) is a top plan view showing a semiconductor device obtained by the
method.
FIG. 41(b) is a sectional view taken along the line A-A' in FIG. 41(a).
FIG. 42 is a sectional view taken along the line B-B' in FIG. 41(a).
25
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0061]

FIG 41(a) is a top plan view showing an NMOS (N-channel metal oxide
semiconductor)-type SGT obtained by an SGT manufacturing method according to one

30 embodiment of the present invention, and FIG. 41(b) is a sectional view taken along the
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W) is a wdth (thickness) of the gate el ectrode 141 (gate el ectrode body
141a); and W is a wwdth (thickness) of the second

insulating filmsidewall 133 30(i.e., second insulating filnm [0070]
The netal - sem conductor conpound 151 is fornmed as a nmeans to reduce a
resistance of a gate region. In order to allow the netal-sem conductor
conpound libd A-A' ixe FIGr #e@).i nWitheregaérite o EEIGRNAA (H4dnd 41(1,%33 REGESRAEH 1HeO
satisfy the followi ng conditional formula (2) in S5FIG 42: W > W (2)

. wher ei nNWOS$yrerGhindll e described belbwe. el ectrode 141 (gate el ectrode body
141a), an@)ﬁ\g] is the width of the second insulating filmsidewall 134
(i.e., seg insulating film. 10[0071] A structure satisfying the

iti A J | - ' duct d
151, 150 158 10 B AHR A, FRlch R (A TS BleaR P GRS B B 4

el ect riodesili¢dnsubs@itd 1 @ Ahh i8AGubiRite HA 6 FirSQRfndr QilicBh ﬁ:g@? 1 ?&gjch isa
ON-current. [0072] 15The SGT can performa transi stor operation by applying

a pot ent i st eflumearcsetmicoviductbolytie isglatracé be die fdefladllidvndeyera 1zondisbied t hat
t he source_diffusion |layer 200 and the drain diffusion |ayer 201 are

connect ed {Bsian &yer g8Y arfuclals adastsemicondueteniavat of pesput tondhstivel 993
si 11 con 20y e B Derion AP e Gl Gen fiyend T aihwuiperrmmgionier
PO et o iR ithe P84 MBI 1534 | 2080d 84Ein bR haf 201 RORER ROL KBl (1
10 semiconductor layer of the second conductive type, is formed in an upper portion of the
columnar silicon layer 113.
[0063]

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

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

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

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

20  14la), are formed around the first columnar silicon layer 113,
[0065]

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

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

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

30 is formed to surround an upper sidewall of the first columnar silicon layer 113 while

26
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a source diffusion layer and a drain diffusion |ayer, respectively. [0074]
Wth reference to FIGS. 1(a) to 41(b), an SGI manufacturing nethod
‘according to 25 one enbodi ment of the present invention will be described
below. FIGS. 1(a) to 41(b) show respective steps in the SGI manufacturing
met hod according to the enbodi nent, wherein each of FIGS. 1 to 41 with the

suffix (ajontstiag taapuppbasurficewf tBd gaRadértole Hh@iaté.eﬂ&uﬂ&e oy 18ha, and hi x
(b) is a sectional view taken along the line A-A" in a correspondi ng one of
FIGS. 1 tscand jisulatingdilpusidewalf 433, i.a., Al Gdewdl(-shaped sddanid) msml?e‘?% fayer,ekenent
Is defined by,30 a co reference nyneral or code. In the follow ng
descri ptitgﬁ?g%toc%‘m? f Sigpwal Ofﬁale@s'?e ‘{"é‘)"%%ﬂl-l(b) to a combination of

Fl GS. 41(@P6ﬂnd 41(b) will be referred to as "FIG 1" to "FIG 41", _
respectively.” [ 0075] Referring to FIG 1, a pad oxide film 121 is

fornmeg on a aihk@PEeneOsiucRr %ok%gun@g%’z_@fonnedliﬁ%&q%&ﬁp@ﬂﬁuﬁ&e%ﬁg ];soﬁrc‘f: irst

nitride film2130 is formed on the pad oxide fi then a first

anor phouslifidion dayeor20ppkyd ial metairsémicomdidfori cnfprune dl 5anist foeméd ris tanMipet de

film130. [0077] 1QReferring to FIG 3, a resist is applied onto the first

anor phousUEptq ¥ighe draindifpsionilaisn 2011 niurdwr, aanefalasentieanducior compouridahsdris

Fasi ot a0T G BERE Mo tO L WG e FLEtats Linar | ayer pattern.
[0068]

10 A contact 174 is formed on the source diffusion layer 200 (metal-semiconductor
compound 153), and a contact 173 is formed on the drain diffusion layer 201
(metal-semiconductor compound 152). Further, a contact 172 is formed on the gate
wiring 141b (the metal-semiconductor compound 151).

[0069]

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

20 Wa>Wp + Wox + Wg + Ws -—--- (1)

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

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

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

30 (i, second insulating film).
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[ 0078] Referring to FIG 4, the first anorphous silicon or
polysilicon film 140 and the first 15nitride film 130 are etched in turn to
forma first hard mask, and then the pad oxide film 121 is etched. [0079]
Referring to FIG 5, the first resist 301 is renoved. [0080] 20Referring to
FIG 6, the silicon substrate 110 is dry-etched, using the first hard mask
consi sti nf)0G6] respecti ve renmi ni ng portions of the first anorphous silicon
or polysilicon film140 and the first nitride film130, to forma first

col umar si | iT@ematalyemiconductpuedmppuntil$1ds Jorsted s mgngme ¢e ssluce hecsistarst

anor phous_sili.con.or polysilicgon fjIlm 140 is also etched. In this case,
when t he ?'%%%teé‘?ﬁb‘?’bhg{ﬂsf%‘i‘?fﬂf’éﬁﬂw & pysta)-semicopaugion ompepng 454 ta by fameded, a

changed. Pk SRESRAETH, Wis BELEELET: Slly e Sl RhE Ry M SRR A e

det er i ne@(hy2.detecting the change in plasma em ssion intensity, so as to
stably control a height dinension of the first columar silicon |ayer 113
irrespective of Vg>é¥shing rate. [0081] 30inm-@2)er to utilize the above

termnation-timng detection technique, it is necessary that a thickness
(hei ght di nensi @mgﬂemm W15t the sridhrasithh sals eldchipdohd bfgatotlpetiddedody flidllay, 140

17371 o | oBd VIR ER PR ool mellrien B Sespebint 160 Spoend rowape
SReferrimmho FIG 7, respective surfaces of the first columar silicon
| ayer 113 and the silicon substrate 110 are sacrificially oxidized to form
a sadfi fi[60&al] oxide film 123 so as to reduce irregularities of a sidewall
of the first columar silicon |ayer 113 for use as a channel region, and
remove respedt istectyts f stiefypag t thensconflitionel fforstlasol(lmand s(2)i eiowsayke 113
and the %ﬁ%té&%?ﬂl&c%%ggét&%oeméoﬁd(1i5'1?'1 52,553 SHE Srmed o ks feoveang: Saihon and
the gate electrode, the drain region and the source region to increase an ON-current.
[0072]
15 The SGT can perform a transistor operation by applying a potential of zero to Vcc to
the gate electrode 141 under a condition that the source diffusion layer 200 and the drain
diffusion layer 201 are connected to a GND potential and a Ve potential, respectively.
[0073]
The diffusion layer to be formed in the upper portion of the first columnar silicon
20  layer 113, and the diffusion layer to be formed in the lower portion of the first columnar
silicon layer 113 and the upper portion (or an entirety) of the flat silicon layer 112, may be
a source diffusion layer and a drain diffusion layer, respectively.
[0074]
With reference to FIGS. 1(a) to 41(b), an SGT manufacturing method according to
25  one embodiment of the present invention will be described below. FIGS. 1(a) to 41(b)
show respective steps in the SGT manufacturing method according to the embodiment,
wherein each of FIGS. 1 to 41 with the suffix (a) is a top plan view, and each of FIGS. 1 to
41 with the suffix (b) is a sectional view taken along the line A-A'in a corresponding one

