- TITLE OF THE | NVENTI ON Sem conduct or devi ce and production nethod therefor
~ BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001] The present
“invention relates to a semi conductor device. 2. Description of the
Background Art [0002] 10 A degree of integration in a sem conductor
device, particularly in an integrated circuit wusing a MOS transistor, has
been i ncr@ASEAJF T INWENEEPN Al ong with the increase in the degree of
integration,_ mniaturization of the MOS transistor used therein has

progr essed t%em‘éio?ém?r?i@}j]ic%ﬁ‘?‘?ﬁ*‘l‘i’é‘lﬁ}%‘d}‘%ﬁég‘?ﬂﬁreﬁ‘?rﬂi aturization of the MOS
transi stor, which constitutes an inverter circuit as a basic circuitry for
digital circuits, gives rise to a problem such as 15 difficulty in

suppr esSiBRCRGREABNDUDF TRIE INYERTTIORUSes deterioration in reliability due
to hot <carrier effects and poses an inpedinent to sufficiently reducing a
circubt dctigpdhofthe meatiomhi | e neeting a requi renent of ensuring a necessary
current magnitude. Wth a viewto solving this problem there have been

pr oposed [80%dr r oundi ng gate transistor (SGI) having a structure in which a
source, a ga}.e and a.drain a[?? rranged in a direction perpendicular to 20
a substrat e, |QHEFEPRIVRRIGIERGsI0 A SFHEGIEIE Vistind an i sl and- shaped

sem condyc r gy{&f' nverter circuit using the SGI (SGT-based
CMOS invgr' tbgéc)dp?égg?t eggr]ﬂle(grgnp e, the follow ng Non-Patent Docunent 1).
[0003] [0@B2)1 is a circuit diagramshowi ng an inverter. The inverter
conprises a pMOS 25 transistor and an nMOS transistor. In the inverter
circhiPt, theAgrge: of mtegratioorinjaseméepnidnesar dayideapartioulgdy én mi ditdgrated cireuies

greater than that of the n transi stor, pecause a hole nobility is

one- hal f uamgérﬁﬁse%w&wrn%%ﬁsew VICTeRSRE SRt BY Yearc ofegt Wigh Hie inesrassdade ovos
i nverter 4 i . . 4 n_other rds,
thee ! condurel B felBdti Rlah P MR Ry OV EaBGo P A it 13 ofialEed B T 1)

of threea 3o irediand-EhRAPOGres i ARAIMELR oD ofkhé AROStransistor, which constitutes

an inverter circuit as a basic circuitry for digital circuits, gives rise to a problem, such as
15 difficulty in suppressing a leak current, which causes deterioration in reliability due to hot
carrier effects and poses an impediment to sufficiently reducing a circuit occupancy area
while meeting a requirement of ensuring a necessary current magnitude. With a view to
solving this problem, there have been proposed a surrounding gate transistor (SGT) having
a structure in which a source, a gate and a drain are arranged in a direction perpendicular to
20 a substrate, wherein the gate is formed to surround an island-shaped semiconductor layer,
and a CMOS inverter circuit using the SGT (SGT-based CMOS inverter) (see, for example,
the following Non-Patent Document 1).
[0003]
FIG. 1 is a circuit diagram showing an inverter. The inverter comprises a pMOS
25 transistor and an nMOS transistor. In the inverter circuit, the pMOS transistor is required
to have a gate width two times greater than that of the nMOS transistor, because a hole
mobility is one-half of an eleciron mobility. Therefore, a conventional SGT-based CMOS
inverter is made up using two pMOS SGTs and one nMOS SGT. In other words, the
conventional SGT-based CMOS inverter circuit is made up using a total of three

30  island-shaped semiconductors.




[ Non- Pat ent Docunent 1] S. Watanabe, K. Tsuchida, D. Takashima, Y. COowaki,
A. Nitayama, K. H eda, H Takato, K. Sunouchi, F. Horiguchi, K. GChuchi, F.
" Masuoka, H. Hara, "A Novel Circuit Technol ogy with Surrounding Gate
Transistors 5 (SGI's) for Utra High Density DRAM s, " | EEE JSSC, Vol . 30,
No. 9, 1995 SUWARY OF THE I NVENTION [0005] It is therefore an object of

t he presd®@O4d]lnvention to allow an inverter to be nmade up 10 using a single
i sl and- shaped S&T conductor, so as to @r ovi de a sem caonduct or device

conprising a hi heyPatERiddecument BT BasWataophes Knvbsuehkida,c i c dpkashingpod]  1n
d i : bo i i i St t of t.h

or esent - REDAEVE NG, JE2E, BRLGT . BREET K. Mobfoficb oS iedPRe it ®

conpri seQasdokd, At Hapd and-1shRPaCirdm q@éﬂn%%?”&}tgrsqrgﬁ?inga(}aer ﬁag?ﬁ‘fg?s

dielectric filmlocated on and in contact Wth at part

peri pher YSGT's}) foe Ulirs Sligh Besig-ISRNANEG” SEFE CS8C M. B0, Nayer1ooa gate el ectrode
havi ng one surface in contact with the first gate dielectric film a
second gate dielectric filmin contact wth the other surface of the gate

el ectrode; i | ayer in contact with the second gate
di el ect rspwff#‘?gﬁffﬁgbﬁwbﬁnducti ve-type high-concentration 20
sem cond (Bj | ayer di sposed on top of the first island-shaped

sem conductor |ayer; a second first-conductive-type hi gh-concentration

seni conduct gt id @yRlordiBRMFRA of AIkepREaH: invenfin td ABdw iafliANGres A BEGnade up
sem conductor |ayer; a first second-conductive-type high-concentration

sem tondusingra siaglr istindpbspa semicopdusfor ke asaooprdvided sematondwetor dewer ; and
a second secqnd-conducti ve-type high-concentration sem conductor |ayer 25
di sposedCﬁfﬁﬂﬁl%ét}llfghﬂ}?@t%%%%gGérebﬁs%ﬁMQ$ HverteR@icuity 0007]  According to a
second a ﬁ of the present invention, there is provided a sem conductor
devi ce I ch- conprises: an island-shaped sem conductor |ayer; a first gate

diel ectric flhlJrusttd QUi ehed aBSfe BHREY aRforlifhg dosh atigr §ﬂ5@9@9f SREMprQRRUCt or
| ayer; a gate 30 el ectrode surroundi'ng a periphery of the first gate

di el ect r invehiidmthese sgmovided)atemitoathetsdr devicevidc ¢dmprives:rofinndisimdashpesdi phery
of the gate electrode; a_tubular sem conductor | ayer
semiconductor layer; a first gate dielectric film located on and in contact with at least a part
of a periphery of the first island-shaped semiconductor layer; a gate electrode having one
surface in contact with the first gate dielectric film; a second gate dielectric film in contact
with the other surface of the gate electrode; a second semiconductor layer in contact with
the second gate diclectric film; a first first-conductive-type high-concentration
20 semiconductor layer disposed on top of the first island-shaped semiconductor layer; a
second first-conductive-type high-concentration semiconductor layer disposed undemeath
the first island-shaped semiconductor layer; a first second-conductive-type
high-concentration semiconductor layer disposed on top of the second semiconductor
layer; and a second second-conductive-type high-concentration semiconductor layer
25  disposed underneath the second semiconductor layer.
[0007]
According to a second aspect of the present invention, there is provided a
semiconductor device which comprises: an island-shaped semiconductor layer; a first gate

dielectric film surrounding a periphery of the island-shaped semiconductor layer; a gate

30  electrode surrounding a periphery of the first gate dielectric film; a second gate dielectric




surroundi ng a periphery of the second gate dielectric film a first
first-conductive-type high-concentration sem conductor |ayer disposed on

" top of the island-shaped seniconductor |ayer; a second
first-conductive-type high-concentration sem conductor 5 |ayer disposed
underneat h the i sl and-shaped sem conductor |ayer; a first

second- cdiueuirqumdingne hénphegordethier gate otlegender anduntar sérmigendwdicsphyead on
top of the tupular sem conductor |ayer; _a}nd .a second .

second- cSHd a(RFFENeY oM- s icesnd &atr shiclectdfy flam duBiss Airstzgpedudiiveivree d
under neat.b 1t | ar m conduct or | ayer: [0008], 10 . Acgcordin 0 athird
aspect 0?’%%’2’%6‘%%%?8? isﬁl\?lérgr? ?%Cg(,glr tﬁg?re glgpdﬁF%viogeomg sogn‘i %nbstlladﬁbsﬁmp evi ce
whi ch coRprhicsBdictdN]dyéd; 3 de &P At MR ARG Ohi ch@¥REonttibh 'sehi@alSetor
dielectric film surfounding a periphery of 'theisland-shaped sem conduct or
| ayers aloat e ddpestd odmdersimathouthdi nlandphapadhessmiebndueeorf i Iagtr; gad e first
dielectric film a second gate dielectric film surrounding a periphery of
 the gat e seosdcpadustivertyngohighreoneamiredern semsondugyesr layer dispessdmyn topl16f the
periphery,of the .second gate dielectric filny a first first-conductijve-type
hi gh- con%'g’r‘l'ﬁarraffe’%ﬁon oF g@f?ﬂiu@{‘ r? Isea‘?fgﬁ FrUbeuugive-lype Jpelh-rancentration

i sl and-s ' I ; I: .ive-type

i g concamer Ao R HERMed G R URGAN: ol EIEBPIER' (e

i sl and-sh@@8y sem conductor layer; a first second-conductive-type

hi gh-concentration sem conductor |ayer disposed on top of the tubular

sem ténduct dkechrdjng to athird aspedt @ths proerd-iventou tthere it prpwided glemzondnterat i on
sem condyct.or h?ﬁ/}er di sposed underneath the tubular sem conductor |ayer; a

third fi PEYCTBRICompESes; 38 Haghshapre ssrpicarduster lavss & rY gateghelpetyie film

di sposed rneat h e f.iq.s5-conqucti.yve- e . high-concentration
sem condal(&:{?((ﬂ;]r%dh_ érp %H%e@hé?gg%olﬁléﬁ éé@a ﬁg-cegﬁ uncfiﬁ" ?@é-lfq g Bale gleCtmdte

hi gh- CO“@I@’M&H@MEOQ APh&D UL Ofirs! 38T diclRcthic! §lin; SERE&AAAMEE Aetd®hi@lfiim
conmpound |l ayer 25 forned in a part of sidewalls of the second

second- centwatlinge: peyipbetyi aflthe gate eleciradd; @nubidendeadewidattor lalyeyenrroanding e
third first-conductive-type high-cqgoncentration sem conductor |ayer; a

Y . .
secot sBFHRISRORDS pecrpd gate diglerstin fim:aa brst fist-verduch vertypg ialr-conseatrasionof  t he

first figst.- tjyve-t hi gh- trafi ' tar | . and
third s SHEGRACKE e S ol AN TE AL Ued SR RR s st S nBor e
{5{33 g | 3frsse6eti 6B Chioh Ruhydfratib it RemRdRRGAIARE B§HsEPNIHENLRLH! A¥er. 3

island-shaped semiconductor layer; a first second-conductive-type high-concentration
semiconductor layer disposed on top of the tubular semiconductor layer; a second
20  second-conductive-type high-concentration semiconductor layer disposed underneath the
tubular semiconductor layer; a third first-conductive-type high-concentration
semiconductor layer disposed underncath the second first-conductive-type
high-concentration semiconductor layer and the second second-conductive-type
high-concentration semiconductor layer; a first semiconductor-metal compound layer
25  formed in a part of sidewalls of the second second-conductive-type high-concentration
semiconductor layer and the third first-conductive-type high-concentration semiconductor
layer; a second semiconductor-metal compound layer formed in an upper portion of the
first first-conductive-type high-concentration semiconductor layer; and a third
semiconductor-metal compound layer formed in an upper portion of the first

30  second-conductive-type high-concentration semiconductor layer.




According to a fourth aspect of the present invention, there is provided a
sem conduct or devi ce which conprises: an island-shaped sem conductor |ayer;
"a first gate dielectric filmsurrounding a periphery of the island-shaped
sem conductor |ayer; a gate 5 electrode surrounding a periphery of the
first gate dielectric film a second gate dielectric filmsurrounding a
peri pher yO&9]t he gate el ectrode; a tubul ar seni conductor |ayer surrounding
a periphery of the second gate dielectric film_ a first n+-type

sem conduct d&ccoF DR riodids hOtY aspect opf dhe tpreseng| iaNentoRa pheres irsevided taor

I ; - i duct or. di d d h
5 . SRR RS T SRS Sy SRR e s o
di d i : '

i sposed dpiled@P i8th shltBuddiie lae}{engg%mygﬂ%d-hggﬁ serﬁﬁgncﬁlctogﬁfg?égf aRhid YP€

sem conductor | ayer di sposed ‘un e tu r sem con |Jayer.
[ 0010} Aekotradengirtoandingiaf pdiipastyastthefirdt hatepdielsemic flmy ankidd, gdid SlcRectric
provi ded a sem conductor device which conprises: an island-shaped

sem condiiémopurrayding a périnbenygaxf ethdi gateceledtrode] lamtublibars semicomiictoy kyer

periphery of the island-shaped senjconductor |ayer,. a gate el ectrode

sur r oundPHEPPIE 3 Bﬁ%ﬁr’]l?rﬁf’?&‘?ese@‘? gatg gﬂ%ecﬂ‘il%f {7 TSt fype semisondertgfat e

di el ectr ia?elt | didBos&t TohO dio?ghé xgl%fﬂi-eﬁ' Iy §)efmi5 %u?l%} elaecj:recz{[ rsg(%%ﬂ Gyl u%ul ar
sem conductor Tayer surrounding a periphery o e Sécord gate dielBctric

film a fdmiRbndittdrYIRRer SHEPREDN AHEIrREath ANE [s1HdSH ser®BoridRtoPflafed€a first
i sl and- shaped sem conductor |ayer; a second n+-type sem conductor | ayer

di spbsedptiivier smatdmdubter ilsyeaniispebaben tge ot dentbolaosehapadyctar fayerstangd -t ype
sem conductor | ayer di sposed on top of the tubul ar sem conductor |ayer; a
second piEEPHE 4w CBHeIdLeer layendispaged prrsserativibe fkadar emirendugien layer.

sem condm;otl@l] | ayer; a third n+-type sem conductor |ayer disposed

under nea the second n+-type sem conductor |ayer and the second p+-type

sem conduct Q{cchRE to Lifth Eﬁect%&&@géfﬁtirgfehﬂ&{,%eﬁweﬁﬁgﬁlLl@é’rﬁfcofug.[ dina
part of 25 sidewalls of the second p+-type sem conductor layer and the

t hi rd n+déewgewbiehicoompdises an islhmalrdraped sagicomilicte tayeandiest ghaterdéladtric Gitgpound
| ayer_ fornmed in an upper portion of the first n+-type sem conductor |ayer;

and ¥ t hfHepusdingc s refiiphen- retthe iclangrshaped | speeondpeiohddydrn aagatapplestrqder t i on
o e Ry BRI TSNS B0 AL R
present LinRREING"M ffiph&yidtihd Ble ERUEN, BIuBEAAh I d o 1ag W uritifEiGE D VWP 1S
! nnerperiphery of the second gate dielectric film; a first n+-type semiconductor layer disposed
on top of the island-shaped semiconductor layer; a second n+-type semiconductor layer
20 disposed underneath the island-shaped semiconductor layer; a first p+-type semiconductor
layer disposed on top of the tubular semiconductor layer; a second p+type semiconductor
layer disposed underneath the tubular semiconductor layer; a third n+-type semiconductor
layer disposed underneath the second n+-type semiconductor layer and the second p+-type
semiconductor layer; a first semiconductor-metal compound layer formed in a part of
25  sidewalls of the second p+-type semiconductor layer and the third n+-type semiconductor
layer; a second semiconductor-metal compound layer formed in an upper portion of the
first n+-type semiconductor layer; and a third semiconductor-metal compound layer
formed in an upper portion of the first p+-type semiconductor layer.

[0011]

30 Preferably, the semiconductor device according to the fourth or fifth aspect of the




circunferential length of the tubular sem conductor |ayer, and Wh is an
outer circunferential |length of the island-shaped sem conductor | ayer.

" [0012] 5 Preferably, the semnm conductor device according to the fourth or
fifth aspect of the present invention satisfies the following relation: Rp
~ 2Rn, wherein Rp is an inner radius of the tubul ar sem conductor |ayer,
and Rn i Presephitivgstiof satiséies sheafdloshng edatieni Worrd 28V or whéraipeWp {sO@il 8iner 10
Preferablc¥, trtle sem og&ﬁctor devé]ﬁe according to the fourth or fifth
aspect of EHBICIFRE o Wintheorfulan sempondydon dpyaswiang MR alsi @A: outer ¢ Ln,

wher ei ' t t ubul ' duct I , dL
e chassl s PR MR 4 3R kbl SRS R I or I ayer. [o014] 15

In the sgpprynduct or device according to the fourth or fifth aspect of the
present invention, it is preferable that the first gate dielectric filmis
a di ebectri cPefdrablpl thewemircaductolV@Gity actordia®ro tige foumtt bofAftASspdtt of the
enhancenment type, wherein the nMOS transistor conprises the island-shaped
sem condPEESSRL Inygrdion satigfiesithes follgating wiasioncRp i~c2 R, | whesein Ryuisdinrigner triwbus

peri phery .of i sl and-sh d sem,conductqr |ayer, the gate el ectrode
surroundiofqghet '%‘i’gleﬂfb“f?é]}c?’b(ﬁr'é?@?@fer’tw Pt %@?@%}S@Bﬁh@pqdi SeRicanguctes st
n+-type q@g}'conductor | ayer di sposed on top of the island-shaped

sem conductor |ayer and the second n+-type sem conductor |ayer disposed
under neaf{@013he i sl and- shaped sem conductor |ayer, and the second gate
dielectric filmis a dielectric filmallowng a pMOXS transistor to
functPon as Refeeabivarthe wemicongyor deviver aicnrdige top MESfaurtansi ftbmsponpf ilges t he

gate electrode, the second gate dielectric film25 surrounding the
peri pher yreéFnttlﬂ‘éen@QPé%ﬂ%&ﬁhﬁ‘o@?\’vﬂwﬂ%{al bp ~ddnivdsrdndpos alchpenel length

surroundijpg,d he, ' t S d. gate dieIetr'cB{iI the first
p+-type Osen% con uc%egllrﬁ%%dyg{ror | %bgégrtonn%[ 8p°h(§lpn?lhgeng%‘b g?eniséarﬁ b t or
| ayer angerhiténdiR€@Nsherp+-type sem conductor |ayer disposed underneath the
tubul ar sem conductor layer. Further, it is preferable that the gate

el ect rodé0Gl¢} made of a material allow ng each of the 30 nMOS transistor
and we pl\/[)? tflansi stor to function as an enhancenent type. 5 EOOlS]

n the semiconductor device according to the fourth or fifth aspect of the present
invention, it is preferable that the first gate dielectric film is a dielectric film allowing an
nMOS transistor to function as an enhancement type, wherein the nMOS transistor
comprises the island-shaped semiconductor layer, the first gate dielectric film surrounding
the periphery of the island-shaped semiconductor layer, the gate electrode surrounding the

20  periphery of the first gate dielectric film, the first nt+-type semiconductor layer disposed on
top of the island-shaped semiconductor layer and the second n+-type semiconductor layer
disposed underneath the island-shaped semiconductor layer, and the second gate dielectric
film is a dielectric film allowing a pMOS transistor to function as an enhancement type,
wherein the pMOS transistor comprises the gate electrode, the second gate dielectric film

25  surrounding the periphery of the gate electrode, the tubular semiconductor layer
surrounding the periphery of the second gate dielectric film, the first p+-type
semiconductor layer disposed on top of the tubular semiconductor layer and the second
pt-type semiconductor layer disposed underneath the tubular semiconductor layer.

