SEM CONDUCTOR DEVI CE AND FABRI CATI ON METHOD THEREFOR CROSS REFERENCE TO
RELATED APPLI CATI ON This patent application clains the benefit of U S.

Pat ent Provisional Application 61/3521961, filed June 9, 2010 and Japanese
Pat ent Application 2010-132488, filed June 9, 2010, the entire disclosures
of which are incorporated herein. FIELD [0001] This application relates to a

sem condu [ . ) ication method therefor. BACKGROUND
0002 H oM ITGRO%: By Ve S8RRpBT AT oby S Ton FhirkiaRaRan
integrated circuit especially using an MOS transistor has been enhanced.
M ni aturization has been devel oped to a nano region of a

Metal - Oi de- Semi conoOBORUARBINCE JUPRBLATRUSRAP LR ARNT earated cf roui ¢
with high integration of the sem conductor integrated circuit. Wen the

m ni at ur Tziat paoemt afpptibeiodOSatrhanisd $tadtitpsOUTESBAch1 PRNtGSal A pdisakage
current is difficult. Furthernore, there was a problemthat it cannot nake
an occup@l/3 oh@s ddecdfun i 2eUl tnddsiahysesPatdt Applopder 20 00-$8b188e finfl needed
amount of current valuye. In order to solve such a problem it is proposed
as surr Wain@”@a#@G*Péﬁ@?@?%W“G%dﬂ"@’Weﬁévnﬁﬁﬂgigﬂ@ucture where a source,
a gate, and a drain are disposed in a vertical direction for a substrate,
and the gate surrounds a columar sem conductor |ayer (for exanple, refer
to Japanese Unexami ned Patent Appligg§ipn 142-71556). SUMMARY [0003]1n an
MOS transistor, it is known that a conmpound | ayer forned of a conpound of

metal an@osi]l i comid fppeawinderid@no & sith@bhdicBRREGShid £ ebrik -Y&Jmﬁ%d]{].”g as a
gate el ectrode, a source, and a drain. Lower-resistivity for the highly
doped sith¢retom. | ayer can be achi eved by fornming a thick metal -silicon
conmpound | ayer on the highly doped silicon layer. Also in SGI, the

| oner-resistivity for the highl §JA§deBOdiNDPcon 2 layer acting as a gate

electroqﬁP%ﬂ SO .ce,lggq,a %ratgicag %ch%exgd_by‘fgrning_thg t hi ck
met al - si n cgﬁ%%ﬂﬁ FURPST oI R HF g hINeLedgsbtir it ang 6A integratedact i ng as a
gate el ggL[f gﬁjeci%ll? %ﬁlg Gn I\%g tl%nsqgtg:i‘ flis been enhanced.
Miniaturization has been developed to a nano region of a Metal-Oxide-Semiconductor
(MOS) transistor used in an integrated circuit with high integration of the
semiconductor integrated circuit.  When the miniaturization of the MOS transistor
progressed, control of leakage current is difficult. Furthermore, there was a problem
that it cannot make an occupation area of a circuit easily small in order to secure of
needed amount of current value.  In order to solve such a problem, it is proposed as
Surrounding Gate Transistor (SGT) having a structure where a source, a gate, and a
drain are disposed in a vertical direction for a substrate, and the gate surrounds a
columnar semiconductor layer (for example, refer to Japanese Unexamined Patent
Application H2-71556).
SUMMARY
[0003]  Inan MOS transistor, it is known that a compound layer formed of a
compound of metal and silicon is provided on a highly doped silicon layer acting as a
gate electrode, a source, and a drain.  Lower-resistivity for the highly doped silicon
layer can be achieved by forming a thick metal-silicon compound layer on the highly

doped silicon layer. ~ Also in SGT, the lower-resistivity for the highly doped silicon



[ 0004] However, if the thick nmetal -silicon conpound |layer is formed on the
hi ghly doped silicon | ayer of the upper part of a columar silicon |ayer,
the nmetal -silicon conpound |ayer may de fornmed in a spi ke shape. If the
metal -silicon conpound layer is forned in a spike shape, the spike-shaped
metal -silicon conpound | ayer reaches not only the highly doped silicon

|l ayer formed in the upper part of the columar silicon |ayer but a channel
regi on uhﬁgﬁ“WHggsﬁﬁ@ﬁﬁ§*8§§%358?$?6ﬁﬂal'Véﬁ?“ﬁ@ﬁ%@éﬂﬁd?@@m%ﬂ“ﬁb@bnes
difficult, feor: erat.e a transi.stor. [0005] The above-nentioned
phenonen%%ﬁfgﬂggﬁfﬁggwggggﬁﬁﬁ?@%@H%ﬁgdPH%Pﬂhﬁﬂﬁ ym%% S $9Con | ayer
formed i@ecéihRlcUPRRIcd@Rd 2 Qfaif he columar silicon layer. That is, what is
necessary is just to thickly formthe highly doped silicon |ayer nore than
the net aj00si] i conowenpodm thiay aferdl Qe chMpaudPhiks iShaRed offapaygily since
the electrical resistance of the highly doped silicon layer is proportional
to the |&ngthilicohdaysl ecthe nppdr prgoi 8 talmomansilitdrelapirgtileynddpéicbosi | i con | ayer
will increase if the highly doped silicon |ayer forned in the col umar

si | i con FORRMNG fBsF Mgy of Tpignedin éﬁ@ﬁ@éﬁam‘/heIU'ethl@ﬂ%@?afisthcb@@@ﬁé@mﬁi lgfercul t to

achieve the |owresistivity for the highly.doped silicon |ayer.
[ 0006] I\/blrbg WA I ARG SI’%PCa&ﬁﬁB%‘r?Bﬂ%?H “?%Qfﬁﬁ‘r?g‘ CHIPER Eﬁéémdfcg%?ﬁ%“?tor med

met al - silJj : (PN oY 1 hi 1S, 1 hee di. r.of the columar
i1 con ag SR BRTTOUBE AN RF RRTRS A IibrRoypd St Bk BBLRY Sl C onpound
layer i slaj@mmed cRmnthRgltngkiy: HRP&IP ibpRMidoRY §fer Of AELQ)‘?diH{_Ql@?ﬁ part of the
columar silicon layer. |If the dianmeter of the columar sificon |ayer
becones mwainks dificitihier thei KA esepeafte tdwtramtiabe sil i con conpound | ayer forned
on the columar silicon |ayer becones thick, the netal-silicon conpound
| ayer wilOPO%one ths abeve-menbencd wheivangnon it ayadabldiat hidaninpéhaiighlyy doped
r..and, chapnnel re9ion whi ch are forned_in the upper part of the

silicon(1a¥$ . ann | K: er.
col urmaroPr{ plisan |aygretormed, indhie Wpres pait o5 Kisge it sicon fayon7] Thekis,
above- I d..ph Tenon..i vOoi da Lg by, t hi ckening the high doped
silicogqp%§§$ﬁ 8?%@@85%tRH@“%BbSP“@%%P&WW‘Oﬁgiﬁﬁfﬂhﬁg?‘E@F?@%ﬁhgayer. That
i's, 3 MhaLsiliSo\@FGRAAH YayeStoksd il L Mabde Hb Il ek Shliggn |ayer
nore thickly fhén tﬁgﬁneng-sf#?bgﬁp%%ﬁ%%ﬁhg Iggggw’ﬁgﬁggﬂaﬁ%%hgqecones
thick agedifienddi gt Gghigidopbesiiedntanatis slopbaRnal BYR! [cRBEMBSIcsHiRhI - However,
since the electrical resistance of the highly doped silicon layer is

pr opor t itensihnaeofiiehipeiyglopedis!iabowgrmeitinaned if he highéy dipghlsylicdeped silicon
| ayer f rneg in the upper part of the columar silicon |ayer is thickened,
the el ect¥ éamedds the cohwanaspilicar lavpypngr sopéadhiskeiedon Thapbreiincr eases and
then it s difficult to.achieye the |lowresistivity. [0008]Usually, in a
MOS traﬁ%?%?%%%hﬁﬁglﬂégﬁFw§¥?x%%HAEHHﬁ%HHdE?g@bw‘%@?ﬁ@ @8hkfﬁé hi ghl y doped
silicony} rakl,No, S, el.ec a.source, .and a drain is forned
in the sl;a?}(e@pr og\i(gg(?vncg’stg‘?lgg% %@8&!%%&2&1%@&?@? K%’%_%P%F%Hegcon conpound
layer f @xﬁdmdsil%ntd?amﬂ@h_ﬂ@la?eld&l@@l%sﬁﬂlﬁdl&ﬁrﬂhé ANEI1cREF 1B QoReAr G8ES, el ectrode,
a source, and a drain is forned in the sane processing step as well as the
MOS t r aisics boroméERambfiotle, casathbthie SEkI-siMzen cf)mpﬂﬂuﬂﬂa?erti@f(ﬁ'ﬁeﬁfﬁﬁ gle-silicon
conpound | ayer in either of the highly doped silicon |ayers acting as a

gat e el dihibdencdsdinosdayeanfithduaper pag ofghcadolghhirsdon dagsounid theayer will be

f or med hn al | the highly doped silicon layers acting as a gate el ectrode,
sour ce, SHRFIrAithe coAdmBySlcoRdnET Beremes i apd dherhickness pf théon conpound

| ayer is farr on_the columar sem conductor..|layer, .the nmetal-silicon
conpoun “%%f@?%P§OF@PL(%BVﬁq§“ %f%£%§ﬁ3 B?wTﬂEF%¥§V%fX?WBmH%§ﬁF@edoped

si li conplaayesidare Iia 508 R _ L e Of ] e mar ..si)icon | ayer nust
be fornéd thiéf|§H§%Oé% tg avo?ﬁﬁ?ﬁgpgFﬂ?%hggﬁﬁﬁhgﬂgﬁébﬁg%% &gi!icon
conpoundighy éspet SARDA $ayeh aN@lankid RLAS whidh oRe FRSY tn tht RBp&! BeLJFAl

resi stance of this highly doped silicon layer will increase. [0009]In the
gat e el eclunodesibforSafer. t Hbissanses hakeyd alrrcas t he material which forns the
gate el ectrode often perforns gate wiring. Therefore, the lowresistivity
for thelY8é el dbe phate-ragndioged ehoppmienen isevaidhblebedhibyenfry this hightshe

met al -si.l i con.conpound |gyer thickly at the gate electrode and gate wiring.
Accor di AgRS 508 ﬁ“@%ﬁgﬁgéﬁt@b@ﬁﬁfP%hotwegéﬁgﬁgé‘ﬁé@l@ﬁﬁblﬂﬁ@?mAlso, in the
SOT, it often wires using a planar silicon |layer disposed under the
columar silicon layer. Therefore, the lowresistivity for this planar
silicon layer is achieved by form ng the netal-silicon conpound | ayer
thickly into the sane | ayer as the planar silicon | ayer, thereby enabling

t he hi gh-speed



4 operation of SGI. On the other hand, since the highly doped silicon

| ayer of the upper part of the columar silicon |ayer of SGTI connects to
electric contact directly, it is diff8cult to wire with this highly doped
silicon |l ayer of the upper part of the columar silicon |ayer. Therefore,
the metal -silicon conpound Iayer is formed between the electric contact and

he hi ghly doped tI to the thick
Gl Tect Lohgre Prcahbisditey figohe E‘wﬁv (i o en [ phaotedhekedfat i ty Tor ¢ he
hi ghl'y d%ﬂg s g(ﬂp%%ﬁlxﬁ%yepfﬁirh : H&}(bccgglrc[‘, %hci)(ﬁ1 Jlﬁ%@épmgﬂ‘ Pf%glnl Lg(r)rg Ot?éer

i s achi eve correspo ness O

layer. AsoliBiid sﬂﬂ%ﬂ E%Q?E@oonﬁdﬂ sﬁfaqer HoQeldll %Lé’mt ch@# e SEh Al sHehd con
conmpound | ayer at the upper part of the columar I con [ayer, there is no

ot her waligbiytdoped tifit@klayerfioprapbhivnhi @hhylcdgped aBoe@onionay.er tkor med in the
upper part of the columar silicon layer. However, since the electrical
reS|stanb@?bﬂbpﬁé%hL@hMyUdpr@imﬂh¢nmﬁnpayefimsmbmumomhunnmyuhm the | ength,
t he elec rical resistance of the hi doped silicon |ayer will increase
if the h WFV%B’{:&&%M &éﬁlq“a?/@frﬂ’f'g h?faré%l%i silgpiiayer ingreases@sditien it is
difficulg.t i ey e5|st|V|ty for the highly doped silicon |ayer
| ower . Aﬂ‘sgﬂqﬁra |q]%WEg%§87FﬁH§ &%ccurred between nul til ayer

intercon jon n h
trans, ot opol] hef‘é%“a“i”ﬁ%@%s*aﬁ ik AR O A ML AR e Rl oMoeea of

t ransi ste hi g$11}ddi(q:{@9 elficoh QAP S ARl S@kioal s%uﬁ@dﬁld'arﬁlé(ﬁﬁWF Rfneli e
above-nentioned situation, and the object is to provi de a sem conduct or

devi ce hadhngmsaMDsﬁacgemy c Adoda ke ISICELL itlesmendsihiedn svgnpaahd eyed

m ni aturization and, a fabrication nmethod for such sem conductor devi ce.
[00111 |iRriedien thedigtdn dencd siliwondansy actits asatgateelsdmideormpuncoandtevi ce
accordin first i nvention conprises: a first

aspect of the prese
pl anar s ﬁWd%ﬁH@@?gﬂhPégﬂFp“§£$Wﬂs¥ab%Vﬁ%L§F*§éﬁ?%@ﬁ@ﬁﬂ@orlmﬁyéquorned on

he fi ,
ts er6n c 'O lr1 S Ll él?éogﬂq awgér?ﬁ' Fiﬂﬁlgéé%ﬁ( mLﬁXi V\%élr:c 160&11(53&11%(% 19/?]1 em fcmjtg {0 f )c:(lbﬂdldgﬁar
sem condypl@ EillL@ﬁ/ REc@ReifR f fAiS &Ie@al &@agouﬁ,ec”h §P&1‘2HFB Aletd BYRDn a

second hi ghly doped senlconductor l'ayer formed in an upper reglon of the

first calowmmand kel widhstudhaed IneylEthe ANt IheeagilRos QRAMGEINS 4da g(x{@e sanme as a
onduct|V|ty type of the first highly doped sem conductor | ayer; a

first gat @-illod%lﬁbamp,rt@dfdlﬂum f Ap peolcsimeRd, whimribeindtal hgichi cahpaoidumar
sem conduct or on a sidewal] of the first columar sem conductor | ayer

bet ween '# 1?#0#@?6? pit gis1cp! t%b%aug@mlfé}&wd@wﬂw aypll-sdinon edrepaeddngr hi ghl y
dopec QT GRRTIFLEFKL U Ty bR P SRl 0 o

upper part of the columnar silicon layer must be formed thickly so as to avoid that this

spike shape metal-silicon compound layer reaches channel regions.  As a result, the

clectrical resistance of this highly doped silicon layer will increase.

[0009] In the gate electrode of SGT, the same material as the material which forms

the gate electrode often performs gate wiring.  Therefore, the low-resistivity for the

gate electrode and gate wiring is achieved by forming the metal-silicon compound layer

thickly at the gate electrode and gate wiring.  Accordingly, the high-speed operation

of SGT becomes enabling.  Also, in the SGT, it often wires using a planar silicon

layer disposed under the columnar silicon layer. Therefore, the low-resistivity for this

planar silicon layer is achieved by forming the metal-silicon compound layer thickly

into the same layer as the planar silicon layer, thereby enabling the high-speed



a first insulating filmfornmed between the first gate el ectrode and the
first planar sem conductor |ayer; a first insulating film sidewall
formed so as to contact a top surfacetof the first gate el ectrode and an
upper sidewall of the first columar sem conductor |ayer, and to surround

t he upper region of the first columar sem conductor |ayer; a second

| - i d I for .in the sa | ayer as the first
o1 anar < OnaB et 1S B e TR, ot ey abe vty ooper

i duct oF ik . f i1 St el I.C.contact rmed t.he secon
e Conde o oL 8Bk POeh b3 Sehegh e, RILAR! (BLIRGA0 e Second
and the siggandohiighiith doPRRhERMTEOHNGE BT el AR uﬁ{egﬁ]&ggg@%%nﬁﬁ ectly and

the first gate electrode includes a -first netal-s uctor conpound

| ayer. [€0d#] laRmef &hablore, thenictésilicomprrsiungd (& if fohneEbaleseii: conduct or

conmpound | ayer fornmed between the first electric contact and the second

hi ghl y depdiic setitha ond tet loghly alpped siliwariayen.  Since threerfioads ib tiche fifth

met al - sem conduct or conpound is a different type of netal than the netal of

the firstoraesdieglf ‘Hﬂg’tﬁé’ﬂ%i‘l"Séié)‘i?ﬁcﬁﬁﬁw("l”é%/'éyefa W lowaertvaly fefthehe second
al - sem, ..compound, | ayer. [00l13]Preferaply, the first gate

(rarF Eact rod[gg@(s{%ﬁg&r 8[%‘6’#3@ reors]'q;éle Wl?fﬁpg?dihgﬁé? L?IF‘PWI %H‘f%‘rlﬁ%‘a IHeNEA t he first

gate | NSURLHAMiL] bIAMILbS dihiShaR Ao EANdUSLET compaundy! aver.