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

30 a common reference numeral or code. In the following description, a combination of
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10t hereinto during the dry etching process. [0083] Referring to FIG 8,
aresist is applied onto the in-process structure in FIG 7, and a first
flat silicon |ayer pattern is transferred to the resist through |ithography
to | eave a second resist 150 corresponding to the first flat silicon |ayer
pattern. The above 15 sacrificial oxide film 123 formed on the first

col ummar BIGS.clga) dndyléb) tbicomttdndtva EHRIGSOM! @Vt 4AbPWIILBe RifetkiibosACrid.i ci al
oxi dation can protect the silicon surface from contan nations, such as

by- pr oduct stot & 18 et Ipriseresb¥elur i ng a subsequent dry etching process. [0084]

20Referri®% %f FIG9, the silicon substrate 110 is dry-etched to forma
first fla Z i con layer 112. [0085] Referring to FIG 10, the second resi st

150 is renov : rI I a fil-ling,oxid ilm2120 is
deposi ted onRtgﬂeg[u? %é’g%%g?;’; a?t#ﬁ%%ltrnglﬁngé?é}efl&n %Sr%idcqnl ftézﬁ‘égl(i'o have a
surfade fllog3é) wi th an upper surface of the first nitride film 130. [0087]
Referring to FIG 12, the filling oxide film 120 is etched in such a manner
as to al | ow Beterring foaklés. 3f a fimst wydipide fihor 1300k fafmddher fhierpatl okidatfiled 12icand | ayer
112 to be expotsed. [ 0088] .. Referring to FIG 13, offset spacer 307 is
formed orfhel &itHsh@merpheus: Hikcqn ?rspolwhmmghn dADiie dormcdyasr the st vitgdeofilect t he
first col ar silicon layer in source inplant. Referring to FIG 14, an

i mpurity, "such as arsenic (As) or phosphorus (P), is injected into the

first fl qb077]

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

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

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

[0079]
Referring to FIG. 5, the first resist 301 is removed.
[0080]
20 Referring to FIG. 6, the silicon substrate 110 is dry-etched, using the first hard mask
( consisting of respective remaining portions of the first amorphous silicon or polysilicon
film 140 and the first nitride film 130, to form a first columnar silicon layer 113. During
this dry etching process, the first amorphous silicon or polysilicon film 140 is also etched.
In this case, when the first amorphous silicon or polysilicon film 140 is fully etched, a
25  plasma emission intensity detectable by a dry etching apparatus is changed. Thus, a
termination timing of the dry etching process can be determined by detecting the change in
plasma emission intensity, so as to stably control a height dimension of the first columnar
silicon layer 113 irrespective of an etching rate.
[0081]

30 In order to utilize the above termination-timing detection technique, it is necessary
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5 silicon layer 112 to forma source diffusion |layer 200 which is a silicon
| ayer of a second conductive type, in a |lower portion of the first col umar
silicon layer 113 and an upper portion (or an entirety) of the first flat
silicon layer 112. [0089] In this step, the first nitride film 130 forned
above the first columar silicon layer 113 10 prevents the inpurity from
bei ng i nj éet @adhickbess (xdghtpdigfensiont éfofe 9 @‘frsttditﬂ)r{ahd@tsﬂ%hlﬂmﬁlysﬁicbhCiHHl |ayer
113. The inpurity injection for the source diffusion |layer 200 to be forned
in the upp %rfb tdifbﬁtcbmg rancespfarrfernyingdke fikse colunsiar filiadn kiyér LiGnis ey eitanl 12,
and the i %} tlonfor he raln di ffusion layer 201 to be forned
in the upggr t) ¥ﬁir53 gilicon lyerb3umar silicon layer 113, are performed
separ at el yypgsp that conditions of the respective 15inpurity injections can
be easily optimzed to restrain a short channel effect so as to reduce a

| eakage curr @eferrih®QPPIG. Ref@ EdtiRG s f hed.

[ 0091] 20Referri ntho If)i fll?%d'tég?ff]ts%ﬁgtsﬁ%&pﬁ?ﬁﬁ?nc%&?ﬁﬂ1%&8%&&1%

as an oxi gibcdn supstrate ld:l@prrssakzﬂﬂmahy bhidided-tp fanes sagiffcit omide film F3Go ko
Specifically, the first insulating filmmterial 303 is formed around a

| ower si 9 g e jof &t sidgwalfnearthe |ﬁr$tc@(iuma§re$lllqmelaaﬂdlh3)cﬁmeu$d1$ sour ce

dlffu5|on 0 and the first.col silic yer 113, at a

rel ativel yH ar ge'g 8 |%‘@ﬁ§§“§we 5‘?‘Faecft8’rer§élﬁm Bﬁﬁanﬁﬂgﬁﬁtfgﬁmﬁ%%/ﬁh‘&ﬁérlayﬂ

si dewel | nfs 4n@8hd kilisdn GsHARAN04RS] A AYS Ly el

t hi ckness. [ 0092] 'Referr ng to 2 éflfg lﬁﬁ%{l rhsa%;n%n% ontanﬁg%f‘? f HP%’&?%&. al
303 dilourtterento dm‘ﬁmtﬁedrgaéte}’ungpﬁjcegg,devval | of the first columar silicon

| ayer 113 is etched. Preferably, this etching process is an isotropic

et ching gPe#Yss. The first insulating filmmaterial 303 30 is formed around

the | ower sige of first .col ar silicon |layer 113 and above the
ﬂefwa ITing to FIt(f% a resist is apﬂﬂ:‘?i onto the in- procesg structure in FIG. 7, and a

first flat silicon layer pattern is transferred to the resist through lithography to leave a
second resist 150 corresponding to the first flat silicon layer pattern. The above
15 sacrificial oxide film 123 formed on the first columnar silicon layer 113 and the silicon
substrate 110 by the sacrificial oxidation can protect the silicon surface from
contaminations, such as by-products to be produced during a subsequent dry etching
process.
[0084]
20 Referring to FIG. 9, the silicon substrate 110 is dry-etched to form a first flat silicon
layer 112.
[0085]
Referring to FIG. 10, the second resist 150 is removed.
[0086]
25 Referring to FIG. 11, a filling oxide film 120 is deposited on the in-process structure
in FIG. 10, and flattened to have a surface flush with an upper surface of the first nitride
film 130.
f0087]
Referring to FIG. 12, the filling oxide film 120 is etched in such a manner as to allow

30 asurface of an upper portion of the first flat silicon layer 112 to be exposed.
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source diffusion layer 200 and the first columar silicon |ayer 113, at a
relatively large thickness, and fornmed around an internedi at e/ upper
sidewall of the first columar silicon layer 113 at a relatively snall

t hi ckness, as mentioned above. Thus, even after the etching process, a part
of the first insulating filmmterial 303 remains around the |lower 5

si dewal | Bf088he first columar silicon |layer 113 and above the source

di ffusion | ayer 200 and the first columar silicon |layer 113 (a part of the
first insul atefgrieg tofHatlés pHset 3pacer SRAiinforgediooaesiderealf of g fust eoturanar

i1icon | 13 will herei be reterred "insylating fil
306" - THaNF 87 i BAE R GalBpaGr Kob et ot il o E e

i deval | pfg b i .