Further, it is preferable that the gate electrode is made of a material allowing each of the

30 nMOS transistor and the pMOS transistor to function as an enhancement type.




Preferably, in the sem conductor device according to the fifth aspect of
the present invention, each of the first to third sem conductor - net al

" conpound |l ayers is a silicon-netal conpound layer. 5 [0016] In the

sem conduct or device according to the fourth or fifth aspect of the present
invention, it is preferable that the island-shaped sem conductor |ayer is
an islandf8hdped silicon layer, and the tubular sem conductor |layer is a

t ubul ar sililg%? I gfe_r. Further, it is. preferable that each of the first
and second n*® ‘Wﬁ S8rihe SRBIsenductprdeics ancordingtapthefifgh aspeet pk thet present r d
n+-type 1,.C I rsq.s;an.n+-type silicon |ayer, and.each of the
first aﬁ Y glgg’gegg%gfrthﬁg%&s@%’ Edoﬁgﬂ%qﬂg}lgtgg%ﬂ copaund layers is Bs‘flﬁ?%’ﬁ??e'ia]ayer.
[0017] MomfpoimElagéabl y, the island-shaped sem conductor layer is a p-type
or non-dope i sl and-shaped silicon |ayer, and the tubular sem conduct or

| ayer 5i s [6lé)-type or non-doped 15 tubular silicon |ayer. [0018]
According to a fifth aspect of the present invention, there is provided a
met hod of  phiodacemicondecteh dovice enjocdingdettbe feth or fifffinespeat dfothe googeni ses
the step.of p.nplantin rsenic Lnt -type or, non-doped silicon |ayer

f or ned oﬁn‘éeﬁhggi ’gés P’ie?‘ﬁ?bei? gt &5%56%3@&5%%%04@9&09 PRYCE i %bﬂaqdaibélae.g
[0019] Rngbgl t ' | f1h-aspect of -the present
i nventi or% furtﬂ%%%ﬂ%%%fg@@%ﬁ%%g%g%ﬂ%%q? %rn?rlrllgurllggI Séhcroglgl?%‘?‘ fg'fmhlfe&lﬁil%g t he

n-type siptdfe@blel thytesach O thé Eirdd-ahi R8cordl n-1Hie AeRRGn&hdthC R eds@N¥ ach lFpheANt | NY
phosghorus into the p-type or non-doped silicon 25 |ayer 'to formthe n-type

siliéon Haside third art-tipetsemicontectpr kygre ioan motymeoilémdndaydrcom dasly ef the first
strippi ngm?vvay%%he resi st; and subjecti ng_ the silicon layers to a heat

t r eat menfld PSEBHPT-TYRICRT CARAYCIor [Ruetias HBE tRecHi@RAY Ko a fifth aspect of
the pr esmﬁn' nvention further conprises the steps of. depositing an oxide
filmon e ;L-type or non-doped silicon layer or 30 on the p-type or

non- doped SiN/Ibﬁoﬁtefe@Mﬁf, ﬁedslﬁah@sﬁhﬁear%%nﬁédnhﬁ&&? ¥Elis adf-ﬁga%i b Hgn-ﬁ%é}aidt ri de

6 filmon the oxide film formng a resist for rmng i sl and- shaped
si | i con Isandrshapadchiiong layer, and the tubular semiconductor layer is an n-type or non-doped

15  tubular silicon layer.
[0018]

According to a fifth aspect of the present invention, there is provided a method of
producing the above semiconductor device. The method comprises the step of implanting
arsenic into a p-type or non-doped silicon layer formed on an oxide film, to form the third

20 nt+-type silicon layer.
[0019]

Preferably, the method according to a fifth aspect of the present invention further
comprises the steps of: forming a resist for forming the n-type silicon layer, on the p-type
or non-doped silicon layer; implanting phosphorus into the p-type or non-doped silicon

25 layer to form the n-type silicon layer in a part of the p-type or non-doped silicon layer;
stripping away the resist; and subjecting the silicon layers to a heat treatment.
[0020]

Preferably, the method according to a fifth aspect of the present invention further

comprises the steps of: depositing an oxide film on the p-type or non-doped silicon layer or

30  on the p-type or non-doped silicon layer and the n-type silicon layer; depositing a nitride




the nitride filmand the oxide filmto forma nitride fil mbased hard mask
for formng the island-shaped silicon |layer; stripping away the resist;

" depositing an oxide film etching the oxide filmto forman oxide

fil mbased sidewall which defines a position of a gate-formng 5 region to
be subsequently fornmed; depositing an nitride film and etching the nitride
filmto ifloron teokideifthm; farhisdhassot firdemalhp thehislahddedfed edican poysi;tetahingf t he
tubular sjlico {ayer to be subseguently_formed. [0021] Preferably, the
above nett"f‘oﬂmil‘?ﬁ 1 and: Bepsidscllm fpfosmeppitige tikm-pasedihard Besp fosomningithyy 10

bt ening. tiand:telka WBEH B ot ERind! vt PR Rp By i hich Sl Plbigh S8 o
region; skidedRidg BHRYN bRfle FoSlSked si8wAli &ﬁmﬁ\ﬁ@ﬁ%@&ﬁ}&%ﬂ %?g%ﬁ)?@gﬁgh Lype

sidewal | ; and etching the p-type or non-dope ayer

or nofi- dogsoh & bd bsequantyr fonted;afepodities ishiandt-Slrapad efhirgad nitiyefilnand t he
tubular silicon |ayer. 15 [_00221 Preferably, the method further conprises

t he st epdom a niftide filmthasert sigewdll wihidhi definehe popitivy € ther tuhvlar didipen layiet iocon

| ayer and the n-t or non-doped silicon |ayer, stripping away the
nitride gﬁsﬂl?sg%e lggowdde film depositing an oxide film etching the
oxide filggti9 form an oxide filmbased sidewall for protecting a channel
during ion 1nplantation in a 20 subsequent step; formng a resist for

form ng the Hrbfepdbly) thd MRRe Shdth6PRurthdy 8smprids 1SRN e ttie kB F Shdnirzon
| ayer; inplanting arsenic into the island-shaped silicon |layer to formthe

fi r s10 n+theyptridsi filng dornling e resistdort fremsreramadutput- teyminalsiepionpetchiay elic nsypei ppi ng
away the resist; formng a resist for formng the first p+-type silicon

| ayer andf PARdeRbHbcHlaygn &y 8l guipuh jesminal segienit StHpPIBS EBRY ithe oesiske
tubul ar sjlicon | r ormthe.first psi+-type silicon |ayer, 2 nd t he
second pg{."%‘%/“%eﬂ‘éﬁyﬁ?ﬂ%é’ ﬁ} eaféltlarf'g)flss?? P f%&aﬁgalg%E?%?‘ﬁetﬁ? .B'St?(%et or ﬁ%‘?idgl?fgj Sglgﬁqnng t he
first anthyesaaPmd nf'tj?ﬂé YPRoEHbpRUMidoRNSY S (@RIt (A8 jd1hd B inapWsiBEGPR ergsff type
silicon layers to a heat treatnment. [0023] Pretferably, t%e nmet ho urt her

conpr i sethettheulgt shondéyeraf t er the step of subjecting the 30 first and
second n+-t¥§e silicon layers and the first and second p+-type silicon
[

I aye]‘% t PR

Preferably, the method further comprises the steps of: after the step of etching the
p-type or non-doped silicon layer and the n-type or non-doped silicon layer, stripping away
the nitride film and the oxide film; depositing an oxide film; etching the oxide film to form
an oxide film-based sidewall for protecting a channel during ion implantation in a

20 subsequent step; forming a resist for forming the first n+-type silicon layer and the second
nt-type silicon layer; implanting arsenic into the island-shaped silicon layer to form the
first n+-type silicon layer and the second n+-type silicon layer; stripping away the resist;
forming a resist for forming the first p+-type silicon layer and the second p+-type silicon
layer; implanting boron into the tubular silicon layer to form the first p+-type silicon layer

25  and the second p+-type silicon layer; stripping away the resist; and subjecting the first and
second n+-type silicon layers and the first and second p+-type silicon layers to a heat
treatment.

[0023]
Preferably, the method further comprises the steps of: after the step of subjecting the

30  first and second n+-type silicon layers and the first and second p+-type silicon layers to a




heat treatnent, depositing an oxide filmand then flattening and

etchi ng-back the oxide filmto expose the first n+-type silicon | ayer and
"the first p+type silicon layer; formng a resist for etching the oxide
filmin the gate-form ng region; etching the oxide filmin the

gate-form ng region; stripping away the resist; depositing a high-k film
conpri si heatar@imerindepnsisingda bxitlenftho 4l fhen fiatteriag tahd ctdbimt-bavkdths esddvd gat e
di el ectri([‘ films, depgsiting a _netal filmcomrising a titaniumnitride

filmor ZIPAREXPUHAY LSt as-tps Micen ket yidrbe 15 Rinkpe gHicen dysstieadieg sand
(" For 1 a8 B ol kbl 160 BRE hPEpS o g PRispidie g e o
resist; ehelbAging @Rl alriphideik 8y FRr RsiPedgatting! £4id8%indIENASHLLDS 2

? I %’r%m a’j 1%1 ?I né]based

nitride rilm etching the nitride filmto f nitride

si dewgl | haaioin exiclhiffiy tolte foiradt & the fimttaadfsecondtdae: diklestricallthsS@&§RBMingat €
dielectric films. [0024] Preferably, the nethod further conprises the

st eps of meid fidm copprisings tipnigmatitrisy filmeor ajantalude nitiidarilot tr bd fogmad pethiest f or
etching the oxjide fi -etching t oxjde film. .15 _strjpping away the
resist; %r}f’ -egeflgﬂ‘%ﬁﬁn‘% H]@ngiﬁ%%ng %ﬁ?@rﬁ%&@o?ﬂ@ %EE’B&Fdﬁ%QJ-éPS%’@gﬁ TE§iglon

| ayer; d g I tal ] i . I L Lri filmto form

i de o nBs fAHlE Lk i Bl e lobdy B roshb it g B B
third n+fitri pe fsid the @Btel MeBOde;aRPosiHRP ISt H1M; SFEtiA HURIdeHIROToRKS! O
cobalt and then subjecting the netal filmto a heat™ treatnent, whereafter
an uH} easitedt frisn-dhsetli didawall; aedretcbihg thindighbly filmheo ffoms thesfidsi amhsawphdgat20
compound .l ayer,_the second silicon-metal conpound |ayer, and the third

sili con-%ﬁ”" e filgipound | ayer, are forned, respectively, in a part of

Si dewallﬁjo% the second p+-type silicon |ayer and the third n+-type
silicon aye]r, an upper portion of the first n+-type silicon |I|ayer, and an

upper port i PrefefablyD el mebod PirthdP@nrises ot 4i8yeeht: aRBOAR] ste? B RIA Ly,
t he net hod furtheryhcorrpri ses the stn?gss of . af@%’er t he stespe%? ecpo |?1|Qng a

met al , fuoitnden§lran faoxiive af idsist der achingt thel axide flink dryfeathingn theaotide silmgont act
hole,_a second contact hole and a third contact hole on the second

si | i ton- FHPRINE @Y SRmEsiskyst-ctobing theioxele il iacamopthsl seewdmoue sdigen and

(he 92 LSk LERRTE! D) Kok BB AL PRLE S e

E gp?n;s; 2 ﬁiﬂégws{llggﬁbtf-&élﬁng QRt asdide ARdtd QkPARIMRNMIAPHE RN Ghikdh - 1afd; QHGPUt
depositing a metal comprising nickel or cobalt and then subjecting the metal film to a heat
treatment, whereafter an unreacted metal film is removed, whereby the first silicon-metal

20 compound layer, the second silicon-metal compound layer, and the third silicon-metal
compound layer, are formed, respectively, in a part of sidewalls of the second p+-type
silicon layer and the third n+-type silicon layer, an upper portion of the first n-t-type silicon
layer, and an upper portion of the first p+-type silicon layer.

[0025]

25 “ Preferably, the method further comprises the steps of: after the step of depositing a
metal, forming an oxide film as an interlayer film; forming a first contact hole, a second
contact hole and a third contact hole on the second silicon-metal compound layer, the third
silicon-metal compound layer and the gate electrode, respectively; forming a fourth contact

hole to expose the first silicon-metal compound layer; depositing a metal comprising

30  tungsten to form four contacts; and forming an input terminal, an output terminal, a Vss




8 power supply line and a Vdd power supply line. [0026] As above, the

sem conduct or device according to the first aspect of the present
“invention conprises: a first island-shaped sem conductor |ayer; a first
gate dielectric film 5 located on and in contact with at |east a part of a
eriphery of the first .island-shaped sem conductor |ayer; a gate el ectrode
Iﬁavi er])g o%@WEW“PBB’ehl}erﬁnééﬁf‘gkﬁ WHTSHPRIRANE st gate dielectric film a
second gah@edlielectric filmin contact with the other surface of the gate
el ectrode; a’second sem conductor |ayer in contact with the second gate

dielectric fAd Bbow, thd @&hicﬁhaﬂoﬂ%ﬂé@hbé&dmg%_ Ak I C Qgﬁgﬂbﬁ%ﬁé Present

sem conduct or | ayer disposed on top of the 10 first I sland-shape

seni conduvkntion egraprises: & &e idarfd-shaped somivotduenr tiysre, hiighgaenti€Bstriatihan

sem conduct or. | ayer di sposed underneath the first island-shaped

seni condiRsesA amged in gontagtr with 96 denst aqwtdof i peaiphsrp eofhithg Hirstorstaadtshagteidon

sem conduct or aﬁ)er di _sgos?d n top, of. the second sem conﬂgct og{sl ayer; and

a second THEIRBCIS aYrE: PG 9‘%&“ cohavleh OB SHERGER caast oy L igaer

di sposed . ] C r | s dt 15
dRINERL S LG gtg%calgf(g# ‘i‘gﬁﬁdﬂ doact BYE the LHeF Sﬁ@%ﬁ%y(’fi th% gatlﬁ at ed

possible to provide a se evice conprising a hig
SGT- bas eélecttddebaisaysidt emicdntGetbt laybORZddntact RethsBEsEQRNE YalcalicldaYit ¥8m: a
according to the second aspect of the present invention conprises: an

i sl and- shshdustgoniutiveiypeohighayecentratién sehicgaduetatileyee alisposed on mpsolf theundi ng
a 20, peri %he&rﬁn of the island-shaped sem conductor |ayer; a gate electrode
sur r Bundfifs iskendsbapadhsemicenduetor laver: ¢ segand figsi-eprdctiyE type high-eonserimiigngat e
dielectrig  fi I ' eriphery.of .t.he qgate, el ectrode; a tubul ar
seni COI’Id%JC %éﬁa]g@grlé)%ggﬁ%t@%edﬁ ny Aget ?hp g’fsit/ 1%?‘“(1'%?86% 8%%8“‘8’&?% laYsi Betric
film a fiist $bconlllcohdw@Reitfld MghlcyREniaGby ] 659 layer
di sposed on top of the isl and%shaped seJSnti1 ggﬁ%gg%cf&rl13%@9@%@@%;&3&%

fi r st - cothd setandssemigadhitghlayen cad tar setomhses end-canfitii teotypt ajdr-cdticanasiod
underneath the island-shaped sem conductor |ayer; a first

second- cERitRadugier {aygedispessd dgAeanith sk9 shsond serisendngor dayer. ayHis tiakpoiked on

to t I sem conduct.or, 1 ayer;: and .a _secon )
sego%](cj- cﬁ%&%%? %vgl-:(’tv§/[)eeahslelg%qoélgﬂ%%?g‘gf? SRMPERES g‘lﬁd?'éyd’rm?g&?}g‘? isbredq
under neat Mo Rvedidttilcasz. sem conductor layer. This also nakes it possible to

provi de a sem conductor 30 device conprising a highly-integrated SGT-based
CMOS i nvi@2@r circuit.

The semiconductor device according to the second aspect of the present invention
comprises: an island-shaped semiconductor layer; a first gate dielectric film surrounding a

20 periphery of the island-shaped semiconductor layer; a gate electrode surrounding a
periphery of the first gate dielectric film; a second gate dielectric film surrounding a
periphery of the gate electrode; a tubular semiconductor layer surrounding a periphery of

the second gate dielectric film; a first first-conductive-type high-concentration
semiconductor layer disposed on top of the island-shaped semiconductor layer; a second

25  first-conductive-type high-concentration semiconductor layer disposed underneath the
island-shaped semiconductor layer; a first second-conductive-type high-concentration
semiconductor layer disposed on top of the tubular semiconductor layer; and a second
second-conductive-type high-concentration semiconductor layer disposed underneath the
tubular semiconductor layer. This also makes it possible to provide a semiconductor

30  device comprising a highly-integrated SGT-based CMOS inverter circuit.