[00141 In order to achieve the above object, "a sem'conductor device

accor di nghobve, ia osRe anthic$SPREM B nlcRE sLes efthpd UNERdr aNhe APPEipaRDra first

transi stor and a second transistor, the first transistor conprising:. a
first pltapaelugwni gbadueyor themyieno othef vag buictolthinkigriose tedogidyudbgsd | ayer
formed on the first planar sem conductor N _
silicon layer formed in the upper part of the columnar silicon layer, However, since
the electrical resistance of the highly doped silicon layer is proportional to the length,
the electrical resistance of the highly doped silicon layer will increase if the highly
doped silicon layer is thickly formed.  As a result, it is difficult to achieve the
low-resistivity for the highly doped silicon layer lower.  Also, parasitic capacitance
occurred between multilayer interconnections with the miniaturization of SGT as well
as the MOS transistor, thereby there was also a problem that the operating speed of
transistor is dropped.
[0010] This application is made in view of the above-mentioned situation, and the
object is to provide a semiconductor device having satisfactory characteristics and
having achieved miniaturization and, a fabrication method for such semiconductor
device,
[0011] In order to achieve the above object, a semiconductor device according to a
first aspect of the present invention comprises:
a first planar semiconductor layer;
a first columnar semiconductor layer formed on the first planar semiconductor
layer;
a first highly doped semiconductor layer formed in a lower region of the first

columnar semiconductor layer and the first planar semiconductor layer;



| ayer; a first highly doped sem conductor |ayer of a
second-conductivity type fornmed in the lower region of the first columar
sem conductor layer and the first plamar sem conduct or | ayer; a
second hi ghly doped sem conductor |ayer of the second-conductivity type
formed in the upper region of the 1st col umar senicondﬁct?r Iayer;

a first gate insulating filmforned so as tq surround the first col umar
senicondgctor T%?%W}hﬁﬁﬁ“ng%ﬂ%?Wo%thﬁ W@fI§W@€5}ﬂhﬁ%ﬁf§@ﬁmdﬁﬁﬂbcaorh:ayer
bet ween ff ' . nighl ! sem conduct or, layver and the second highly
doped seﬁ¥%8%3@§@5$hﬁg§%988pﬁgmE%HggywﬁffmaﬁfgvtV@%FP&HédTﬁrned so as to
sur r oundedra@cdiifySlpOatiGe RS Ul Aty &%cﬁ'sbimcgﬁd#c%‘ hydst gate insulating film
a first insulating filmforned between the first” gate el ectrode and the
first planar sefitscgndustianng &y rformed so as (@sdrtdugl tHha el @lurmgef 11 m si dewal |
formed so as to contact to a top surface of the first gate el ectrode and an
upper si tiaviedridugior talyer i 7 sitlewwd! ofthafirs enfucondsmtiosnduatpe tayanisktévecis ur r ound

t he upper region of the first col umar sem conductor |ayer; a second
met al - self &5&&%@%@@6ﬁﬁ@&ﬁﬁdwwévéﬁy@rrémﬁ@w seponchi ey Wepedaspaticaaduethe fir st

pl anar sem conductor |ayer so as to contact to the first highly doped
senicond@%?br | ayer; and a first electric contact forned on the second

h gy doped semeaRdEL B BNRL o L 0hAlIS BRI, TTRIRL gAY 5110

a second pl anar semm con sem conduct or

layer fomeeids:@tetiR@ifReansh; pl anar sem conductor |ayer; athird
hi ghl y doped sem conductor |ayer of a first conductivity type fornmed in a

| ower region of fishiesgeden@nc birton detveentiedhduetosledtayenndnd fihe second
pl anar sem conductor | ayer;
planar semiconductor layer;

a first insulating film sidewall formed so as to contact a top surface of the first
gate electrode and an upper sidewall of the first columnar semiconductor layer, and to
surround the upper region of the first columnar semiconductor layer;

a second metal-semiconductor compound layer formed in the same layer as the
first planar semiconductor layer so as to contact the first highly doped semiconductor
layer; and

a first electric contact formed on the second highly doped semiconductor layer,
wherein

the first electric contact and the second highly doped semiconductor layer are
connected directly and

the first gate electrode includes a first metal-semiconductor compound layer.
[0012] Preferably, further comprising a fifth metal-semiconductor compound layer
formed between the first electric contact and the second highly doped semiconductor
layer, wherein

the metal of the fifth metal-semiconductor compound is a different type of metal
than the metal of the first metal-semiconductor compound layer and the metal of the

second metal-semiconductor compound layer.

{0013] Preferably, the first gate electrode further comprises a first metal film



a fourth highly doped sem conductor |ayer of the first conductivity type
formed in an upper region of the second columar sem conductor |ayer;

a second gate insulating filmformed 80 as to surround the second col umar
sem conductor |ayer on a sidewall of the second columar sem conductor

| ayer between the third highly doped seniconductgr Iayerland tge ;ourtg

hi ghly doped, senm conductor | ayer: a second gate el ectrode forned so
asgtoysuﬁgﬁﬁﬂgdwﬁén'EéﬁﬁdﬁﬁéW%mPW§hﬁ%%Wth?ﬁﬁﬁﬂﬁﬁﬂﬁﬁ@“§@éwﬁ@'gate

i nsul at i 1%§kgha'r a second insulating filmfornmed between the second
gate eIe@%} de-and the second pl anar sem conductor | ayer; a second

I nsul ati @14 |Iﬁ§‘(§@i§%‘@r&lli%‘feoﬁlgﬁgov%%b§%t E\%eﬁfk@g&&{tﬁt(%V?C@ta&%)r&fﬂ'c’rftglg e of the

second gate el ectrode and an upper dewal e second coFumar
sem conduch@t aspayl @ theit@schPinyeitiehpiRE MPRErasehoRdAfset ¥ second

col utmar sem conductor | ayer; a fourth netal - sem conductor conpound
| ayer forarshtarn t he same | ayer as the second planar seniconductor |ayer so
as to contact the third highly doped sem conductor |ayer; and a

second el ect r i8¢ Hhrgetisiporamfistre t he fourth highly doped seni conduct or
| ayer, wherein irst electric contact and the second highly

the.f
doped senicondh@?%?m?%fgﬁ“ﬁpgmﬁﬁﬁﬁﬁ%ted.directly, the second el ectric
contac end e o B0 OB AT S e AL

directly, the firs el ectro inclu a _
compoundaj@yer, and the second gate el ectrode includes a third
net al - sem conduct or conpound | ayer

a first highly doped semiconductor layer of a second-conductivity type formed
in the lower region of the first columnar semiconductor layer and the first planar
semiconductor layer;

a second highly doped semiconductor layer of the second-conductivity type
formed in the upper region of the st columnar semiconductor layer;

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

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

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

a first insulating film sidewall formed so as to contact to a top surface of the
first gate electrode and an upper sidewall of the first columnar semiconductor layer and
to surround the upper region of the first columnar semiconductor layer;

a second metal-semiconductor compound layer {formed in the same layer as the
first planar semiconductor layer so as to contact to the first highly doped semiconductor
tayer; and

a first electric contact formed on the second highly doped semiconductor layer,



[ 0015] Preferably, further conprising a fifth netal -sem conduct or
conpound | ayer fornmed between the first electric contact and the second

hi ghly doped sem conductor | ayer; 7 a sixth netal -sem conduct or
conpound | ayer formed between the second electric contact and the fourth
hi ghl y doped sem conductor |ayer, wherein the metal of the fifth

net al - sem conductor conpound is a different type of netal than the netal of
the firstetal - sem conduct or conmpound and the netal of the second

net al - sem con or Is ind, and. the netal of the sixth
nmet al - sem conglﬁg%%’ronggl%qgﬁ%la@%plﬁ“}?i'ffer ent type of netal than the netal of

the third net@1ﬁ§gﬂjﬁgﬁggghggnﬁgggg%%g.and the metal of the fourth

nmet al - sem conduct or conpound. referably, further conprising a
first metal fidsachaf seenbetwaapntittorf hy&togddeod M8 YWkl Panki | m and t he
first netal -sem conductor conpound | ayer; and a second netal film

formed betueenrutielasecond gate insulating filmand the third
met al - sem conduct or conpound | ayer. [0017] Preferably, the first gate
i nsul ating fi lhiAdighhedencd semigapductdr lpyar af @ frgcaadictivoniywatenicdlis f or

configuring the.first transistor to be gn enhancenent type, and t he
second dhogmfHéﬁﬁ&#ﬁhb“?PWﬁ?iH@nWHﬁ”% WﬂohgfﬁVugﬁﬂﬁ$ﬁWéiW6WWed from

mat eri al $,.§94,4600f j,94t i ng the second transistor to be an enhancenent type.
[0018] I n 8# éﬁ to § ﬂfeve t he above object, a fabrication nethod for a

sem conduct or dewHE 8ipAGCRIHEH BenicBnductdd§Rr %@%%1‘st%f01laﬁk@iv%§?)i%nt I nvention

being a nethod for fabricating the sem conductor device oned above,
t he fabriboatd mompbhiodgioh oéflersesaidtohane eaduchdictslaxyge conprises the step
of: 9 preparing a structure including: the first planar
sem conduct or A gyend: gathiesyliing filpofaummdso setwi stondutthesedoayeolufrmnned on t he
a hard nmask being fornmed in a top surface

first planar sem conductor | ayer, ]

of the fSFP‘éW“@B‘Ft%%?f "é’é’rﬁ‘@dﬁi‘t&f%@ secaRbsoluppa eiemndpgighleyerdoped

sem con or Jayer. farmed in a.lower region of the first planar

seni con %g\%%ﬁl tl“é%/@fl b qﬁ%%%edfsfj?]é‘ion\é)ﬁ?twg" aélgﬁl?cc@HHh@f%‘fy qk%?gr; and a third

i nsul at ispgidonbiRibonp®d on the hard mask and the first planar sem conductor
| ayer; formng a fourth insulating film a third netal film and a

first sem conduetdm dagy@éctiole FithRdS8AYRNGRroRRd RS c8IHUE L ilating ~ €tching
the first sem conductor filmto renain the first senm conductor filmin a

shape offila ®i Hewedohd gatc anssiatiewdil; of the first col umar sem conduct or
| ayer; . .

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

a second insulating film sidewall formed so as to contact to a top surface of the
second gate electrode and an upper sidewall of the second columnar semiconductor
layer, and to surround the upper region of the second columnar semiconductor layer;

a fourth metal-semiconductor compound layer formed in the same layer as the
second planar semiconductor layer so as to contact the third highly doped
semiconductor layer; and

a second electric contact formed on the fourth highly doped semiconductor
fayer, wherein

the first electric contact and the second highly doped semiconductor layer are
connected directly,

the second electric contact and the fourth highly doped semiconductor layer



etching the third nmetal filmto remain the sidewall of the first col ummar

sem conductor |ayer in a shape of the sidewall; etching the fourth
insulating filmto remain the sidewal 8 of the first columar sem conduct or
| ayer in a shape of the sidewall; form ng a second sem conduct or

| ayer on results of the step of etching the fourth insulating film
formng a third se nductor | ayer so that results of the step of formng
Srisctor

t he secoffd “QE‘Fﬁ‘“& I ayer are enbedded, pl anari zi ng the second
sem conduct or ) nd the f

seni conduct or 123('2%1, %Er(l%?é’%ig emf%iéi% ot qgnﬁiaitsug %G%‘&Z‘%OB@OB [‘?fy“t he third
metal fijmis exposed etchlngthethlrd metal film nmade remaining

in the shape of the sidewall and the fourth insulating filmnade remaining
in the shape ohebtb@ngigaiewdlclio8®in@BideOa BXRABQaBRMIARANCS! S8MRdndof the first
col umar sem conductor |ayer, and then formng the first netal filmand the
first galkgeinsul ati ng film formng a second highly doped

sem conductor |ayer having a conductivity type sane as the first highly
doped selfddhdud 6?014[%39&1 9 COmErigipper region of the first col umar

sem conduct or rmng,an oxide filmsequentially

d trid
on results of %ﬁ%ﬁg{%ﬁ& Sgeo @J%‘Brﬁ‘ﬁ‘w&‘%k‘y?g@%& Qf’:tﬁ%‘%‘y?‘ﬁ(%%&[‘éeﬁﬂ conduct or
layer; contact afd @RI é&%}gﬁ hﬁ:ih?yxEggﬁdfskﬁmo?lﬁhct&hg%m tride filmso that the oxide

filmand the nitri the sidewall on the upper

si dewal | of thﬁ&.1f<ﬂhﬁ§étal¢s@ll"h'éﬂ"l@[mt@@éﬂlﬁ&RQH%y@[ fdiﬁ%@[)et%gn U%eseé-iﬂev"al | of the
hard mask, and then formng the first insulating filmsi ;

et chi ng dlveric corgict sediiedoauc highly dyed ,scmiiaencs,eﬁﬁr&@egemcc@ﬂduct or |l ayer and
the third sem conductor layer to remain at |east a part of the first

seni conduct or thew@tdl ahidretitidn Iset@bmlls@rduct@ndcmupcnmdlaagréﬂies@ua)a)ctcd surround
the first first metal film sidewall etching to

renove t‘H@nﬁﬁf i H“C ‘ﬂ%tﬂxll 0BLt“i“'n rst ekl SKBe B CPW@%&‘Je@ddhe srehphtdet he

sem con r nd, exposi ng the |rst pl anar sem conductor | ayer;
by deposfgg(%lﬁlgm(é%%set'%le%ldgﬁﬁg3?mﬂ‘%m§[ ftal on results of the step of exposing

the first plangs 3eMbEORIHBE Mot Bfleon Mn&gn pEAN! ishifrdeRqphd g metal with

a sem conductor included in the first planar em con yer and

meki ng reaal thivh thedRPASIFLIROhITE tidta WichTlc RISEHT CMPIMEY Ad IRGhaded g the first
sem conductor |ayer and the second sem conductor |ayer nmade to remain on

t he firsvumttetralalfsehivpndntor compoundy renovi ng an unreaeted netal in the step
of rrakl n react t he nmetal and the sem conductor, form ng the second
net al - Hﬂnduéﬂ‘%f?la@@nﬁeﬂﬁdcqﬂa&l@ﬂﬂgn the first pI anar seni conductor | ayer,

andformn th irst conduct conpo er in the first gate
el ect r ode. 9 eﬁisi metal In?n F(l)unu? g}:twecn L11 I%st g,aicrr&)}sﬂatmg iial%a and the first g

metal-semiconductor compound layer; and
a second metal {ilm formed between the second gate insulating film and the

third metal-semiconductor compound layer.
[0017] Preferably, the first gate insulating film and the first metal film are formed
from materials for configuring the first transistor to be an enhancement type, and

the second gate insulating film and the second metal film are formed from
materials for configuring the second transistor to be an enhancement type.
[0018] In order to achieve the above object, a fabrication method for a
semiconductor device according to a third aspect of the present invention being a
method for fabricating the semiconductor device mentioned above, the fabrication

method of aforesaid semiconductor device comprises the step of:



[0019] Preferably, further conprising the step of directly formng the first
electric contact on the second highly doped sem conductor |ayer formed in

t he upper part of the first columar $em conductor |ayer. 100201 According
to the present invention, the senm conductor device and the fabrication

nmet hod for such semiconductor device having satisfactory characteristics
and achieving the mniaturizat] n can belerV|ded BRI EF DESCRI_PTI ON OF THE
DRAW NGS [oozlﬁ’lc{’f}i‘}‘k%a sHuE s el i”é: ~1CtUdbt g senican g dyisadbe Brst devi ce

accordi NGt Qnd sdnr;(,s(tnda&gn ﬁg&nq? rrcgdg on 1%@ ﬁhsé pllafz)xlraixg '§Cje&ﬂ%8lld§¥t%ﬁ%‘i F;A%n FFI@\G 113

IS a cross- SECtIOI’la 1nt

2] FI G 2/aiishd@nEiRsed §?§¥dpo>ﬂﬁhccddfefgé ﬁm Lakenad Qa‘{(&ﬁ)dhbiﬁp 1 \fljc iu f FIG

IA, and FIG 213 is a cross-sectional diagramtaken in t 2-Y2' of

FI G 1A hipRly@opdd FdnGeodhicios [@yvet Rpmvd ave fodver ﬁ‘@gﬂd:ﬁbﬂh@ﬁls@pfaﬁm ' Cat' on net hod
of the sem conductor device according to the first enbodinent, and FIG 3B

i s a crogsisaiutionklycdirsighafist eddemnimsettieoridicter XyX; and a FHi@ méiAatu{gFl G

41 FI G Pl 8ross sectional diagramtaken in the line Yl -Y1l' of FIG 3A
and FIG ! @13)1% an éhooed swel peshie it admamandkeiiupier favers| i ne Y2-Y2' of FIG

fabricatjon nethod of
?ﬁe [FIG 3] Flfe‘mmg,dioul?h 111%P[a1m }Nln]; Odrtlm %}0?"11?Jl;%gaigcpgius?sc,mlcon uctor

layer in this sequence on the structure;

etching the first semiconductor film to remain the first semiconductor film in a
shape of a sidewall on a sidewall of the first columnar semiconductor layer;

ctching the third metal film to remain the sidewall of the first columnar
semiconductor layer in a shape of the sidewall;

ctching the fourth insulating film to remain the sidewall of the first columnar
semiconductor layer in a shape of the sidewall;

forming a second semiconductor layer on results of the step of etching the
fourth insulating film;

forming a third semiconductor layer so that results of the step of forming the
second semiconductor layer are embedded,

planarizing the second semiconductor layer, the third semiconductor layer and
the first semiconductor layer and ctching back so that an upper region of the third metal
film is exposed;

etching the third metal film made remaining in the shape of the sidewall and
the fourth insulating film made remaining in the shape of the sidewall so as to expose
an upper sidewall of the first columnar semiconductor layer, and then forming the first
metal film and the first gate insulating {ilm;

forming a second highly doped semiconductor layer having a conductivity
type same as the first highly doped semiconductor layer in the upper region of the first
columnar semiconductor layer;

forming an oxide film and a nitride film sequentially on results of the step of



sem conductor device according to the first enbodinent, and FIG 513 is a

cross-sectional diagramtaken in the line X-X of FIG 5A [FIG 6]FIG 6A
is a cross-sectional diagramtaken iff0the line Yl-Y1' of FIG 5A and FIG
6B is a cross-sectional diagramtaken in the line Y2-Y2' of FIG 5A [FIG

/]JFIG 7A is a top view for explaining the fabrication nethod of the

sem conduct or e\(i\ce (f ‘E“éhg to th first enbodinent, and FIG 713 is a

cr oss- settPEde “‘*&5‘?3}%% *?f“t“ﬁ%‘w(ﬁéd})@hx of FIG 7A [FIG 8]FIG 8A

IS a cross-sec neY YL -of FILG 7A  and FIG

813 is a cr oss&és[glg |hé’g)a iag %’g‘ﬁ? lhlﬁn f‘hﬂfa 11 exigs f@? ‘“%&cr—‘}‘@dc?A [FI G
9 FIG 9 ﬁnﬁnﬁiﬁpa%a%WofEHé sﬁfépvlaﬁ'oﬂ'liﬁg b 131%1@ LGBk h@%ﬂlﬁctogﬂga fthe

sem conduct or device according to the fi odi nent 913 is a

Cr oss- sewhiicomalictdi Bgeeandttak sidewill bhde ﬂlhﬂﬂlﬂl}é@k&ncﬁﬁeiﬁoﬁm1%!1@ [ikkG 10]FIG 1
QA is a cross-sectional diagramtaken in the line YI-Y1" of FIG 9A, and
FIG 1 CBSuisUiHD lchrosdewdtt i onal di agramtaken in the line Y2-Y2' of FIG 9A
[FIG II]FIG 1A is a top view for explaining the fabrication nethod of
the sem conduc"ct‘d}m%ﬁ‘é\fhi&@ Sﬁ’@é@ﬁé‘l‘%@ lpysert the seqond seraiepistiicins hyer amrblthlcl G 1 1B

X-X .of FIG A. FI G
o & A R Jo B O S st B LT iR Y of Pl |

A and G ReohdBhihRoRnflRIye? 85 hd QM\kofh AR HIL SRR Btk bt B8 s ifeaf 2 Y2 Of

film sidewall;

ctching to remove the third insulating film exposed in the step of etching the
semiconductor layer and exposing the first planar semiconductor layer;

by depositing and then annealing a metal on results of the step of exposing the
first planar semiconductor layer, making react the deposited metal with a
semiconductor included in the first planar semiconductor layer, and making react the
deposited metal with a semiconductor included in the first semiconductor layer and the
second semiconductor layer made to remain on the first metal film; and

by removing an unreacted metal in the step of making react the metal and the
semiconductor, forming the second metal-semiconductor compound layer in the first
planar semiconductor layer, and forming the first metal-semiconductor compound layer
in the first gate electrode.
[0019] Preferably, further comprising the step of directly forming the first electric
contact on the second highly doped semiconductor layer formed in the upper part of the
first columnar semiconductor layer.
[0020] According to the present invention, the semiconductor device and the
fabrication method for such semiconductor device having satisfactory characteristics
and achieving the miniaturization can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

{0021]

[FIG. 1] FIG. 1A 1s a top view of a semiconductor device according (o a first



12 [FIG 13]FIG 13Ais a top view for explaining the fabrication nmethod of
t he sem conduct or device according to the first enbodinent, and FIG 13B is
a cross-sectional diagramtaken in tHd line X-X of FIG 13A [FIG 14]FI G
14A is a cross-sectional diagramtaken in the line YI-Y1" of FIG 13A and
FIG 14B is a cross-sectional diagramtaken in the |line Y2-Y2' of EI(Cji %LBA.
FIG 15]F| G. 15A is a top.view for explaining the fabrication method of
'Ehe sem "IBh‘%JE‘FB?O‘dg?/l’%?émgé‘b"&%‘i“hémé B[@H@ Bigr&psseRpisuhdiseranalakerin G 1]55 is
a Cross-secGti v di-ggram taken in the line X-X of FIG I5A [FIG 16]FI G
16A is aﬁlgﬁfggg{lgdegﬂ g%‘a&%‘di agramtaken in the line Yl-Y1' of FIG f 1|5:,|AG and
FIG 1618is 2a Cr oSSpiseohiionalesiaqr Aken Jdin b heel Y1 8¢ et
15A. [FI g §17 FI G sf%giei ) [ggt 0069\%/?%\% o({lg“g%pltégﬁﬂﬁﬂgmt h{e%e%}abrll %faltllﬁon met hod
of the sémiaENUGCRBrs dexisCecclicfAdHgngn tdkeh hewkimstyeyhogiment o and FIG 17B
is a cross-sectional diagramtaken in the line X-X of FIG 17A. [FIG
18] FI G IFI8A3}s a cridés3ddetiqnebwdoagpaimibakdbricatishecthonef ¥e- Y1' of FI G
17A, and FIG 18B is a cross-sectignal diagramtaken in the line Y2-Y2' of
FI G 17ACngprguetpyyieyies aceoudingtoghe Gist gnbodiment, expl Ki-Mibhig at he f abri cati on
met hod of the sem conductor deyice acgording to the first enbodi nent, and
FIG 191%‘"?Séseéia%lffaéé?gédé‘&{"i%lhﬁ‘ltY“aflaﬁ : ?&1142%131% the line X-X of FIG | 9fA.
FI G 20}4 20A i s - Sect | |agram taken inhe |ine Yl -Yl' o
Fa 1ok Canh ra 261 3A TS RELAE0R ARt PR BPR P ek 14 e

Y2-Y2'  OSARIGFIGOAB if £LiGos-ebliFhdPdiadleth taked i BB 1Mk §- 197 18%8! @)ni ng the

fabrication nethod of the sem conductor device according to the first
enbodi nefill. &hd FI GFIG1RAIISa aopories Sorseplainnathedhintagsh hRa drthd he |ine
X-X of FIG 21A (QFI G 22]FIG 22A is a cross-sectional diagramtaken in
t he | i nesemicopgluctef dgviag according to the first embodiment, and FIG. 5B is a

cross-sectional diagram taken in the line X-X' of FIG. 5A.