i rugt on ey BB F T koBhic (85 or KBRS 0PTF, RS, S

t hi ckides ssilienglagert Naro tthiad a @burdd dafilses BHEI0ONPRE A £ siliash | Aki BFa bidomy 124",
to be fornmed between the source diffusion |ayer 200 and the

subsequerfonglugtiierfype, gataclowice portvdeof1the firfihiodurhiar séilidonslayat 1 13garid 4muS¥3 can
reduce a parasitic capacitance between the source diffusion |ayer 200 and
the subsé%a%cm {9y ap spiirsty) @hthe Tuptdiat sdigen fayer 115 0093] The first

i nsul ati(rlg $ | m 303 to be fornmed between the first flat silicon |ayer 112
(source |? Jsion | ayer 200) and the subsequently-forned gate el ectrode 141

may be fornep s GGDAR ﬂrisﬂﬁtrﬁ@ﬂlﬁhsf-ﬂo%hﬂ% eﬁolv &P@olﬁlﬂﬁﬁrsﬁ?c%iﬁ?ﬁhgﬁft ure

in FIG 15, and flattening the insulating mto have a surface wth
t he dfpermprevenisathe iafputihe fiohr dting Anjeticd datd iHemipbdP poatitth 6t Gl At thRmnar
insulating film [10094 Referring to FIG 18, a gate insulating film 124,
such as aHicsnilgger fil3.m bre wmiity doectionyar thejsgurce idiffysiorslayer 2dtodre foheed

sidewal | .of, the pad oxide film 12 d t.he jnternedi ate/ er sidewal |l of
t Ihe firstt & H%egrpogtiqu go&fml %’é?tyifg?h‘i?bfsé ﬁg‘cf’%q@ieﬁu Bgndzﬁleamwe@hd

rst” cl "1 EYEr). g Beangeeind
ST or nod e i RE S AR MALNIER AT & MEREH 1oy o RO U el

t herei n. ol siebieidyengl 3, ardb&f@thed! RBaaREORE tRARLANGYSs 5F tHeGREeBlive
polysilicon film141 is ggl i shed by a chem cal nechanical polishing (CW)
procéss BPYHYanjgctiang cam heepsilp petimszedfte cestrhinesthoBhanndh effbet supper reducd ace

of the fidiésaﬁ(agé(t:urr}e%g film2130. In the CWP process, a polishing

0090]
Referring to FIG. 15, offset spacer 307 is etched.
[0091]

20 Referring to FIG. 16, a first insulating film material 303, such as an oxide film, is
deposited on the in-process structure in FIG. 15. Specifically, the first insulating film
material 303 is formed around a Jower sidewall of the first columnar silicon layer 113 and
above the source diffusion layer 200 and the first columnar silicon layer 113, ata relatively
large thickness, and formed around an intermediate/upper sidewall of the first columnar

25  silicon layer 113 at a relatively small thickness.

[0092]

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

30 1is formed around the lower sidewall of the first columnar silicon layer 113 and above the
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anount can be controlled with enhanced reproducibility by using, as a CW

stopper, the first nitride film130 which is the first hard mask. [0096]

Referring to FIG 21, the second anorphous silicon or polysilicon film 141

which is 5 the gate conductive film is etched back to determne a gate

| engt h. [0097] Referring to FIG 22, a first oxide film125 is _

deposi t edscamcet didfusion dayeeeX) atdr the titsecdlombiGifdan ﬁ?é‘r 81 35 @€ anelafivélk| 1%%1" I'm
m

131 is deposited on the first oxide film 125 The first oxide film Wil |
pr ot ect a‘%‘%ﬁﬁﬁr angd, formed aptundipa igtebsediatemppyr sidrwallofydit dirgtl cobtmmalesilioh 10

i I ng. to b formed in a subsequent

tep, o 365t S AP arteudivéng it r%ﬁé?l%a%upﬁwﬁﬁhev‘% s acari o 1
h f te | j ilm.1 r e _upper
Surf ace of T He Prochl AN seife R HRTMATL 3] I MigSbmpnd Bt M hg
to FI G 2devidiieofstae diret dullithngtesilidonMayedll 1'35an€tdblﬂeéjtﬁéa§b|ﬁrée0diﬁﬁ§i?}rln @aszgglzbgl

insulating filmsidewall. In this process, the first oxide fi I's also
et ched. AndhHhe fasseohoninarheilicdn lagleri hSu(aapam of fthd fivss iichkahaink i ?ﬁdﬂaﬁBgB ne a
t hi ckness of. a subsequent|y-fornmed gate el ectrode body 14la. us, the
subsequed P9 83@? efgréqy eelmyae sibeeRy laver 413 awillnberenafiercls refamechitaieness

i l . i ; feth 20nj trj film.131 and conditions
DY 2] USRI oK 5 P e 5, e A g St
such as phrsRNYrUBe (R 1coh§nr_la!?lsﬁfﬁbﬁ‘ia)}e?tl(?3t § aﬁ&?eoﬁlg S%[{I%Ié[ lgsgtfﬁs ialy'eg 960 °F

polysilicon film 141 which is the gdte conductrve tilm

Ref edfi ngvillomRk«Gup5a “dirtioinsoimizg tilmr 863 ¢avingea apRkhdg 16BARBad awerorled is
applied 25 onto the in-process structure in FIG 24. Then, a resist is

appl i ed @Hetomenfionedmate iagulatimestilm A2, to bafoemad betwgen st Enrcei(;:(h;ffttsiam Hyer r gd
h bst through |ifthography to, | eaye third resist 1 corr espondi ng
to the oart 3 M GHi3eebi IR ok Cleckiote’s P ot i Thsplatine Fim, S0 eBARC :
| ayer 16 dst 0, pr.ph i ljco 3 ysilicon, fi1m141 whic
1Y The gRruBE G (RIS ReBRLE BUR (HEC Bt hERRNT ST iy e
subsequently-formed gate electrode 141.

15 [0093]

The first insulating film 303 to be formed between the first flat silicon layer 112
(source diffusion layer 200) and the subsequently-formed gate electrode 141 may be
formed by depositing an insulating film on the in-process structure in FIG 15, and
flattening the insulating film to have a surface flush with the upper surface of the first

20  nitride film 130, and etching the insulating film.
[0094]

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

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

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

by a chemical mechanical polishing (CMP) process to have a flattened upper surface flush

30  with the upper surface of the first nitride film 130. In the CMP process, a polishing
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as a mask to forma gate el ectrode 141 consisting of a gate el ectrode body
141a and a gate wiring 141b. [0102] Referring to FIG 27, the first
insulating layer 303 is partly renoved by a dry etching 5or wet etching
process to allow the source diffusion | ayer 200 to be exposed. [0103]
Referring to FIG 28, the third resist 160 and the BARC | ayer 161 are

renoved amdoentfoanrifervonubitkel Withi @hh@5d resro@atibinnaby 85ROSRG ENH &6Fp&! mkhe

gate el eclgrod,e_141 and the source diffusion layer to protect the gate

el ect r odelirshniteidg fily 130 whish éxje firstpestwssk. of 10renmoving the first nitride
film 130 ﬁ‘)@? ﬁhe second nitride film 131. [0104] Referring to FI G 29,
the first ? ide film 130 above the first columar silicon |ayer 113 and

the second nigl f"én‘ilﬁ%. j r he first.columar .siligcon r,113 are
renoved by a Sr y € Edhil:fr% ég’}th\%estg &He}’t%c%{?%gm&so%lé%o& g Yiltsep film 14:‘12%@1‘% g to
FI G 3G, tthe gmedonkictioe fiirh T 4Rfked bR t&ﬁét%hn&éia%%tefuehgh125 and the fourth

oxi de layer 305 are renoved. [0106] eferring to FIG 31, a third
nitride fI0P¥T]132 is formed on the in-process structure in 20 FIG 30. [0107]

Referring to ErléG_Bz, the third nitride film132 is etched back in such a
manner that PRSTIMERdAN ¥ alpseexidefiimdas isflepasdedonthedngirddessstomtirayer 200

d the fy I I 13 . d, .and d
Fheul at i G P AR Pt B PY P e RS PR iRt 125 o Henarst 134
whi ch j - i i na..fil are fo d. ar ound
T el ettt bl SUANr SHERE SRS B okl BAE ol BleRRe ) ALO

col uifar fisint hoen ctahygy orld@,etct‘tﬁﬁgi)gﬁic't:&\éetbme perormes ond shﬁh%gﬁéﬁt ISR, E% bfo

;Sidewal | s 133, 134 can separate between the gate el ectrode 141 an
respect i VEPRSPSS drnghia the gatedengith.fiwws i aoveriatipe in #@Qatmidngthearalf daagerithoned

drain diffusion |ayer 1.to be forned in {he upper
gate msulatlngyhelm 534 from the upper surface of the sulr))s%quently-fonned gate electrode

141.
[0098]

15 Referring to FIG. 23, the second nitride film 131 is etched back to form a third
insulating film sidewall. In this process, the first oxide film 125 is also etched. A
thickness of the third insulating film sidewall will determine a thickness of a
subsequently-formed gate electrode body 141a. Thus, the subsequently;fonned gate
electrode body 141a can have a desired thickness by adjusting the thickness of the second

20 nitride film 131 and conditions of the etching back process. [0099]

| Referring to FIG 24, an impurity, such as phosphorus (P), is injected into the second
amorphous silicon or polysilicon film 141 which is the gate conductive film.
[0100]
Referring to FIG. 25, a bottom anti-reflective coating (BARC) layer 161 is applied

25  onto the in-process structure in FIG. 24. Then, a resist is applied onto the BARC layer
161, and a gate wiring pattern is transferred to the resist through lithography to leave a
third resist 160 corresponding to the gate wiring pattern.