9 [0028] The sem conductor device according to the third aspect of the
present invention conprises: an island-shaped sem conductor |ayer; a first
" gate dielectric filmsurrounding a periphery of the island-shaped

sem conductor |ayer; a gate electrode surrounding a 5 periphery of the
first gate dielectric film a second gate dielectric filmsurrounding a
peri pher J0BR1the gate el ectrode; a tubul ar seniconductor |ayer surrounding

i ph f th d te dielectric fi.l first . .
eibacrE RSt DR IR R A ——
t ft i - i : : .
0P | Baphand SIORSIRRARUNELI ! SRR i i

under neapérigteey 17 ihel RBAdSRARA sGRIObERIGEN ClaQér; | AYAte cRcfrbdeSkurrounding a
second- conducti ve-type high-concentration sem conductor |ayer disposed on
top of t heripheiiuloéirths dimstcgmiel dodlamtrid diher a2 secent @aed diskcoidfiosdrotndirg tay pe
hi gh-concentrati on sem conductor |ayer disposed underneath the _tubul ar
seni condBeFRAery afythe; gate elpstroder o tuhlés samironpyeor layer wirgphnding eaprriphetyor

' dyct I di d und h t first- ductive-t 15
o o contne PRl oreAEn T BBR Ao B dy di bl o Gaype. b corcentifon’ 7
ce ' o Senf and o

e condbir oy uefr AT RBORAT FEREROY BETER-RPLE RAeOh Mo R p decpilhe

second sfspedndietitegipeV Bighyiaacdhtiglion Gom@tniadtbo Nayes edibsed ugidemehtBy e and
the third first-conductive-type high-concentration sem conductor |ayer; a
secoHd swuhindehapsst é¢mwen®ctqrofan@u nd firaty secondravedudtivedypeu hyghr-cqroentrationof t he

20 first fi.rst-conductive-type high-concentration senjconductor |ayer; and
a third Seé@ﬁ?@é‘ﬁﬁlﬁgl%?f. ﬁ@%%ac%gﬁpﬁoﬂﬁy&b Br FREHCOHIUSIT BB EFIMEn of
the firsleos -E&{b%ﬁ%lg)g%Fﬂg%’l%&&%@&uélloagv:eﬁﬁé‘&%ﬂé{oﬁé p d%sﬁﬂ?; COREMELOH fayer.
This also nekes 1t possi'bfe to provide a sen conductor device conprising a
hi ghl y- i nibel at Rehi&alinbies edaydeMOg | BVRY t SirstCohgutitive-tie [ 003 ontB@ration

sem conduct or device according to the fourth aspect of the present

i nvent i ofemiconducioseslayan idikposed shaplethesthni dbadustcond | afiest-romlutiivestypgat e

dielgctric filmsurroundin peri phery of the island-shaped sem conduct or
I aye](l%;C ahlég?Sn‘éqngé??rbdée@ﬁgP‘g‘lfﬁﬂi g4 Per i PRerspeddid t Freopd-Fardughycstype

di el ectr f)iﬁh-fcbhnfgntrati&? %Qﬁgicog&gcqord ila%JeEC 5 r ﬁl%t fsiellnggoﬁkﬁrlé’t&grﬂg{ap %oglpound layer

formed in a part of sidewalls of the second second-conductive-type high-concentration
semiconductor layer and the third first-conductive-type high-concentration semiconductor
layer; a second semiconductor-metal compound layer formed in an upper portion of the

20 first first-conductive-type high-concentration semiconductor layer; and a third
semiconductor-metal compound layer formed in an upper portion of the first
second-conductive-type high-concentration semiconductor layer. This also makes it
possible to provide a semiconductor device comprising a highly-integrated SGT-based
CMOS inverter circuit.

25  [0029]

The semiconductor device according to the fourth aspect of the present invention
comprises: an island-shaped semiconductor layer; a first gate dielectric film surrounding a
periphery of the island-shaped semiconductor layer; a gate electrode surrounding a
periphery of the first gate dielectric film; a second gate dielectric film surrounding a

30  periphery of the gate electrode; a tubular semiconductor layer surrounding a periphery of

10




30 periphery of the gate electrode; a tubular sem conductor | ayer
surroundi ng a periphery of 10 the second gate dielectric film a first

" n+-type sem conductor |ayer disposed on top of the island-shaped

sem conductor |ayer; a second n+-type sem conductor |ayer disposed

underneat h the i sl and-shaped sem conductor |ayer; a first p+-type

sem condiles seconchgate dicéctpo §bu; ofirst op-type semsicondugtoadayse disposeduat top off sheer ;

and a se¢ "Fl’glrﬁ:-t pe sem condyctor 5 | ayer disposed underneath the tubul ar

sem COI’ldLlﬁ(i rSheperh semigonductets dayegk ds S§ONH o EHICe Stpicopdusiarq aygr  disposed

sem cond i TR 1L S | ye.l Nt eg ed .SGI- based i nverter
circuit. ﬂ%%g%ﬁ%\fﬁgﬂ%@nn@gg%dd 3%{1%?9%%@4%%&%& %oﬁ%% r?gr'tP’Be tsﬁlglﬁpfl?'f Ta€PEct  of
the prese@rboded\@Nop QT thd AIHRFREMRRBduds laranfi SReRE SRRpE QPAUShAcbhAYEr ;
a first gate dielectric filmsurrounding a periphery of tt?e i sl and- shaped

sem cdndiiyeodisperpd undanemh theahibdbr eddcaducton geng This gder mpheyriypedsibld® fir st
gate dielectric film_a second gate dielectric filmsurrounding a

per i pher Prayide sgenygenstustos devier eomprisingy highlsimtaeraied §6i dras¢bGMOS invesemdi ng
a periphery.of the second gate dielectric film a first n+-type

sem condﬁlé%(lﬂﬁ? | ayer di sposed on top of the 15 island-shaped sem conduct or

| ayer; arggepnd n+-type sem conductor |ayer disposed underneath the

i sl and-s%ape sem conductor |ayer; a first p+-type sem conductor | ayer

di sposed on Thepsedficértdiclon Mehie febidugn ey chofifthayPect af IRC PREe b ¥Rfn
sem conductor |ayer disposed underneath the tubular sem conductor |ayer; a

t hi r 0 n+comprisesiean shndwsbamsd seajendudpshysed fustdatandalebtricHdnsarmadding at ype

sem conduct qr | ayer and the second p+-type 20 sem conductor |ayer; a first
seni condﬂﬁqlg“ﬁ!yné’% a ec’éﬁ"BS‘é @pqﬁawlc? lapera pgete glectregey swapynding at he

Sooord PaipRe SETEAMAUEROLANSE Y o N8BT BerkiRoqRe TGRS 8"

i
| ayer; a's sem con or-nmetal "conpound [Fayer "for e
portion périghlsy of fhe Satdetedtidie; & ABEANAHEIRAHuEY R er ARRduAdTBId Shriphery of
sem conduct or - net al conpound 1ayer formed in an upper portion of fhe first
p+-type Herseemddgate dielacaicefilm; Bhiist ah$ypenmkgeondictablayesdisinsed oo top ofihde a
sem ﬁ)ndug{nar devi ce .conEri sing a highly-integrated SGI-based CMOS
i nvell er SEnAEhRed pepisopducir lavgkep evocedr! dnhyle nismicyrucee lgyes disposed

™ PGy B BRSSO LSS AR L RIS V0
disposed on top of the tubular semiconductor layer; a second p+-type semiconductor layer
disposed underneath the tubular semiconductor layer; a third n+type semiconductor layer
disposed underneath the second n+-type semiconductor layer and the second p+-type
20 semiconductor layer; a first semiconductor-metal compound layer formed in a part of
sidewalls of the second p+-type semiconductor layer and the third n+-type semiconductor
layer; a second semiconductor-metal compound layer formed in an upper portion of the
first nt+-type semiconductor layer; and a third semiconductor-metal compound layer
formed in an upper portion of the first p+-type semiconductor layer. This also makes it
25  possible to provide a semiconductor device comprising a highly-integrated SGT-based
CMOS inverter circuit.
[0031]
In a preferred embodiment of the present invention, the semiconductor device satisfies

the following relation: Wp ~ 2Wn, wherein Wp is an inner circumferential length of the

30  tubular semiconductor layer, and Wn is an outer circumferential length of the

11




30" tubul ar sem conductor |ayer, and Wh is an outer circunferential |ength
of the 11 island-shaped sem conductor layer. This also makes it possible

" to provide a semi conductor device conprising a highly-integrated SGT-based
CMOS inverter circuit wherein a pMOS transistor has a gate width which is
two tines greater than that of an nMOS transistor. 5 [0032] In a preferred
enbodi netdlangfshapes meesemlducmr/ehwwon ‘Thise aéi@mmaiwdudt gosgblei ¢e pavidsf iaes

thefollowﬁgéﬂqlat h\{'\&/%ren is an inner radius of the
tubul ar SYBPESIFHY eE)’f‘cel %?9‘@?1'151%@ @t%grafg@ﬁ@"l“ quegm Wéﬂ%rhﬁffélﬁ

em conadarim aRRs Wi diRg dRTRIhyRRT T FAT cha 0kl Bal o ol

i nvert er nRMOSHhisishier ein a pMOS tran5| stor has a gate wwdth whichis two
times greater than that of an nMOS transistor. [0033] 1In a preferred
enbodt nef@03@] the present invention, the sem conductor device satisfies
the following relation: Lp = Ln, V\/nereln Lp is a channel length of the
tubul ar 15 JBgiredpaedembo lmyetrof thpresont inyentiom diarremi¢andyetor @efvmerﬁ@tlsﬁes

.5 RPRSAR RS M L2 IS BN BP0 R
i nverter s&hlcﬁﬁﬁu%:tor [lz(t)y%ségnd %ﬁ‘ Eiﬁ’ig 95(%5951‘; ﬁ‘nlg 19%’(9 gﬂa Jgts%;ﬁfclohﬁlfctcﬁf 1G9&Nt Th

i nvention rst’ gate ctric mis a ric |]maIOW|ng

an nMOS hlsemsdkes @ pdssibleliaChroide aSseaficRANSDE EBEL célﬁﬁ@smﬁ"ﬁ%@lﬂ-lﬁt@@‘aﬁw
transi stor conprises the island-shaped sem conductor |ayer e first gate

di el Etr BGTfhalserd §M®$)umc¢m:g cirhigt pbetephe pM@8 tahsistos hand-gateapsith which is

sem conduct or t he el ectrode surrounding the periphery of the
first gaf"éo Hﬁ“@? E“ﬂg‘a?‘lﬂ“?rﬁ%ﬁ‘h%wsr%@sﬁ 1rt ype semi conductor | ayer di sposed
on top ofy f i sl and- shaped sem conductor |ayer and the 25 second n+-type
sem cond ct or |l ayer disposed underneath the island-shaped sem conduct or

layer, and the prgaantedisddmehedfend pregent invBhtich, &e@bﬁl‘l&ﬁﬁﬁét& aévllc,r@s@ﬁéf&w ng a
pMOS transi stor to function as an enhancenent type, wherein the pMOS

transi stthe tolwinseslatine dat & Lol echarddelpt seasewond gatgeh difethec tubiutarf i | m
sur‘relrjundl ng the peri phera of, the gat e electrode,  the tubular sem conductor

| ayel subTTREMNRYT 14v6n BB LeHsaychamnel Fraethedlohe Ifdndeshaped watipenductor layer.

This makes it possible to provide a semiconductor device comprising a highly-integrated
SGT-based CMOS inverter circuit.
[0034]
In a preferred embodiment of the present invention, the first gate diclectric film is a
20 dielectric film allowing an nMOS transistor to function as an enhancement type, wherein
the nMOS ftransistor comprises the island-shaped semiconductor layer, the first gate
dielectric film surrounding the periphery of the island-shaped semiconductor layer, the gate
electrode surrounding the periphery of the first gate dielectric film, the first n+-type
semiconductor layer disposed on top of the island-shaped semiconductor layer and the
25  second nt+-type semiconductor layer disposed underneath the island-shaped semiconductor
layer, and the second gate dielectric film is a dielectric film allowing a pMOS transistor to
function as an enhancement type, wherein the pMOS ftransistor comprises the gate
electrode, the second gate dielectric film surrounding the periphery of the gate electrode,
the tubular semiconductor layer surrounding the periphery of the second gate dielectric

30  film, the first p+-type semiconductor layer disposed on top of the tubular semiconductor
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300 film the first p+-type sem conductor |ayer disposed on top of the
tubul ar sem conductor 12 |ayer and the second p+-type sem conductor |ayer
"~ di sposed underneath the tubular sem conductor |ayer. Further, the gate

el ectrode is made of a material allow ng each of the nMOS transistor and
the pMOS transistor to function as an enhancenent type. This nakes it
possi bl elayer fagdnibeasdsond nhteypaMeRicemtusiost loyeradispeded pMeBdattanid delmrdaras an

5 enh t ., [0035] . The met hqd di the fifih. t of th
reont BRI Jovi | EusthefiBe RiepICCHrooR (P i0hg "BAIGEA AopNiRd CEn Rl ype
“d ol i . i de. | he third
- ype. MOS8 e BATRS ol A0 X4fion Al dtanteelt W Hiipe 10

silicon hakes it fdAOBR] to foRmacdehaffeht eMORhLMsFRAtan@fthe BRIOS a8tk R¥eRt | on,
the nethod further conprises the steps of. formng aresist for formng

t he ndtypehastémevhydeayer, on the p-type or non-doped silicon |ayer;
i npl anti[\ Eosphorus into the p-type or non-doped silicon |layer to form
the 15 n &95 silicon layer in a part of the p-type or non-doped silicon

| ayer; strippin th resi st,, and subjecting.the silicon |ayers to a
heat treatnmen .rgefﬁﬁg%g&ggg ' a‘ﬁofté%l? '[’ﬁpgqt%b‘#“%PFﬁse‘?[HﬂVWﬁP?ﬁ@m?PF?Sc%ﬁ SRy er .
[ 0037] 1 f i ) [ [ d
further gf31nn$1{ﬁg§1§e%}%]e§fh %(ggjés)?et S %%ande ogﬁglﬁﬁgqgﬁkyﬁg Oﬁnafnné)gﬁe gﬁ%’qg-type
or non- dfipmdthsithird art-dygy siliconi 1ayer!t hEhip-rhikee iDpoRible €oBaeh Fd ih@m-ayer and
the n-type silicon |ayer; depositing a nitride filmon the oxide film
forMthg silipeslaser. f or fornming the island-shaped silicon |ayer; etching the
nitride f'g and the oxide filmto forma nitride filmbased hard mask for
form ng N‘?@ i sl and-shaped silicon layer; stripping away the resist;

deposi ting i I : i L i an oxid

fil mbased Zl?ag\ﬁé}atﬁﬁe%l#c dl@% |¢1f2[ge ggg%%?rt“?%lhglg’ftﬁgh%}a Og- oiél% Cr?én p%rs l?asgl%%n to
be subseseienift Yorfronde desisl EprofirhindOtha m-t9hé Eilidsh faykiTon aRs p &Y sehbingbrt dipei tri de
filmto forma nitride filmbased sidewall which defines ‘a position of the
t ubul ar slitancleyer} ayplenting phosplyubsimtpithetp-typé or neddodi silicvakaseritt fposthe bl e t o
fornff har d malsk for f.ormng the island-shaped silicon |ayer and a_hard
maski¥ or e f‘Fé’ntlﬁ%prtlﬁ By oéﬁhp iPslyRe |05§;glp-_d0ped silicon layer; stripping away the

resist; and subjecting the silicon layers to a heat treatment. This makes it possible to form
the n-type silicon layer.
[0037]
In a preferred embodiment of the present invention, the method further comprises the
20  steps of: depositing an oxide film on the p-type or non-doped silicon layer or on the p-type
or non-doped silicon layer and the n-type silicon layer; depositing a nitride film on the
oxide film; forming a resist for forming the island-shaped silicon layer; etching the nitride
film and the oxide film to form a nitride film-based hard mask for forming the
island-shaped silicon layer; stripping away the resist; depositing an oxide film; etching the
25 oxide film to form an oxide film-based sidewall which defines a position of a gate-forming
region to be subsequently formed; depositing an nitride film; and etching the nitride film to
form a nitride film-based sidewall which defines a position of the tubular silicon layer to
be subsequently formed. This makes it possible to form a hard mask for forming the
island-shaped silicon layer and a hard mask for forming the tubular silicon layer.