[FIG. 6] FIG. 6A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.

SA, and FIG. 6B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 5A.

[FIG. 7] F1G. 7A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 7B is a

cross-sectional diagram taken in the line X-X' of FIG. 7A.

[FIG. 8] FIG. 8A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
7A, and FIG. 8B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 7A.
[FIG. 9] FIG. 9A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 9B is a
cross-sectional diagram taken in the line X-X' of FIG. 9A.

|FIG. 10] I'1G. 10A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
9A, and FIG. 10B is a cross-sectional diagram taken in the line Y2-¥2' of FIG. 9A.
|FIG. 11} FIG. 11A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 11Bisa
cross-sectional diagram taken in the line X-X' of FIG. 1TA.

[FIG. 12] FIG. 12A is a cross-sectional diagram taken in the line YI-Y1' of FIG.
11A, and FIG. 12B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 11 A.



21A, and FIG 2211 is a cross-sectional diagramtaken in the |line Y2-Y2' of
FIG 21A [FIG 23]FIG 23Ais a top view for explaining the fabrication
met hod of the sem conductor device ad@ording to the first enbodi nent, and
FIG 23B is a cross-sectional diagramtaken in the line X-X of FIG 23A
[FIG 24]FIG 24A is a cross-sectional diagramtaken in the line YI-Y1l of
FI G 13,F2 A .and FIG 24B is a cross-sectional diagramtaken in the line
Y2-v2' off1er &3] 23a. [[IF BA 57 opqiicw b axglaning feviluwation metherl af Hieng t he

enbod: menonedROR e isbB2p 85 GINCHEL BhprHichC arSE ML BIken fn ot ne i1 ne
XX o 50 2t bibGm 2RLF e ARAN S Arficpsgasect i onal di agram taken in

the line YI- and i's a cross-sectional diagram

t aken i H[FEIUEIM ne YR1(Y2 4 20fs aFdr&as-s@&Hdnal &b&am@tﬁﬁﬂ G thiffe V8- Lepiyi ew for

expl aining the fabrication nethod of the Sem conductor device according to
t he first3/embddieM isandodteciidiaBdiagram akassribelihd Upal2' df ags.ama aken in
the line X-X of FIG 27A. [FIG 28]FIG 28A is a cross-sectional diagram
t aken i nl¥l&elfl ne YIII§115hfs Flogviayfyr candinmnghe 2g8icadoramethod of Hect i onal
diagram taken in the ne Y2-Y2' o G 27A. [FIG _29]FIG 29A is a top
vi ew for® "lﬂiﬂngf‘ﬂf"h%wt“‘r‘rea%%fﬂmfvdatui“’o{iﬂSh?é’tl mgpt, %I%r}?édﬁﬁluct or device

di d Fl is a cross-sectional
Slcgg:alm Oisesﬁgl nm[ %‘ag (N ne {RF{EQ m(figge %{9126 ? I'G 30] FIG 30Ais a
Cross-sqgiGongy di agl’@”ﬂ@/@i@%%és@ sb&ifonhl ('ﬂ%:)i\ﬂnt llcYn iy éﬁl YE—?@:‘ oggg}_':l G 3013

is a cross-sectional diagramtaken 1n the Il ne [FI G
311 FI G BkAaihs FIG B Miaeodaecinal dih@laﬂgaké}ﬁnftﬁcbﬁﬁ@‘ﬁywofTEf-G'IQGAQf t he

sem conduct or device according to the first enbodinment, and FIG 31B is a
cross- sd€iGohdl di adi@nl Taakentopwidvhéorlek plainkd¢he ¢fbricht@n 13dBod of the
semiconductor device according to the first embodiment, and FIG. 17B is a
cross-sectional diagram taken in the line X-X' of FIG. 17A.
[FIG. 18] FIG. 18A is a cross-sectional diagram taken in the line YI-Y1' of FIG.
17A, and FIG. 18B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 17A.
[F1G. 19] FIG. 19A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 19B is a
cross-sectional diagram taken in the line X-X' of FIG, 19A,
IF1G. 20] FIG. 20A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
19A, and FIG. 20B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 19A.
[F1G. 21] FIG. 21 A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 21B is a
cross-sectional diagram taken in the line X-X' of FIG. 21A.
[FIG. 22] FIG. 22A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
21A, and FIG. 22B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 21A.
| FIG. 23] FIG. 23A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 23B is a
cross-sectional diagram taken in the line X-X' of FIG. 23A.

[FIG. 24 FIG. 24A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.



[FIG 32]FIG 32A is a cross-sectional diagramtaken in the line YI-Y1l of
FIG 31A and FIG 323 is a cross-sectional diagramtaken in the line
Y2-Y2' of FIG 31 A [FIG 33]FIG 338 is a top view for explaining the
fabrication nethod of the sem conductor device according to the first
enbodi ment, and FIG 333 is a cross-sectional diagramtaken in the |ine
X-X of FIG 33A [FIG 34]FIG 34A is a cross-sectional diagramtaken in
the |ine2¥h-apd Flgs 243 @ a gow-seqiienaFiagragyBkesinghe hips ¥ 26X wof GHal 23d%.agr am
taken in jne Y2 ¥2' of F|G .33A. [FG. 35]FlG 35A s top view for
expl ai ni H‘td%{}ﬁ@ f abr IZIJ({I'I? : 1%1‘1‘?0%“81{0%%8{3%% 5 heiceten B 103«?1 H¥ording to
the firsg, I L G . 3hB:I.S.. 0SS Liconal, .di agram taken in
the li neéc)lgi)g(:9 g%% I%EP%”C%%%@“ 410t?[ﬁ([ gs%%fﬁ%%ﬁ%%iﬂ fs(l‘a“%cizgrl?fsls_- sect i onal

di agr am ¢akegeciibnd BRghnN &K invihe 1188 XEkGor 30/25and FIG 36B is a
cross-sectional diagramtaken in the line Y2-Y2' of FIG 35A [FIG 37]FI G
37A is aRI6p26] ew f 61G.E200 Riandrag-dbeorhbbinpaat o ibORe vi-Yhef FIG. .
sem conduct or device according to the first enbodinment, and FIG 3713 is a
cr oss- sedth.ondIdi Ay bra arasserscliona Higglaimigkot X thofinFY & YZB BAFIGRSA. 38] FI G
38A is a cross-sectignal_diagramtaken in the line Yl-Y1" of FIG 37A and
F1 G 381108 23 or os Sge%?fi\éﬁ}fatopdil%@#%ﬁxww ihp fatpisatiommetppd phtheof FI G
37A. [FIG. . G, top view for explainjng. fabrication nmethod
of the s%lrﬁlg(%lﬁg%ﬁ %%?Qe%ﬂ%%@_“%c@cwcdﬁlf‘ibu{l%(_’cﬁlﬁ‘gntf f”?'d_slfllq{e%ggd? frent, and FIG
3913 1S GosraefonPihb ARl AAMETH RERNLAG Bpa] T ne XX of FIG 394 [FIG
40]FIG 40A is a croSs-sectiona lagramtaken in the line YlI-Y1" of FIG

39A, andFIGG28K0B i BI@ MO8 S-S@siseandh] dh@amamkdnakem: ik Yosrliopery2- Y2' of
FIG 39A. [FIG 41]FIG 41Ais a top view for explaining the fabrication
met hod of7A.led FIG. 28B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 27A.

[F1G. 29} FIG. 29A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 29B is a

cross-sectional diagram taken in the line X-X' of FIG. 29A.

[FIG. 30] FIG. 30A 1s a cross-sectional diagram taken in the line Y1-Y1' of FIG.

29A, and FIG. 30B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 29A.

[FIG. 31] F1G. 31A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG, 31Bisa

cross-sectional diagram taken in the line X-X' of FIG. 31A.

[FIG. 32] FIG. 32A is a cross-sectional diagram taken in the line YI-Y1' of FIG.

31A, and FIG. 32B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 31A.

| FIG. 33] FI1G. 33A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 33B is a

cross-sectional diagram taken in the line X-X' of FIG. 33A.

[FIG. 34] FIG. 34A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.

33A, and I'IG. 348 is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 33A.

[FIG. 35] FIG. 35A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 35B is a

cross-scctional diagram taken in the line X-X" of FIG. 35A.



sem conductor device according to the first enbodinent, and FIG 4IBis a
cross-sectional diagramtaken in the line X-X of FIG 4lA [FIG 42]FIG
42A is a cross-sectional diagramtakédd in the line YI-Y1' of FIG 41A, and
FIG 42B is a cross-sectional diagramtaken in the line Y2-Y2' of FIG A41A
[FIG 43]FIG 43Ais a top view for explaining thﬁbf gbrl cati ondrreH;thlgf_
the sem d or device according to the first enbodi nment, and is
a cross- g[g'g’t iggtal d?ﬁ@r%ﬁ‘ﬁ isafk‘é'ﬂssl“s}‘?dt“ﬁ‘é‘i fiagwmdaken grihelieg YA9W' of i@ 44] FI G

A 1S 5L IaloCLagt A BN BT IR 0 Bl EIS, 48 o

FIG 4413 is a cross-sectiona

43A. [FI@ASKFI G 4368, ads § o) WS QPSR Bl Thiigtalibe ARk IL¢aL! on et hod
of the sEani con’guctor g}evi ce %C ordi\rll%(“?gdtﬁeéﬁbrgt élhglgallcnento, and FI G
4513 i s sndreriseweddianakodiagnamn iakenbédimkheahd RR; %7K sef FIG 45A. [FIG
46] FIG 46A is a cross-sectional diagramtaken in the line YI-Y1l' of FIG
45A, andcipssgecd@rBdiagram tkos s betine 8Rll ofdilegBam taken in the line Y2-Y2' of
FI G 45A kFIG 47] FIG_47A is a top view for explaini ng the fabrication
met hod Qfﬁ nd8ken cBHaud ois ageesseecimabiiagiag: teken meh¢ linsY 1afodFHent, and
FIG 4713,1s 3,.,15 & 0ss-sectional .diagramtaken.in Jine X- X of FIG
A7A. [FI éA’ﬁﬁfﬁl’é 28R ﬁlg“’“"as%‘n’%*‘é-@@%‘@ h Gl '“dﬁ‘ab?%%&@@ﬁm(h ¥He I'ine i
YI - Y1 off 1 47A, and-Fl G, A8B.: 1 , -sgetdonal. di agram.taken in the
l'i ne Y2-[$2I'EJ' g?'] FI G 13{}}638):/%%aGt%%?é(]@f%&élgﬁﬁi?%ﬁ'gtfébg%&\}?ne% 8?% IISI aining the

fabri catdeaficomtiftoddficet ReoRIY 16 ANABGE Qhb&BMLSCaRFERT dbRYs 0 the first
embodi ment, and FIG 4913 is a cross-sectional diagramtaken in the |ine

X- X' of dEbGrsedi@ohal flikki@m GRAFINGhe BOAXES' & [UGO3BASsecti onal di agram taken in

the line Yl-Y1l' of FIG _
[FIG. 40] FIG. 40A is a cross-sectional diagram taken in the line Y1-Y1' of FIG,
39A, and FIG. 40B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 39A.
[F1G. 41] FIG. 41A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 418 is a
cross-sectional diagram taken in the line X-X' of FIG. 41 A.
{FIG. 42] FIG. 42A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
41A, and FIG. 428 is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 41A.
[F1G. 43] FIG. 43A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 438 is a
cross-sectional diagram taken in the line X-X' of FIG. 43A.
[FIG. 44] FIG. 44A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
43A, and FIG. 44B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 43A.
[FIG. 45] FIG. 45A 1s a top view for explaining the fabrication method of the
semiconductor device according (o the first embodiment, and FIG. 45B is a
cross-sectional diagram taken in the line X-X' of FIG. 45A.
[FIG. 46] FIG. 46A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
45A, and FIG. 46B is a cross-sectional diagram taken in the line Y2-Y2' of FIG, 45A.
[FIG. 47] FIG. 47A 1s a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 47B is a



49A, and FIG 50B is a cross-sectional diagramtaken in the line Y2-Y2' of
FIG 49A. [FIG 51]FIG 51A is a top view for explaining the fabrication
met hod of the sem conductor device acidording to the first enbodi ment, and
FIG 51B is a cross-sectional diagramtaken in the line X-X of FIG 51A
[FIG 52]FIG 52A is a cross-sectional diagramtaken in the line Yl-Y1l of
FIG 51A, and FIG, 52B is a cross-sectional diagramtaken in the |line
Y2-Y2'  oftopiescligna digepniakenrihgling XaXi of WIG.dgAvi ew for expl ai ni ng the

e 296@5?%3%25@019%2%'&?5531‘.3@#&?4lflawﬁf AT T ne
X- X of ﬁ&i adAG, L8 53 4 (ggﬂ L@tl%{éi?l&gﬁlg Ajgﬁ&?ﬁislhé R 'v‘ir&ai ?F"Ia(gr taken in

the line YI-Y1" of FIG a cross<secti onal |agram

taken i n[RIGE 4b] ne Y2 g 29AQ§ a de@m@:ﬁeﬁf cbea g %]Y@r@qttéﬁsﬂdﬁd%lﬂlp vi ew for

expl aining the fabrication nethod of the seniconductor device according to
the firsicnenbodiwerdtyicamdofdig wibd 8rsi smbodiness as@EIG.09@l isdi agr am t aken in
the line X-X of FIG 55A. [FIG 56]FIG 56A is a cross-sectional diagram
t aken i nﬁlpﬁﬁe‘*qtil‘?iéll iagym ekeringhe 58AX-Xhel IHGG4956B is a cross-secti onal

di agram n Y2-Y2' of FIG . G 55A. [FIG 57]FIG. 57Ais a top
vi ew for'tﬁgt;psgd nin ﬁ%%egbfj\aﬁr“l CATSAIGRS Rigerapy 1“{‘%‘“§M1%Xé%¥ '&f Ffeévi ce

i agr am TAkaRETRC: %@‘1 FABRPRG R Rin Pl it S BT RRHACR"
Cross- 59[@[(?5?{ di agnansiakend Wlé\p%iléxﬁﬁlqﬂ%ﬁé%&(ﬁﬁ)&m@%éof -d FIG 58B

is a cross-sectional diagramt ken int A [FIG
59] FI G s@icdmluaot 0@/isd eebiliarg ©xid AisbémBodimend akl FEatsiigns get hod of the 16

sem conductor device according to the first enbodinment, and FIG 59B is a
Cr 0ss- sexpiscrsationdi digpam tabkeim thalinh X-Xi old 1% XIAof FI G 59A.
[FIG. 52] FIG. 52A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
31A, and FIG. 52B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 31A.
[F1G. 53] FIG. 53A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 53B is a
cross-sectional diagram taken in the line X-X' of FIG. 53A.
[F1G. 54) FIG. 54A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
53A, and IFIG. 54B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 33A.
[FIG. 55] I1G. 55A is a top view for explaining the fabrication method of the
semiconductor device according (o the first embodiment, and F1G. 55B is a
cross-sectional diagram taken in the line X-X' of FIG, 55A.
|[FIG. 56] IFEG. 56A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
35A, and FIG. 56B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 55A.
[F1G. 57] FIG. 57A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 57B is a
cross-sectional diagram taken in the line X-X' of FIG. 57A.
[F1G. 58] FIG. 58A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
57A, and FIG. 58B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 57A.