[0101]
Referring to FIG. 26, the BARC layer 161, and the second amorphous silicon or

30 polysilicon film 141 which is the gate conductive film, are etched using the third resist 160
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30 portion of the first columar silicon |layer 113, so as to prevent a
short between the gate el ectrode 141 and respective ones of the source
‘di ffusion layer 200 and the after-mentioned drain diffusion |layer 201 due
to after-nmentioned netal -sem conductor conpounds. In addition, the second
insulating filmsidewall 134 covering the upper sidewall of the first

col umar aid meskntol faymera galclearbdpri€y ebhsigtingRifal gasedlea i Wl PN 4 COMMPABStef r oM
being Sfornmed on the upper sidewall of the first columar silicon layer 113

in a subé@ﬁﬁ@ n?1Bt ep. [0108] Referring to FIG 33, an inpurity, such as
P or As, 3|??%ntroduced into the upper portion of the first columar silicon
| ayer ]ough an inpurity introduction process conprising an inpurity

] cct o PTRERRe 1OFICEM die Hlifkuflel glig;teg%ogapgaq&gelm@edt% HRPELRRE" ! On

of 10 the first unnar SI icon

col umsar @lvdzdtemmdgqy@éesiﬂef‘alwﬂhe%hrt:@&fﬁ@ibh%ye@'zbé ShO&pbger 200 and the
drain diffusion layer 201 is forned as a body 309 which |s a sem conduct or

| ayer of [81@3]rst conductive type. [0109] Referring to FIG 34, a first netal
film such (Ni) filmor a cobalt film 15 is fornmed on

kel
t he respect ?]S%fa’é"g";gggiﬂ Gsg-fthe thirgsresiplel 6oandcthe &H&@éﬂ)@hlﬂa%ﬁe@@@e@m a he
t | f f.th 201
By & ottt by s HpEP B o SraPSE it of e frea? 341 o dhnear
tr eat MeNkeuRd difRiid BRF L& PrRak tthé)% %*ﬁe&%‘% 1t4rle(ﬁ{rﬁ1%' enli ?)rrc?ceg d o

forma netal -sem conduct or “ conpoun a net al con or cotp joind 152
and 30 netrahewrgitedhsiudtrile flemsound (AS&comhnithé ZRgate el ectrode 141 t he
«drain diffusion | ayer 201 and the source diffusion | ayer 200, respectively.
[0110] [010fhe netal - seni conductor conpound 151 formed on the gate

el ectrode 1 SUrr ing the first. cqlumar silicon layer 113 can_ reduce a
resi stance OfFHEE 3%?3&}2%9 SOt S&é‘di% IR Fhexsg ﬂ&‘sﬁTShé‘ﬂWn&%SIMOIb ayehe

gate el esis afls hdleah hEHn Y6 lnliBe RSP RASKALyRG, 4 11 ohgoval

134 are satisty the oW ng re tion

t he gat ereetovet bedelridkhing @xrRsebingtfiecBt al - senlconductor conpound 151 can
be formed on the gate el ectrode 14]{g [0111] 30Referring to FIG 35, a

cont btt EX8pper 135, such as a nitride film is formed on the
Referring to FIG. 30, the pad oxide film 121, the first oxide film 125 and the fourth

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

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

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

30 portion of the first columnar silicon layer 113, so as to prevent a short between the gate
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I n-process structure in FIG 34. [0112] Referring to FIG 36, an interlayer

insulating film2126 which is a third oxide film 1is formed on the
in-process structure in FIG 35, and then flattened by a CVP process.
5[ 0113] Referring to FIG 37, a contact hole is forned in the interlayer

insulating film 126 at positions on upper side of the drain diffusion |ayer

201 in t heleuppdy 1 q1cmtirespeaivetdiRs bf thetsotet diMalonShydr @00 ah@WRlaftbl frelioa
etching process. The etching process for the contact holes is stopped by

t he cont adraisdiffsén kgsr 2GD[d0¢ 1ta] after-maREbred metplisemidoGd@8or cowpamds.acin

hol es are rmed. in the interlayer insulating film 126 at positions on
respect i v@écﬁﬂ%rth‘“s F%&Sdﬁs‘ﬁ%@ggﬁ%swﬁiLé?’ﬁ&mnngrrae tuﬁﬁefs%ql?ﬁ”\i"’él ¢fi the d¥5ton

| ayer 200 [ rrgcess. The etchin rocess._for each.of the
contact - et Pl sBEGTIAR: ST ER°prel DR §iClaltale G850, it Bin biFg, i ng
to FIG 3BRmR@bhtRNHpef silARalFOMtha Glst SORRRAF silidoh GO&T ASRAALLBGqb Rt bR,
respective contact holes are etched. [0116] Referfing to FIG “40, a barrier
metal filf@10%]L, such as a tantalum (Ta) filmor a 20 tantalumnitride (TaN)

film is forned on an inner peripheral surface of each of the contact
hol es. Then, Refaxsngto KIQ 33, anjsipunsy, suchasFeor A9 infroflugediintoftor wendr portiohe

barrier netal .film 171 hy a sputterjn rocess.or._a platin rocess,. and
subj cot ecbkBe AbRPuPaEalissh BYFIo itk 8 gRpuiy e beR POprs goTPaYag 173,
174 corr L9 ik Ot Y - t L K} he_.drai-n
di f f usi o?ﬁw %r?g%?ﬁ‘%%%c}grfg‘gﬁgu ‘?{“ﬁs‘?%g%%@ spbh k‘%tl‘ﬁ’tp:i% ‘Sﬁtﬁgﬂg’f( Ti)
filmigr ahtifirenédkifnnar glicter FeNI 17,1 | ANpdRiond6f HiefrsBSoluffhabaflicb@Naydetial film
171. A tungsten (W filmmay also be used. Further, a copper-containing
al | oy fi lbetwesp the soued. diffigsiary JayRe 260 andigha drail Giffusibn laydrad0li srfoneddaks &i | m
175, suc %s g Ta.filmor a TaN film s formed on the in-process structure
in FI G 40°9%R8° thish i3 apemigoneyqien 14y of ¢ firghroepducsive dyre-
[0109]
Referring to FIG. 34, a first metal film, such as a nickel (Ni) film or a cobalt (Co) film,
15  is formed on the respective exposed surface of the source diffusion layer 200 and the gate
electrode 141, and an upper surface of the drain diffusion layer 201 by a sputtering process.
The first metal film is then subjected to a heat treatment, and an unreacted part of the
heat-treated film is removed to form a metal-semiconductor compound 151, a
metal-semiconductor compound 152 and a metal-semiconductor compound 153, on the
20 gate electrode 141, the drain diffusion layer 201 and the source diffusion layer 200,
( respectively,
[0110]
The metal-semiconductor compound 151 formed on the gate electrode 141
surrounding the first columnar silicon layer 113 can reduce a resistance of the gate
25  electrode 141. As long as the width Wg of the gate electrode 141 and the width Ws of the
second insulating film sidewall 134 are satisfy the following relation: Wg > Ws, and the
upper surface of the gate electrode 141 is exposed, the metal-semiconductor compound
151 can be formed on the gate electrode 141.
{0111}

30 Referring to FIG. 35, a contact stopper 135, such as a nitride film, is formed on the
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30 barrier netal film2175. Then, the bather nmetal film 175 and the netal
film1l76 are subjected to lithography to formthree first |ayer wrings
177, 178, 179 corresponding to respective ones of the contacts 172, 173,
174. Atitanium (Ti) filmor a titaniumnitride (TiN) filmnmay be used as
the barrier nmetal film175. A tungsten (W filmmy also be used. Wat is

cl ai med i @-procesdstrddthiedn eiGmanNuUf act uri ng a semn conduct or devi ce, conprising
the steps of: form ng a columar sen conductor |ayer (113) on a

subst r at e[0(112]0) and forming a 5 first flat seniconductor layer (112) in an
| yi ng under_ the col umar sem_conduct or

t f the trate (110
ngg Firlsl) ORefe Hl?%?%?fﬁgs rgﬁl?@%ﬂ@éﬁr@k}h&a&%ﬁ 2gpahiclyfs thiscevide 8bndisct i ve
t 20 f .1 d | 113 d
L PE ot 7y oo By MBI LARRE i PR 98 IRy AEEER HENE ot B b "