30 [0038]
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30:[0038] 13 In a preferred enbodi nent of the present invention, the nethod
further conprises the steps of. after the step of etching the nitride
“film formng a resist for formng an output termnal region; etching the
n-type or non-doped silicon layer to forman output term nal region;
stripping away the resist; etching away the oxide fil mbased sidewall; and
etching 5 tHeaprefpped embadimedbpletie praserionventipar the mekthadefupthey granprisenthe- doped

silicon lLayer_ .t fgogrmthe. .island-shaped. silicon |ayer .and the tubul ar
S 11 con PRSP ‘et Blerigmar phpBLEs BIUals Bb PR e St ful TRt 8PP g on
t he i sl apd:- Ik 1€ I | L) 4 | .ay, ] I'n a
preferr e%@g#%gPl Irﬁlteltdg?&g] %186}%%2 g’ﬁ?‘ Ofl ?\g/]ééndtjirﬁ(})”r:f?H 1(&%!%1] fﬁecﬁﬁg&%f(ﬁ{t?lﬁet%%ggﬁpr i ses
the 10 sdogps sefppimdfdvely thbecssdteqclihg abvaPitiigodife filn i@ HdevtP wA@RRHIng | | con
| ayer and the n-type or non-doped silicon |ayer, stripping away the
nitride fhelprypt benom-topedesili¢antepased tisd ewealok namdopedelicon kdgerftp [fagm the

n . oxide film etching the oxide filmto form an oxi de

nitridle

L1 m Do Btenarange Siligesy laperoAndche Rebuier cRhGoRIRy T TH Pakes (o prsaiantdl O n
b : f i ¢ .esi f £. i fi +- il

Paver oo R o Fith, ' @ HrRd st REETaNe: dnd hitiles bl Bl 1t ST he

i sl and-s of silicon layer to formthe first n+-type silicon |ayer and
the second n+-type silicon layer; stripping away the resist; formng a
resist for fwamprefgrrédembodifienpof-thy peesaitlihedtionalie mettivd fultGerse@atiilepthet ype
silicon layer; _inplanting boron into the tubular silicon [ayer to formthe
first0 p+stepmel: aften berstepagfeatching the: Iréypee wa-deped yibison lavier and theyetype or
stripping a the resist;.and subjectin e first . a 0 second n+-type
silicon ﬁ%@?ﬂ%déﬂﬂx’?ﬁ@’ e SHRPIG Y e@S Hﬂﬂg‘ih[}w& Q%ql?l“cﬁﬂn'l%ﬁifélr epgligng e ot
treat menfp. JHHS ABKCSHpblit [ t ©1d - OLdh,] [ =1 Llcan layer,
t he secong n+-typé %epic)lglgggszﬁ;a%@e ﬁlll](ia ?ﬂlarntg?e%ééﬁy%%rhgm ﬁggfﬂ a%/ne(raglg%d t he
second pfibi-ppedsidewatinfot Pllsb@ffctin% [aQ@4RMel dariag prehel it sinpediymeafuen stégie

present invention, the method further conprises the 25 steps of after the
step of ubineca rastyt fardofringtthe figst seretypel silieon ayer arid the sacdndyer-typarsdicone
firs d secopd .p+-type silicon |layers ta.a heat treatnent, depositing an
oxi dS £ PHFAABPEALRE aseht: B Ry ‘aﬁl‘?&ﬁé‘?‘@’ﬁdn@‘l‘ﬁ% Yendo SR ens firsh 1 igbes pose
the first:nt: i l.C I L1 ISt - i LLean ;

form ng %h%bgls%a)ségle?@r theet %E?llﬁcgylﬁ%ﬁ%%% lé‘g&?fle}){eth %?%p@ﬁ%t%%?etﬁ% 5’?S§n&h5&8¥%?on;

et chi ng febigt Qi bemirigl thei first Pe-tgad eilicom NARY ah& Ghe Reconldr h-RPyPRIsiRVRY 1dvBe

resist;
implanting boron into the tubular silicon layer to form the first p+-type silicon layer and

the second pt+-type silicon lé.yer; stripping away the resist; and subjecting the first and
20 second nt-type silicon layers and the first and second p+-type silicon layers to a heat
treatment. This makes it possible to form the first n+-type silicon layer, the second
n+-type silicon layer, the first p+-type silicon layer and the second p+-type silicon layer.
[0040]
In a preferred embodiment of the present invention, the method further comprises the
25  steps of: after the step of subjecting the first and second n+-type silicon layers and the first
and second p+-type silicon layers to a heat treatment, depositing an oxide film and then
flattening and etching-back the oxide film to expose the first n+-type silicon layer and the
first p+-type silicon layer; forming a resist for etching the oxide film in the gate-forming
région; etching the oxide film in the gate-forming region; stripping away the resist;

30  depositing a high-k film comprising a hafnium oxide film to be formed as the first and

14




30 depositing a high-k filmconprising a hafniumoxide filmto be forned as
the first and 14 second gate dielectric filns; depositing a netal film
“conprising atitaniumnitride filmor a tantalumnitride filmto be forned
as the gate electrode, and then flattening the netal film depositing a
nitride fil form ng a resist for fornin? a gate pad; etching the nitride
film sﬁqcpg%) galg diglegjrie by, depesitinges whiah §m semprsiag aftitdniym gitfide flmive agat e

el ectrodg; , deposi.t,i a itride fil et chin he nitride filmto forma
i e de. it adkbe B dage POt dicetngiev e fuchthen Mol dlermithh st 1t o
and seco s I L: . i j i : first
And secondoaRing hE|ETbL ToikiplR recty B TRHERR: b p @3RS, Befint e AfH4E HHE

pr ef er r egtripping BiwiBNthe @ésidtheching SN inctal VML fo0drm tthe oamtdneetofislr dPBEiLALAP! | Ses
the 10 steps of. after the step of etching the nitride film formng a
resi st fuoitride Gh;regchimg thexiiteleffiltontp fdmy asticiie dgmtesed Ridetealt; i dnhetadting thpi ng
away the, r géff; t-etching the oxide filmto expose the second p+-type
silicon lﬂ&ﬁ ,”’éié‘bg%ff‘}ﬂﬁgﬁrat M vecord gate dieleqtin filys.. nBupmakegE possike oo f or m
anitrid i based sid |1, t - et chi the oxide, filmto expose the
third nﬁ¥&fp€h5$?P¥%%OP§§%?9k%%ﬁ“ﬁ§%8§P@%h%g§C f%?&%onprising ni ckel or
cobal t apg4then 15 subjecting the netal filmto a heat treatnent,
whereafter an unreacted netal filmis renoved, whereby the first

si l'i con- net & a pesfpeethembadisknt dfitke preandnwintibe,ahe PRt fughdmoumpdistager, and

the third silicon-netal conpound |ayer, are forned, respectively, in a
part1bf Yerketlalaftsr e depeobeiching the nittige il forming ayesist ferdctchisg tthe pxida+- t ype

silicon e . upper .portion.of. the fiyst n+-type silicon . layer, and an
pper polEFotrvostihing PR pade Bl PridPing Sy he s Wi ciaing s FEniiaas: bie
to form i 44 Can- ] : s . b eds t al
compound TPayet = Eaid e OB TRIR IRRERABGh P Himick iy PREOR tnE bl 8RR
respect i teeform & migideafilm-bisetl hedsialiewadtletcinlg e ogide ofileh o ckyde il thiz@n

| ayer and the third n+-type silicon |layer, the upper portion of the first
n+-type &i-fipgosilitery dayeraped tdepositipgper meb t Gomrprising hiskel pstcopalt tapgethsn| i con

| aye 25.10042].1n a preferred enbodi nent of the present |nvention, the
ot ho FOHIRERE Cbtntalb b e € dedh Boimentr viret it & Byeoreddid: iimgs a
netal , fQrpi i de . f] Nl fii hAYsiRcdd-
ont act ol antl, WRefebl fte Fiofl @cchiokal Sl Jhyolt g EIEsBebiRlal .o ong
si | i con-dopiplung (iyRq WAd theathat silidds-ridthlr @nfpouhd BiyeilafforBedTRepastveBY & a and

the gat epart of sidewalls of the second p+-type silicon layer and the third n+-type silicon layer, an
upper portion of the first n+-type silicon layer, and an upper portion of the first p+type
20  silicon layer. This makes it possible to form the first silicon-metal compound layer, the
second silicon-metal compound layer, and the third silicon-metal compound layer, are
formed, respectively, in a part of the sidewalls of the second p+-type silicon layer and the
third n+-type silicon layer, the upper portion of the first n+-type silicon layer, and the

upper portibn of the first p+-type silicon layer.

25  [0042]

In a preferred embodiment of the present invention, the method further comprises the
steps of: after the step of depositing a metal, forming an oxide film as an interlayer film;
forming a first contact hole, a second contact hole and a third contact hole on the second

silicon-metal compound layer, the third silicon-metal compound layer and the gate

30  electrode, respectively; forming a fourth contact hole to expose the first silicon-metal
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30 el ectrode, respectively; formng a fourth contact hole to expose the
first silicon-netal 15 conpound |ayer; depositing a netal conprising
tungsten to formfour contacts; and formng an input term nal, an output
termnal, a Vss power supply line and a vdd power supply line. This makes
it possible to formthe four contacts, the input termnal, the output

t er mi nal Sompeungs dysbwderositipgl 3/ mdtalecemptitig tivigstepotwe forsu fplkry cdritass; mdBRI EF
DESCRI PTIfC]\l.CF THE W. N £0043] Fl %1 is a circuit diagram show ng an

i nvert er ;OF{RE&AN tqrpungl.gn GHpY isrmaingl, s oster surrdiilivs mad @t ¥id Bewerce

di . . i . ' i.on. wherei.n FL.G
Say i Ly MAE HtsHROS TpBLE b MR 6P Wl coREL BRant B
devi ce, autpacttaimnal, he ew dodlee BupplPhfe mechékflrdapzév%'r s&ﬁf)lléﬁirfé. 2(a), and a

sectional view taken along the line Y-Yin FIG 2(a). G 3 is a sectional
top ptan view taken at the position Zin FIG 2(b). FIGS. 4(a) to 4(c) show

a step |g88€§ arﬁl e of a Er oduction nethod for the 15 sem conductor
device a P%Q PUHAN SHERRAWINGS ein FIG 4(a), FIG 4(b) and FIG
4(c) are d45PP pl an view, a sectional view taken along the line X-X in
FI G 2(a5, and a sectional view taken along the line Y-Yin FIG 2(a).

FI GS. 5(a) mﬁﬁ)ﬁﬁl‘i‘ﬁﬁ’di’ag?&ﬁ@hd&flﬁ 'ﬂﬁ’i]ﬁ?éﬂ@ﬂ?' e of the production nethod for

the sem conductor device accor to the enbodi ment, wherein FIG 5(a),
FIG 5(b) abdiGEl Ha) @0R(6X shovaresttud@p ¢l AReMicBMuctorS 8&tiéOAdordiheMb taaken

along the line X-X' in FIG5(a), and a sectional view taken along the line
Y- Yi B FI enbgdimentfcabe pesselt invengipn) whérein HGs2@p, FI6. e aad &16] 2(cphretanep
production nethod.for the senmiconductor device according to the.
brrbodi moREn 6P SEPSOTERGST d9¥ice: 8 eestonRlviRY Gkengrlens WEding X-ob ipFih vi ew
a secti aMdl 8% Ak e I gcy %6(a), and a 25 sectional
Vi ew taﬁ%rﬁj’al ongetﬁ)eﬁlwlﬁgq%gganm%ﬁlt@@a & ﬁ}]ggb .)'a) to 7(c) show a step in
the exanpl eFi. 3ibe sewtmupfop@mnrmém@&eﬁ@fthé?assitigﬁmiﬁm.%t)}?r devi ce
according to the enbodi nent, wherein FIG 7(a), FIG 7(b) and FIG 7(c) are a
top plan vi BiigS.ad@pdei4nashow enstepkieromel onmphef|d podietion imetiddGiof (g, and
a sl%cti onal view taken al odjlgl; tht% line Y-Y' in FIG7(a).
semiconductor device accordinig to the embodiment, wherein FIG. 4(a), FIG. 4(b) and FIG.
4(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 2(a), and a
sectional view taken along the line Y-Y" in FIG. 2(a).
FIGS. 5(a) to 5(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 5(a), FIG, 5(b) and FIG.
20 5(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 5(a), and a
sectional view taken along the line Y-Y' in FIG. 5(a).
FIGS. 6(a) to 6(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 6(a), FIG. 6(b) and FIG.
6(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 6(a), and a
25  sectional view taken along the line Y-Y' in FIG. 6(a).
FIGS. 7(a) to 7(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 7(a), FIG. 7(b) and FIG.
7(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 7(a), and a

sectional view taken along the line Y-Y' in FIG. 7(a).

30 FIGS. 3(a) to 8(c) show a step in the example of the production method for the
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30 FIGS. 8(a) to 8(c) show a step in the exanple of the production nethod
for the 16 sem conductor device according to the enbodi nent, wherein FIG
8(a), FIG8(b) and FIG 8(c) are a top plan view, a sectional view taken
along the line X-X in FIG 8(a), and a sectional view taken along the |ine
Y-Y in FIG 8(a). FIGS. 9(a) to 9(c) show a step in the exanple of the
product i GeMmigen rfdgvice lrecorgding géortleomhaslimentdeerem EHéc 8adli FiG. 8(b) tahé FIG.

enbodi e wherein FIG 9(a),.FIG 9(b) and FIG 9(c) are a to pl an vi ew,
a secti oﬁéﬁ') ¥ 8\iOP Ak VisroAgeimmal yigy tekse alopg gheding &X' HhBIG %)eé’él‘il d@nal

view takg ti%hﬁqge&laﬁ(e% P)ﬁlg\{ﬁ hrgucYFinc%IGgﬁﬁ%d FI GS. 10( a) to 10(c) show a

step in t e exanpl e ti on ne for the sem conductor device

according t gIRe 9@djhgd9(epeﬁew%%§hﬂ thd CxartPie 31 thE'p(ﬁ*)dL{Jegf)mmftﬁgd félroth'él G

10(c) are a top plan view, a sectional view taken along the |line X-

FI G 19( aysmznoutuctor sievice aoairding entieadoeiodithangwhéreinl FiGe9(H), YIG A(bly bk EIIG a)
FI GS. 11g€% to 11(@1 show a step in the exanple of the productl on net hod
for the R B et ety vigey p cectingabyiginigkerpalopg thenbing Xn¥hin, FIth&X @i andrG

G b Fl G 1 I I
taken al SRRy Rbendiort iy TG BB 15 &' 2kt Tonal vi ew taken

along the |i Y L g’%g]gﬂ n the

exanpl e of tFE%Sp}%@gLE{“]%:?sﬂ&& St? Ilﬁﬁ m %gh}g?étg %‘%égg\\%lgﬂelg&ag@rofrh di ng to
t he enbostniiesriducithaleeicd aCtdadihig(1d)the Eifbodikinb) whditéin FIGGI 0(%%(1%. qub) anfop
plan view, a sectional view taken along the line X-X IG 12(a), and a

sect }onaFlGil8(e) erseiopaliangewhesactional Yiew ke goi@ (he)line ZOXI'—'ierG 18@R)ant 0

13(c) show a step in the exanple of t he production nethod for the
sem condﬁé?cé‘Pnﬂé)\?‘?%@kﬁ’&@(?P&lal??g‘”%eo ‘tth1 o¥@hent, wherein FIG 13(a), FIG

ine ok 1 B aEl HELMIE Baffh He Bl e el lhé%%ﬁkf??{iﬁl"”g i

FI G 13(@)mccﬁid@&or Bdtiag ab&ara,fﬂlgqb tBORMbBdI AR WikréiRFIeX 21R), er1ef 11{32
production nethod for the 25 sem conductor "devi ce accordi’ ng

enmbodi meRkG: e pxsiatopipan vidy,ad) sectidor@l Ym@\bt)akamiong:ihelmé(x:)( ar]é[(hll(apapdian
Vi e a sect.io i ew taken al on thellne X-X in FIG 14(a), and a
secvi ona?sei?flg{}f'igtvéﬁ?é s lge lqel X WG KpE 14(a). FIGS. 15(a) to 15(c)

devi co accor o id ThERehathy hofee MO beRBE B8l a T raRE "

semiconductor device according to the embodiment, wherein FIG. 12(a), FIG. 12(b) and

FIG. 12(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 12(a), and

a sectional view taken along the line Y-Y' in FIG. 12(a).
20 FIGS. 13(a) to 13(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 13(a), FIG. 13(b) and
FIG. 13(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 13(a), and

a sectional view taken along the line Y-Y' in FIG. 13(a).
FIGS. 14(a) to 14(c) show a step in the example of the production method for the
25  semiconductor device according to the embodiment, wherein FIG. 14(a), FIG. 14(b) and
FIG. 14(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 14(a), and

a sectional view taken along the line Y-Y' in FIG. 14(a).
FIGS. 15(a) to 15(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 15(a), FIG. 15(b) and

30 FIG 15(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 15(a), and
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30 FIG 15(c) are a top plan view, a sectional view taken along the |ine
XX in FIG 15(a), and 17 a sectional view taken along the line Y-Yin FIG
- 15(a). FIGS. 16(a) to 16(c) show a step in the exanple of the production
met hod for the sem conductor device according to the enbodi nent, wherein
FIG 16(a), FIG 16(b) and FIG 16(c) are a top plan view, a sectional view
t aken al éﬁ@c’tlﬂlﬁ@l‘{1¢\Méﬂ1¢nX10ngrﬁhd:ln1@YIY6éralflG éﬁ@) 5 a sectional view taken
17(c) show a_step in the

ng28| tehgf | ﬁ@spﬂgﬁh&q .154953 6‘%&58%9 Cﬁwe H&u@pévctwgwme@oééebwe. ng to
the enbogén%gﬁduc ed%:@lc@ {iq'd&l (t%)the h)%‘opﬂize(nl?) %}gm PFIIk_.}[G é%(%g}, I) rlggbﬁ gp plan

view, a sectliona V|ewta Ion I ne

sect i onaFI(Vi18p¥) W&p@l&ﬂﬁeﬁh@séch@@al Yie ke Sodd {1@Nine e )d:hﬁsl(} lg(a‘)")anﬁo

18(c)_show a step in the exanpl e of the production nethod for th

sem cinndmeQabmnalemwmkanahnngltmaglmeoYtYhm Eitho6ajrent, wherein FIG 18(a) FI G
18(b) and FElIG 18(c) are a top plan view, a sectional view taken along the
line XX iKIEPGL7@BI%)7(casow s Serw i Sisasxapipianof deeproducsiog method iferethy- ' i n

br oduict ki S b e ROt Pi?i‘%ﬁn@%g@a@ndl
Vow o ok VETER QB R tedasectional kML A Gon  E lint MK PEIEL 9700001 2

sect i onah sautlemltv@éoefaka:h @IﬂggtlikehdelYle'ifrPrI'(}. iMafl G 19(a). FIGS. 20(a) to 20(c)
show a step in the exanyl e of the production nethod for the sem conductor
devi ¥k accoflibhgl(e) tchéS(ehboni mesten invtheraiampll & 1@ (mpdudto m@béd Yorathd 20

i é"(%p%n%ugwﬁ%@g‘éé SRRk o SR gmpafiEiany gD TG 1R e TR RiG
20 t I
me'g f}%d for tlﬁéi sen!;lro ggi%(‘g%\g, gf\r}@}:aztvggvcﬂg?e engn gp‘ﬁe dﬁ% é(%? élrginn

FI G 21( ) sechbfal 2idblakanglong tHe 1k N-¥) inFI6: 88(h dpp plan view a sectional view
taken along the line X-X 1n FIG 21(a) 25 a sectional view taken

al ong the | FHeS.YL9a) fon]l Ee)shry a)step:ime ml(na)e mbthaaircducﬁhmmahmd 6p tha t he
exa I e of oguc.ti on thod for the sem conductor device according to
t he Fﬁ%‘f@u RhEFErH agaoeding 3¢ she emppegdimspiy ayheéﬁva Flg, l?(amléi) 19(bd 2ad t op

o o, LB R R g % AR i
a sectional view taken along the line Y-Y' in FIG. 19(a).
FIGS. 20(a) to 20(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 20(a), FIG. 20(b) and
20 FIG. 20(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 20(a), and
a sectional view taken along the line Y-Y' in FIG. 20(a).
FIGS. 21(a) to 21(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 21(a), FIG. 21(b) and
FIG. 21(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 21(a), and
25  asectional view taken along the line Y-Y' in FIG. 21(a).
FIGS. 22(a) to 22(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 22(a), FIG. 22(b) and
FIG. 22(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 22(a), and
a sectional view taken along the line Y-Y' in FIG. 22(a).