[F1G. 59] FIG. 59A is a top view for explaining the fabrication method of the



[FIG 60]FIG 60A is a cross-sectional diagramtaken in the line YI-Y1l of
FIG 59A, and FIG 6013 is a cross-sectional diagramtaken in the |ine
Y2-Y2' of FIG 59A [FIG 61]FIG 61A6is a top view for explaining the
fabrication nmethod of the sem conductor device according to the first
enbodi nent, and FIG 6113 is a cross-sectional diagramtaken in thekl i ne
X-X of FIG 61lA [FILG 62]FIG 62A is ross-sectional diagramtaken in
the | i ne®SPHCRALUCIHF Uggs ¢ d‘éi’[}ﬁimifalﬁdh‘?—'ﬁ@ L’Gg%ﬁil@ll‘aa%‘fbgg ¥8dtponal di agram

taken i ”cx‘bt!f%écl i)@l@g%‘ ta&n F Lﬁ dm“% %( 1?&,1?5}3“ G 63Ais atop viewtbr

expl ai ni ng ion hduct or devi ce according to

the firsfriengofi meni;c g i'zla%ms@?%%g’udn%l %a%t%&?@kéﬁ%h@ﬂﬁc vihaglamdaken in
the line X-X of FIG 63A [FIG 64] I's a cross-sectional diagram

taken i nsdhemkdimie. oIB ¥k m@@cgu%bi%naﬁ&ﬁydaﬂ@kcﬁl @ th&MASYLSYV R oE FR3SFoRect | onal
diagramtaken in the line Y2-Y2' of FIG 63A [FIG 65]FIG 65Ais a top

vi ew f or [ Hd&pba] ni ng et fAlryd matvion forekhlathinf tht Hebreetivec ordudbéthedevi ce
according to the first enbodinment, and FIG 65B is a cross-sectional

di agr am TAKENGURLF fevigs areording todhe FﬁISGmB(?}Wm{“FW@ FISBIoRBGs 466A is a

Cross- sectlona{ ram g ken th%nk ?(I of FIG 65A, and FIG 6613
is a crog8SEEty ‘8\1.3 2ELG %ﬂﬂ“t‘h%ﬂ“ t 2-Y2' of FIG 65A. [FIG

67] FI G ato i r i f the

sem cond[g‘c?orhﬁ]dew cglgcég%(rggﬁé&iégL?L& P&aé?l% t%g&d‘hq}% R&Yﬁlﬁaé 7Bis a
cr oss- segitA, Qnalridi @ M drakabetlidhal M8 glabn@kelr i thOfind VR YD 6AFId, %'1% 68] FI G
68A is a cross-sectional diagramtaken in the line YI-Y1l' of FIG 67A and
FI G 68HHIE. &3cr oss-1¥6chlonad todivagy &mekpliiing the fateichiimem¥Bod 3l ef FI G 67A
[FIG 69]FIG 69A is a top view for explaining the fabrication nethod of

t he semi€BheuEteer dféwt@@madmgﬂd|1!mgfﬂt3bcmftmhrﬁlcmtsancblniﬁotﬁﬁﬂﬁm and FIG 6911

IS a cross-sectio di agram t aken |n ;the line X-X' of FIG 69A. [FIG
70] FI G C?’%&'%‘*ﬁ“%aﬂ&’dé@ms‘égﬁm rias gk XX thllGk@Win the line YI-Y1' of FIG

[FIG. 64] F1G. 64A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
63A, and FIG. 641 is a cross-sectional diagram taken in the line ¥2-Y2' of FIG. 63A.
[FIG. 65] FIG. 65A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 65B is a
cross-sectional diagram taken in the line X-X' of FIG. 65A.

[F1G. 66] FIG. 66A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
65A, and I'I(. 66B is a cross-sectional diagram taken in the line ¥Y2-Y2' of FIG. 65A.
[FIG. 67] FIG. 67A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 67B is a
cross-sectional diagram taken in the line X-X' of FIG. 67A.

(FIG. 68} FIG. 68A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
67A, and FIG. 68B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 67A.
[F1G. 69] FIG. 69A 1s a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 69B is a
cross-sectional diagram taken in the line X-X' of FIG. 69A.

[FIG. 70] FIG. 70A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
69A, and FIG. 708 is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 69A.



69A, and FIG 7013 is a cross-sectional diagramtaken in the line Y2-Y2' of
FIG 69A. 17 [FIG 71]FIG 71A is a top view for explaining the
fabrication nethod of the sem conductl@r device according to the first
enbodi ment, and FIG 7113 is a cross-sectional diagramtaken in the line
X-X of FIG 71A. [FIG 721FIG 72A is a cross-sectional di agr?mdt aken in
the line Yl -Y1' of FE 71A, and FIG 7213 is a cross-sectiona i agram

t aken i nl-lﬁﬁeﬁl ne Yili%ﬂ/&” FH{oR, Viepy for "[‘I‘—’*d@“é?@‘fIf“?lGCdU’@N“F%wé of 81 vi ew for

ining. d d di t
The 11 rstdsdlfut ARl AR ERTR 096 Bt LMEGRRRCORERT: RarThi or am taken-i n
the i neu?)%szgccf?(gndlfhncfi\'yJ?’ﬁk(f‘l{ ’I:ltﬁ:‘ hlzélkl:k%{ YIé}Aglﬁ a cross-sectional diagram

taken in the Iitne YI-Y1 74B is a cross-sectional

di agr am [rakenzj n t heidimna M%—d&s q@éu(ﬁxbﬁ-jmg@ﬁx takdnl iBthe/ RISV BY 17 3AFIG @ top
view for explaining the fabrication nethod of the sem conductor device
accor di nj A.ent kéGf T’QrBstS aambrsdicoemt] diagdnAbken K318l esY2- ¥ a8 BIG.eal. onal
diagramtaken in the line X-X of FIG 75A [FIG 761FIG 76A is a

cross- sddGordl  di ad‘ﬂ%rnﬂ/’av@emmpmqvh@i|q>cnfeuxwftmfalmrcatrrq:encmmof&md FIG 76B
IS a cross-section mtaken.in Y2' of FIG 75A. [FIG
771 FI G *’?‘7%‘11?”%{0&@%” 3&&?26}&‘8% %ﬁsh‘rlﬂb‘)"é%“tf%mﬁﬂéhﬁﬁhs #ret hod of the
seni con Qr. CQ. _ .f odiment, and FIG 7713 is a
cross- sgdé‘?%%%%ﬁ%aﬁ‘ 8%%’% '?J‘ﬁ“ ﬂ%‘]‘; th“%ﬁex frﬁ%( iﬁof FIG 77A. [FIG 78]FIG

78A is greGOSS sectmpa;u/\@ls@%@ms&é%@.m d155féIaJﬁQalL911QH thd i@ YPfYﬂFgﬁ i¢.’A and
FIG 7813 is a cross-sectional diagramtaken i1n the |ine Y FI G
TTA. [ FITBA, 184 FI(G. 7479iA ai csos8-st@pnui déngbaraesphahdlingyz-he' Habrd.caii on met hod
of the

[FIG. 75] FIG. 75A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 75B is a
cross-sectional diagram taken in the line X-X' of FIG. 75A.

[F1G. 76] FIG. 76A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
75A, and FIG. 76B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 75A.
[FIG. 77] FFIG. 77A 1s a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 77B is a
cross-sectional diagram taken in the line X-X' of FIG. 77A.

[FIG. 78] F1G. 78A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
TTA, and FIG. 788 is a cross-sectional diagram taken in the line Y2-Y2' of F1G. 77A.
[FI1G. 79] FIG. 79A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 79B is a
cross-sectional diagram taken in the line X-X' of FIG. 79A.

[FIG. 80] FIG. 80A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
T9A, and FIG. 80B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 79A.
[FIG. 81] FIG. 81A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 81B is a
cross-sectional diagram taken in the line X-X' of FIG. 81A.

[FI1G. 82] F1G. 82A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.



sem conductor device according to the first enbodinent, and FIG 79B is a
cross-sectional diagramtaken in the line X-X of FIG 79A [FIG 80]FIG
80A is a cross-sectional diagramtakd®d in the line YI-Y1l" of FIG 79A and
FIG 80B is a cross-sectional diagramtaken in the line Y2-Y2' of FIG 79A
[FIG 81]FIG B8lAis a top view for explaining thﬁbf gbri cati ondrrE} ?;Odsf)fs _
t he sem vice according to the first enbodi nent, an i's
a cross- ‘i“gdg g?eé&r‘h%f)%a%é%oi} diagean) faken e the ligy YR1E' o TIC. §1A.G gzém G
{ Y1' of EIG 1 1A,

i t
and IFiSGaIFg5'1§§ SCa OROe b SUCP B B S e s PR R T8z ot FI G
81A [ Fl Goni8HbGr d834 dRoid, A V¢ A EAbodiRhELN P AR (L gbri cat i on method
of the sem conductor device according t e rment, and FIG

8313 i s @oeressostdiiponalakei Rghame KR Nof FIct tagA.!lne X-X of FIG 83A [FIG
84]FIG 84A is a cross-sectional diagramtaken in the line Y14{11 of FIG
83A, and FI:G84B413 G4y bssrswatiional didgagr @kent iakenlinnY el loif TeG.Y2- Y2'  of
FIG 83A. [FIG 85]FIG 85A is a top view for explaining the fabrication
met hod of34-Hed i t0hsucroys-sgelianebdigeeny @kengintte ireY2i¥2 of Ebddidrent , and
of FIG 85A

FIG 85 . | d taken in the lLine X-X
[FI G 8(131%’! N ‘§?g%§523?@88{“?‘%g|@’48 PUGERE fesAtiehmehedof HE v - v1 of

P16, B enff Bl G (8RR dSoiny @SR RFLLONR M AU AW k3KSP, 1 N the Tine

cross-sectional diagram taken in the line X-X' of FIG. 85A.

[FIG. 86] F1G. 86A 15 a cross-sectional diagram taken in the line Y1-Y1' of FIG.
85A, and FIG. 861 is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 85A.
[F1G. 87] FIG. 87A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 87B is a
cross-sectional diagram taken in the line X-X' of FIG. 87A.

| FIG. 88] FIG. 88A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
87A, and FIG. 88B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 87A.
[FIG. 89] FIG. 89A is a top view for explaining the fabrication method of the
semticonductor device according to the first embodiment, and FIG. 89B is a
cross-sectional diagram taken in the line X-X' of FIG. 89A.

[FIG. 90] FIG. 90A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
89A, and FIG. 90B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 89A.
[FIG. 91] FIG. 91A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 91B is a
cross-sectional diagram taken in the line X-X' of FIG. 91 A.

[FI1G. 92] FIG. 92A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.
91A, and FIG. 92B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 91A.
[FIG. 93] FIG. 93A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG.93B is a

cross-sectional diagram taken in the line X-X' of FIG. 93A.



[FIG 871FIG 87A is a top view for explaining the fabrication nmethod of
the sem conduct or device according to the first enbodinent, and FIG 87B is
a cross-sectional diagramtaken in tH& line X-X of FIG 87A [FIG 88]FIG
88A is a cross-sectional diagramtaken in the line YI-Y1" of FIG 87A and
FIG 8813 is a cross-sectional diagramtaken in the line Y2-Y2' of FIG

87A. [FIG 89 FIG 89A is a top view for explaining the fabrication nethod
of the sBlcdbuct of [AcAlls awesrarinnal diagre pkesin tharboe Yae¥it' of Ed FI G 89B

- _ i di ken.in the line XXl of FIG 89A [FIG

o0 51 & BT LS R B RO D0 (S
i S - g | i, m.taken.in the .line Y2-Y2' o

A L S S R e i T e o S L

met hod ofentibendaemt GaneualorditeniBeiAC 6 bRt And PRy fskst sembodi ment,  and
FIG 91B is a cross-sectional diagramtaken in the line X-X of FIG 91A

[FIG 924ibssSiecO@l imgancrabassictinoRaX' oi Eigr asnt aken in the [ine Yl -Y1l of
FIG 91A, and FIG 9213 is a cross-sectional diagramtaken in the |ine
Y2-Y2' oI 8] 91A. FIGRIGA 93| dFosSrscalBmal dlagratoipken isvihé bne ¥ RiohilHg t he
embod mEhtA. Rd 1 STbBE S aEiB8LSEaM B dhaGraN ke Ik THe | ne XX
of FIG I%é 97]19 FIG. 97A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 97B is a

cross-sectional diagram taken in the line X-X' of FIG. 97A.

[FIG. 98] I1G. 98A is a cross-sectional diagram taken in the line Y1-Y1' of FIG.

97A, and FIG. 98B is a cross-sectional diagram taken in the line Y2-Y2' of FIG. 97A.

[F1G. 99] FIG. 99A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 99B is a

cross-sectional diagram taken in the line X-X' of FIG. 99A.

|FIG. 100] FIG. TOOA is a cross-sectional diagram taken in the line Y1-Y1' of

FIG. 99A, and FIG. 1001 is a cross-sectional diagram taken in the line Y2-Y2' of FIG.

99A.

[FEG. 101} FIG. 101A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 101B is a

cross-sectional diagram taken in the line X-X' of FIG. 101A.

[FIG. 102] FIG. 102A 1s a cross-sectional diagram taken in the line Y1-Y1' of

FIG. 101A, and FIG. 102B 1s a cross-sectional diagram taken in the line Y2-Y2' of FIG.

10TA.

[FIG. 103] FIG. 103A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 103B is a

cross-sectional diagram taken in the line X-X' of FIG. 103A.

[FIG. 104] FIG. 104A is a cross-sectional diagram taken in the line Y1-Y1' of

FIG. 103A, and FIG. 1048 is a cross-sectional diagram taken in the line Y2-Y2' of FIG.



[FIG 94]FIG 94A is a cross-sectional diagramtaken in the line Yl -Y1l" of
FIG 93A, and FIG 9413 is a cross-sectional diagramtaken in the |ine
Y2-Y2' of FIG 93A [FIG 95]FIG 95R&0is a top view for explaining the
fabrication nmethod of the sem conductor device according to the first
enbodi nent, and FIG 9513 is a cross-sectional diagramtaken in the line
X- X' of FW 95A. [FIG 96]FIG 96A is a cross-sectional diagramtaken in
the line Y1l' of FIG 95A, and FIG 9613 is a cross-sectional diagram

taken in F1ee 1bspe Y2- IY% i@f]c/\l:s Q’D %ﬁ&\v FL{ m,% Fclxg‘b 1%&110111 th (ti view for
il (& e EfisgpRed gt

expl ai ni g t abrication meth HEonal 08r di ng to

the fir stenciohomicreatvicandokd lOQKLBﬁF?§CI%b§(|{1%§f §§&H@Q@BB% agram taken in
the line X-X of FIG 97A. [FIG 98]FIG 98A is a cross-sectional diagram

t aken i nerbkresdciioe] Mlaghilh tabibn Bl e 1190 K-Xan0F1E). G05R28B is a cross-sectional
di agramtaken inthe line Y2-Y2' of FIG 97A [FIG 99]FIG 99A is a top
vi ew f or [fd4pil86hi ng tlﬂéI { ¥ iscarpsrsentiarhabdiapfant takersisrthe bmddt 0ok ofevi ce

accordin he f odinent, and FIG 9911 is a cross- spctl onal
i agr am Ltk RS RrandbRl B8 e scopy oeiiena! gbparar pken im oo &2 Y30R 116, o
cross-segidonal di agramtaken inthe line YI-VP of FIG 99A, and FIG 10013
is a cross-sectional diagramtaken in the line Y2-Y2' of FIG 99A [FIG

100 P SaBE g 2 Lemorion kel gl eeglodn g IPhodl e,

cr 0ss- seehiimalic@i dgriemdealdarn tthd et &hBelided, aef 1FIE), G713 QL.
cross-sectional diagram taken in the line X-X' of FIG. 107A.
[FIG. 108] FIG. 108A is a cross-sectional diagram taken in the line YI-Y1' of
FIG. 107A, and FIG. 108B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
107A.
[FIG. 109] FIG. 109A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 1098 is a
cross-sectional diagram taken in the line X-X' of FIG. 109A.
[FIG. 110] FIG. 110A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 109A, and FIG. 110B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
109A.
|FIG. 111] FIG. 111A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 111B is a
cross-sectional diagram taken in the line X-X' of FIG. 11A.
[FIG. 112] FIG. 112A is a cross-sectional diagram taken in the line YI-Y1' of
FIG. T11A, and FIG. 112B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
111A.
[FIG. 113] FIG. 113A is a top view for explaining the fabrication method of the
semiconductor device according to the {irst embodiment, and FIG, 113B is a
cross~sectional diagram taken in the line X-X' of FIG. 113A.

[F1G. 114] FIG. 114A is a cross-sectional diagram taken in the line Y1-Y1' of



[FIG 102]FIG 102A is a cross-sectional diagramtaken in the line Yl -Y1

of FIG 101A, and FIG 10213 is a cross-sectional diagramtaken in the line
Y2-Y2' of FIG 101A. [FIG 103]FIG 2J3A is a top view for explaining the
fabrication nmethod of the sem conductor device according to the first
enbodi nent, and FIG 10313 is a cross-sectional diagramtaken in the |Iine

X- X of 04] FI G 1Q4A|sacr ss-sectjonal . di agram taken
in the | Fké N’%R’ﬂ“d e Sl > 18 %)SIR“S -soral dlagiyn gkicy ﬂéﬁ’é‘ﬁ’&é‘f%gét?fgr{é’] di agram
taken ingfhe line Y2-Y2' of FIG 20 103A. [FIG 1051FIG 105A is a top
view for explaining the fabrication nethod of the sem conductor device

accor di ngey e firsgge nal
di agram %FaE;e)rllﬁ?]n t he$F(| n[eTtB;?f1)‘("%&([3#J w&nf& EJ(()Fﬁh m;]i{[)ééﬁL !fbu@%ﬁi{%ﬂﬁéﬁhﬁ%@kh?s a

cr oss- seehiionalici dgiamnceakien jonhd ﬁﬁt blhl‘i@i[i‘ﬁlcniYﬂmd PIG.RI6B id®5A, and FI G
10613 is a cross-sectional diagramtaken in the line Y2-Y2' of FIG 106A.
[FIG 107pstEctiagyAapgmatokeopinheling 8rXexipil&i. ol 7. t he fabrl cation met hod of

the sem d or device according to the first enbodi nen and FIG 10711
is acr O@P‘ ii%l onal I&qlablr(’e{\fﬁ"tdék%‘ﬁ septiqngbdipgiga teor indhe ]Fmdf 1-]?@713\1 [FI G

1081FI G F I%quS)\S ad O T68 ?SC(E Iu%g]qascc ondgll dld@l En?it(aien -m 111tc I?I%C l\JZn?Z of Jél‘ of
115A.
[FIG. 117] FIG. 117A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 117B is a
cross-sectional diagram taken in the line X-X' of FIG. 117A.
[FIG. 118] FIG. 118A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 117A, and FIG. 118B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
117A.
IFI1G. 119] FIG. 119A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 119B is a
cross-sectional diagram taken in the line X-X' of FIG. 119A,
[F1G. 120] FIG. 120A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. T19A, and FIG. 120B is a cross-sectional diagram taken in the line ¥2-Y2" of FIG.
119A.
[FIG. 121] FIG. 121A s a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 121B is a
cross-sectional diagram taken in the line X-X' of FIG. 121A.
[FIG. 122] FIG. 122A is a cross-sectional diagram taken in the fine Y1-Y1' of
F1G. 121A, and FIG. 122B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
121A.
[FIG. 123] FIG. 123A 1s a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 123B is a

cross-sectional diagram taken in the line X-X' of FIG. 123A.