(112) ;5 whiggfniconstitutes an etched mesa with edges; 10formng a first
insulating film(303) around a | ower sidewall of first columar

sem conduct oRefeay®s tol B3 B7 an dorethateld Refofmdedsin the adte$@Rt GRORUEE Hm| 16edt
(112); formng a gate insulating film (124) and a gate el ectrode (141)

around t HROsEiONs PRAPPse fide @f dir frsin Piffusion lapen Qiglnathsuqtpwalbdrtlgtna)rﬁéhb §etond

insulating,film 133 134 0 suryound an 15 side of the_ col um1ar
sem condlf% fuppnar silicpn @’fg)l PR e B’Hﬁé’é‘f‘ieﬁijﬁﬁ e%ﬁgrprg%ﬁsgggéh%@qt%

el ectrod? “’é%‘f Meg?m?&r @%%11335 sidewal | of the gate el ectrode (141) and

the firs atin form ng a second sem conductor |ayer
of the sqobig conductl ve type in an upper portion of the columar

;sem conductor layer (113), and form ng a sem conductor |ayer of 20 a first
‘conducti ve tBgferring: tnelsit:. BRetwo cettastemilesoard fotmed inathe rinteflayen dnsdaorpdfilm
conduct i VS a%/Be and the second semni conductor |ayer of the second conductive

type; and<0 Sb'il?ﬁsr?@ TESHYEY v VRRSHPideefUbe aﬁtedﬂﬁﬁ%&ﬁbb @aé the spymye diffusierh of
o o ARt K ik BTSSPt aver oL e Sesid, ERIchet v
second cergped b}vmetcbﬁ@ct(sz@ﬂ;)er 135.
15 [0115]
Referring to FIG. 39, portions of the contact stopper 135 comesponding to the
respective contact holes are etched.
[0116]
Referring to FIG. 40, a barrier metal film 171, such as a tantalum (Ta) film or a
20  tantalum nitride (TaN) film, is formed on an inner peripheral surface of each of the contact
holes. Then, a metal film, such as a copper (Cu) film, is formed on the barrier metal film
171 by a sputtering process or a plating process, and subjected to a CMP process to form
three contacts (contact plugs) 172, 173, 174 corresponding to respective ones of the gate
wiring 141b, the drain diffusion layer 201 and the source diffusion layer 200. A titanium
25 (T3} film or a titanium nitride (TiN) film may be used as the barrier metal film 171. A
tungsten (W) film may also be used.  Further, a copper-containing alloy film may be used.
[0117]
Referring to FIG. 41, a barrier metal film 175, such as a Ta film or a TaN film, is
formed on the in-process structure in FIG. 40, and then a metal film 176 is formed on the
30  barrier metal film 175. Then, the barrier metal film 175 and the metal film 176 are
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25wherein the first insulating film (303) has a thickness |arger than that

of the gate insulating film (124) formed around the columar sem conduct or

1ayer (113), wherein the sumof the half length of the col ummar

sem conductor |ayer (113), the thickness of the gate insulating film(124),

the width of the gate electrode (141a) and the width of the second

i nsul at i ngibjecked folURBIgrapvetd femt heeeSidelsdd wiingshg7981® 19bactegradint4da)

3038 with these |ayers being abutted with the side wall of one |ayer

abut t i ng teprectivelenesadf] the tonthas héXtl73i §74malA ttantuna(li) figm loe agitdmiretnikida t he

centre of e.columar sem conductor |ayer (113) and the_edge of the first
9 6 dsdbn i

seni cond 13 Y arglgh sl i@ tAppe A oesten (W) idmpaanalsg bp.  The
nmet hod as,dgfined in claiml, wherein: the first flat sem conductor |ayer
(112) is afirst flat silicon layer (112); the columar sem conductor | ayer
(113) is a columar silicon layer (113); t he sem conductor |ayer of
the first conductive type (309) is a silicon layer of the first 10
conductive type (309); the first sem conductor |ayer of the second
conductive type (200) is a first silicon layer of the second conductive
type (200); and t he second sem conductor |ayer of the second conductive
type (201) is a second silicon |ayer of the second conductive type (201).
15 3. The nethod as defined in claim2, wherein: t he sem conduct or

| ayer of the first conductive type (309) is a p-type silicon layer or a
non- doped silicon | ayer; the first sem conductor |ayer of the

second conductive type (200) is an n-type silicon 20 | ayer; and
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t he second sem conductor |ayer of the second conductive type (201) is an
n-type silicon layer. 4. The method as defined in claim2, wherein: 25the
sem conductor |ayer of the first conductive type (309) is an n-type silicon
| ayer or a non-doped silicon |ayer; the first sem conductor |ayer of

t he second conductive type (200) is a p-type silicon |layer; and t he
second sem conductor | ayer of the second conductive type (201) is a p-type
silicon §63@15¢GWEﬂ}$5. The nethod as defined in claim2, which includes
the steps of: formng a pad oxide film (121) on the silicon substrate
(110); S5formng on the pad oxide film (121) a first nitride film (130) for

| tal R ; r (113);
orning. &1 meolbdalaRioRiHE o Bt indur SRUUTDARpANNG B lerlER, 10117 &
nitride fil dofdii)a; columnar seAiPdndubGr dayef {1 BY) ik Qubditd {1185, MADORARYS

silicon or polysilicon film140), and 10 transferring a first col umiar
| ayerd pafirstflat semicorductasilayer ( ht2) gy lan|uppeopertiphofitiee Substrate (1 f0)rlgingresest

G cii ng. PRESPREE SAsPIGEE 16 (LS or pol yer |1 con 111 mand the first
011 1) Rkl SO o b B B D B ™
1 oo, Kot obber ! et g (59t 8 53] o Uy o120
pol ysi | ithefirstiflatsentid@dustor kiyeg(112), twhicl corstituiesah ovelrd nidsd yithldRps:i s ful | y
ete q%d duri Po%nwge adﬁlyst ex}xgurl]a!lt;]ngg film (303) around a lower sidewall of first columnar
semiconductor layer (113) and above the first flat semiconductor layer (112);
forming a gate insulating film (124) and a gate electrode (141) around the columnar
semiconductor layer;
forming a sidewall-shaped second insulating film (133, 134) to surround an upper
15  sidewall of the columnar semiconductor layer (113) while contacting an upper surface of
the gate electrode (141) and to surround a sidewall of the gate electrode (141) and the first
insulating film (303);
forming a second semiconductor layer of the second conductive type in an upper
portion of the columnar  semiconductor layer (113), and forming a semiconductor layer of
20 afirst conductive type between the first semiconductor layer of the second conductive type
and the second semiconductor layer of the second conductive type; and
forming a metal-semiconductor compound (152, 153) on each of an upper surface of
the first semiconductor layer of the second conductive type (200) and an upper surface of
the second semiconductor layer of the second conductive type (201),
25 wherein the first insulating film (303) has a thickness larger than that of the gate
insuiating film (124) formed around the columnar semiconductor layer (113),
wherein the sum of the half length of the columnar semiconductor layer (113), the
thickness of the gate insulating film (124), the width of the gate electrode (141a) and the
width of the second insulating film (133) covering the sidewall of the gate electrode (141a)
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20 process to cause a change in plasm em ssion intensity detectable by a
dry etching apparatus, and wherein the step of form ng the columar silicon
| ayer (113) includes detecting the change in the plasnma enission intensity,
and determning a termnation timng of the dry etching process based on
the detection result to control a height dinension of the columar silicon
| ayer (113). 25 8. The nethod as defined in claim7, wherein a height
di mensi owitl thesé layeisibeingrabuttph with the kide wnllarf opellayer kbuttimg fhiel side( w410 pf thef or e
s than that of the columar silicon |ayer

he d hi is |

2153) .ry nefgig?!ﬁégwﬁn %ﬁ esige'- if@ S%WPW thegentre of \tht eplumgar seraicondustastlayerof
i i G adyl i di zi f f i1 | 11