30 FIGS. 23(a) to 23(c) show a step in the example of the production method for the
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30-FIGS. 23(a) to 23(c) show a step in the exanple of the production nethod
for the 18 sem conductor device according to the enbodi nent, wherein FIG
~23(a), FIG 23(b) and FIG 23(c) are a top plan view, a sectional view
taken along the line X-Xin FIG 23(a), and a sectional view taken along the
line Y-Y' in FIG 23(a). FIGS. 24(a) to 24(c) show a step in the exanple of
t he prodeemicondustarhdryidecrccoideng ® the rndmdinattowhetein EKS. 2860y BIGR3(l9) drfde

rein FI 24(a), FIG 24(b) .and FIG 24(c)._ are a top plan

mbodi
Tew o HeadRa Srapmken AP Y e K% S 63 a B 2360, and
secti Onalas¥dt1‘?>¥l’a1txﬁ5$’?ak%h%ro%gt$ 1(1 ?% (%E%q 2§¥?§I G 24(a). FIGS. 25(a) to 25(c)

show a step I n the exa et hod for the sem conductor

devi ce accorrdngzh@) tt@@zt@dmﬁsl\!vrae&te iRy @)te&ﬂfég'fﬂ@én tﬁn%%ﬁ%()ﬁ)fo@ﬂg .

FIG 25(c) are a top plan view, a sectl onal view tak ong I'The X-X

in FIG 2&5tapnduand deaicsentordingl tovihe wnibakimners,| @hgeinhEld. 2e),YFIG. 24(b)Ring
25(a). FIGS. 26(a) to 26(c) show a step in the exanple of the production
net hod f BIG t2HéC) asehiopdheueiewr 2 erstipeal vigye taken algng thetling Xedd odF e Ad(a)windr ei n

I I
[ ken_ s BAFPRE ik ke Rlonz i YSh bk 45D P1a"." seeti onat i ow taken
along the | 'FE%SYﬁ( 't@2§¢$?‘sh%\ﬁ Qt?p Eﬂﬁ:% e%@?ﬁ} Con(fu%r()ﬁglct Oﬁllveﬁoétfelp I.n the

exanpl e of ft pro ctl 0 tor eV| 2igod d s, ng to

t he enmboginiietriductth@¥e@icd abbdading oahe efribGdingeht, bs).rh@é‘iﬂ FIEv‘I QS@E(F'IX} 2k @) &nHoP
plan view, a sectional view taken along the line X-X 1 G 27( a)) and a

sect 1®onallG26(®) aedk@topgllongewfesdctioml Yiew taken Hb t127{e)X-X2 HIGSSS(a?,S{né) to
28(c) show a in the exanpl e of the production method for the

st e
sem condEE?CHPn%]é’g"?"&Eakﬁ’&é’é’P&lﬂ?‘?‘ghrteoY‘tYhBl éefidhent, wherein FIG 28(a) FI G

28(b) and pl.& onal .view take 209 t he
line X-X %Cg é(g% Oa?g(cg %0% ¢ Stel:(’:fr% ohr?a a\g}pew fgfe?{ogﬁl%lﬁa IP%‘E ‘i?lf?fe ¥-Yin
FI G 28(@)mcdﬂd@§tor (e} akrdiRgGd 1AdCMIbBdintRR WikrdiR 16X 25@), er1ef 23{52 and
production method for the 25 sem conductor device accor d| ng

enbodi mehtG: 264ed awi atoplplan28¢w)a sektiGial 2Bfbipkandondhe 128 (GX' ﬁrla(hzs(@}n aptian
view,_a sectio view taken along_the line X-X in FIG 29(a), and a
sect] ona‘l‘SEiS‘P%WHtVéﬂ%Wkélllélﬁ@gﬂ}?ehqel &' nHG. Pﬂa)zl G 29(a) FIGS. 30(a) to

S0(c) oo, ByokeP A PG ARTILEo] L BADAEHE B AR e e
30(b) angmiconductor device according to the embodiment, whereln FIG. 27(a), FIG. 27(b) and
FIG. 27(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 27(a), and
a sectional view taken along the line Y-Y" in FIG. 27(a).
20 FIGS. 28(a) to 28(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 28(a), FIG. 28(b) and
FIG. 28(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 28(a), and
a sectional view taken along the line Y-Y" in FIG. 28(a).
FIGS. 29(a) to 29(c) show a step in the example of the production method for the
25  semiconductor device according to the embodiment, wherein FIG. 29(a), FIG. 29(b) and
FIG. 29(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 29(a), and
a sectional view taken along the line Y-Y' in FIG. 29(a).
FIGS. 30(a) to 30(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 30(a), FIG. 30(b) and

30 FIG 30(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 30(a), and
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30" FIG 30(c) are a top plan view, a sectional view taken along the |ine
X-X in FIG 30(a), and 19 a sectional view taken along the line Y-Yin FIG
- 30(a). FIGS. 31(a) to 31(c) show a step in the exanple of the production
met hod for the sem conductor device according to the enbodi nent, wherein
FIG 31(a), FIG 31(b) and FIG 31(c) are a top plan view, a sectional view
t aken al emectionel Vieweakén Xlongrthdlifs BN &) FIGaBd(a)5 a sectional view taken al ong
the line Y—:{}:' in_FIG 31&1%. FIGS. 32(a) to 32(c) show a step in the exanple
of the prodddffodl{#indd(ch showHester dnitheorrmnle of g produetioaohathag fenthehe
enmbodi ne . rein FI G 32(a), Fl 3 ) and , FIG p pl an
o o SanicBRRIcRr ek alfinfihn Gl et abe A 8y B 3
sect i onalpyqi {s 2 Yo 1o (18- 38 ;. F : ( to
33(c) Show 0 AR ERPHIAN ek, et (v ok Mol RIBE XS Hiee 0

seni chndaectmionalenéw exkes alngditRgliteoy- e Elthadiapent , wherein FIG 33(a), FIG
33(b) and FIG 33(c) are a top plan view, a sectional view taken along the
line X-X idlGBG23} &) 32@hdhow assep iothwl exanple phkenpratiostignt ihethbd der teY' in

FIG 33(a). FIGS. 34(a) to 34(c o] tep in the exanpl e of the
ot oot § SRR (51 et Hcorbedie e SRBOMBAL ABATES Tk BPargG 3 (and

enbodi ne r.ej I ). oEl: 4 n FI.G34GEe Xk~ ar l,an
iow o Do 38R DB Rl oobliha FP AN on LEIFESEN: B A 14EP R

sect i onah sadtionaitvake thkah Mg HRide 8" ¥ MG, BMak! G 34(a). FIGS. 35(a) to 35(c)
show a step in the exanple of the production nethod for the sem conductor
devi de accofdiBg3i(e) tché3 (@bl mesen invher @iampld & 8fe(@pdudiot B&Ehd) fandle 20
FIG 35(c) are ato | an view, a sectional view taken along the line X-X

in FI G 3%{arondysigr dgvig%@sq%ﬁiag tgjtheyvembrdiment. oepreind 10 Ad(a)y-RiGh 33(bisaad ( a) .

FI GS. 36 6 . N h [ f th r i hod
For & o FRL a8 ARLOba it St SRub VIS EETRoe Ml Rt PR S TR &
36(2) A Goidfliblevtiilen BLRy BRURL YeirdFIcopy@) an view, a sectional view

taken along the line X- in FIG 36(a), an 25 a sectional view taken

al ong the | iFb@S.Y3antoFB4ecBElfay a FedpGn. thd ixampleooBihe Prodiivdion an&h@p farnthe he
exanpl e of the production nethod for the sem conductor device according to

t he BnbotfHesducipn deere asqording 79 she embalingny, yyhesgin FIE) $4(3% (HE. 34@) and op
DL, vt o S4B AP R B R R B R R A Bl 2
a sectional view taken along the line Y-Y" in FIG. 34(a).
FIGS. 35(a) to 35(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 35(a), FIG. 35(b) and
20 FIG 35(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 35(a), and
a sectional view taken along the line Y-Y" in FIG. 35(a).
FIGS. 36(a) to 36(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 36(a), FIG. 36(b) and
FIG. 36(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 36(a), and
25  asectional view taken along the line Y-Y' in FIG. 36(a).
FIGS. 37(a) to 37(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 37(a), FIG. 37(b) and
FIG. 37(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 37(a), and
a sectional view taken along the line Y-Y' in FIG. 37(a).

30 FIGS. 38(a) to 38(c) show a step in the example of the production method for the
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30" FIGS. 38(a) to 38(c) show a step in the exanple of the production nethod
for the 20 sem conductor device according to the enbodi nent, wherein FIG
38(a), FIG 38(b) and FIG 38(c) are a top plan view, a sectional view
taken along the line X-X in FIG 38(a), and a sectional view taken al ong
the line Y-Yin FIG 38(a). FIGS. 39(a) to 39(c) show a step in the exanple
of the ppudigendusiprrdsvivechctondinghte the esdwilvoendueharindElG. G8(ACENE disiy 4md t he
rein FI 39(a), FIG, 39( and FIG 39 are a top plan

Trov o Bl ol inplimie “SissHOH Y ke Rome s 635 BIG S8t o
secti Ona%sé’étﬁﬂ’aﬂxﬁé‘v@@aﬁh%ﬁgw 1[1 N?%r E,{raf\,(l& r3ggiifl G 39(a). FIGS. 40(a) to 40(c)

show a s e exa ‘met hod for the sem conduct or

devi ce accorfdesgwca) &@@9&%9%@&&13 VRS Slatndrd Gr HY Er)odu& & HOhbBa f?{‘ﬁle 10

FIG 40(c) are a top plan'view, a sectional VI ew t aken al ong the ne X-X
in FIG #dtiaynduana desics ectordingl tovthewntbakiiend| whgeinhEIG. 306),YFIC. r39EH)Gnd40(a)
FI GS. 411(‘1(%; to 41(c) show a step in the exanple of the production nethod
for the P mﬁo@rplﬁé‘&lﬁ‘e%a sestioraliviry talsen hlong tsditienent’ in TiKe A8(a), a8lG

2l ony tﬁé%ﬁ%éﬁww i gl Gt V- i 8980 ect i onal vi ew taken al ong.
the line Y-Yy mﬁ%ﬁ@@c sho 2 stél]%ﬂa}het& glé:})f gﬂowgﬁucstfo%pmlaﬂoa t}§ 5 )éar’rpl €

of the productl on or the “sem con e accor

enbodi megdmiciRcIr Mekic® Hdraing t6the éﬁﬂabﬂmﬁa‘ﬁﬁi widréin FI aD(aql BIGR 40&9 a‘%an
view, a sectional view taken along the line X-X in FIG 42 2(a),

sect 1GnaFIG #e() eelketopgllangewhesdciionl Yiew aké god@ (he)line20- X in3HG 48((aaa,)ant10
43(c) show a step in the exanple of the production nmethod for the
sem condy® CB‘P“%]J\?‘?"&E“S’&&’(?PB ﬂ?‘?gl“rteo“"tYhE1 6%a)rent wherein FIG 43(a), FIG

43( b) and 4 p onal .view taken .al ng the
he ek i g LS R s Pl b BheRS IRORoaiGRY PANST B0y F
FIG 43 ieﬁ‘)lcorﬁlua%r d@ﬁ(:@)acécﬁdﬁxﬁ(t@)th@ Qﬁl‘%ﬁm%hﬁﬂvlﬁé?elhﬁqc}eﬁ?ﬁ?lﬁ@ﬁlﬁ @nd
production nmethod for the 25 sem conductor ‘device according to e

enbodi mehlG: 4\]{\&0;@1&@ atop Iplandvié ) a scBtiGial 4{el) takedalofd Be 14 06X ar IGa4t@p apldan
view,_a sectio view taken along_.the line X-X in FIG 44(a), and a

sect §%onat sefigg t‘%ﬂ%ﬁké‘l‘ hege thedine; Y& L RIG. ‘H{a):l G 44(a). FIGS. 45(a) to
£5(s) show SyOSRGI BSGEIAMP. oL 0 BASPHEH: OO BB Rl i o
45(b) an@miconductor device according to the embodiment, wherem FIG. 42(a), FIG. 42(b) and
FIG. 42(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 42(a), and
a sectional view taken along the line Y-Y" in FIG. 42(a).
20 FIGS. 43(a) to 43(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 43(a), FIG. 43(b) and
FIG. 43(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 43(a), and
a sectional view taken along the line Y-Y" in FIG. 43(a).
FIGS. 44(a) to 44(c) show a step in the example of the production method for the
25  semiconductor device according to the embodiment, wherein FIG. 44(a), FIG. 44(b) and
FIG. 44(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 44(a), and
a sectional view taken along the line Y-Y' in FIG. 44(a).
FIGS. 45(a) to 45(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 45(a), FIG. 45(b) and

30 FIG 45(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 45(a), and
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30°FI G 45(c) are a top plan view, a sectional view taken along the |ine
X-Xin FIG 45(a), and 21 a sectional view taken along the line Y-Yin FIG

" 45(a). FIGS. 46(a) to 46(c) show a step in the exanple of the production
met hod for the sem conductor device according to the enbodi nent, wherein
FIG 46(a), FIG 46(b) and FIG 46(c) are a top plan view, a sectional view
t aken al esertional View éakén ¥longnhdlis Y-AB (al1G d46¢k). 5 a sectional view taken
along the line Y-Yin FIG 46(a). FIGS. 47(a) to 47(c) show a step in the
exanpl e of tHESpAH@NER ABIF) sReWSdstemin theecxaguis eéﬁmjﬁmévctmvmé@%é@rom ng to

T S O RS ARl
sect i onak1y i) bakepalaigehne cjchgll?al¥h Eﬁ%ﬁl&% th%ﬁ(@)ﬁ 9} (gﬁ%a) to

48(c) show a step in the exarrp on net or t

sem chnduetdionglendw exkes angitidideoy-yhtnh Eltbadiarent , wherein FIG 48(a), FIG
48(b) and FIG 48 g are a top plan view, a sectional view taken along the
line X-X i FIEBGHAB] 8 47@hahow asﬁcn irp thel exarra)lw Dﬁk&@npraﬂmi@ntmahbtﬂ m tHeYi n

FI G 48(a Fl 49(a) to 0 in the exanpl e of

bt oduct | b Toe i %st QR BTEE o 7 end
nbodi I G p.pl an
T o bio ARTRR Dob pRERsckl ol REV kAN Gond i i X R 7015
sect i onak sattienaltvidie takeh 214 &Hbqldelm?'fﬁmszdaﬁ 49(a) FIGS. 50(a) to 50(c)
show a step in the exanple of t he production nethod for the sem conductor

devi & accofiiirigdd(e) tdhé8(ejrisioely mestp invherediampld & B@(@pdudtos m&héd Yorathd 20
FIG 50(c) are a top plan view, a sectional view taken al ogﬁ the line X-X

in FIG mlagndusm deaw%@e%qr@ﬂalto W%Wamnhlw@emﬁm @) EIG A8G) @ndo( a) .

FIGS. 51 w.a ste n the f hod
For i ho FRL4b Bt Oba bRt St SRiGPAVINY EETRbe Bl ot 2L R, 0
51(a), Fi s“ecaa&mn@mkeﬂ@ncga{eqmw-mleapz;wn view, a sectional view taken
along the line X-X in Fl , and 25 a sectional view taken along the
line Y-Y' i KIEE.GHI o) 49(E€) Smw 525(@) il the SeX@aples bidliegpred@ipioh méthed &xahpl e of

t he production nethod for the seniconductor device accordi n% to the

enb rre?ﬁnl‘?%‘i]é‘?t@l' AevirGagarding tte; e@h@@)neah avhergi FIG§2¢%(p), dil6. 49(bd pnqbl an
et onal 20 Binalhl ebTESTaE=Pie! Vvl Wi ooyt SOCRIAG: 49 an
a sectional view taken along the line Y-Y' in FIG. 49(a).
FIGS. 50(a) to 50(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 50(a), FIG. 50(b) and
20 FIG. 50(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 50(a), and
a sectional view taken along the line Y-Y' in FIG. 50(a).
FI1GS. 51(a) to 51(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 51(a), FIG. 51(b) and
FIG. 51(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 51(a), and
25  asectional view taken along the line Y-Y" in FIG. 51(a).
FIGS. 52(a) to 52(c) show a step in the example of the production method for the
semiconductor device according to the embodiment, wherein FIG. 52(a), FIG. 52(b) and
FIG. 52(c) are a top plan view, a sectional view taken along the line X-X' in FIG. 52(a), and
a sectional view taken along the line Y-Y' in FIG. 52(a).
30 FIGS. 53(a) to 53(c) show a step in the example of the production method for the
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30 FIGS. 53(a) to 53(c) show a step in the exanple of the production nethod
for the 22 sem conductor device according to the enbodi nent, wherein FIG

- 53(a), FIG53(b) and FIG53(c) are a top plan view, a sectional view taken
along the line X-Xin FIG 53(a), and a sectional view taken along the |ine
Y-Yin FIG 53(a). FIGS. 54(a) to 54(c) show a step in the exanple of the
product i ssmicendwotbrfdevice recordirgetoi tho rchbotiment ewhereinaltl€n 5d{angF i 58(t§ and

enbodi ment, wherein FIG 54(a), FIG 54(b) and FIG 54)&0 ~are a top plan
view, a SECBEMAre ¥ lopplanKier. AssHgnal vee faken ’ong theding -J%aﬁl(érﬁa(a),aand

i ' | 106, Y-Yi . .
Show & ot SR R BN AR ST Ml P8 ot nod or Che —sem conduct of
devi ce accomiGRdsi@) i16aRyRAGN ALY il N Slathpld 6 1R pBlnct oh%étﬁég)f?@fﬁg 10