FIG 107A and FIG 108B is a cross-sectional diagramtaken in the line
Y2-Y2' of FIG 107A [FIG 1091FIG 109A is a top view for explaining the
fabrication nmethod of the sem conductd® device according to the first
enbodi nent, and FIG 109B is a cross-sectional diagramtaken in the line
X-X of FIG 109A. [FIG 1101FIG 110A is a cross-sectional diagramtaken

in the | ne., Y- Y1l of FI 09A, and FIG 1lor3 is a cross-sectional
hinagram ﬂgéﬁmh t he 4If &@‘W”%‘Fgoﬁ‘@alfﬂ BERM fagergn IEQIEP‘FVQEYI_LPIA is atop

view for; I ? f | d of the.semco -devi ce
accor di ngﬁ?g?‘? o rfs(hqg#ggéflgrgotﬁ% Q&Ugghlf‘? ram {4 “% ¢ g e%i_t hal
di agram taken in the line X-X of FIG 11A [FIG 112]FI G 112A is a

cross-sectional diagramtaken in the line YI-Y1' of FIG 111A and FIG
11213 i s|EG10Sk- sectnzo;natszdﬁﬁg%@midvakﬁrax%ﬁai_nhgechk ir@icX2onYRe@bd bF e 111A.
[FIG 113]FIG 113Ais a top view for explaining the fabrication nmethod of
t he seni ghgerstutor deviccacca IGHtsbiihgﬁtS(bcmhedifﬂbnshncéﬁﬁ&‘)dim’érm¢ and FIG 113B
IS a cross-section diagramtaken in the line X-X of FIG 113A [FIG
1141F G“191*’476(“Fi%119é%&%@§%9%%11} Bpdine §-Xgr it AR&N- in the line YI-Y1' of 21

o GRS, 0048 800800 b SRR LA e T

fabri cat fen 1mERhad; plf(J.tibGB is a cross-sectional diagram taken in the line ¥2-Y2' of FIG.
125A.
|[FIG. 127] FIG. 127A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 127B is a
cross-sectional diagram taken in the line X-X' of FIG. 127A.
[FI1G. 128] IFIG. 128A is a cross-sectional diagram taken in the fine Y1-Y1' of
FIG. 127A, and FIG. 128B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
127A.
[FIG. 129] FIG. [29A 1s a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 129B is a
cross-sectional diagram taken in the line X-X" of FIG. 129A.
[FIG, 130] FIG. 130A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 129A, and FIG. 130B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
129A.
[FIG. 131] FIG. 131A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 131B is a
cross-sectional diagram taken in the line X-X' of FIG. 131A.
[FIG. 132} FIG. 132A 1s a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 131A, and FIG. 132B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
131A.
[FIG. 133] FIG. 133A is a top view for explaining the fabrication method of the

semiconductor device according to the first embodiment, and FIG. 133B is a



sem conductor device according to the First enbodinent, and FIG 115B is a
cross-sectional diagramtaken in the line X-X of FIG 115A. [FIG 1161FI G
116A is a cross-sectional diagramtakén in the line YI-Y1' of FIG 115A
and FIG 11613 is a cross-sectional diagramtaken in the line Y2-Y2' of
FIG 115A. [FIG 117]FIG 117A is a top view for explaining the fabrication

met hod of the sem conductor deyice acgordi o the first enbodi ment, and
FIG 117i‘§3§’§“‘°§°‘ g?é?'-@é“é P HYe -153%@&123& P the line X-X of FIG
117A. [F FIG J1&8Ajs:a cloass-sectional diagram t.ak in the |line
VI - Y1 [otﬁf—:‘i'@ 117A, %élid%%baal%%"sfé%&%’%?' é%‘p’s‘é‘%‘f‘?ﬁﬂﬁ% k -23?‘9%03 aken in
the li nerN2-1¥2A afd FAG1348 (M clobd-GetiddAlE fam ltakle%ﬁl e lﬁlgt\r%\’!' (ﬂW“Ier.

expl aining the fabrication method of the sem con uctor device according to
the first3¥®uwbodi ment, and FIG 119B is a cross-sectional diagramtaken in
the line X-X of FIG 119A [FIG 1201Ha 120A is a cross-sectional diagram
t aken i nlilfke 1Bflhe YI 1¥G: TTHA BlaGop Yieowor axuaiBing thd 201i8atics: racthodsBthsect i onal
diagramtaken in the.line Y2-Y2' of FIG 119A [FIG 1211FIG 121Ais a top
Vi e\?v f or SSERpIYHPhte itrercr i catho Rrshemhesiment, epbl KerBéBrguct or devi ce
according to the first enbodi nment. , FILG is a cross-sectional

di agram ¥4 Sé*??c{??%’ai H‘é*gﬁaf%@?% %”&Qm%%gﬁ ‘1‘2[1?&: Jf%é)ﬁe f 122]FIG 122A id s a_
Cross-seqgifonadr di agh en . he tine oYLl of  Fl G. 1214 ar

12213 isﬁgt(gr1 g@s- sec![i ?dg]ng%d{ggg({ﬁ%%ﬁg g’LdenEPﬁilg_éltaﬁé d’I“l%n”e’ 1’@1’%‘%}’?}21 EFG 12 1A
[FIG 128)FlIGALIIAICS 1361 0P MWLM RLAND 1416 1 figbhi2cehi @paet hod of

t he
135A.
[FIG. 137} F1G. 137A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 137B is a
cross-sectional diagram taken in the line X-X' of FIG. 137A.
[FIG. 138] FIG. 138A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 137A, and FIG. 138B is a cross-sectional diagram taken in the line Y2-¥2' of FIG.
137A.
| FIG, 139] FIG. 139A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 139B isa
cross-sectional diagram taken in the line X-X' of FIG. 139A.
{FIG. 140] FIG. 140A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 139A, and FIG. 140B is a cross-sectional diagram taken in the line ¥2-Y2' of FIG.
139A.
[FIG. 141] FIG. 141A is a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 141B is a
cross-sectional diagram taken in the line X-X' of FIG. 141A.
[FIG. 142] FIG, 142A is a cross-sectional diagram taken in the line YI-Y1' of
FIG. 141A, and FIG. 1428 is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
141A.

[FIG. 143} FIG. 143 A is a top view for explaining the fabrication method of the



sem conductor device according to the first enbodinent, and FIG [123Bis a
cross-sectional diagramtaken in the line X-X of FIG 123A 22 [FIG
124]FI G 124A is a cross-sectional dizdgramtaken in the line YI-Y1' of FIG
123A, and FIG 124B is a cross-sectional diagramtaken in the line Y2-Y2
of FIG 123A [FIG 125]FIG 125A is a top view for explaining the
fabrication me{ﬂlhod m cogggct or device according to the first

of, the s zor
enbodi metft e Cf—alré?“f’i‘?%“f@“ﬁ’ég’é" s cabedingihrodr KridaPtiaken in the line
X-X of ElG . 125A, fFlG  126]FLG,. 1 (1s.a. cress-sectional diagramtaken
in the Iﬁﬁg—%%ﬁ%i d&) Oiéi%lll&jr{eg%}s%}? hélﬁ%éél @r%gé&?s a cross-sectional diagram
taken infgyee lhh:{‘e Y2-1Y& 18fA Eldq’:loélszs%lolyl:h%m%g@(ﬁl dlhé'ﬁZéA‘Y'énsY £ fop Vview
for explaining the fabrication nmethod of t sem conduct or devi ce according

to the fiNEtI4erbati MENtA4BRga Bo6s-sdbBdBhlidsapdaf 1ASH 15 Bellinenal-vdi &aram t aken
inthe line X-X of FIG 127A. [FIG 128]FIG 128A is a cross-sectional

di agram tdken in the line YI-Y1' of FIG |127A, and FIG 12813 is a
cross-sectional diagramtaken in the line Y2-Y2' of FIG 127A. [FIG

129] FI G 1180 A45k a t dpOviEu fsorlopxpivaionexglainkig thaBibrigatidanonctired hodeof t he

e N o0 56/ 80R TR KO SRS OSTHE Menagas F1 S 129510 2
130A i's go&y Q¥fornfAliPMA okl AUHETHE RKRNof At D6l T ne Y1 - V1T of
|F1G. 1406 FI1G. 146A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 145A, and FIG. 1468 is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
145A,
|FIG. 147] IF1G. 147A 1s a top view for explaining the fabrication method of the
semiconductor device according to the first embodiment, and FIG. 147B is a
cross-sectional diagram taken in the line X-X' of FIG. 147A.
[F1G. 148] FIG. 148A is a cross-sectional diagram taken in the line Y1-Y1' of
FIG. 147A, and FIG. 148B is a cross-sectional diagram taken in the line Y2-Y2' of FIG.
147A.
DETAILED DESCRIPTION
[6022]  (First Embodiment)

FIG. 1A is a top view showing an inverter including Negative Channel
Metal-Oxide-Semiconductor (NMOS)-SGT and Positive Channel
Metal-Oxide-Semiconductor (PMOS)-SGT according to a first embodiment of the
present invention, and FIG. 1B is a cross-sectional diagram taken in the cutting line
X-X"of FIG. 1A, FIG. 2A is a cross-sectional diagram taken in the cutting line
YI-Y1'of FIG. 1A, FIG. 2B is a cross-sectional diagram taken in the cutting line
Y2-¥2' of FIG. 1A.  Although FIG. 1A is a top view, hatching is attached in part in
order to distinguish an area.

With reference to FIG. 1A to FIG. 2B, the inverter including the NMOS-SGT

and PMOS-SGT according to the first embodiment will be explained hereinafter.



FIG 129A, and FIG 13013 is a cross-sectional diagramtaken in the line
Y2-Y2' of FIG | 29A. [FIG 131]FIG 13IAis a top view for explaining the
fabrication nethod of the sem conduct2dr device according to the first _
enbodi nent, and FIG 13 113 is a cross-sectional diagramtaken in the |line
X-X of FIG 131A [FIG 132]FIG 132A is a cross-sectional diagramtaken

' 13213 i ) -sectional
hinazyrgn: l@égh i nl Lf%gf?l’:ﬁlé‘“ N&ﬁ%@‘&gn {I'—*F‘Ghlsigmp%‘“%elsﬂ %lﬁgf%;‘]%ﬁsl%% 133A ids a

sepl conduct or evi ce
;ggo\r/:jle\rllvgf ?{)Atqﬁql n@d pg(‘(}wﬂﬁéé %;lztlg%m |9}1@" 5%5‘”ﬁ ‘26 %m > @ % ecti onal
di agr am ¢@k@fad 9 zéotfl@ayjei 068 % Srm&f oif lh@'lllbjtg!%di L L(ﬁ }%ﬂé‘gl 134A is a

cross-sectional diagramtaken in the 133A, and FIG

13413 is a cr Ozssﬁrseﬁttypnalludﬂ Iagfzamtxﬁkﬂﬁc& hd h)@vck ld@,ﬂmYa?FtP(@ins@f FIG 133A
[FIG 135]FIG [35A is a top view for explaining the fabrication nmethod of

t he seni %wauwdmdéamecéﬂ&mm digingy dfehd fist planstsileobddien2n ocand FI G 13513
IS a cross- s onaL diagramtaken in the line X-X of FIG 135A [FIG
136] FI G W {% gstgo P%%S%lé@*ﬂ (2Rt 08 padhe sgpprdiRefyHersilicen liendddis- Y1 of FIG

ke n the line Y2-Y2'
2?5;2" Gan gg%ﬁn an up%er reglon ?hscsﬁiséie gotlm%lrlla%lcuigclog ayc?‘lb@ In tfns embodiment,

the first n+ type silicon fayer 113 functions as a source diffusion layer, and the second
n+ type silicon layer 144 functions as a drain diffused layer. Moreover, a part
between the source diffusion layer and the drain diffused layer functions as a channel
region.  The region of the first colurnnar silicon layer 208 between the first n+ type
silicon layer 113 and the second n+ type silicon layer 144 which function as this
channel region is a first silicon layer 114.
[0024] A first gate insulating film 140 is formed in the side surface of the first
columnar silicon layer 208 so that the channel region may be surrounded.  That is, the
first gate insulating film 140 is formed so that the first silicon layer 114 is surrounded.
The first gate insulating film 140 is composed of an oxide film, a nitride film, or a high
dielectric film, for example. Furthermore, a first metal film 138 is formed on the first
gate insulating (ilm 140, and a first metal-silicon compound layer 159a (hereinafter,
referred to as first compound layer) is formed in the sidewall of the first metal film 138,
The first metal film 138 is a film including titanium nitride or tantalum nitride, for
example.  Also, the first metal-silicon compound layer 159a is formed of the
compound of metal and silicon, and this metal is Ni, Co, or the like.

The first metal film 138 and first metal-silicon compound layer 1592 compose
a first gate electrode 210.

In this embodiment, a channel is formed in the first silicon layer 114 by
applying voltage to the first gate electrode 210 at the time of operation.
[0025] A first insulating film 129a is formed between the first gate electrode 210

and the first planar silicon layer 212.  Furthermore, a first insulating film sidewall 223



[FIG 137]FIG 137A is a top view for explaining the fabrication nmethod of
the sem conductor device according to the first enbodi nent, and FIG 137B
is a cross-sectional diagramtaken i26the line X-X of FIG [37A [FIG
138]FIG [138A is a cross-sectional diagramtaken in the line Yl-YE of FIG
137A, and FIG 13813 is a cross-sectional di agramtakenI in the Iihne Y2-Y2'
of FIG 137A. [[FIG 139]FIG 139A is a top view for explaining the

fabri cat 'isgﬂmmé*{lﬁé%lﬂ pef %»lé%%lh?lagﬁ i coluey sl eondara 2B v ties therwpel L st |
enbodi ment ; FJ ( 913 is a,crossszsectional, diagramtaken in the line
O of e RS oA ol 3BT S B o BBE AT KA BB B« aken
in the l{im8x: . LG ¢ and Fi G 1408 J S.,a s-gectjonal diagram
t aken i nélghﬁgml %2%0\1}8{(:@2\%@0%‘1&@%%{“%ggxﬁhﬁj—“lll%ig%iﬁ%lg?j&gﬁﬁlﬁ ngg tggt op view
for expl @isninegatiefifhabideeal 2piswehhoctdaf athieids &mhasnduehobxideYige according
to the first enbodinent, and FIG 141B is a cross-sectional diagramtaken
inthe 153 X-X of FIG 141A. [FIG 142]FIG 142A is a cross-sectional
diagramtaken in the line Y1-171' of FIG 141A, and FIG 142Bis a

cross- sect i ondlUWHiCHEREN tosRechmitsl-sihison perapormdYpyer 60 Ifamakinabe it G

143] FIG 143A.is a top view for explaining the fabrication nethod of the
24 seni d’éﬁ&ﬁéif‘(ﬁP“gﬁf\% P-according to the first embodiment, and FIG 143B is

a cross-FreLLANAhed]- 8L ddkiRa iE'c{}eI‘ & fsii’{;'x'ef\ngé_())fltlaeogon'1:p|0(;'ﬁld 5# 3%l and
silicon, and this metal is Ni, Co or the like.

The second metal-silicon compound layer 160 is formed to contact with the
first n+ type silicon layer 113, and functions as a wiring layer for providing power
supply potential to the first n+ type silicon layer 113,

[0026] An eleciric contact 216 is formed on the first columnar silicon layer 208.

In addition, the electric contact 216 is composed of a barrier metal layer 182 and metal
layers 183 and 184.  The electric contact 216 is directly formed on the second n+ type
silicon layer 144, Accordingly, the clectric contact 216 and the second n+ type silicon
layer 144 are connected directly. In this embodiment, the electric contact 216 is
contacted with the second n+ type silicon layer 144.

‘The barrier metal layer 182 is formed of metal, such as titanium or tantalum.,
The second n+ type silicon layer 144 is connected to an oulput wiring 220 via the
electric contact 216.  The output wiring 220 is composed of a barrier metal layer 198,
a metal layer 199, and a barrier metal layer 200.

[6027] A seventh metal-silicon compound layer 159¢ is formed in a part of the side
surface of the first metal-silicon compound layer 159a.  In addition, a material which
composes the seventh metal-silicon compound layer 159¢ is the same material as the
first metal-silicon compound layer 159a.  The seventh metal-silicon compound layer
159¢ functions as a gate wiring 218.  An electric contact 215 is formed on the seventh
metal-silicon compound layer 159¢.  The electric contact 215 is composed of a barrier

metal layer 179 and metal layers 180 and 181.  Furthermore, the electric contact 215 is



[FIG 144]FIG [44A is a cross-sectional diagramtaken in the [ine Vi-Yl'

of FIG 143A, and FIG 14413 is a cross-sectional diagramtaken in the line
Y2-Y2' of FIG 143A [FIG 145]FIG ZA5A is a top view for explaining the
fabrication nmethod of the sem conductor device according to the first
enbodi nent, and FIG 145B is a cross-sectional diagramtaken in the Ilkne
X-X of F FIG 1461F1L G 146A i s . a cross-sectional diagramtaken in
the |i ne“QﬂmWS t‘b?‘ P Wiﬁ’@k”&ﬂ’a‘pﬁ“é(’ Fphemior il dayss 0L eanstahayerdi agr am
taken in FI.G. 1471 FI G 147A.i S top v

for expl %?irgl%lr}ila% u%%n}\)é%al l‘g{lg[}’lﬁ Aﬁo%mo % Reeraly "3’6%3%1(‘:‘{%#8%&]%‘2 I

accor di ngnu@rtsh fol & tro8PARN TR olc @ ﬂ&[z%fl. PPy B HhOSE TaGEh L Pna
di agram tak]en i %atcﬁ:eL 1|0ne X—)é of e(f:l G L1l47A éﬁg’f ‘i4§3flf'-‘?% 1%%%«15 s a

cr oss- setkifpsnailidnagicatid.aken in the line Yl -Y1l' of FIG 147A and FIG
14813 is a cross-sectional diagramtaken in the line Y2-Y2' of FIG | 47A
DETAI LEDWOR8CRI PYison] (@22] ¢dFitacs 2 1 Erffodtharemt fhe second metdths@iconA is a top view
showi ng an i nvgrter i ncl udi ng Negative Channel Metal - Oxi de- Sem conduct or

( NVOS) - SESRAAY Bpst 100 e 'Creaieralic wmast 26k isdemsenideyd idwet ormgtrNDRY - SGT

di f d t he sent invention, and FIG 1B is a
o7 oss. soltd Beflrlel B IROE IR on i Bl TR e SSikee Stz 1Re a2

FI G
R 219 ey oo nE PO bR Ao A R LR e Bl v

FIG | A a4 hiedghnEhGaydr20kS Po@v&psukﬁbl\%’i’)otéﬁﬁhﬁ@'pﬂgndc%{ 1@%5@10&]‘?96 iggpart in

order to distinguish an area. reference to Ato FIG 2B,
t he i nvert gpe istichu tiyngl 3 e dNMSd Saladille dANOGpSGd a@clor(m \ﬂg titc(blédﬂ@: first
enbodi nent wi ||l be expl ained hereinafter. 25
contact 217 at the time of operation.
The NMOS-SGT is formed according to such a configuration.
[0029] As mentioned above, in the NMOS-SGT according to this embodiment, the
thick first, seventh and second metal-silicon compound layers 159a, 159¢, and 160 are
formed in the gate electrode 210, the gate wiring 218 and planar silicon layer 212. By
such a structure of the SGT, the low-resistivity for the gate electrode 210 and planar
silicon layer 212 is achieved, thereby enabling high-speed operation.
[0030] Furthermore, in the NMOS-SGT according to this embodiment, the electric
contact 216 is directly disposed on the second n+ type silicon layer 144 comprising the
highly doped silicon layer of the upper part of the columnar silicon layer 208.  That is,
since the metal-silicon compound layer is not formed between the electric contact 216
and the second n+ type silicon layer 144, the spike-shaped metal-silicon compound
layer which may cause occurrence of leakage current is not formed. Even if the
diameter of the columnar silicon layer is formed small for the purpose of high
integration of the semiconductor device, the phenomenon in which the metal-silicon
compound layer formed on the columnar silicon layer becomes still thicker is not
occurred, either.  Therefore, the above leakage current is not occurred.  Also, since it
is not necessary (o thickly form the second n+ type silicon layer 144 comprising the

highly doped silicon layer in order to suppress the occurrence of this leakage current,



[0023]First of all, the NMOS-SGI of the first enbodiment will be expl ai ned.
A first planar silicon |ayer 212 is fornmed on a silicon dioxide film 101,
and a first columar silicon layer 2@8 is forned on the first planar
silicon |ayer 212. A first n+ type silicon layer 113 is fornmed in a
| ower region of the first columar silicon |layer 208 and a region of the
first planar sil hcon | ayer 212 | ocated under the first columar silicon

| ayer 208CICAH 0l %é@ﬂﬁﬂdﬁi“ﬁﬁﬁéigﬁ sAnd gy érpepdisopdayeb 4kl s an upper
region of, the first columar silicon layer 208. In this enbodiment, the
first n+ type %ilicon | ayer 113 functions as a source diffusion Iayer and
t he second n+ I : L [ aEel} ed | ayer.