Facr) 11 aha S kDS LA SABET b i

si dewal Im&h. t he columar silicon layer (113) for use as a channel region
while renmoving a surface portion of the columar silicon |ayer (113) having
carbbdn 5 inplanted thereinto during the dry etching process, and protect
the columar_ silicon |ayer (113) from contam nations including a by-product
to be produtlgmethed agd 1B elaiads Whespinst chi ng process. 10. The nethod as

defined in gl ai whi ch, i pcl ude e steps of: 10applying a resist onto
t he subst raﬁsﬁfs}]f%}s ?%’Cf%iayf’bfﬂ?gﬁra @Fﬁ%ﬂ‘ﬁ"&@@% @1/1% ) and

transferri fubdnsd ; etoh ( resi st through
i thogr aphy e &0} i sediBbndbictor 4% (12 g%ﬁ‘o%%’?%@%%ﬁg?’rﬁg(?gﬁt he first flat
silicon | aythe séribapdyeedrileyen of eredfirst condirctiviertgpd (309% s d siicorslabéertofahefiftst 10) to
formthe first flat silicon |layer (112), and renoving the second resi st
(1589, rendurtivatipef#Nod as defined in claim2, which includes the steps

f: d i fidli [ fil 120 the first, flat sjili

Phyer (11578 bbbl ) ohdod oh SO0 o B )

fl attenudg)gl‘6%6&&(%?5&%%9@2@)‘6'(%(&1%@; and 20etching the filling oxide
20) o allow a

film(1 I'n such a manner t surface of an upper portion of

the first fthétsesondi feficdmdretor (dyk)oft e RRcEP 8GREkctivel fypeT(20178$ ROEcaRd
defined in claim2, which includes the step of the offset spacer (307)
f or mat i siicomlaytofsheissoahd coriductiee type @Har silicon |ayer (113).
15
3. The method as defined in claim 2, wherein;
the semiconductor layer of the first conductive type (309) is a p-type silicon layer or a
non-doped silicon layer;
the first semiconductor layer of the second conductive type (200) is an n-type silicon
20 layer; and
the second semiconductor layer of the second conductive type (201) is an n-type

silicon layer.

4. The method as defined in claim 2, wherein:
25 the semiconductor layer of the first conductive type (309) is an n-type silicon layer or
a non-doped silicon layer;
the first semiconductor layer of the second conductive type (200) is a p-type silicon
layer; and
the second semiconductor layer of the second conductive type (201) is a p-type silicon
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25 13. The nethod as defined in claim?2, wherein the first silicon |ayer
of the second conductive type (200) is fornmed in the |ower portion of the
columar silicon layer (113) and the entirety or the upper portion of the
first flat sem conductor layer (112) by introducing an inpurity of the
second conductive type into the first flat sem conductor 3041 |ayer (112)
havi ng the columar silicon layer with a offset spacer (307) through an

i npur i t ylayest r oducti on process conprising an inmpurity injection process and
then, the offset spacer is etched. 5 14. The method as defined in claim2,
wherein the first silicon | ayer of the second conductive type (200) is

formed i) ¢ #6c KRG BYERAG Yoih sARMINRRCSHE RNOH 2V er (113) wi L hou

injecting any I npuri I € upper portron o “col ummar silicon |ayer

(113). 15 fohthgepdioskidsfile {1215 en eilion subbthatd(1105! udes the steps of:

10depositing a first insulating film (303) material above and around the
col ubmar si forming drmethepad dxigle fflmi{iRtpa fickt oitridd Al (130) f6d wse as ialmaskrlukiager

(112), i uch a nner, that the first insulating film (303) nmateri al
deposi téﬁegﬁ@ﬂgoqg&hESPWS@WQl%ﬁ@b@ér (113) and around the | ower

sidewal | of:the col |l icon |aver (113 S hi ckness, | arger. t han
Chat of tnelriief S iarPheysrfoan ohat i AR (ubour Pedts: i fm

i nter medizg)e/ upper sidewall of the 15 columar silicon layer (113); and
etching the first insulating film(303) material around the

i nt er nedi atappiyimera sesibevamitd thé firkte amotphons rsiliviohi eropolysifiesn (fillAs)4M)o ahdr m t he
first insulating film (303, 306) above the columar silicon |ayer (113) and

ar othd traastemingra Srshsolymnaplayenpatiesn tmthgresisy theangh | lishegraghyite)leaviers Brsth a
. t hi.ck t h t f th te i | ati fil
20 ( 1o (o3 Ko thonnashe i % e B et (o Brnartivasl” T12) ° " 56, "he
t hod - ! . ! _ . S ; !
ot o o oAyl M0 oS o S ALY 1
har d maskforh3frsoliardiniask ¢ei0f 130m f abricated on the first flat silicon tayer

(112), and wherein the nethod includes the steps of: 25 formng a second
anor phous silicon or polysilicon film(141) serving as a gate el ectrode

mat eri al, an | n;prqcess, structuyre, optained the step of form ng the
gat & i nul g‘?wgeth?ti Ay 3& in; ‘i’na‘%g’hw@cﬁré\‘ﬁllé esa%gg St5P Af | Toing dhe: 6plumRaF

amor phot gt ey 4 bt RSN SRne T Hf b PR MG 502,°°°°™

7. The method as defined in claim 6, wherein the first amorphous silicon or polysilicon

film (140} serving as the first hard mask (140, 130) is fully etched during the dry etching

-

20  process to cause a change in plasma emission intensity detectable by a dry etching
apparatus, and wherein the step of forming the columnar silicon layer (113) includes
detecting the change in the plasma emission intensity, and determining a termination
timing of the dry etching process based on the detection result to control a height
dimension of the columnar silicon layer (113).

25
8. The method as defined in claim 7, wherein a height dimension of the first amorphous
silicon or polysilicon film (140) before the dry etching process is less than that of the

columnar silicon layer (113).
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mechani cal polishing process to have a flattened upper surface, wherein the
nitride film(130) serving as the first hard nmask is used as a stopper

agai nst the chem cal nechanical polishing process to control a polishing
anount with enhanced reproducibility 5 17. The nethod as defined in claim
16, which includes the steps of: et ching back the second anorphous
silicon or polysilicon film(141) serving as the gate el ectrode materi al,
to al | ov®.t h@hgatethosl asodefinee irf dldii) 2§ whivh ifcindesdtheksteh of sateificialy @adigingangt h;
and depositing_ ,a first oxjide filn19125 on an in-process structure obtained

by the &t the caluaman silisar kayenel 13) fbrigatadron theotbsteate (UM so s toedudel i con
film(14 e t.he fir oxi,de fil.m (125 r ot ect upper. surface
of the gl%%egu] gﬁ@%st (?%adgﬁf‘ﬁlif’? h}eo ﬁ'ﬁ%tm]é‘ioéﬁ% @fﬂﬁ&“ﬁ Tt 898 to be
per f or Maghild) rén&HAS 9 ¥&RiceSpélon BT A EdluRHRP L M@ daftfohOn 1N
the gate Ienéth an% darragcg %f ?Irl\e gate 1 nsul atli Egn??ﬁna?@ﬁé‘fﬂr{%mt g upper
sur f &ce infpldnitesl thateinteldaring deteddyletdhing pfocds, add provet iededemasf dili@a lagercl ai m
17, which includes the steps of: formng a second nitride film (131) on the
first oxXilHd frem gpptapdnations inclyding afytpseduct febe prodherdrduringaesubsequentidy) t o
forma thi,rd insulating filmsidewall, and etching the first oxide

film 12%0%85?% ng a bottomanti-reflective coating (BARC) |ayer (161)

onto an in-process structure obtained by the step of etching back the
second nitride film(131), applying a resist onto the BARC | ayer (161), and

t r ansf eroi Mpheamgthbe avdefined ia thih )2, phidhaneudd thbstepest: st t hrough 1it hography
to leave a third resist (160) corresponding to the gate wiring (141b)