FIG 55(c) are a top planh"view, a sectional 'view taken along t ine X-Xin

FI G 55( ajemianstiuctor SkReick Gredrditigetw thelemdodinteng wheeini FIG. ¥404),nFiE. G4(H%ha) -
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0044] 15 FIGS. 2(a), 2(b), 2(c)
and 3 shbl 2461 ateca topelaf vigwse sdct omed visvolakereslpog thed e rXhiXh ép Fl6. SéGg and

enbodi mrent _of the present invention, . in FIG 2(a), FIG 2(b), FIG 2(c)
and FI G @setigpal Vée‘{’)@geb g\?‘i‘eeweo‘?'qwt H\éﬁgegf@bnduct or device, a sectional

vi ew t aken g L - X ] gl( ga clian i ken al ong
the line Y- %{I@?nsi@gtdz%g@ Sg%‘d% aaétébe(fri &gna _ geogf g}%aéﬂog?cgiy/%ntd&%gﬂag r_{}]]ﬁe
posi t i ONnsefiténduktor déliRe -acedtdlnd0d5he ThHBoSIBIEHE AMEkEHh A'TGI8Y(al EFTEL 89(HiaRg t O
this enbodi nent conprises: an’island-shaped silicon |layer 104; a first
gat eldi eFEE t56{cy afe 4 top Plin wowy Dsentomd veewpekérpdleny thefline 36 X' irsFldhd5@hapdd
silicon layer 104, a gate el ectrode 106 surrounding a periphery of the
first gatetignadviey taken plongthame Y Yseddfdyal e dielectric film 105
surroundi ng a periphery of the 25 gate el ectrode 106; a tubular silicon

| ayer 107 surroundi ng a periphery of the second gate dielectric film 105;

a first DESCRIBTRIN OFOrHEPRFERKEN EMIOSDevENTisop of the island- shaped
silicon layer 104; a second n+-type silicon |layer 103 di sposed underneath

t he i sl aji@44haped silicon layer 104; a first p+-type silicon |layer 108
di sposed on of the tubular silicon |ayer 107; a second p+-type silicon

| ayekd 109 dfiégs%a), dRle Ptre and Stshawra snchire of o seraisondipigr degice @peordinglip r d
't o/Pe Bl &b Y OBl R ARG o WIRFAE A, 20 FE°ABS 198 JPEnHa o°"
3 are a top plan view of the semiconductor device, a sectional view taken along the line
X-X"in FIG. 2(a), a sectional view taken along the line Y-Y' in FIG. 2(a), and a sectional
top plan view taken at the position Z in FIG. 2(b).
20 [0045]

The semiconductor device according to this embodiment comprises: an island-shaped
silicon layer 104; a first gate dielectric film 105 surrounding a periphery of the
island-shaped silicon layer 104; a gate electrode 106 surrounding a periphery of the first
gate dielectric film 105; a second gate dielectric film 105 surrounding a periphery of the

25  gate electrode 106; a tubular silicon layer 107 surrounding a periphery of the second gate
dielectric film 105; a first n+-type silicon layer 121 disposed on top of the island-shaped
silicon layer 104; a second n+-type silicon layer 103 disposed underneath the island-shaped
silicon layer 104; a first p+-type silicon layer 108 disposed on top of the tubular silicon

layer 107; a second p+-type silicon layer 109 disposed underneath the tubular silicon layer

30 107, a third n+-type silicon layer 102 disposed underneath the second n+-type silicon layer
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23103 and the second p+-type silicon |layer 109; a first silicon-netal
conpound layer 110 forned in a part of sidewalls of the second p+-type

- silicon layer 109 and the third n+-type silicon |ayer 102; a second
silicon-netal conpound | ayer 112 forned in an upper portion of the first
n+-type silicon layer 121; and a third silicon-netal conpound |ayer 111
formed 303 andutheupqwend portyporiliodn ddyer 109,k fipst-siljqoa-méthi canpduayddnyet 080
[0046] A conbination of the island-shaped silicon |ayer 104, the first
gate di efurefieapartaf sgswalls ef basesong prtgppailicombaygr H19 ansethe divdert-siraped

il | h el 06 i h i phery of th
it gab Bl ISR 0Pl el Fometnd i b e Aoy Doy |
first gafe st Dectirc ¥FTH 10 PR

1+ Dypo. o e AR b S P P RA s W) R Lol BTG

| ayer5 104 ad wppeBp@tion Yihe Hedt p+lizPe sifivsd hager 108. conbi nation of the gate
el ectrode 106, the second gate dielectric film 105 surrounding the
peri pher {0046] t he gate el ectrode 106, the tubular silicon |ayer 107
ate dielectric film2105, the first

surroundi ng t he periphe of the second . |
p+-type sil iFtem 13“?“&’;@{%%@&“673 ﬁll?éieﬂhcé’ﬁq?% 18¢, the &irst gpigl digleattie fiksr 0P ay er

107 and +-. id ] aver 109 dis under neat i t

t ubul ar §S| |u§§%g{1g§/§t¢né%e?§fo Zrtﬂn%%ga@lgﬁéég%dr Sé{ir%%?ns%X?I.p?&ﬁgh%ﬁftefl%%‘?pg(}pg122 is
formed t ukRngRBRRCHE@HhES dBe Bt gateldeéécm@ﬁinir@@s, RO Hrsf R+ licon@hBr N2l
123 is formed to be connécted to the contact 122.” A contact 124 is Tornmed
to bH) 2RIcdispesed ed topof the itlandthaped isitivon teyeal 04 anp tierdcdmalyer-tybt Qilicand an
output termpal 125 is formed to be connected to the contact 124. A contact

113 is vl dsprsed ypderneatly theoislandshaped swlirosi layes dif4pbarms aaodOSrGTayer

| v L i b . d
cont act 5. TRrBEhE <ol WRRYY of I caieckiedroys 1WErine efant edriacent Al 108°
sili Con-ﬁfoﬁhdiﬁgmgu?&i Wa%e of Ithd gD ki@ ¥dd R S{BRLY ghlic'aﬁ ﬂa}%‘e g§7f or med

to be 25 connected to 'the contact 114. An oxide film 11l s fo as an

i nt er | ayerrouhding thdpe§iheryT b the esst @ninghise tizlecttyviiee 10Rythb&irslgsi-gpedilicon
satisfy the following relation: W 2W, wherein W is an inner
ci r chinf elaksrt {08 disrosed An dop ohthertabrlrmsilian lagemnl 07a3nst the Ggcond md-type silisomn

UL LRSS EBbLY o P ] bl R0 R RIS 1T e
greater FOb@’PH that of the
A contact 122 is formed to be connected to the gate electrode 106, and an input
terminal 123 is formed to be connected to the contact 122. A contact 124 is formed to be
20 connected to the first silicon-metal compound layer 110, and an output terminal 125 is
formed to be connected to the contact 124. A contact 113 is formed to be connected to
the second silicon-metal compound layer 112, and a Vss power supply line 116 is formed
to be connected to the contact 113. A contact 114 is formed to be connected to the third
silicon-metal compound layer 111, and a Vdd power supply line 117 is formed to be
25  connected to the contact 114.  An oxide film 118 is formed as an interlayer film.
[0048]
The semiconductor device may be designed to satisfy the following relation: Wp =
2Wn, wherein Wp is an inner circumferential length of the tubular silicon layer 107, and
Wn is an outer circumferential length of the island-shaped silicon layer 104. In this case,

30  the pMOS transistor can have a gate width which is two times greater than that of the
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24 nMOS transistor. Alternatively, the sem conductor device nay be designed
to satisfy the following relation: Rp z 2Rn, wherein Rp is an inner radius
of the tubular silicon |ayer 107, and Rn is a radius of the island-shaped
silicon layer 104. In this case, the pMOS transistor can al so have a gate
width which is two tinmes greater than that of the nMOS 5 transistor. In
t hese cas¥d)S trhmsigeni ddredutively, the seméconduporedeiahyy tedéggned tb eatisdy itef y t he
foll owi ng rel ation; LBr Ln, wherein Lp is_a channel |ength of the tubul ar
ong pp

si licon fellpsving palaft iFs 2B, crhereia RD 1e Ag itnep Fadiuseof it ahulas plipertlager i0Fon

| . [0049]. .Wth.ref tq FIGS. .4(a) .t |

oyer 1905, SIS FICRAR LGS ) e TR, 0 S 0
devi ce agaRNidbNgar Asé Bhve &TRRALRNtHIY Is RS ﬂfﬁéegfe%gt | 8% of MheRINMSS 4(2)

to 55(c), the sanme el enents or conponents are I ned by a common

r ef erenc eamuns alln dics€ @dRs, thk Gomichdyctorddd¥icedd refé@blyt desfon&®to Sdtafy the( b)
and 5(c) show respective steps of the production process, wherein the
figure stflfowiegiraition: Lay s wherdioppps achannellengthof thesubhlgusikeauibfdread wit h

(b) and the figure suffixed with (c),are, 15 respectively, a sectional view
t aken al Hf%ﬁ%ﬂp?l&@&ékﬁ eH\S,YI?!‘FESthS‘h?liéC% ¥¥’xed with (a) and a sectional
vi ew t ak 491 ong the line Y-Y' in the figure suffixed with (a). [0050]
Referringjbto FIGS. 4(a) to 4(c), arsenic (As) is inplanted into a p-type or

non-doped  siith GORrdndY 85 IO, TahHMRA59R), BbheOXt A1 3Y e pldthichich pRIMAsd-hi rd
n+-type silicon layer 102 20 therein. [0051] 'Referring to FIGS. 5(a) to

5(c)10 a forming th2Gtrutmre HOHtha segnieondoetboy devisé heopeding ay his iembotlimameavill Ibe cases
where an _after-nentioned non-doped silicon |ayer 107 is used, this step is

unnecess&sgribeEbalens in IRERe Afd) )0 2(6), HhcBmeRlgenty oBgapponsRb eihds{nsd bP) i s
P20t el B 8800 o 130 SRES, S APl 9 PRGSO 0P
(05" S50 PoMenspmney LOBE Ry SRR e B B bk il 1he
a top plan view, and the figure suffixed with (b) and the figure suffixed with (c¢) are,
15 respectively, a sectional view taken along the line X-X' in the figure suffixed with (a) and a
sectional view taken along the line Y-Y' in the figure suffixed with (a).
[0050]
Referring to FIGS. 4(a) to 4(c), arsenic (As) is implanted into a p-type or non-doped
silicon layer 104 formed on an oxide layer 101 to form a third n+type silicon layer 102
20 therein.
[0051]
Referring to FIGS. 5(a) to 5(c), a resist 201 for forming an n-type silicon layer is
formed. In cases where an after-mentioned non-doped silicon layer 107 is used, this step
is unnecessary.
25  [0052]
Referring to FIGS. 6(a) to 6(c), phosphorus (P) is implanted into the p-type or
non-doped silicon layer 104 to form an n-type silicon layer 107. In cases where a
non-doped silicon layer 107 is used, this step is unnecessary.

[0053]
30 Referring to FIGS. 7(a) to 7(c), the resist 201 is stripped away, and then the silicon
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25 |l ayers 104, 107 are subjected to a heat treatnment. In cases where the
non-doped silicon layer 107 is used, this step i s unnecessary. [0054]
Referring to FIGS. 8(a) to 8(c), an oxide film 202 is deposited, and then a
nitride film 5 203 is deposited. [0055] Referring to FIGS. 9(a) to 9(c),
a resist 204 for formng an island-shaped silicon layer is forned. [0056]
10 Ref er ldyay 104, FOGSre dbjm)edtto albat reatiteat.nihrdasks WhdrentOZoradebeldsilicoxi de
film202 are, etched. [0057] Referring to FIGS. 11(a) to 11(c), the resist
204 is sllq*Ybe@dlsé‘ﬁ%&thls fleREgIgEsREY-erring to FIGS. 12(a) to 12(c), an

oxi de fil 5 i s deposited. Preferably, in this step, a filmthi ckness of
t he oxi dédqsl m 205 is set such that an oxide filmbased sidewall to

formed by e | i t equal
to a radi ust%‘%rﬂg%? Eﬁg ae)Q%SIS %éﬁﬂfgggg]ﬁz%%lﬁ%@r %Fﬂngélﬁgqgwgg?hh( a)
to 13fc) 203 relepadidd. fil m 205 is etched to forman oxide filmbased

sidewal . This oxide fil mbased sidewall defines a position of a

gate-for 3] region to be formed in a subsequent step. [0060] Referring
to FIGS. 14 t.o 14 nitride fjl 6 1S deposlted Preferably, in
this 25 st dptertitg f BfS, Badadlo)of reise T o fergning Pilioe-shapEiddm e hat
nitride {J sed sidewall to be fornmed by etching back the nitride film
206 in a next step has a width equal to a desired thickness of an

af ter-mergoseped tubul ar silicon layer. [0061] Referring to FIGS. 15(a) to
15(c), the nitride film206 is etched to forma nitride 30 fil mbased

si delddl | . THeferning to dfiéGEi Ldtapas d0(c3i e watride ddfi 2% amd presitidofilaf20Chae

t ubul ar ctched.
[0057]
Referring to FIGS. 11(a) to 11(c), the resist 204 is stripped away.
~ [0058]
15 Referring to FIGS. 12(a) to 12(c), an oxide film 205 is deposited. Preferably, in this

step, a film thickness of the oxide film 205 is set such that an oxide film-based sidewall to
be formed by etching back the oxide film 205 in a next step has a width equal to a radius of
the nitride film 205.

[0059]

20 Referring to FIGS. 13(a) to 13(c), the oxide film 205 is etched to form an oxide
film-based sidewall. This oxide film-based sidewall defines a position of a gate-forming
region to be formed in a subsequent step.

{00601
Referring to FIGS. 14(a) to 14(c), a nitride film 206 is deposited. Preferably, in this

25  step, a film thickness of the nitride film 206 is set such that a nitride film-based sidewall to
be formed by etching back the nitride film 206 in a next step has a width equal to a desired
thickness of an after-mentioned tubular silicon layer.

[0061]
Referring to FIGS. 15(a) to 15(c), the nitride film 206 is etched to form a nitride

30  film-based sidewall. This nitride film-based sidewall defines a position of the tubular
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26 silicon layer to be fornmed in a subsequent step. [0062] Referring to
FIGS. 16(a) to 16(c), a resist 207 for formng an output termnal region is
~formed. 5 [0063] Referring to FIGS. 17(a) to 17(c), the n-type or non-doped
silicon layer 107 is etched to forman output term nal region. [0064]
Referring to FIGS. 18(a) to 18(c), the resist 207 is stripped away. 10

[ 0065] Reil&wonilagr tobdHfosbed #O abséquedHf&n., the oxide fil mbased sidewal | 205
is etched away. [0066] Referrlng to FIGS. 20(a) to 20(c), the p-type or
non- doped%442}i con | ayer 104 and the n-type or non-doped silicon [ayer 107
are etched t orm a d silJicon |ayer 104 15 and a tubul ar
silicon I|ay efji’é“fl.g *?%é@g-] %Z%éf’ggfﬁn@r%t #7der fozm(l%saft@}ltmt(iél)tnln@lwéglﬁmm de
film 203, nitride filmbased sidewall 206 and the oxide film 202 are
stripped away. [0068] 20 Referring to FIGS. 22(a) to 22(c), an oxide film
208 is degpgssijted. [0069] Referring to FIGS. 23(a) to 23(c), the oxide film
208 is etched to formoxide filmbased sidewalls 126, 210, 209, 211 for

protecting dhefemizgso FIGENL (2w 7@ thetratybe or hon-depesiuiiieaueydr 197 @Petciia
[ 0070] Referrlng to FIGS. 24(a) to 24(c), a resist 212 for formng first
and seco W%@P“‘Eé‘?ﬂm@éﬁegl@yers is formed. [0071] Referring to FIGS.

25(a) to[ (I]}) arsenic (As) is inplanted into the island-shaped 30
silicon FFayer 104 to forma first n+type silicon layer 121 and a second

n+-type siligQfring to FIGS. 18(a) to 18(c), the resist 207 is stripped away.
10 [0065]
Referring to FIGS. 19(a) to 19(c), the oxide film-based sidewall 205 is etched away.
[0066]
Referring to FIGS. 20(a) to 20(c), the p-type or non-doped silicon layer 104 and the
n-type or non-doped silicon layer 107 are etched to form an island-shaped silicon layer 104
15 and a tubular silicon layer 107.
[0067]
Referring to FIGS. 21(a) to 21(c), the nitride film 203, the nitride film-based sidewall
206 and the oxide film 202 are stripped away.
[0068]
20 Referring to FIGS. 22(a) to 22(c), an oxide film 208 is deposited.
[0069]
Referring to FIGS. 23(a) to 23(c), the oxide film 208 is etched to form oxide
film-based sidewalls 126, 210, 209, 211 for protecting channels during ion implantation in
a subsequent step.
25  [0070]
Referring to FIGS. 24(a) to 24(c), a resist 212 for forming first and second n+-type
silicon layers is formed.
[0071]
Referring to FIGS. 25(a) to 25(c), arsenic (As) is implanted into the island-shaped

30  silicon layer 104 to form a first nt+-type silicon layer 121 and a second n+-type silicon
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27 [ layer 103 in an upper portion and a |ower portion thereof,
respectively. [0072] Referring to FIGS. 26(a) to 26(c), the resist 212 is
stripped away. [0073] 5 Referring to FIGS. 27(a) to 27(c), a resist 213
for formng first and second p+-type silicon layers is forned. [0074]
Referring to FIGS. 28(a) to 28(c), boron (B) is inplanted into the tubular

silicon layet03 ihQn upped gurtid@add 4 Bivep portpReherédf] fopectiopier 108 and a second
p+-type silicon layer 109 in an 10 upper portion and a | ower portion

t her eof , [#®8pectively. [0075] Referring to FIGS. 29(a) to 29(c), the

resist 213 | stri a nah treatnment is perforned.
[0076] 15 @'F‘Pgﬁgﬁ&éﬁaﬁ%@w%f&ghhwmg 13 SEWPEXTYHY - fi Imis deposited,
and t hen ﬁr@iect ed to flattening and etchi ng back to expose the first
n+-type £ on |ayer 121 and the first p+-type silicon layer 108. During

this step, @{kf&ﬁhg‘% ridio A48) ts27(ey, %@s@tnz@nfdrmlﬁ $irdtendAecddaepL-ypul ar
silicon layer (i.e., |nagate-formngreg|on) % 20 Referrlngto

FI GS. 31¢idipon by&techormead.resi st 214 for etching the OXI de filmin the
gate-forning region is formed. [0078] Referring to FIGS. 32(a) to 32(c),
the oxi d€?%#l m 119 in the gate-forning region is etched. 25 [0079]

Ref o 11 ng 1 dcefra EIEY Z?ga@%?ﬁ(ﬁc) tgri (e el e M PRE w8 @avee) Ot
105, suchppg, fo%nkhafigl mtgﬁ%: %Ec o 1af3r 108 R0  QLORA A%y difdonAa¢kSHER 92t €

dielectric filnms,
10 upper portion and a lower portion thereof, respectively.