Mor eover, a pé&%gﬁg?%géﬁﬁgﬁgﬁégﬂﬁﬁé4gﬁgﬁﬁiﬁ%ﬂéfg@ééwg%%ﬂﬁﬁgdgjg?n di ffused
| ayer f umatiitorisaias for pbaanRbndiRgirddvicd bR dcev@le of the first col umar
silicon |l ayer 208 between the first n+ type silicon layer 113 and the
second n+ typeA§bImcpmahayeammAAummbnhxhunq@ﬂ@dLaﬁmbhﬂﬁdmmammﬁhmregion is a
first siljcon layer 114. [0024] A first gate insulating film 140 is forned
in the sﬁ‘i&@“sla)‘ql&é% c@ b¢ praueqd with thedireinmaratgiel iloo?%ay eczd®gbotichat the

146 15 ri5TEn<E SPrALE N @’ttp‘si“IIT‘?h‘g‘IHHi’@é&}“é’&%{ilh{sﬁ‘t%o‘gg}?l?eo:JEzg:jét e first
Do e o JBUEL N9 oA PIOR-S Q1 OPAREh Bl AR it Tealbly ' 87 10 10y DL 2

hi gh dleiectrlc hernor e ilm138 is
formed Osi&célﬁﬁalfuhdx stlicoat el E‘ﬁﬁs%ﬂn’ﬂﬂ duid §H1&ﬂ10dio>ﬁﬁgﬁﬁnflbf Shaq8k&Hngsi |1 con
conpound | ayer 15% (heréinafter, referred to as first conpoun Iayer) i's
formed iditrhersildenddyer 207 isterniddrat thedoahd bidnm s18&n 1dhe 21 rstworeisal . film
138 is a filmincluding titaniumnitride or tantal umnitride, for exanple
Al so, t Hee NM@B-Stek arengondadedavaonpound | ayer 159a is formed of the compound
of netal and S l.icon, and this nmetal is N or the I|ike. The
first metal fifhysisg t&??cﬁ“ﬁ‘tor“é?‘y%étl%lﬁ-@ilpﬁ%@rﬁ lovispsae qfélﬁl‘icc‘mg% conpose a
first g L di ment ch formed in
t he f|rgiﬁgﬁaggEmggﬁyg?9q7ﬂmﬁveéwﬁl pﬁﬁ“’@??@@%“*%”?%@“?ﬁf@ Oﬁﬁgi el ectrode
210 at t 9a is fornmed
betmeenl?ﬁgt$??g?&ggﬁghg%ggp?%gggéﬁ%ﬁ‘ %%ébpfglﬁkcﬁgﬁgﬁhl %%%% | ayer

212. Furfohesdirag,upperf lepidh of figbeadddn@fhhdsgicd 8 Wk} 702723 Indfis is formed in

t he upper sidewall of the first columar silicon |layer 208 so that the
upper r egitodinedntt the fifstpsttyjmadilicondaycsilll § Conrtibay@ra 2R eidbiisimT auwngded, and the
first |nsulat|ng filmsidewal |l 223 contacts with the top surface of the
first ga‘Pél%ﬂ weoibietyeollican Swyer Hfefunitions o nslindiffged layen siddewal | 223 i s
conpose nitride film 150 and.an oxide film 15 Furthernore, a

second ﬁ@ﬁ§F3§¥P¢%%ﬁ“%%ﬁﬁbﬁﬂdﬂﬁ3 H?“T@G”l%mF%Wﬁ@ﬂﬂﬁ m?%b“%FWStIBPanar
silicon IO%MI?BI‘%@!%GC(JP%OE?}%’%?QLM y %k/msi 7l wca q[rpfxus? hal}{, &“08? I thrmed of

the co si i con, he 1ike.

The sec qfld AR YR sesdd ;‘}Eot@/p@ 91'1"9(%’919(,1] ﬁﬁ(ietff 1131§ﬂtlic§01§ SRE Qhaf'?nc‘fp%tuﬂﬁts W' t h the
first n+ type silicon |ayer 113, "and functions as a W ring ﬁ

provi di ngeopdwiicos lppl y2(pot ential to the first n+ type S|I|con Iayer 113.
[ 0026] An electrlc contact 216 is formed on the first columar silicon |ayer
208. [0032] A second gate insulating film 139 is {ormed in the side surface of the

second columnar silicon layer 207 so that the channel region is surrounded. That is,

the second gate insulating film 139 is formed in the side surface of the second silicon

layer 120 so that the second silicon layer 114 is surrounded.  The second gate

insulating film 139 is composed of an oxide film, a nitride film, or a high dielectric film,

for example.  Also, a second metal film 137 is formed in the perimeter of the second

gate insulating film 139, The second metal film 137 is a film including titanium

nitride or tantalum nitride, for example.  Also, a third metal-silicon compound layer



In addition, the electric contact 216 is conposed of a barrier netal |ayer
182 and netal |ayers 183 and 184. The electric contact 216 is directly
formed on the second n+ type siliconZd%yer 144. Accordingly, the electric
contact 216 and the second n+ type silicon | ayer 144 are connected
directly. In this enbodi ment, the electric contact 216 is contacted with

t he seco n+ the silicon Iaﬁﬁ barrier netal |ayer 182 is

formed o HdeP ChigheReripgty; 6@1%¥0W%Wt@lﬁh¥i¥nef%é@@ﬁ@‘ﬁ$“$ype silicon

L 1585 SOV A0 PR ILIRSFZD 113, D e S fom ac
met al | ayerird99:arfcd &ﬂ{ﬁohﬁﬁ lcggt Fés% aAy %{di %P@m st&% 19151{5 ?in‘é&]i ﬁ&e surf ace

nmetal -silicon conpound | ayer formed part

of the fis®t mMmdtabeontlgheaicaoapoeni tbﬁtmegcdlﬁ%t sicﬂoxﬁﬂlﬂtttal 8 1&7 pRteri al

whi ch conposes the seventh netal -silicon conpound |ayer 159c is the sane
naterlaIﬁ@étmmemt:némomemmpmsﬂtammﬂS%mnpcumdnuaymml@ﬁemlah@pﬁmﬂenth

nmet al - chon conpound | ayer 159e functions as a gate wiring 218. An

el ectr | clayeint e omad hesvgey thedrsbgate plscedeehidpndahateceid gasonleeisodsound | ayer

motai 1 gl LRk Gid B1Veg AT heriare Conerrelerio derieagtd pehe 27
Connect cthit 0 gtgodc@auéattbﬁimt@@am%ma%of a barrier metal layer 201, a

metal |ayer arrrer meta er '203. At the tinme of operation,

i nput vol tage InShRletbodttnt, @ dhbghd id Him&fhe: 8LRAUI A& i@ nlRg €l ectric
contact 215 so that a channel is formed in thé first silicon Iayer 114.

[ 00281Al B2} byauppétiag voltapetotifeactondlpatd dedixiordoon the second netal -silicon
conmpound | a 160. The electric contact 217 is conposed of a barrier netal
| ayer 1d§0éib med a¢condymsulaligs fiknd 298 15 foamel] bgweonthest@dd iotcalowde sour ce

wiring 2 ower source ring 222 i s conposed of a barrier netal
IayergZdﬁﬁhﬁﬂﬁg?QWOP%QBPMZﬁSDHéﬁ@rglbaﬂﬂﬁ@ﬁ”ﬁ&?ai“WQW%FBQQGHEﬁbﬂer suppl y
ot ent ed to ot h _of e li.con . |a 113 and
g econdI %é?é‘?a | coon“né“ gt‘fﬁ"‘@ PPy ‘é ai‘éﬁr@? %ec?ll’t%&gt”@g%‘ %‘1&086?9{%397»217 at the
t f
ime o CQ)Q[QH@EchHd m-gnﬁtm%lewﬁﬁstgﬂaﬂ §%Og(gﬁgcgs @ﬁﬁ%caﬁ)/ggmg%f%lﬁigbosfaoxtd

configuration ing to this
enmbodi nepie cledigodelB0ok Thé sdcond ﬁt@@i@ht} and seieaamd24amtahmsidd son &appound

| ayers 15% 159c, and 160 are forned in the gate el ectrode 210, the gate

Wi ring 28 Bnldanpl camaidedilini Bdn | ayer 212. By such a structure of the SGT,
the lowresistivity for the gate el ectrode 210 and planar silicon |ayer 212
i s achi eved, Uh@?éh@“éhéb#ﬂngwhﬂ@WHQ@@éHdbbéﬁéti6an10036$ﬂwndhernnre in

t he NNCSISGW ﬁcco d éit hi s nE @ the electric contact 216 is

di rect | Y Hi% poiSey Bh é“@%&%ﬁﬂ“ﬁ4vt95'“ F$Pééﬁ”¥é@émliﬁﬁ ¢dmpti&ing the

Dod TP nRLAR0 YRy Bl HBPRLRRL 0 Lo RISV B 6, o et woer

208. That is, sinc i'con ‘conpoun rmed between

t he el ecflidos, &Qﬂ‘h?ﬁcﬂlctgﬂi@t\@r@) th@egiggond n+ type silicon layer 144, the
spi ke-shaped metal -silicon conpound |ayer which may cause occurrence of

| eakage [0034]ent Aisclaatic torardi4 Biemed od he sdiaarbRmnet sitiben eebipoyar silicon
| ayer is formed small for the purpose of high integration of the

seni condoetiditionabs elsctricivenprictidrienanpisad whi bivricheertagbe K76 indonetgionpound

| ayer fgrned on the columar silicon |ayer becones still thicker is not

occurre ay%ﬁ%?ﬁﬁndlfﬁeréﬁ%hémcﬁﬁ@“a%WWE‘ Bﬁ%ﬁb@bﬁﬂﬁﬁéﬁﬁOpﬁuhﬁﬁmﬁb@brred

Al so, S|ncg;f()ll nat, neReSSﬁrX ﬁ th| forEL econd n+ t pe silicon
| ayer 144CBHEW %Yﬁ e RTGRnslya Biselrediq sontt ﬁSﬁPBQP t¥Suppr ess
the occuf[BA¢HPl4é Q{'c%oht%@gﬁ ety eﬂtthlb embodiment, the electric contact 214
is contacted with the second p+ type silicon layer 146.
The barrier metal layer 176 is formed of metal, such as titanium or tantalun.
The second p+ type silicon layer 146 is connected to an output wiring 220 via the

clectric contact 214, The output of PMOS-SGT is outpuited to the output wiring 220.



28 increase of the electrical resistance by the second 1ltype silicon |ayer

144 is al so avoi dabl e. According to the configuration nentioned
above, the lowresistivity and the ni3fi aturization for the sem conductor
devi ce are achievabl e. Al so, the parasitic capacitance between the

gate el ectrode 210 and the planar silicon |ayer 212 can be reduced with the

first in ing film 129a. Agcordingly, the reduction of operating speed
with t heﬁ]h}il;gf at Lf?]is%ﬂhi“ﬁ)“ﬁmelecg%PVFé‘”aﬁg‘bi%‘éﬁ?“é@i i trsredien the sexath sor
accordi ng .t.o :hi [ 1t (¥8d L be explained. A secgnd planar silicon

| ayer 21 C%gsﬁ%éﬁ%JH%ﬁgg |Fﬂ%%%ségg%fggt?FTHFTbT?”%ﬁ%Hd“ éﬁ%nd col urmar
silicon bawglal &9 foinsing QRGP thO& SRS SN P] 983 2055 b J BN&Ec L, as vell
as the NRCS-SCW nenti%néd agoée? © Apfyfst S+L€©%§@g%ﬁ¥§%%§%ayer 119

i s forneghi¢ searddo®p freegiteringft willgy 2L oNthrgeitsahe shiklekeRodaygy 207 and a
region of the second planar silicon |ayer 211 | ocated under the second

col urmar 2l 300goncdrayeed bpthe mtdwaingdd8nd p+ type silicon layer 146 is
formed in an upper region of the second columar silicon layer 207. In this
enbodi nent , t Helspiangtecyic egpgct 313 isdepnqdagrethe fagtlf melek-sibens cospgusdur ce

di ffusion | r,and the second.p+ type silicon |ayer 146 functions as a
drain di FTOdEE 5@%?‘?“%&8{“"@33& ‘*‘Bﬁ%‘iﬂ%ﬁ@*@b@ﬁ Llakf‘élg‘i"fér?ﬂgﬁﬂbﬂ drai n
regi on fiyngt ke . annel. L, 1F i t he second. col umar

[eat on TG LADm AR HRUNElidaALRM TS RRgLAN, O G SAERNtyRE! Umar
second P2 9tivpRIcsid in@@trbdvaa{-@ﬁ%ﬂﬁ?oi\éﬁﬁ&fﬂnttatﬂm@ssis‘(}'ﬁs T pwehanpel region is a
second silicon layer 120. [0032] A second gate insulating film2139 is forned
in the swvimgupiacenmied bfa badonde@blayemids, s hlcid tvel BYEEnPOBasier t hat t he
channel region is surrounded. That is, the second gate insulating film 139
i s fornedetthlaydid9¢i de surface of the second silicon layer 120 so that the

second silicon,l 114 is. surrounded. The second gate insulating film 139
i s conposed oﬁ‘ﬁ%&?'ﬁiﬁ} 8 fﬁim%‘[?’ﬁcf"r‘ji'%’emfsﬂ?lh? C%‘?ﬁ%‘“’gioﬁh dielectric film
for exanghg: Al .second netal fil1.m.137 is formed.in the perimeter of
the sec ngﬁdat e%ﬁﬁgﬁf%ﬁgﬁl& % irlr’\%r@%gﬁ I Med DS RSk T fg*foi‘s a film

i ncl udi Ngydrizt BRAMIRREIHIRRE siliadlt ALUM (1 drtabilGrind PRAGXARR! Suq AiRQ. @ third
netal-siﬁ#con conpoundlfgsgr m£9 %gg??ﬁfga?gﬁﬁgﬁpﬁﬁﬁ%ﬁgﬁbgﬁ%ﬁ%ﬁgr of the
second nesuddtinkifllm 12BF .and akBédRdii@ul Wk GImCIPIBRs eSS KeH ki@ M\t @le- silicon
conpound layer | 59b is the sane material as that of the first

met al - sidlseenaciciompotmds kaysited BOanandt filnat 6 lodnd hensdvpntsuiehalfdsi | i con

| ayer I 59c. The second gate el ectrode 209 is conposed of the second netal
fiim137%nd the third metal -silicon conpound | ayer 159b. A seventh

metal -silicon canpound |ayer 159c .far het n.the first gate el ectrode

210 and the sédof *5&?&“@%@%?&%@5P%%ggﬁgﬁEﬁp@ﬁ@“&ébgﬂdgﬁgn ring 218, and

provide%Caﬂgmggyg%ﬁqﬁkﬁhgﬁgﬁgge second and first gate el ectrodes 209 and
0 0

210 at the time oper at’i on. ~In this enbodi ment, a channel is
fornmed in a regiebodiRenS8LINE Hihil§0MhN @Y o_Lnlrngyplyl_@Hptlfh iing vol tage to
the second gate el ectrode 209. [0033]A second insufating film129 is

formed betwledivonhempecahidygatidbehrcicrade n20f-sdhdnttb@pseriangrakapar silicon
llayer 211. Furthernore, a second insulating filmsidewall 224 is forned in
t he uppéfe Bimedal the sme procesBgrtEpdol usimeathe siré osteriabiyene 20%e. antior he second
insulating.filmsidewal | 224 contacts with the top surface of the second
gate el él&l_r”éﬁ’és‘%@?g elEtcBideredupatating flim % aefamed pdeisame onposed  of
an oxi d%réc‘egsriﬂgléelp k?yngsigg H}Ietsgu!ng%ujtér}arlnu% g'nge piece.
In the inverter according to this embodiment, the first gate insulating film 140
and first metal film 138 are formed by using a material which applies the NMOS-SGT
an enhancement type, and the second gate insulating {ilm 139 and second metal film

137 are formed by using a material which applies the PMOS-SGT an enhancement type.

Therefore, the short circuit conduction current which flows at the time of operation of



Also, a fourth netal-silicon conpound |ayer 158 is forned in the second
pl anar silicon layer 211 so as to contact with the first p+ type silicon
| ayer 119. The fourth nmetal -silicon &dnpound | ayer 158 is forned of the
conpound of netal and silicon, and this nmetal is Ni, Co or the |iKke.

[ 0034] An electric contact 214 is fornmed on the second columar silicon

| ayer 207. In addlt the electric contact 214 is conposed of a barrier
met al IaV@P“Y?é“&ﬁH hﬁ?@Fc ‘ayers 177 and 178. Also, the electric contact

214 is dj Iy on the sec 146,
Accordingﬁgg thehéfggﬁFﬁgng%% @EPP %&Pﬁﬁ %8&8%833§”$#¥ﬁ§ﬁﬂv§‘¥|con | ayer
146 are a} t t ﬁppp d tact 214 is
cont act egl%vmﬁt%ﬁ Vfﬁﬁleﬂgggn(gxgih{%%gbi?l icon 1{{5%1211%% n 6L Exlﬁ dIlﬁ‘g(pbar rier
metal | ayéh rdfé@entsof OB 0fFI0PI@B. SHekE @swlighané WmOkorkkalkum The
second p+ type silicon |ayer 146 is connected to an output wiring 220 via

t he eIec@ﬁm@ﬁdnﬂbae@n@mﬂmcmheummmﬁat of PMOS-SGT is outputted to the output
wiring 220. 30 [0035 % as nentioned above, an electric contact 215
formed on t hé H6yaa #érﬁilgplﬁé@wh@Wﬁﬁ@ﬁhﬂCWa&%r3B§§@WS§ connected to an
i nput wiring.

silicon ?89@%*%?8“3955 ﬁﬁgoﬁﬁgg%ﬁb“”géb%ﬁ&ggﬁgcéPgQ?P dgxgggtpsoisfggd
i nput wi r scgﬁanal rPJ‘L‘F{dﬁI&'{ ﬁ&ii%gﬁtugg"ilﬁe ?I&efi'roq(i’?é % n%rlqﬁzgﬁt are

connecte at& wir , an-e e e act 213 is

f or med Ocﬂl()m%. cﬁ@ééfsb&ld]ﬁt @ﬂagi%H ﬂa&%n(ﬂn&ﬁh&'{gllﬁ@v@wﬂ%ﬁ 1d ey el R&%rﬁ ¢ contact
213 is conposed of a barrier netal |ayer 3 and netal layers 1/4 and 175.
The el ectheifellaoangdcts s2idarifer E@hsachoadGt d48he power source wiring 219 in
order to in ut power suppl otential into PMOS-SGI. The power source

wi ring 2983%]s co%bﬁ@é@!oﬁlé g@ﬁqfﬁﬁf%haahﬁﬂaﬁénI&@ﬁﬁhalaﬂbamed@wer 196, and
a barrier_ netal is formed according to such a

ayer % he
conflguﬁé@F%ﬁccTﬁﬁéﬁfP ﬁﬁﬁ%?%ﬁWé“mdﬂmbuﬁd@dﬂﬁFWPQ?G@#éOQOr dsbeteween t he

adt of i g ek MR AR B RlEaR TR PP Be R b ogis T
I nsul at i @gnéd bimifiédPa:ed ﬁﬁ«?ﬁ i%f\:{g@ﬁ)rﬂ b g uld L ’1@191 nfa‘#z §Qusach, ffansi st or

is separated by a nitride an |nter ayer insulating T1'm 162,

An i nverdnsodphient] gedypé Silledey IVOEsIGE tand MMy SPh2] sahenprGyagcording to

such a configuration. In this enbodi ment, the first netal-silicon
conpoundkma@enoﬂﬁ&mﬂxmhngdsm&hmhdsﬂﬁﬂbbwhmompqymdthﬁyeknhSQm;aﬁmdnseventh
metal -silican conpound | ayer 159c are fornmed in the sanme processing step by
usi ng tHép‘s%H%deY‘érCﬁSéllL jihcarayqpilége. Alpwativahe thinnstype sidiabatayegorf i | m 129a

and secon ulating,film 129b re for , processi ng step by
usi ng tﬁ' pﬁﬁ@@?ﬁ&W“iﬁmﬁ & Ufi%e E%““ngTtlw?h“ﬁﬁgld%@erter according to

this eth{? ﬂgnt IAS %qgwr} if ﬂ(xgﬁaz{ & I' 1Sy Sat '91@% I ag]d ]lﬁgéc% ﬁ)ﬁ%‘ﬂé&% ncﬁt al film

138 are a nmateri al

enhancengk fb:yﬂ?)@md@(ﬂijoftth@uﬁ@ﬁﬁﬁ‘[dw%ﬁd%'d?$§Jf0§'ﬁluﬂg film 139 and second netal
film137 are fornmed by using a materi applies the PMOS-SGT an

enhancerf@dd0]t ypeis shhenef BIE, 7A ReFISNEBT theinfigidé 1ile Q08 Bciibia 8 Wiberd Whi ch
flows at the tine of operation of

masks 106 and 107.