pat 18rn; 25wpbnng g resist oprRbe|substratg (1d ) havingl thereolwonarsdicandaysn ¢Lk3) sndi con
or polysiligon film(14 servi s the te el ectrode (141) material,
usi ng t ﬁféﬂ?fﬁmn& ﬂr@ é%t Sgli@aﬁaiﬁg?glﬁagﬁ?mﬁfg dPﬁ?taf-ﬁﬁ’é‘Eh%éh Ba%{%m
(141a) N ; | . ctr.ode (141);
partly ?é%{)lg ir%ggtﬂ%m Tplb ?gip()?lﬁégl)t%ﬁgnégﬁﬁ @ﬁmﬂ’(@ﬁé‘&ﬁg&ﬁ? §Er“§ér§’tagﬁl ng or wet
etching to edHigwv R 4dicoh uibswité 3EE0) &F forhe tld Hedt SANLRORH UL (118Yahgof the
second conductive type (200) lying under the columar silicon layer (113)
t o be exgosewyg thetsecandmesisi(dS®he resi st (160) and the BARC (161);
15
11. The method as defined in claim 2, which includes the steps of:
depositing a filling oxide film (120) on the first flat silicon layer (112) and substrate
(110) having the columnar silicon layer (113) ;
flattening the filling oxide film (120); and
20 etching the filling oxide film (120) in such a manner as to allow a surface of an upper

portion of the first flat silicon layer (112) to be exposed.

12. The method as defined in claim 2, which includes the step of the offset spacer (307)
formation on the sidewall of the columnar silicon layer (113).

25
13. The method as defined in claim 2, wherein the first silicon layer of the second
conductive type (200) is formed in the lower portion of the columnar silicon layer (113)
and the entirety or the upper portion of the first flat semiconductor layer (112) by
introducing an impurity of the second conductive type into the first flat semiconductor
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formng the fourth oxide |ayer (305) on an exposed surface of the gate

el ectrode (141) 5 and the surfaces of the first sem conductor |ayer of the
second conductive type (200) lying under the columar silicon |ayer (113);
removing the first nitride film (130) above the columar silicon |ayer
(113) and the second nitride film (131) around the columar silicon |ayer
(113) by an etching process; and 1lOrenoving the pad oxide film (121), and
the firdeyesx(1d2) havipg (the Holumenrt silicaro laven with deo seyeepa@cxam) tigougth@nret hod

as deflnedl claim2, which includes the steps of form nitride
Fi1m ( 1ABPUEHY PatuRion ARRReS comRriang 2 WPyrify §eqtion recetend i Sustbe ol | 151

flat silg &M& (112), the gate electrode (141) surroundl ng the col umar
silicon Tayer , etching back the third nitride film (132) in such a

manner t hat the respective upper surfaces of the first sem conductor |ayer
of the second conductive téﬁe (200) lying under the columar silicon |ayer
(1139, ddd The methsl ap definesh inclaime2,cwheneina thesfitst cdiconalpger 0fl 18 secand

exposed, and formn cond jin ating fil i dewal | (133, 134) serving
as the 360 @f&éﬁéme (gf@p'éff ?k@’(ﬁ%’%ﬁfﬁ‘ &}ti colugnnay;; silighn 1aysE (Uder

si dewal | i pper
surface O?ﬁmﬁﬂﬁxﬁﬂ%ﬂ@?ﬂ%? t33ﬁ§Qfaﬁ%gﬁﬁ&#ﬁééﬁﬁgéﬁﬁﬁﬁFﬁ5@@§%gﬁﬁfOﬁér t he
gate el ectrode (141) introducing an inpurity of the second conductive
type into the upper portion of the columar silicon |ayer (113) through an
inpuritﬁSiﬁﬂﬁnddbodemd@hmdekmndbM@Mﬂsmdgdanhaswpm@ﬂrity i njection process,
to f&rnlthe second silicon |ayer of the second conductjve type (201) in the

upp&? por t idsROVHNG A Hrgt dnsylating Tidm) (ﬁwmmtsv@rabema argyrl the caiumpar §ih|°f-’1é:on

| d 30 t h f t | f
o seolnbt LR eGRATYC e Gl MRt vl B b et b g ook O st Y o
conduct msmmgmﬁ%%é) mﬁ@ﬂalfdébﬁgﬂéﬂ aBotd fi lcolRtrat silich {u@ Fafd %Poﬁﬁdefl (N)

filmor a cobalt film on the respective expose face o flrst
si | i contHedywer s:dier:lbofstheoaﬂdnmaﬂsihodn Mgert(¥ p3) HaR @ @ickirds Iﬂﬂ@r@ﬁlﬁh@ ofah¢ ode
(141), and an_upper surface of the second silicon of the second conductive
type (281 mwnagé’ﬂmmﬂ mgteppbdepssitedsaroprd an infenmediate/npper sidewtallfofithe t o a
hea trealt mants EEL\/_,)’[ ngldgn unreacted part of the heat-treated film to
f or HERay llé 8%‘?’[ Jo onpound (153, 152) on each of the first

F;;;?nglﬁmon con uc#gve t pej %]%bewpﬁfgglp%e met h(h%t ﬁ@ﬁgpﬁgﬁ% 100”

cl ai m 2of thei colurhmmie|silitds 1afke ($1HR6 Ofm the first inshliti 3098 ab%ﬂr@mﬁr
(135) such as a nitride film on the columar silicon [ayer 10(113)

f abri cacadumpar sieorf jayert (113 handsatoimd thel layver sidewalj of the cojamearsitican ayer ( 141)
.th
surt oun(qligjq i Such a manner as to have a thickness larger than that of the gate insulating film

20 (124) to be formed around the columnar silicon layer (113).

16. The method as defined in claim 2, wherein the gate insulating film (124) is formed on
the sidewall of the columnar silicon layer (113) with a first hard mask (130) of nitride film
fabricated on the first flat silicon layer (112), and wherein the method includes the steps of:
25 forming a second amorphous silicon or polysilicon film (141) serving as a gate
electrode material, on an in;process structure obtained by the step of forming the gate
insulating film (124), in such a manner as to allow the columnar silicon layer (113) to be
embedded therein; and
polishing the second amorphous silicon or polysilicon film (141) by a chemical
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columar silicon layer (113); formng a third oxide film (126) serving
as an interlayer insulating film on the contact stopper (135), and
flattening the third oxide film (126) by a chem cal nechani cal polishing
process; 15formng a contact hole in the third oxide film (126) at position
on the upper side of the second silicon |ayer of the second conductive type
(201) formed in the upper portion of the columar silicon |ayer (113), by
an et chimechanwakpalishing prionessdoiane ta fiastened upperrsarfabe, whepsindbe hittide @ld6) at
positio ectjv sides of the first $I|ICOn | ayer of the

Second daAOLET aﬁﬁf‘eg(sg@perdel%a% A&tapRer aganst ghe chemical mggharicalor ¢ on

of the f y col umar
silicon o%%fézg:&(pﬁcg?ﬁ@g%ﬁ&&fﬁaeﬁog{g eggﬁ{e(‘:“gl @ﬁ%ﬁd%ggélﬁbe hi ng process;
etching the portion of the contact stopper (135) corresponding to the
respective contact holes. 25 21. A sem conductor device conprising: a first
flat Ssenli7coﬁhmnle&odlaax&eﬁne(dﬁﬁ%}aiﬁdﬁmﬁahnneiumbhe stapeoff 110) ; a col ummar

sem conduct or éwr; ghlé?)) formed on the first flat sem conductor |ayer
(112); a f.?tglﬁmg k u@ﬁl&og@émwsdtma@m(ﬂé 1 yeringoasothef or med

ent 1 ot i 5%%?0&58%%%{‘#’%# ofhechte Fraae AP0 W ol BB dead o)

whi ch cqaﬁ%ﬁtdﬁges an et ched rresa W|th edges; a second sem conduct or
| ayer of e second conductive type (201) forned in an upper portion of the
col ummar s edapositifig atfarst dxge filth X139), on an in-process structure obtained by the step of

10 etching back the second amorphous silicon or polysilicon film (141), whereby the first

oxide film (125) can protect an upper surface of the gate electrode (141) from a wet
etching or dry etching process to be performed in a subsequent step, so as to suppress a
change or variation in the gate length and damage of the gate insulating film (124) from the
upper surface of the gate electrode (141).