[0075]

Referring to FIGS. 29(a) to 29(c), the resist 213 is stripped away, and then a heat
treatment is performed.
[0076]

15 Referring to FIGS. 30(a) to 30(c), an oxide film is deposited, and then Subjected to
flattening and etching-back to expose the first nt+-type silicon layer 121 and the first
p+-type silicon layer 108. During this step, an oxide film 119 is formed on an inward side
of the tubular silicon layer (i.e., in a gate-forming region).

[0077]

20 Referring to FIGS. 31{a) to 31(c), a resist 214 for etching the oxide film in the

gate-forming region is formed.
[0078]

Referring to FIGS. 32(a) to 32(c), the oxide film 119 in the gate-forming region is
etched.

25  [0079]

Referring to FIGS. 33(a) to 33(c), the resist 214 is stripped away.
[0080]

Referring to FIGS. 34(a) to 34(c), a high-k (high-dielectric constant) film 105, such as
a hafnium oxide film, to be formed as first and second gate dielectric films, is deposited.

30 Subsequently, a metal film 106, such as a titanium nitride film or a tantalum nitride film, to
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30 Subsequently, a netal film 106, such as a titaniumnitride filmor a
tantalumnitride film to 28 be fornmed as a gate electrode, is deposited
and then flattened. [0081] Referring to FIGS. 35(a) to 35(c), a nitride
film128 is deposited. [0082] 5 Referring to FIGS. 36(a) to 36(c), a
resist 215 for formng a gate pad is formed. [0083] Referring to FIGS.
37(a) tob3Témed dshezani dledtbde fik dapokaed irsd ks flggkned] 0084] Referring to FIGS.
38(a) to 38(c), the resist 215 is stripped away. 10 [0085] Referring to
FI GS. 39083810 39(c), the netal filmis etched to forma gate el ectrode

106. [0086] ferri o, FIGS,_ _40(a). to 40(c),,. nitride film11l5 is
deposi t ed. Ii%glif%é??%%ﬁ)itﬂa%"g alﬂ%%é‘.e fﬁlil(‘;# ig eH?ft‘@i-, the nitride film
115 is et[gd‘g?_i to forma nitride filmbased sidewall 115. [0088] Referring
to FIGS. "42(a) to 42(c), the high-k filmis etched to formfirst and second
20 gase di elrgtming b FIGS. 3608 10 BORF W resiRef 18116+ RO 4 adR (@dndd0 43(c), a
resist 216 for etching the oxide film127 is formed. [0090] 25 Referring
to FIGS. [WBGh) to 44(c), the oxide film 127 is dry-etched. [0091]

Referring tq FlGS. 45&% to 45%c&2 the resist 216 is stripped away. [0092]
Referring t Refng WEIGY. 376466 4f). thamitrade flen 138 imctehedi s wet - et ched to

expose t If(?084]

Referring to FIGS. 38(a) to 38(c), the resist 215 is stripped away.

10 [0085]
Referring to FIGS. 39(a) to 39(c), the metal film is etched to form a gate electrode
106.
[0086]
Referring to FIGS. 40(a) to 40(c), a nitride film 115 is deposited.
15 [0087]

Referring to FIGS. 41(a) to 41(c), the nitride film 115 is etched to form a nitride
film-based sidewall 115. |
[0088]

Referring to FIGS. 42(a) to 42(c), the high-k film is etched to form first and second

20 gate diclectric films 105.
[0089]
Referring to FIGS. 43(a) to 43(c), a resist 216 for etching the oxide film 127 is
formed.
[0090]
25 Referring to FIGS. 44(a) to 44(c), the oxide film 127 is dry-etched.
[0091]
Referring to FIGS. 45(a) to 45(c), the resist 216 is stripped away.
[0092]
Referring to FIGS. 46(a) to 46(c), the oxide film 127 is wet-etched to expose the
30  second pt-type silicon layer 109.
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30 second p+-type silicon layer 109. 29 [0093] Referring to FIGS. 47(a) to
47(c), a nitride film 120 is deposited. [0094] Referring to FIGS. 48(a) to
48(c), the nitride film2120 is etched to forma nitride 5 filmbased
sidewal | . [0095] Referring to FIGS. 49(a) to 49(c), the oxide film 127 is
wet -etched to expose the third n+-type silicon |ayer 102. [0096] 10

Ref erri nd009B]FI GS. 50(a) to 50(c), a nmetal, such as nickel (N) or cobalt
(Co), i's deposited. Subsequently, the netal filmis subjected to a heat
treat ment, aReferingrio FHOS A @derdtr)nerigiderfilm] 30sis depasited!, so that a first
silicon- r@aﬁl conpound | ayer 110, a second silicon-nmetal conpound | ayer
112, and ird silicon-nmetal conpound | ayer 111, are forned,

respectivel Lo f1e31 n+- silicon.layer
109 and they%%fkﬁ?%rtgaﬂ;lﬁsgy%gé)g@rfé&@?\t %9%{?&13%012% 1tlgpeﬁct'eﬁréaE[grflto}_[gna %’Fn‘? e
firstsn+filppeassd siieedl.| ayer 121, and an upper portion of the first p+-type
silicon layer 108. [0097] Referring to FIGS. 51(a) to 51(c), an oxide film
118 is f@PURSd as an interlayer film [0098] 20 Referring to FIGS. 52(a) to
52(c), a contact hole 218 a contact hole 217, and a contact hole 219, are
f or med, res;r)ﬁ erring iy FIGS: 49@) teddimdths ioxide SHmR ds websighethie axagusrthe thig ¢ he
third sili - al..co und | ayer 111, and the gate el ectrode 106. [0099]
Ref erri néﬁfkﬁﬂ%n%&rg@ato 53(c), a contact hole 220 is forned to expose
the firsfpogsp silicon-netal conpound layer 110. [0100] Referring to FIGS
54(a) to 54(c), a metal, such as tungsten, is deposited to form four

cont @t s 11Refartihg td ZAGSLP(a)[ 10180(E), a metal, such as nickel (Ni) or cobalt (Co), is

deposited. Subsequently, the metal film is subjected to a heat treatment, and then an
unreacted metal film is removed, so that a first silicon-metal compound layer 110, a second
silicon-metal compound layer 112, and a third silicon-metal compound layer 111, are
formed, respectively, in a part of sidewalls of the second p+-type silicon layer 109 and the

15  third n+-type silicon layer 102, an upper portion of the first n+-type silicon layer 121, and
an upper portion of the first p+type silicon layer 108.

[0097]
Referring to FIGS. 51¢a) to 51(c), an oxide film 118 is formed as an interlayer film.
[0098]
20 Referring to FIGS. 52(a) to 52(c), a contact hole 218, a contact hole 217, and a

contact hole 219, are formed, respectively, on the second silicon-metal compound layer
112, the third silicon-metal compound layer 111, and the gate electrode 106.
[0099}
Referring to FIGS. 53(a) to 53(c), a contact hole 220 is formed to expose the first
25  silicon-metal compound layer 110.
[0100]
Referring to FIGS. 54(a) to 54(c), a metal, such as tungsten, is deposited to form four
contacts 113, 114, 122, 124.
[0101]
30 Referring to FIGS. 55(a) to 55(c), an input terminal 123, an output terminal 125, a
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30 Referring to FIGS. 55(a) to 55(c), an input termnal 123, an out put
termnal 125, a 30 Vss power supply line 116 and a Vvdd power supply line
117 are fornmed. EXPLANATION OF CODES [0102] 5 101: oxide film102: third
n+-type silicon layer 103: second n+-type silicon |ayer 104: p-type or
non-doped silicon |ayer, island-shaped silicon |layer 105: gate dielectric
| ayer 10 ViBeowsasuppl kot Hédad 207dd poweyrpepdy lino il Hapddmsid. i con | ayer,

tubular silicon layer 108: first p+-type silicon |ayer 109: second p+-type
silicon layer 110: first silicon-nmetal conpound layer 15 111: third

silicon- ZR%H }  112: second silicon-netal conpound | ayer
113: con'%lfﬂmgI : cg?]htgc 15: nitride film nitride fil mbased si dewal |

20 116: Yemymower supply line 117: Vdd power supply line 118: oxide film
119: oxide film120: nitride film nitride filmbased sidewall 25 121
firstSn+1l0ypexidé filmwon | ayer 122: contact 123: input termnal 124: contact
125: °”t%%5n%§3§?ﬂ§£333a§3§§m9Xide fil mbased sidewal |
103: second n+-type silicon layer
104: p-type or non-doped silicon layer, island-shaped silicon layer
105: gate dielectric layer
10 106: gate electrode
107: n-type or non-doped silicon layer, tubular silicon layer
108: first p+-type silicon layer
109: second p+-type silicon layer
110: first silicon-metal compound layer
15 111: third silicon-metal compound layer
112: second silicon-metal compound layer
113: contact
114: contact
115: nitride film, nitride film-based sidewall
20 116: Vss power supply line
117: Vdd power supply line
118: oxide film
119: oxide film
120: nitride film, nitride film-based sidewall
25 121: first n+type silicon layer
122: contact
123: input terminal
124: contact
125: output terminal

30  126: oxide film-based sidewall
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31°127: oxide film 128: nitride film 129: nMOS SGI' 130: pMOS SGI 5 201:
resist 202: oxide film 203: nitride film 204: resist 205: oxide film 10
206: nitride film 207: resist 208: oxide film 209: oxide filmbased
sidewall 210: oxide filmbased sidewall 15 211: oxide fil mbased sidewal l
212: resist 213: resist 214: resist 215: resist 20 216: resist 217:

cont act Ha@Feoxi@dBlmcontact hole 219: contact hole 220: contact hole 25
32 What is claimed is: 1. A sem conductor device conprising: a first

i sl and-sﬁgﬁéﬂt%rﬁlﬁbnduct or layer; { 5 a first gate dielectric film

| ocat ed qagaﬁ&ds’b&i?”t act with at |least a part of a periphery

130: pMOS SGT
5 201: resist
202: oxide film
203: nitride film
204: resist
205: oxide film
10 206: nitride film
207: resist
208: oxide film
209: oxide film-based sidewall
210: oxide film-based sidewall
15 211: oxide film-based sidewall
212: resist
213: resist
214: resist
215: resist
20 216: resist
217: contact hole
218: contact hole
219: contact hole
220: contact hole
25
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of 'the first island-shaped sem conductor |ayer; a gate el ectrode havi ng one
surface in contact with the first gate dielectric film a second gate
dielectric filmin contact with the other surface of the gate electrode; a
second sem conductor layer in contact with the second gate dielectric film
10 a first first-conductive-type high-concentration sem conductor | ayer

di sposed ¥Wmattiogaingfd is:he first island-shaped semiconductor |ayer; a second
first-conductive-type high-concentration sen conductor |ayer disposed
underneath the first island-shaped sem conductor |ayer; a first

second- condugt i ve-t iL.gh-concentrati on sem conductor | ayer di sposed on
15 top o?'tHggééggﬁﬁgggg?%%%ﬁﬂﬁ?%$n$ayer; and a second

second- condugciiiRiahY RBap2l SbmfBRER M 1Aldron sem conductor | ayer disposed
under neath the second sem conductor [ayer. 2. A seniconductor device

conprisi ng: a 26t gate ididlenit e prdted @i @dna eehiact willy 8f leasd afpabtsdf a@driphery
dielectric filmsurrounding a periphery of the island-shaped sem conduct or
| ayer; aoftedirst|igland-shiped semigombyictey layeperi phery of the first gate
dielectric film a sec ate di.electric fi rrounding a

d A i ph f
the gate el @C&a?%ﬂ‘éc,tmﬂ?:?‘gwp 50F sriase iy E‘Bﬁ%ﬁﬁ&l@%g§%ga’§@#¢%%ﬂﬁ%lg Yo

peri phery of ] i.el 1 G flll fol I'S .

first- conduc?tstieg(gr{dts%géejagllegﬁcg%%ég ﬁ?ﬁ%ﬁ‘%ﬁh {shg’ ﬁ@:eé%gg%cteé)&%ea%/aé? elgﬁ néoéig’s ed on
top of the assteideshamgdctseRy &I domhrwillede secdd $8eUectric film;
first-conductive-type high-concentration sem conductor |ayer disposed 30
undeltheat h tahfarsi Srstedndivtipetyps drigleomdentraion seyscondddion [dyiet disposed on top
second-co (Elu tive-type high-concentration sem conductor |ayer disposed on
top of tPiEt F&f’éﬂl‘%{i‘“‘gm%mé‘?lﬂucﬂ%Wﬁ; and a second second- conducti ve-type

g concenty s, ARPLGRAGHELRbe! o) SRETFL HREGHERS Dl e
underneath the first island-shaped semiconductor layer;
a first second-conductive-type high-concentration semiconductor layer disposed on
15  top of the second semiconductor layer; and
a second second-conductive-type high-concentration semiconductor layer disposed

underneath the second semiconductor layer.

2. A semiconductor device comprising:
20 an island-shaped semiconductor layer;
a first gate dielectric film surrounding a periphery of the island-shaped semiconductor
layer,
a gate electrode surrounding a periphery of the first gate dielectric film;
a second gate dielectric film surrounding a periphery of the gate electrode;
25 a tubular semiconductor layer surrounding a periphery of the second gate dielectric
film;
a first first-conductive-type high-concentration semicondﬁctor layer disposed on top
of the island-shaped semiconductor layer;
a second first-conductive-type high-concentration semiconductor layer disposed

30 underneath the island-shaped semiconductor layer;
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an i sl and-shaped sem conductor layer; a first gate dielectric film
surroundi ng a peri phery of the island-shaped sem conductor layer; 10 a
gate el ectrode surrounding a periphery of the first gate dielectric film a
second gate dielectric filmsurrounding a periphery of the gate el ectrode;
a tubul ar sem conductor |ayer surrounding a periphery of the second gate

di el ectric 4 fitsnseepndiqostludtivesype bipfitmncargratiyp eeiiapnd oo Biyer dispased on

sem conductor. | ayer di sposed on top 15 of the island-shaped sem conduct or
| ayer; at%%%h?it'-%f-‘[aéﬁ@r&’&ﬁ rvaYra3d hi gh- concentrati on seni conduct or

| ayer dispose [ nd-shaped sem conductor Layer. a first
second- cond usac g‘? ¥ gﬁ' '(tjs g%de}l%%ogﬁ 'Elé(}gvr? ctgjﬂ?a rhé%hi ol ﬁl&érg]f?i%l(? BraetY “?‘85/ éﬁ’%ﬁ idgs&? §eé1d on
top of theddrkdidh Bl tSIRTACRRAMIRE ] BY&r ;. 20 a second second-conductive-type
hi gh-concentrati on sem conductor |ayer di sposed underneath the tubul ar
sem cbnductor layer; a third first-conductive-type high-concentration

sem conductor | ayer disposed underneath the second first-conductive-type
hi gh- conéent/ sftpispndsister devigeeemprisiagier and the second

second- conduct.i.ve; type hi gh-concentration sem conductor |ayer; 25 a first
sem conduct &P-‘ﬂ%‘?déf%gﬁ)%%%ﬁﬂmﬁﬁgpérlaWBr med in a part of sidewalls of the
second second;,cO ERAVIDR i i S:efl 6 | and
R R R e P
second s&gegonductor-netal conpound |ayer fornmed in an upper portion of the
first first-conductive-type high-concentration sem conductor |ayer; and 30
a thi?d senia@steckiedtode setreindimgpperiphet yagfehe fict gatd diatectnic filmger portion of

the first 34 second-conduct]jve-type_ high-caoncentration_sem_ conductor
| ayer. 4. A Sgs‘émdog&ﬁdﬁel{;aﬁrwajém LEouptipe P epmRhernaf the g sleckaged

sem conduct Qr o iI iglectri.c, fil urr oundi 2. _periphery
of the isl a(r?%dtlLl {é‘ﬂé‘géed“ lggﬁ%goﬁéﬁ:ﬁﬁﬁoﬁﬁgg g lz]ffr% Ogtg%f ¥O ggg{%’rgﬁhgﬁﬁta]lcng a
peripheryiief the first gate dielectric film

a first first-conductive-type high-concentration semiconductor layer disposed on top

15  of the island-shaped semiconductor layer;

a second first-conductive-type high-concentration semiconductor layer disposed
underneath the island-shaped semiconductor layer;

a first second-conductive-type high-concentration semiconductor layer disposed on
top of the tubular semiconductor layer;

20 a second second-conductive-type high-concentration semiconductor layer disposed
underneath the tubular semiconductor layer;

a third first-conductive-type high-concentration semiconductor layer disposed
underneath the second first-conductive-type high-concentration semiconductor layer and
the second second-conductive-type high-concentration semiconductor layer;

25 a first semiconductor-metal compound layer formed in a part of sidewalls of the
second second-conductive-type high-concentration semiconductor layer and the third
first-conductive-type high-concentration semiconductor layer;

a second semiconductor-metal compound layer formed in an upper portion of the first
first-conductive-type high-concentration semiconductor layer; and

30 a third semiconductor-metal compound layer formed in an upper portion of the first
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a second gate dielectric filmsurrounding a periphery of the gate

el ectrode; a tubular sem conductor |ayer surrounding a periphery of the

"~ second gate dielectric 10 film a first n+-type seni conductor |ayer

di sposed on top of the island-shaped sem conductor |ayer; a second n+-type
sem conductor | ayer disposed underneath the island-shaped sem conductor

| ayer; 15eeorfd-cantlugivettypehightbocendutoosentiaysiuc fgyesed on top of the

tubul ar sem conductor |ayer; and a second p+-type sem conductor | ayer

di sposed underneath the tubular sem conductor |ayer. 20 5. A sem conductor
device coppri,sing: .an island-shaped sem conductor |layer; a first gate
dielectrit fﬁSﬁﬁ“%&??‘b%%d%ﬁb“&%‘é’??‘ﬁﬁery of the island-shaped seni conduct or

| ayer; a gat&gi&ggag@gs&ﬂ{ggm&ﬂg}/@. periphery of the first gate
dielectric film 25 secong gate electric filmsurrounding a periphery

of thé gate ehetihedicledtrid ﬂbﬂk@ﬁoﬁﬂ[ﬁ@ﬁ@fﬂﬁ%@r ofl tBY BlanglhkgdN@iriénductor
peri phery of the second gate dielectric ilm a first n+type
seni conddexesr | ayer disposed on top of the island-shaped sem conductor

| ayer; 30 a seco n+-type sem conquctor | ayer di sposed underneath the

i sl and- shape%lgatgg]%gé‘?ﬂec%‘%&%‘ﬁﬁgalpﬁ?éﬁfy gf the figst gate diglpeiris e onduct or | ayer

di sposed on . | & 1 ctor, |avear; econd p+-type

sem conduct oér Qﬁr‘l‘%@‘ie%%tg?‘é’%ggg& %%@?Bﬁ‘@g?%%ﬁ%’%“’% l??ghre %agerﬁﬁ?:%{? Gctor ° 5 | ayer;
a third n+-tyRpoub®tbadadeer lab@y8irodhdRE Sekriphes’ Heak Qe&dlﬂﬂ gﬁ&ﬁi;e%fc%- t ype

sem conductor |ayer and the second p+-type sem conductor |ayer; Irs
sem d¢Ondudmor - net al conmpound | ayer forned in a part of sidewalls of the
a first nt-type semiconductor layer disposed on top of the island-shaped
semiconductor layer;
a second n+-type semiconductor layer disposed undemeath the island-shaped
semiconductor layer;
15 a first p+-type semiconductor layer disposed on top of the tubular semiconductor
layer; and
a second p+-type semiconductor layer disposed underneath the tubular semiconductor

layer.