[0041] As shown in FIG. 9A to FIG. 10B, the silicon layer 102 is etched by

applying the hard mask 106 and 107 as a mask to form columnar silicon layers 207 and

208.

[0042] As shown in FIG. 11A to FIG. 12B, the resists 104 and 105 are removed.

[0043] As shown in FIG. 13A to FIG. 14B, a surface of the silicon layer 102 is

oxidized to form a sacrificing oxide film 108. The sacrifice oxidation removes the

silicon surface where carbon and the like are driven in  the silicon eiching.



31 this inverter can be reduced. 100371Herei nafter, an exanple of a
fabrication nmethod for formng the inverter provided with the SGT of the

first enbodinent of this application3&i || be explained with reference to
FIG 3Ato FIG 14813. In the drawi ngs, the sane conponents are denoted by
the sane reference nunerals. In FIG 3Ato FIG 413, FIG 3 (a) shows

a top vi 313 shows a oss-sectional diagramtaken in the cutting
line X xﬁ'\“éf‘r FI G RWP\@%@? Bicg s dgl@eg|1<dﬂ%ﬂesa}il%°@ﬁ%&w%%ﬁt| n the
cutting kinge!-YLl of FIG 3A and FIG 4B shows a cross-sectional diagram
taken in tlhe cutting line Y2-Y2' of FIG 3A. Also in the following, it is

simlar fopusF! GASH iFIFE. ﬂ-%@ﬂgl“Id Q@ﬁsﬂ.ﬁ?xﬁ@ﬁm 169 1%%’1&?’9}&19 FIG 413, a

nitride film103 is further forned on a substrate conpose a silicon

di oxi de feshim di@ie dnde-anditibh@bprotay@p stP2. A substrate consisting of silicon
may be used. Alternatively, a substrate by which an oxide filmis formed on
silicon BRdoh sits ﬁmwnlla}éﬁ 1 %A foolf I @0BNtht loeidoxilel 00i ik pichaltobensised. | n
this enbodi e silicon |layer is used as the silicon |layer 102.
An |rrpur‘i“t‘ybn$"§”"gfo BRf (Plh%lg CWHE %é‘%"c“%‘é’@ﬁl%é”é@“&‘Yélfﬁaﬁ‘?ff“b‘lhcwf’yS@frwﬂ\l%en using a
p type s a X i 11 col e5| i con |ayer 102.
Al ternat#@eﬁl\%qlé d%{ch OH“F\ ty é“’%%ll?flé?wclsgﬁf@fl I‘B)r‘/“b? H}l ‘ﬂ?t"ci‘/ &CE Pt 8on | ayer
may be t f I 039]: o] |n FIG 5A

y ugedohRsheatdef) 8%}?207 %%Eﬁ%ﬁlsﬁ)) i rn}Lt)} @{;ﬁdlﬁai[xtg R ﬁﬁ)}pﬁBf }Mg

to FIG 613, resists 104 rmn rmati on of

t he col & i18b hich@ihel By 8le sicewlans m@ﬁail({m‘lmﬁxem \Jdﬂaili:dncﬁ /A to FIG 8B,
the nitride film103 is etched to formhard masks 106 and 107. [0041] As

shown i nhRs»idgdltage dFli@ SGOL3n be bepséskédcon | ayer 102 is etched by applying
the hard nmask 106 and 107 as a mask to form columar silicon |ayers 207 and
208. [O0049FHs Ahdwiyniin FEFG 1A oA (o 2BBGr resiBl B12 fonémplesiing e i0guriind 105 are
renoved., 0 4 FIG. 13A to FIG 1413, a surface of the silicon
| ayer 1039 ’8 g‘!?’l"tﬁipi‘éé??fht‘iclo ’ﬁ‘i“‘ésg’&%}‘i‘i‘ﬂ/f”&%%@épﬂ@ film 108. The sacrifice

|O)r(1i ?ﬁ;' Ji Plégggvgfs thbgug qllg\gs I Rﬁj Ca%dvftf&r %Xadrr?c?uc %QI%pEanedl1n1(l§ war e driven

silicon layer 102 of a formation scheduled region of the NMOS-SGT to form an n+
type silicon layer 113a under the columnar silicon layer 208, Accordingly, as shown
in FIG. 23A to FIG. 24B, the region of the first silicon layer 114 in the columnar silicon
layer 208 and the planar region of the silicon layer 102 are scparated.

[0049] As shown in FIG. 25A to FIG. 26B, the resist 112 is removed.

[0050] As shown in FIG. 27A to FIG. 288, the sidewalls 110 and 111 are removed
by etching.

[0051] Next, annealing is performed to activate the implanted impurity (arsenic).
Accordingly, as shown in FIG. 29A to FIG. 30B, the implanted impurity is diffused in a
part of the silicon layer 102 and columnar silicon layer 208.

[0052] As shown in I'1G. 31A to FIG. 32B, an oxide film 115 is formed on the
results of the above-mentioned processing step.

[0053] As shown in FIG. 33A to FIG. 34B, the oxide film 115 is etched, to remain
in the sidewall of the columnar silicon layers 207 and 208 in a sidewall shape, and
thereby sidewalls 116 and 117 are formed.  When forming a p+ type silicon layer

under the columnar silicon layers 207 and 208 by impurity implantation, the impurity is



32 [0044] As shown in FIG | 5A to FIG 1613, etching renoves the
sacrificing oxide film108. [0045]As shown in FIG |7A to FIG 18B, an
oxide film109 is formed on the resul33s of the above-nentioned processing
step. [0046] As shown in FIG I9A to FIG 2013, the oxide film109 is etched
to remain in a sidewall shape on sidewalls of the col umar SlllpFﬂ IayFrs,
and thereby sidewalls 110 and 111 are formed. Wien an n+ type silicon |ayer
is for neam%/qﬁ’ﬁ’?)g H1p g wesnnshiceiogbyithesidevalimide asd 1l Zowd thyelfor Doriatind 208 by
impurity ¢l tion, the impugity i s not doped into a channel by the
sirrgewal ygf%]i&g&ﬁ@ ¥ %f,vogiﬁ%e ?Iﬂ@? gb&r"émi"’\?ﬁ?l?‘ﬁstsg n in threshold voltage of

t he SGT be sk Ll 9947 ¢ Rown .t I 2 21A 1. CI 22B, a

resi st 1@3? 'Er ﬁgﬁgﬁiﬁfﬁg I%Jhgg)jierzr(%)hlr%?t%ﬁi’ \F{lv?bgh’? kllie:é f%é\}\égjﬁﬁéf?% ﬁ]oﬁ‘%}%%léy col umar

silicon inyeic sARBnilg et poBelcr HQARIDRr kRoRIKOVEENOWSI G 23B and FI G
24A, arsenic is inplanted into the silicon |ayer 102 of a formation

schedul ed068Qi onAsfhavireinNiMOS3 BGlo Figr. f38BrT@rxanpleyipeosisimpamddayer 113a

under the columar silicon |layer 208. Accordingly, as shown in FIG 23A to

FI G 248thesphisop dyien H0%! 4 feemphignschedulgcisaionay dre ANIDS-$GT hefaml agprar  si | i con
i h il | ayer 102 are separat ed.

[ 0049] Asvnoor vBt BV asHERLE R ool Cuniis ey of Asapnes evpved. [ 0050] As

shown in_ kK p -0~ F w2813, the sidewalls 110 i1l are renoved by

et chi ng nml[-'[g& if@i! ?G'ajrag (rI{%é gﬁ%%bibfl S P glechF % ”\rgg’éilctOB jr;a/& ?@‘g‘["eth‘f RAUIRBY ant ed

| mpuri tysiliediSIenran7 ifepAalldny thedath ool RyEl Buiod9A to FIG 30B, the
igglantgﬁ i&pu???? fs dif%use& Fﬁﬂggpar% g% FE&QEP I con |layer 102 and

col umar{0856}j comd shpem iR08G. R0R2FIAS 46BoWG rédikst Fi $is Bhdvi® FI G 3213, an
oxide film 115 is formed on the
[0057] As shown in FIG. 41A to FIG. 42B, the sidewalls 116 and 117 is etched to
remove.
[0058] Next, annealing is performed to activate the implanted impurity (boron).
Accordingly, as shown in FIG. 43A to FIG. 44B, the implanted impurity is diffused in a
part of the silicon layer 102 and columnar silicon layer 207.
[0059] As shown in FIG. 45A to F1G. 46B, an oxide film 121 is formed on the
results of the above-mentioned processing step.  The oxide film 121 protects the first
silicon layer 114 and second silicon layer 120 from the resist for the formation of the
planar silicon layer to be performed in the following processing step.
[0060] As shown in FIG. 47A to FIG. 48B, resists 122 and 123 for the formation of
the planar silicon layer is formed,
[0061] As shown in FIG. 49A to FIG. 50B, a part of the oxide films 121 between
the columnar silicon Jayers 207 and 208 is eiched and separated into oxide films 124
and 125,
[0062] As shown in FIG. 51A to FIG. 52B, a part of the p+ type silicon layer 119a
and nt type silicon layer 113a is etched.  Accordingly, planar silicon layers 211 and
212 having the p+ type silicon layer 119 and the first n+ type silicon layer 113 which
remained, respectively, are formed.

[0063] As shown in FIG. 53A to FIG. 54B, the resists 122 and 123 is removed.



results of the above-nentioned processing step. [0053]As shown in FIG 33A
to FIG 34B, the oxide film 115 is etched, to remain in the sidewall of
the columar silicon layers 207 and 23@8 in a sidewall shape, and thereby
sidewal k 116 and 117 are fornmed. Wien formng a p+ type silicon |ayer under
the columar silicon layers 207 and 208 by inpurity inplantation, the
region, by the sidewalls 116 and

. oL um |
Hﬁur%élqﬂi“e‘ gf hﬂggé{’q’g Pqé Sﬂ\&f FQ%%% ahoride vimd %G-a/bﬂtbab@ fgrmedie SGT can
be suppr ﬁl%?ﬁﬁq‘sc 1&&9@4% ﬁﬁb&{?ﬂg%h t['?cmwcl;ic; o"]}’%?c a§p8 it?ﬁ“ﬁ‘h%%?“’ﬁ:‘ﬁ%géé%rr#;? for

i npl anting an"i npuri e silicon

silicon [(ugs] 20/1; !alﬁ)vxf:ﬂm’@g Si@%ﬁ@‘%S@h&m& nfide$ni '%o iShifd @mppl
i ?T rmat i On

exanpl e, boron is inplanted into the S|f|con ayer

schedul ed peelgimoal ©f afgphen PMIBaSGhatle 1M06:AY A0P4s 4 MBEpEitd bgmweab{@r 119a under
the columar silicon |layer 207. Accordingly, as showmn in FIG 37A to FIG

38B, theOEégfbhiaﬁathe second silicon layer 120 in the columar silicon

llayer 207 is separated fromthe planar silicon layer region. [0056] As shown
i nyFI G Boa 3 to Preyt thppxide ﬁ@nrlééi* apd axide filny Bovndd 25[wo8vhes ashown i n FI G

anneali n e BN o el 10 RO yeRRef Rl Hgphie B Rptete b CBbony

Accordin F Ato FIG 44B, the inplanted inpurity is
d|ffusedg!l%/onal@(é{?@i)y\n]d éléﬁPfégn | ayer 102 and columar silicon | ayer 207.

[ 0059] Asjoebp\wn | As folen PG @ ALdFI(HBLB, arPbkifxFiB8 138 L odddy diSinbor ned on the
results of the above-mentioned processing step.  The oxide film 128 is thickly formed
on the first nt+ type silicon layer 113, p+ type silicon layer 119, oxide film 126, and
hard masks 106 and 107, and the oxide film 128 is thinly formed on the sidewall of the
columnar silicon layers 207 and 208.

[0068] As shown in FIG. 63A to FIG. 64B, a part of oxide {ilms 128 are etched to
remove the oxide {ilm 128 formed on the sidewall of the columnar silicon layers 207
and 208. The etching is preferably isotropically performed.  The oxide film 128 is
thickly formed on the first n+ type silicon layer 113, p+ type silicon layer 119, oxide
film 126, and hard masks 106 and 107, and thinly formed on the sidewalls of the
columnar silicon layers 207 and 208, and therefore even after the oxide film on the
sidewalls of the columnar silicon layers has been etched, a part of the oxide film 128
remains on the first n+ type silicon layer 113, p+ type silicon layer 119, and oxide film
126 to form into an insulating film 129¢. In this case, oxide films 130 and 131 also
remain on the hard masks 106 and 107,

The insulating film 129¢ becomes first and second insulating films 129a and
129b in the following processing step, and the first and second insulating films 129a
and 129b can reduce parasitic capacitances between the gate electrode and the planar
silicon layer,

[0069] As shown in FIG. 65A to FFIG. 66B, an insulating film 132 is formed on the

results of the above-mentioned processing step.  The insulating film 132 is a film



results of the above-nentioned processing step. The oxide film 121 protects
the first silicon layer 114 and second silicon |ayer 120 fromthe resist
for the formation of the planar silié&® |ayer to be perfornmed in the _
foll owi ng processing step. [0060]As shown in FIG 47A to FIG 48B, resists
122 and 123 for the formation of the planar silicon |ayer isfflor rreti121

0061] As. s in FIG,. 49At FI G ftheOX|de ilns

[bet We]en PIHE%B’&’I%W&P o5 pip pRigR I I[‘Hy‘é‘Pé‘ﬁ’Zg‘?l ah@ Eé@ "é”ce't”@hed'\'éﬁd separ at ed

i nt . FI.G 5213, a
ngr ? 8]):(' ?)ﬁiﬁ%én?m%%ﬂl@%@é%ﬁ o[r%BQ%@:{g: gwga mqry lft)e peé %é ;inﬁ:{' gm r]iﬁ(f (aci)%linn:ill?) ais
etched. Agea 1diA9by7 atl MLf§1'cltl'1&ﬁf‘n lf(ﬁ‘}ﬁ%ﬁén ke %91(1%9:2 ﬁlﬂﬂ\'iv\gg the p+ type
silicon layer 119 and the first n+ type silicon layer-113 which renai ned,

respectijerg] args flowned F1IGOOBS]ABICE B8B0a hittdFiiGn 1334 foankl &n 11R4B, the
resists 122 and 123 is renoved. 34 [0064] As showmn in FIG 55A to FIG 56B,
an oxi deinstipling i6433.s Thui mdxthlyﬁlfml?vﬁexd psdieiahiyta filhemeludagulitisuinsiteidbedded on

the results of the above-nentioned processing step. [0065] As shown in FIG
57A to FRcnslm nigitey &y usn%cthsam%@é|ﬁhﬁdﬁﬁs¢ﬂpﬂ@neeMisyc<1 hannsé Feeinesd by

PP 152 Pp Rt TREHSS R AR RY eBF e Be SO ERR b bl ' ESavding 125 ar e
et ched, %@n@ﬁg%hgmt il by Céfl(, ﬁl%ﬁ!qglfﬁbg‘a@lg% ol ﬁél?cdoq&flc Msdp§sWhich fills

betmeen t he planar SI icon [ayers
can also be set. It is necessary to apply all the processing steps after this process into

a fabricating processing step so as to suppress the metallic contamination by the metal
gate electrode.

[0071] As shown in FIG. 69A to FIG. 70B, a polysilicon film 134 is formed on the
results of the above-mentioned processing step.  In order to suppress the metallic
contamination, it is preferable to form the polysilicon film 134 using atmospheric
pressure CVD,

[0072] As shown in FIG. 71A to FEG. 72B, the polysilicon film 134 is etched to
form polysilicon films 135 and 136 made to remain in a sidewall shape on the sidewall
of the columnar silicon layers 207 and 208 and the sidewall of the hard masks 106 and
107.

[0073] As shown in IIG. 73A to FFIG. 74B, the metal film 133 is ctched. The
metal film 133 of the sidewall of the columnar silicon layers 207 and 208 is protected
by the polysilicon f{ilms 135 and 136 without being etched, and forms metal films 137a
and 138a remaining in a sidewall shape on the sidewall of the columnar silicon layers
207 and 208 and the sidewall of the hard masks 106 and 107.

[0074)] Next, the insulating film 132 is etched.  As shown in FIG. 75A to FIG.
768, the insulating film 132 of the sidewall of the columnar silicon layers 207 and 208
is protected by the polysilicon films 135 and 136 without being eiched, and forms gate
insulating films 13%a and 140a remaining in a sidewall shape on the sidewall of the

colummar silicon layers 207 and 208 and the sidewall of the hard masks 106 and 107.