15

18. The method as defined in claim 17, which includes the steps of:

forming a second nitride film (131) on the first oxide film (125);

etching back the second nitride film (131) to form a third insulating film sidewall, and
etching the first oxide film(125);

20 applying a bottom anti-reflective coating (BARC) layer (161) onto an in-process
structure obtained by the step of etching back the second nitride film (131), applying a
resist onto the BARC layer (161), and transferring a gate wiring (141b) pattern to the resist
through lithography to leave a third resist (160) corresponding to the gate wiring (141b)
pattern;

25 etching the BARC layer (161), and the second amorphous silicon or polysilicon film
(141) serving as the gate electrode (141) material, using the third resist (160) as a mask, to
form a gate electrode body (141a) and a gate wiring (141b) which make up the gate
electrode (141);

partly removing the first insulating film (303) by a dry etching or wet etching to allow
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5a sem conductor layer of a first conductive type (309) forned between the
first sem conductor |ayer of the second conductive type (200) forned in
the | ower portion of the columar sem conductor |ayer (113), and the second
sem conductor |ayer of the second conductive type (201) fornmed in the upper
portion of the columar sem conductor |ayer (113); 10a gate insulating film
(124) and a gate electrode (141) which are forned around the col umar
silicon thgy@&ac(egpg)ﬂ;e first semfi¢onshuction dayientof toe Sedond (@O®)ctive rtypel (208) Wgeg t he
gate el ectrode (.141) apnd the first flat sem conductor |ayer (112);
a si dewdinfierthg JHeen ¥‘iﬂ@ﬁ)ﬁﬁbﬁe¥‘i’ﬁ 33, 134) formed to surround an
upper 15 si . . I ' .or layer (113) while

e vahovifl Heiesieqh 80 etﬁgg'{\gl@eﬂ%ﬁ

contacting an upper-surtace ectrode (141) and to surround a
si dewal |  of fohlathghé eoveihasdididGer((364) ortdifextpbsed dutfite bthe gatel dlbtbiit (241$03) ; a
met al - sem conduct or conpound (152, 153) formed on each of an upper surface
of the fahd she sefacesoofitbe fiost skmicondwitort layer of tionstcomdhcoreiuictiee typp €002 O@Rg f or med
in the en iaﬁty or 20 .the upper_ portion of the first flat sem conductor

| ayer (P98t %Hﬂw@ﬁmUﬁbgﬁlgﬂ?ﬂ&5§50f the second seniconductor |ayer (201)

of the secq | ve.. fo |n t upper pqrtiqn of e umar
sem conductgofBEdHe s Gyt ng 557 ahle, B8 csfhar Riicoh ARyed {9 7mide
formed bedon GiitridB 18IS 17 hehd W cdlbhhir &N6bd lafyexf {]ﬂ%j b% lfi et Gfeng E&@Qéé?t or.

| ayer (112) has a thickness larger than that of the gate 25 insulating film
(124) fandred around the col umar seni conductor |ayer (113), wherein the
sum of the half |ength of the columar sem conductor |ayer (113), the

t hi tkness SFmeyagdhe rad ordds Blm 6l 19, anghtlie fogs oxide Blmi(HES) and therfourghoxide

el ectroge éﬁéf) and the width of the second insulating film (133) covering
the sid * the gate el ectrode (141a) with these |ayers being abutted
with the side wall of one |ayer abutting the side wall of the 3046

19. The method as defined in claim 2, which includes the steps of:
forming a third nitride film (132) on the columnar silicon layer (113) fabricated on the
15  first flat silicon layer (112), the gate electrode (141) surrounding the columnar silicon layer
(113), etching back the third nitride film (132) in such a manner that the respective upper
surfaces of the first semiconductor layer of the second conductive type (200) lying under
the columnar silicon layer (113), and the upper portion of the columnar silicon Iayer (113),
are exposed, and forming a second insulating film sidewall (133, 134) serving as the
20  sidewall-shaped second insulating film, to surround the upper sidewall of the columnar
silicon layer (113) while contacting the upper surface of the gate electrode (114) and to
surround the sidewall of the gate electrode (141);
introducing an impurity of the second conductive type into the upper portion of the
columnar silicon layer (113) through an impurity introduction process comprising an
25  impurity injection process, to form the second silicon layer of the second conductive type
(201) in the upper portion of the columnar silicon layer (113), and form the silicon layer of
the first conductive type (309) between the first silicon layer of the second conductive type
(200) and the second silicon layer of the second conductive type (201); and
forming a first metal film such as a nickel (Ni) film or a cobalt (Co) film, on the
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next, is smaller than the I ength between the centre of the col umar
sem conductor |layer (113) and the edge of the first sem conductor |ayer of
a second conductive type (200) in the nesa. 5 10 15 20 25

respective exposed surface of the first silicon layer of the second conductive type (200) and
the gate electrode (141), and an upper surface of the second silicon of the second
conductive type (201), by a sputtering process, subjecting the first metal film to a heat
treatment, and removing an unreacted part of the heat-treated film, to form a
5  metal-semiconductor compound (153, 152) on each of the first silicon layer of the second

conductive type (200) and the second silicon layer of the second conductive type (201).

20. The method as defined in claim 2, which includes the steps of:
forming a contact stopper (135) such as a nitride film, on the columnar silicon layer

10 (113) fabricated on the first flat silicon layer (112), the gate electrode (141) surrounding the

columnar silicon layer (113);

forming a third oxide film (126) serving as an interlayer insulating film, on the
contact stopper (135), and flattening the third oxide film (126) by a chemical mechanical
polishing process;

15 forming a contact hole in the third oxide film (126) at position on the upper side of the
second silicon layer of the second conductive type (201) formed in the upper portion of the
columnar silicon layer (113), by an etching process;

forming contact holes in the third oxide film (126) at positions on respective upper
sides of the first silicon layer of the second conductive type (200) formed in the entirety or

20 the upper portion of the first flat semiconductor layer (112) lying under the columnar
silicon layer (113), and the gate electrode (141), by an etching process;
etching the portion of the contact stopper (135) corresponding to the respective contact

holes.

25  21. Asemiconductor device comprising:
a first flat semiconductor layer (112) formed on a substrate (110);
a columnar semiconductor layer (113) formed on the first flat semiconductor layer

(112);

a first semiconductor layer of a second conductive type (200) formed in a lower
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portion of the columnar semiconductor layer (113) and an entirety or an upper portion of
the first flat semiconductor layer (112), which constitutes an etched mesa with edges;

a second semiconductor layer of the second conductive type (201) formed in an upper
portion of the columnar semiconductor layer (113);

a semiconductor layer of a first conductive type (309) formed between the first
semiconductor layer of the second conductive type (200) formed in the lower portion of the
columnar semiconductor layer (113), and the second semiconductor layer of the second
conductive type (201) formed in the upper portion of the columnar semiconductor layer

(113);
a gate insulating film (124) and a gate electrode (141) which are formed around the

columnar silicon layer (113);
a first insulating film (303) formed between the gate electrode (141) and the first flat

semiconductor layer (112);

a sidewall-shaped second insulating film (133, 134) formed to surround an upper
sidewall of the columnar semiconductor layer (113) while contacting an upper surface of
the gate electrode (141) and to surround a sidewall of the gate electrode (141) and the first
insulating film (303);

a metal-semiconductor compound (152, 153) formed on each of an upper surface of
the first semiconductor layer of the second conductive type (200) formed in the entirety or
the upper portion of the first flat semiconductor layer (112), and an upper surface of the
second semiconductor layer (201) of the second conductive type formed in the upper
portion of the columnar semiconductor layer (113),

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

wherein the sum of the half length of the columnar semiconductor layer (113), the
thickness of the gate insulating film (124), the width of the gate electrode (141a) and the
width of the second insulating film (133) covering the sidewall of the gate electrode (141a)
with these layers being abutted with the side wall of one layer abutting the side wall of the
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next, is smaller than the length between the centre of the columnar semiconductor layer
(113) and the edge of the first semiconductor layer of a second conductive type (200) in the

mesa.
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