20 5.  Asemiconductor device comprising:
an island-shaped semiconductor layer;
a first gate dielectric film surrounding a periphery of the island-shaped semiconductor
layer;
a gate electrode surrounding a periphery of the first gate dielectric film;
25 a second gate dielectric film surrounding a periphery of the gate electrode;
a tubular semiconductor layer surrounding a periphery of the second gate dielectric
film;
a first n+type semiconductor layer disposed on top of the island-shaped
semiconductor layer;

30 a second nt-type semiconductor layer disposed undemeath the island-shaped
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second p+-type sem conductor |ayer and the third n+-type sem conductor

| ayer; 10 a second sem conductor-netal conpound | ayer forned in an upper
~portion of the first n+-type semni conductor |ayer; and a third

sem conductor-netal conpound | ayer formed in an upper portion of the first
p+-type sem conductor layer. 15 6. The sem conductor device as defined in
cl ai m 4, sehichdsabdd laféres the following relation: W ~ 2Wh, wherein W is
an inner circunferential |ength of the tubular sem conductor |ayer, and W
is an outer eiflrguprt-bimentematondyeigt Hayst ditpesddsbanop ofidpe tububenieooadotior

| ayer. 2Q 7. The sem conductor device as defined in claim4, which
satisfies®™%e following relation: Rp 2Rn, wherein Rp is an inner radius of
t he tubul ar ' yetor, | ' ' f the isl-and- shaped
ser conduct of auoP e ipieEheio? Mer Hpdsge SpdBRLIP 4 hIG {oERHARE

whi chssatlaywdi es the following 25 relation: Lp z Ln, wherein Lp is a
channel length of the tubular sem conductor |ayer, and Ln is a channel

| ength of the thst ant-tgirapedicosdactandaet odispaaydrund@rnedthe tise eanidd netigpe
device as defined in claim4, wherein: the first gate dielectric filmis a
di el ect r isemisondycien laygragd e sevme p-Bipsisemisendustord@yerunct i on as an
enhancenent t ,.Wherein the nMOS transist conprises the. . 36 3

o1 and. s hape TR e lBFORgH e SPTrPHES 7eS ORERE TN oo bF SRRt the

sur r oundi _ i i - 1 ) .layer, the
gate el eé?(?)gggq sdg? JFC %ﬁﬁgéﬂndél c?)fﬁég)%g#%ﬁg?gr%%aﬁ)%géﬁ%@?%g&??%i el ectric
filmiothe fia scomtsdnyipendiereéoidushPourdiger Brsediesh Gpet poriioh of BR first

i sl and- shaped sem conductor |ayer and the second n+-type sem conduct or

| ayer di Spdsprisemigenieciosdayar;tand i sl and- shaped seni conductor |ayer; the
second gate djelectric filmis. a diel tri%filmallowi ng

a pMOS
transi stor tbYfdremigmdictonmel) rampa Yetyfosmedy i pr ipperHRTuVesthe ik st or
conpri ses t : , the second gate dielectric film surroundi ng
et SphEpEhEEL 1RGP,

t he peri trode, the tubul ar sem conductor |ayer
surroundi ng the periphery of the second gate dielectric film the first
p+-type sem conductor |ayer disposed 10 on top of the tubular sem conductor
| ayeld and- t hEres saminanduetarydryvieens clofided tiorcldiny dr wiiéhs peseits uthd efollewdrdy t he
tubul ar senico cto ayer; .a : . .
re gonn: r\?’% = ﬁ\)‘)n, yvghereln “ﬁrp is an inner circumferential length of the tubular
semiconductor layer, and Wn is an outer circumferential length of the island-shaped

semiconductor layer.

20 7. The semiconductor device as defined in claim 4, which satisfies the following
relation: Rp = 2Rn, wherein Rp is an inner radius of the tubular semiconductor layer, and

Rn is a radius of the island-shaped semiconductor layer.

8. The semiconductor device as defined in claim 4, which satisfies the following
25  relation: Lp = Ln, wherein Lp is a channel length of the tubular semiconductor layer, and

Ln is a channel Iength of the island-shaped semiconductor layer.

9.  The semiconductor device as defined in claim 4, wherein:
the first gate dielectric film is a dielectric film allowing an nMOS transistor to

30 function as an enhancement type, wherein the nMOS transistor comprises the
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the gate electrode is nade of a material allow ng each of the nMOS
transistor and the pMOS transistor to function as an enhancenent type. 15
10. The sem conductor device as defined in claim5, wherein each of the
first to third sem conductor-netal conmpound |ayers is a silicon-netal
conpound | ayer. 11. The sem conductor device as defined in claim4,

wher ei n: islaed-slgipad dermivapdidtardayes omd dirstoratd digRetricsfilansirduifipshapeshisty i con
|l ayer; 20Q the tubul ar sem conductor layer is a tubular silicon |ayer; each
of the fiqfdhe wirndsbapadsemicangdyetos dayen ditigate sleciredesurandimgahe périphivey of r st

hi rd - ' I ' -t i)i I , d
each of (16 HEBE GREGEARRG U, o) BE s Rebrritiieiol Moas iord o ik of o
ach of ‘tte it dnif . . YEECKS & A e
oher oin: TPl s Bico M AR SRR SfecPE HeESpE SelEbRR A oef b

i sl anfi- shafedesth thecosland-sieied seraitnditfortishl ar tzefceNdietdEleddY §im R 4N
n-type or_non-doped tubular silicon layer. 30 13. A nethod of producing the
sem conduleglestriel ﬁﬁn eHowimgaafNIO8dransisor & fanttion asompanhsacegenBFpé,hehesdia pheof

i npl antin gseni.c into a p-type or non-doped silicon |ayer formed on an
oxi de f iﬂg’ﬁ@ {ENIPHFQRREISe itheyeaia elegtsedes the sespnd gate dielectric filie swmowdingas

defined i i ich further o ises the steps,of: formn 5
def ! ned, . Sk 001 S0 LCLRRE, RRTRELBPRAAS,ALSES 8L OLRAT B S

si |1 con_Ipgiigery of RlsaetndsORBRRIHS, hl il PRy ﬁ:oﬁ&ud@mggeqlﬂ%%o?édl con
| ayer to formthe n-type silicon layer in a part of the p-type o

non- 8épednstopiafche Itatyubar; sesticdndnéing Iapenynd ke s&9hé tp+- P semitdheibmEydhe
silicon |ayers to a heat treatment. 10 15. The nethod as defined in claim
13, whi cHspPasedriwdenesh thesabulengsenyeensiucior layawpodi ting an oxide filmon the
p-type or naqp- e ilicon |layer or .gn,the p-type or -doped silicon

| ayer and aqﬁ"? g@ggggﬁ?ﬁllecléﬁna}dlﬁiﬁra;m?f%%sai”f)?’“ %Cﬁioﬁ ed@q&gltfﬁnélﬁmfﬁ%dgﬁi de
film foLMOYtradkidi&Shindish af 9% BhNg iksl.and- shaped silicon |ayer;
etching the nirtrilde fi Inrglancai]l f%l}%e oxfédg&tlftﬁem to forma nitride fil mbased
hard mask for formng the island-shaped silicon layer; 15 stripping away

the resist; depositing an oxide film etching the oxide filmto form an
oxi d&° f iPmihssemicandaeiar devips ah debinddnimsclainp s whersin edchaofytie dirtotonthirg

region tgo _be subsequent | forned; .depasiting.an nitride film and etching
the nitr Feagwggcfﬁgfog%aﬁ%;%o ‘ig‘;’ﬁ‘]@ l??%ﬁP%gﬁgﬂ compound layer.

11. The semiconductor device as defined in claim 4, wherein:
the island-shaped semiconductor layer is an island-shaped silicon layer:
20 the tubular semiconductor layer is a tubular silicon layer;
each of the first and second n+-type semiconductor layers or each of the first to third
n+-type semiconductor layers is an n+-type silicon layer; and

each of the first and second p+-type semiconductor layers is a p+type silicon layer.

25 12, The semiconductor device as defined in claim 11, wherein:
the island-shaped semiconductor layer is a p-type or non-doped island-shaped silicon
layer; and

the tubular semiconductor layer is an n-type or non-doped tubular silicon layer.

30 13. Amethod of producing the semiconductor device as defined in claim 12, comprising
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si dewal | which defines a position of the tubular silicon |ayer to be

- subsequently formed. 20 16. The nethod as defined in claim15, which
further conprises the steps of: after the step of etching the nitride

film formng a resist for form ng an output term nal region; etching the

n-type or non-doped silicon layer to forman output term nal region;

stri ppi nghaway of ireplantsg atenieimdnpgtypway ndieoged silecohilhysr fased & devwahld; and

etching the p-type or non-doped silicon |ayer and the n-type or non-doped

si |icon |#yefo fasmsthe thixdie-iyge ailigoslaped silicon 25 layer and the tubul ar

silicon layer. 17. The nmethod as defined in claim216, which further

conprises the steps of. after the step of etching the p-type or non-doped

silicon laye . i11.C laye st.ri-ppi ng away
the ni tri b 1o e el HRE P L T AR Bl R Phor e s SRR 51
deposit i ngsisthfopXfoetBinki 1h81 n-§fpehiineor Nge@Xdrdehef bltfdd 8r BhMoBEI QMicHR layer; _
filmbased sidewall for 38 protecting a channel” during ion inplantation in
a subsequmansing phospbemis igo she esipstor hon-dopal silicton Inyee t6 Forat thah-typ@silisdd i con

| ayer anﬂ the second n+-type silicon | ayer; inplanting arsenic into the

i sl and- shaYsedn & PRESH thepdyrs er ner-dppeseSifirens laygr: -Sypring jaway dhe Iresjssy anthd t he

second n+-{. i ayer; stripping, away the resist; formng a resist
for formsﬁ%q'%&ﬁleg%%: rSﬁs\i?Q%iaB r-stt?/ﬁ e%titﬁpeg{%%t'l ayer and the second p+-type

silicon layer; inplanting boron into the tubular silicon |layer to formthe
first p+type silicon layer and the second p+-type silicon |ayer;

stri pPi ndSavilly tohthod es idsfinedainccisivb] Bovhidly filrtier Compiiseanbe SEFHLHH dBpodits

silicon layers and the first and second p+-type silicon |ayers to a heat

t r eat men@ opide; §lm Tethsen-hivd cisnareddnsdgsiligenclepgreridn thehpdypd ar nedoped

conprises.the .steps of:. after the step ..of subjectin he first and, second
o type. SHePEURer BPLT utuitiione IR erStTRR g 8 QU YR ghe ot BUBH TR 5 t o
a heat trt ; rgﬁ.%)t K i i . . . t.ani d._.

et chi ng- ggg%&?ﬁgf%xi eﬁifei IFI%&% gﬁhg)g(ggglgo{l %@%’%@%‘@%%@%@H £c}gin aof/%dre and
the firstilpitotfype a SitrdecOii-baye ard efagk g Rrmaf Gk ifofd-HapBl RichRgayRKi de
filmin the gate-form ng region; etchi n% 15 the oxide filmin the

gat el$ or siripgineevayihe stk slspesitinaven oxite finsitehing theposdet filogtosfomngickidef i | m
conpri si haf ni,um oxi d il mto he formed as the first and second gate
di el ect r‘ﬁg”%@i“fdn’?s‘fle%aéggb{c?‘i C{‘?&nﬁs fepsfon Pf O T5IAN (9 5 FPbseTYT de
filmor t AL L | 0 . .ect-rode, and
then 11 aty oeyn PR b nRGL D agkaiing BleTERIGB T 18 (OB FpiBEhlrPGicg

resi st f eidedwall whithy defiged ©p@aibn @ttbdiubglat Bigicon lafede beishBdeqsdilyIBing. avay t he

20 resist; etching the netal filmto formthe gate el ectrode; depositing a
nitride film etching
20 16. The method as defined in claim 15, which further comprises the steps of: after the step
of etching the nitride film, forming a resist for forming an output terminal region; ctching
the n-type or non-doped silicon layer to form an output terminal region; stripping away the
resist; etching away the oxide film-based sidewall; and etching the p-type or non-doped

silicon layer and the n-type or non-doped silicon layer to form the island-shaped silicon

25  layer and the tubular silicon layer.

17. The method as defined in claim 16, which further comprises the steps of: after the step
of etching the p-type or non-doped silicon layer and the n-type or non-doped silicon layer,
stripping away the nitride film, the nitride film-based sidewall and the oxide film;

30 depositing an oxide film; etching the oxide film to form an oxide film-based sidewall for
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the nitride filmto forma nitride filmbased sidewall; and etching the
high-k filmto form the first and second gate dielectric filnms. 19. The

" method as defined in claim18, which further conprises the steps of . after
the step 25 of etching the nitride film formng a resist for etching the
oxide film dry-etching the oxide film stripping away the resist;

vet - et chipgtettieg oxdihehand iduning Goespphatatibe isecartdequent yiep; f@Mind otediayoF ;
depositing a nitride film etching the nitride filmto forma nitride

fil mbas efgfm%lg R lrst; rigbpe et ligomnlgyermandothie gecand pi-typeesiheovelaybre implanting

+-type sjlicon |ayers eposi ting.a.netal conprising.nickel or, cobalt
gnd %/Een aé%%‘] LS ﬁé ltslﬁg(?-%qu& Sﬁicﬁﬁl?yc?géo e %ﬁ??ﬁﬁ?@nﬁ{wqmé}’?ﬁ@ € an
nreacte g i : fd.Ls; iLd: -
onpound T o bpe Sichn LU SFirpn S5 1e Hy thirihe Sty MRbRL wftsy
silicon-metabe stlapolane by die, sold iy siliceapagdrt IRlplantihg Rrdiidto Qhe
sidewal | s of the second p+-type silicon |layer and the third n+-type
si | i con Itabder sibepnuipprsrto gome itlenfixst ptitepef silism layertandehs sédond p+-typy eificormand an

upper portion of the first p+-type silicon |layer. 5 20. The nethod as

dEE i neg iYLy SIFTARIRG 2WiK iﬂ&%fegﬁl‘étaﬁg rSU%S?FH}a e dirstandseepnd %*r-.typ&fsslfeqolntlaﬁ@:%t ep
of deposi.t,] ) I.de fil.mas an interlayer film formng
a fi rgt ggﬂtﬂ%ﬁrs%%g?o%ﬁé%b@%53@81%@;8{5 tﬂglhgatgtﬁe& i rd contact hole on
the second silicon-netal compound |ayer, the third silicon-nmetal conpound
| ayer and the gate electrode, respectively; formng 10 a fourth contact

hol e160 €RpdEle mbtbod s defirgillin claim 18} which finfier benbrissthe depagi ifted theastepet al
conprisin? tungsten to formfour contacts; and form ng an input term nal,

an out put®l SYRIEGHNghe Tigstvand sseqmsh nstips sifiqondayean andy spawksecouppirytypd ne.

40 silicon layers to a heat treatment, depositing an oxide film and then flattening and

etching-back the oxide film to expose the first n+-type silicon layer and the first p+-type
silicon layer; forming a resist for etching the oxide film in the gate-forming region; etching
15 the oxide film in the gate-forming region; stripping away the resist; depositing a high-k
film comprising a hafnium oxide fiim to be formed as the first and second gate dielectric
films; depositing a metal film comprising a titanium nitride film or a tantalum nitride film
to be formed as the gate electrode, and then flattening the metal film; depositing a nitride
film; forming a resist for forming a gate pad; etching the nitride film; stripping away the
20 resist; etching the metal film to form the gate electrode; depositing a nitride film; etching
the nitride film to form a nitride film-based sidewall; and etching the high-k film to form

the first and second gate dielectric films.

19. The method as defined in claim 18, which further comprises the steps of: after the step
25  of etching the nitride film, forming a resist for etching the oxide film; dry-etching the oxide
film; stripping away the resist; wet-etching the oxide film to expose the second p+-type
silicon layer; depositing a nitride film, etching the nitride film to form a nitride film-based
sidewall; wet-etching the oxide film to expose the third n+type silicon layer; and
depositing a metal comprising nickel or cobalt and then subjecting the metal film to a heat

30 treatment, whereafter an unreacted metal film is removed, whereby the first silicon-metal
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compound layer, the second silicon-metal compound layer, and the third silicon-metal
compound layer, are formed, respectively, in a part of sidewalls of the second p+-type
silicon layer and the third n+-type silicon layer, an upper portion of the first n+-type silicon

layer, and an upper portion of the first p+-type silicon layer.

20. The method as defined in claim 19, which further comprises the steps of: after the step
of depositing a metal, forming an oxide film as an interlayer film; forming a first contact
hole, a second contact hole and a third contact hole on the second silicon-metal compound
layer, the third silicon-metal compound layer and the gate electrode, respectively; forming
a fourth contact hole to expose the first silicon-metal compound layer; depositing a metal
comprising tungsten to form four contacts; and forming an input terminal, an output

terminal, a Vss power supply line and a Vdd power supply line.
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