[0067] As shown in FIG 6lAto FIG 62B, an oxide film128 is forned on the
results of the above-nentioned processing step. The oxide film128 is
thickly formed on the first n+ type sidicon layer 113, p+ type silicon
| ayer 119, oxide .film 126, and hard masks 106 and 107, and the oxide film
128 is thinly formed on the sidewall of the columar silicon [ayers 207 and

ot I? hed ¢ BN Bhoue s RO BLPALH [T B 73?%33?@@?5@5%? T8 o %L%‘écifﬁnﬁra?
per  or et g ol AR RRaRORe R IR, | T BB SoPele BPHEERICE 1) pe

silicon {a@hinkddh, iid w@@blékd [oR@Nhe BYI§5 1 ddPr j ricand hard
masks 106 aném10711ang thinly f orné ﬁ&§11&% §¥@¥4ﬂ 1$&é¥iﬁﬁ§A%o | ummar

silicon payersC®07 and 208, and therefore even after the oxide filmon the
sidewal I s of the columar silicon |ayers has been etched, a part of the

oxi de fil m 128rtheradsno! osing hbighidigtctrie iy e be kjutcmmtxlciamgrfilaizéi.339mki type
silicon L@g é.%? e}nd OXI de film126 to forminto an insulating film 129c.
In this Hhis gigndlécleqtingm 5uy appsrapugesd hensirhcastamingtitnar Bimasks 106 and
107. SU. at| nd se nsul ati ng

il 1o0rming B GRSRYEIHE% LS feF peeeaceli it il FRe  vat and
second i &ﬁ/@}cﬁt\hﬂgthfc'ct)ﬁﬁué?%ﬁcﬂpﬂﬁézl%bag(ﬂ?mfig %E%l%pl%%%ﬁh tl 4 F dgg@%i}ét ances

bet ween the gate electr I con layer. shown in

FI G 65Ai1m1@1f)cGancﬁﬁcﬂ13,md@K\lﬂﬁs%ﬁbltﬂg ohte iBulBide 'f%lfIQl’)Hﬁﬁid RR| REnresul ts of
t he above-nenti oned processing step The msuf’atl ng film132 is a film 35

i ncl udi niSanye omeraf wilnthexb henrfai biticom|ayeid 28, friel patystifcohifighs ddeherctric film
Al so, hydrogen at npsphere anneal i ng or epitaxial growth nay be performed
for the kb thinlating film daPe, lnag bard R 147d 208 ibéliogate ihdafing Mnfiot39at i on of

th | & 0] As_sh FIG 67A to FIG 6813 t al
I Lol ahe it et ?ﬂwdahsaiﬁgﬁ?ﬁ'a G pony A e e 133 (s
ferab f t By usi
Phe et Aot eRAE R e A I BE Riagh G Bt TR b e se.  and
lOWreSla§1t111\4l1tﬁ(13l9£uﬁg1ﬁlngﬁéfc %&ﬁ%&%@k CAfE H8 lfﬁ%h%ﬁvtﬁxﬂdol\@[ﬁ%Q&%%l’ dependi ng

on a material for the netal | m 133, athreshol

t ransi st@ngndagnicl de 1@@ nfe@d] mdliﬁdddSn NRCRSEREVali); PR 1)69ﬁ|al1d 1@ pipocessi ng
steps after this process into a fabricating processing step so as to

suppr essnethklilet Wi7hiaod 438 amibeatiperesdey. t he netal gate el ectrode. [0071] As
shown in FIG 69A to FIG, 70B, a polysilicon film134 is fornmed on the
results of thé\fé%é%mﬁ@hﬂ%l@dwﬁﬂé‘@é‘%l%‘@%&@ﬁ cetehpd &y ganin i Bappr ess t he

usi ng aciBeReTRe pplin e el aBhor it cfhei it Bre | 726, the

pol ysi I ii¢caftnfeh! MbrkB¢ tdrihift GBS re in which the gate insulating films and metal
films are covered with the columnar silicon layers, polysilicon films, insulating film,
and hard masks.
[0076] As shown in FIG. 79A to FIG. 80B, a polysilicon film layer 142 is formed
on the results of the above-mentioned processing step so that these results is embedded.
Since between the columnar silicon 207 and 208 is embedded, it is preferable to form
the polysilicon film 142 using a low-pressure CVD. The gate insulating films 139a
and 140a and metal films 137a and 138a acting as the contamination sources are
covered with the columnar silicon layers 207 and 208, polysilicon films 135, 136, and
141, insulating film 129¢, and hard masks 106 and 107, and therefore the low pressure

CVD can be used.



formpolysilicon filnms 135 and 136 nmade to remain in a sidewall shape on
the sidewall of the columar silicon |ayers 207 and 208 and the sidewall of
t he hard masks 106 and 107. [0073]As 3hown in FIG 73A to FIG 7413, the
metal film133 is etched. The netal film 133 of the sidewall of the
columar silicon |layers 207 and 208 is protected by the polysilicon filns

135 and W t hout being. etched, and forns netal filns 137a and 138a
remai ni néﬁ’?ﬁwa s/lgﬂ%!Wé”fq mgﬂg’pgn&’ép tHe L3dawagmicygmedhanisd nohHERS si | i con

| ayers 2 3 .al he. sidewal |, of t har, ks 106.and 107.

[0074] Negtj'vi’l?ﬁé’%ﬁﬁ‘s‘ﬁ%gﬁ ! e Bl GnaRt Tl wh A e 5A 0 PG
76B, 1t heid Ngihhat 1RG4 IFm0f42t he sidewal | of the columnar silicon layers
207 and 208 is protected by the polysilicon filns 135 and 136 w t hout being
et ched, EOAST or ks gaber iNSG| 83A ROFIG. 1898, 13%iRNTIME480 A& TR RiNGed N a
sidewal | shape on the sidewall of the columar silicon |ayers 207 and 208
and t he Aftdestellihg 8fe axide fifar. d chasks! moGhaaivd! JOZhing 36 1RQ%EPbAReEhOWN i n FI G
77A to FIG 7813, a polysilicon film2141l is forned on the results of the
above- metti pede st wagisigosnd A07 injo a pabshingstepnspr ess the netal lic

contam nat.Lon, it i.s prefer e to r he polysilicon film 141 using

at rmsphe@lbzﬂpr eséhﬁ’hémpﬁ?bﬁ{'ﬁgtmg’ %@g6g}lﬁ§PB’“1éo%iﬁ HS 43 4244181 il m for

t he gate, l.at ing.£.l. _ 1:140 i3, hi jelecthic filmmy act
as a sou%déiglsl gfdﬁf ﬂggcrgel%alé ’%@ﬁﬁ%@l 2%11.3"3}%{?‘1"’%? 3? S’mn%% Egﬂlh‘len%glg ?y%‘i licon film
141, thecgbed ionstebaubogr thi kil 13¥0And 186 3o hld MLINRh ALoEANELRD, W th the
columar silicon |ayer 207, polysilicon filns 135 and 141, i1nsulating film
129c, anfdrihaioh whsdaldD@gioAldthe gdneclgatadlel Nt ath-nack dditanid@asand netal film
138a are covered with the columar silicon |ayer 208, the polysilicon filns
136 and lengths ofi the §Gdisi ngceatimez1e dus paachsingrsetprdes kipp@egithaf thesnettlhe gat e

i nsul at infglgrfi l7ms &gga and 140a and netal filns 137a and 138a acting as the
cont am sdn 748t d8 & apassdovered with the col utmar silicon |ayers 207 and

208, the ysiljiceon fi.l os. . 136, d, 141, .i.nsulatin ilml29c, and
hard ma IQQ o6 a/{rlsf%fﬁf?,’llﬁcd'%fpéﬁg}r §E$htge Hﬁﬁ‘ﬁlﬁh@ﬁﬁ%ﬁ‘?‘ﬁh{é ‘Hﬁh‘aue to a
metal i ngludadddl $NSe Gl GnbNSHALLGS bd %2ndhdARA ANL.e filns
137a andﬁ}lf38a can be %upprgglg%}égﬁ Ly %%A te@t%‘g&?r%%ﬁl%fiﬁﬂhﬁtﬁﬁgg een

t hi ckly ibosmedhe andalgtigRad7tad 188min in the sidewal | shape, and then the
gate insulating filmhas been etched, the polysilicon filns is forned,

t her eby [#881 ng AsrsbosniuEiGrdA to NG 80Bthe ggatesulanap fiddih 039 ddkinstoand net al
filnms are covered with the columar silicon |layers, polysilicon filns,

i nsul at iR FAPEY sidevalhak e galsrpar fibowelayers Shbond 208 ¢ gchdbad el G 80B, a
polysilicon filmlayer. h 142 is for on the results of the above-nentioned
processili"llé?o‘é‘tdlelﬁrpgldin éﬁét’”ﬁ”fﬁé@é’ﬁthgéggfémrg‘loenbedded. Si nce between the

col umarpasd4:i con ., 10:-208,:0,S, .effbe d, It 48 r_,,f_era}_b‘ e to formthe

pol ysi | i[gggnj]fi | %ﬁ%ﬁ%‘”ﬁ@?hé}?W&?’Sﬁ?@%ﬁé%}dﬁfﬁiﬁ)@lgﬁ“@“%wa% g fil s

13% and 0ai@nday@tial in fhie|u’ﬁEeldrl;%?i%f@ﬂdcscﬁrlg’lgﬁaf%ﬂféoﬂ%ﬂ?% 82% éﬁlg]%fgm nation

sources are covered with the col umar Icon |ayers 8,
pol ysi | i[6@83|f i | ms shadbn il BE;. BBdind41G. H0sub akdwg afdchi®id 29¢anignd hard masks
106 and 107, and therefore the |ow pressure CVD can be used.

Accordingly, as shown in I'1G. 93A to FIG. 94B, a second n+ type silicon layer 144 is

formed in the upper part of the columnar silicon layer 208.  Assuming that a line

vertical to the substrate be 0 degree, an angle at which the arsenic is implanted is in the

range of 10 to 60 degrees, and in particular, a high angle of 60 degrees is preferable.

This is because the hard mask 107 is disposed on the columnar silicon layer 208.

[0084] As shown in FIG. 95A - FIG. 96B, the resist 143 is removed. Then,

annealing treatment is performed.

[0085] As shown in FI1G. 97A to FIG. 98B, a resist 145 for forming the p+ type



37 [0077] As shown in FIG 81A to FIG 8213, a chenmical nechanical polishing
(CW) is performed by applying the oxide filnms 130 and 131 into a polishing
stopper to planarize the polysilicon3¥ I m142. [0078] As shown i n FIG 83A
to FIG 8413, the oxide filnms 130 and 131 is etched. After etching the
oxide film a chem cal nechani cal polishing may be perfornmed by applying

he hard nasks 10 107 int |.i shing stopper. [0079] As shown in FIG
Lhe har 0 mske, IORNG,107, 1 0to, e, po ol ng ot spper (0070} fe hown n 7
Cop edgel PO no SarisEBIG, IS ¢ TR b 8oy sl Yine s iBpBeldRea and a
for mati onsahegulag §1RGhNLH44 RANOEHSFhAGH IRAB1NING sfEGATRBCK et ef m nes

gate lengths of the SGIs. ‘According to this processing step, e upper

regi on ofstunengetaah lifie hemicdl3d tandbddde be( dxposed anfRABOLhAS Bhewenin FI G
87A to FIG 88B, the netal filns 137 and 138 of the upper sidewall of the
col urmar ingplpniteds ih dieaiageR@7 Odn ¢0 20Srcas, end ticpredcdmda hivénmpendwéd t o 1;] ormthe
metal films 137 and 138. [0081] As shown in FIG 89A to FIG 9013, the gate
i nsul at | %;nquﬁ%reg@% %nd’l'lgfwabe]émf: B hs aresls i Meiraligpossd amibe eoliowaar sili con
llayers 20/ and 2 Lare etched and then renpved to formgate insulating
fiims 139"'8nd 140" '[0082] As shown in FIG 91A to FIG 9213, a resist 143

for fornjgpgst he geqarnd, 1%%(};[ Z(ﬂ?‘ot%i‘}Ikwp%%’gtﬁfk"é‘jsgﬂ%ﬁ "‘%lﬁgﬁ%pper part of the

col umar -~ silicon layer rmed. G 93B and FI G

94A as a0sss, kS ihFIGNATdG. ASHOr G RSV PRI 7SRO hibnhG  93A to
FIG 9413, a second n+ type silicon layer 144 is fornmed in the upper part

of the cehbumdrhsiboveamntiayerprd@8sindsepm Mge bkide figm 1UNe pefetdbbabnd 0 the
substrate be O degree, an angle at which the arsenic is inplanted is in the
range of [onped by smasegrcagessaisd"YR. pahe pide dilin 147 whgtesangibeequen60 degr ees i s

G111 con M ok p GoGRTE HOUATHVERQ DaSA - FI G 9613, the resist 143

is en‘DV[_%HSQ]ThenAs shown in FIG. 105A to FIG. 106B, a nitride film 148 is formed. The
nitride film 148 is preferably one formed by the low pressure CVD.  This is because
the low-pressure CVD is effective in homogeneity as compared with atmospheric
pressure CVD.
[0090] As shown in IFIG. 107A to FIG. 1088B, the nitride film 148 and oxide film
147 are etched to form a first insulating film sidewall 223 and second insulating film
sidewall 224.  The first insulating film sidewall 223 is composed of the nitride film
150 and oxide film 152 which remained by the etching, and the second insulating fitm
stdewall 224 is composed of the nitride film 149 and oxide film 151 which remained by
the etching.

The sum of a film thicknesses of the nitride film 149 and oxide film 151,
which are made to remain in the sidewall shape, will correspond to a film thickness of
the gate electrodes afterward, and therefore by adjusting the deposition thicknesses and
etching conditions of the oxide and nitride films 147 and 148, the gate clectrodes
having a desired thickness can be formed.

Also, the sum of a film thickness of the insulating film side walls 223 and 224

and a radius of the columnar silicon layers 207 and 208 is preferably larger than an



annealing treatnment is perfornmed. [0085]As shown in FIG 97A to FIG 9813,
a resist 145 for formng the p+ type 38 silicon layer 146 in the upper
part of the columar silicon |ayer 2@B is formed. [0086] As shown in FIG
99A to FIG 1008, for exanple, boron is inplanted to formthe pt- type
silicon layer 146 in the upper part of the columar silicon |ayer 207.

Assuming that a line vertical to the substrate be O degree, an angle at
whi ch t heUBhEmieepig ratvsel 4 @/lipdetlhemedhgde gpteiosuiaingdilmedp@erd “and in

arti cul hi.gh-angl.e of degrees is feraple. This is hecause the
IElar d nas Eﬁiﬁlﬁg ’}l%tgidiillgﬁgl§2&lllg &gg‘hegg‘fff g @{U%i @8?181@%1/’8?3 e m[ﬂg%’ﬁj As shown
in FIG , e 1 F St .Sl Vel ( ..shown in
Fla 10shT o E AT TR A alRLOTR] B p O AN A PR TS0 the
above- nehtdconted i Qaessidiensiaml rdhes spthaeyifidbMolddd b iRr@fahabhonone
formed by atnospheric pressure CVD. The oxide film 147 enabl es a subsequent
nitride fiinha3P48dt1d0 had hetarddmby3T owl e amtnl E1GYIB7 HOOBS]Ascekawn in FI G
105A to FIG 1068, a nitride film148 is formed. The nitride film148 is

pr ef er abMh giserofsilived (B afive shiswiopigs st beeime tenneal wnpeyaalie dehe
IOMFpresgure CVD.is effective in honbgeneity as conpared w th atnospheric
pressur e”CUBPPHH90] As shown in FIG 107A to FIG 10813, the nitride film

148 and oxi de mréh@ %ﬂzhcaﬁcﬁa?c}f%ﬂg%g;c&ﬁfuﬁgr%ﬂ{%%%lf %ﬁ@#&ﬁ%{éﬁ?&{lblﬁﬁlﬂ? : fj?nwal |

223 and second 1 nsulating ewa

si deval | 5iRes3 lhgere oPAREIS avE B8 D b @ikl |\Jﬁlljtﬁglaﬁﬂgﬁlzﬁf@ #i§6 dild {07,152 whi ch

remai ned by the etching, and the second insulating m si dewal | 224 is
conpos edaraf inguieingi (tm didewdlis 228 249220 depxidelf iThasdaduwhiisindi@mm ned by the
et chi ng. The sumof a filmthicknesses of the nitride film 149 and
oxi de fiformatsm ofishiethl-sene comldietor comperaidroni the suréecss oshatbdlusihapsliconi | |
correspond to a filmthickness of the gate el ectrodes afterward, and

t her ef or 8YBy 2407154080 g Stilld ubFouned Ba uppir skifess eEhgralvaanensiigoondi ti ons of

Y SRR A I R L RO
0 PR QR LS 0o 28 R M By A8l e ol

layer are formed before the polysilicon is etched and the gate electrode is formed as

explained using FIG. 91A to FIG. 102B.

[0091] As shown in FIG. 109A to FIG. 110B, a resist 153 for forming the gate

wiring 218 is formed.

[0092] As shown in FIG. T11A to FIG. 112B, the polysilicon films 142, 141, 135

and 136 are etched to form gate electrodes 209 and 210 and a gate wiring 218.

The gate electrode 209 is composed of the metal {ilm 137 and polysilicon

films 154 and 155 which react to metal to form a metal silicon compound in the

following process, and the gate electrode 210 is composed of the metal film 138 and

polysilicon films 156 and 157 which react to metal to form a metal silicon compound in

the following processing step.  The gate wiring 218 which connects between the gate

clectrode 209 and gate electrodes 210 is composed of the polysilicon films 154, 155,

142, 156 and 157 which react to metal to form a metal silicon compound in the

following processing step.  In addition, the polysilicon film 154 and157 is a part

which remained after the etching of the polysilicon films 135 and 136, and the



39 outer circunferential radius of a cylinder formed by the gate insulating
films 139 and 140 and netal filnms 137 and 138. Since the sumof the film

t hi ckness of the insulating filmsideOnalls 223 and 224 and radi us of the
columar silicon layers 207 and 208 is |larger than the outer
circunferential radius of the cylinder forned by the gate insulating filns
139 and 140 ? f|| 137 and ﬂ E metal filps 137 and 138 are
covered FRYHIEHLT 51 5Wﬁ A 25 4 PGPS ‘@Bf@e%ﬁ%%ﬂﬁgidaﬁﬁoiﬂ@refore t he

| £ thi
g?ggESS|ﬁ6§HP&ﬁ{h@ﬂlEﬁ” egugﬁggﬁgézﬁ%#ﬂFﬁgK%B?ﬁﬁﬁgp’§$¥$H%AWW§V§$SSZS7 ;nhs
208 havewallsIyaiduRa £aV&fiedomht Boltﬁ%aﬁ%&nﬂgycdﬁﬂi’pﬁld% 14%&&”1911 | nsul ating

filmsidewal ls 223 and 224, respectively. The structure elintnatées the

f or mat i otheahutea ciredmferseinl eahd lda@tlﬁrcyﬁﬁcﬂm%lﬂ%d% thdeais WishRGas (0hs 19 col utmar
silicon layers 207 and 208. Still further, since the upper surfaces of the
col ummar 2} 140cayd theigidiigisAG7 aadd3R0ose :hnat,aéhtmrelmcmdcmﬁra& covedediwnilth t he
hard masks 106 d 107 and insulatin idewal | s 223 and 224, the n+
type si | Pyl 11«%{5/ nsgled: pd. tlgi%)e15§|amidg?nait%lyb¢ gaie sichmene thekbretiche
pon5|I|§8p1|§ e%ch d anc\ﬁn0 electrode is fornmed as expl ai ned using
FIG 91ATFE BEH ’116 9 Qé’E]’ ®6hown in FIG 109A to FIG 11013, a resi st

153 for i ng t. r LD FIG |1 1A
to FIG f?g f%%gﬁgﬁvgfﬁ?c% %ﬁﬁéfih@@lﬁ%ﬁmu%@@?é%@?%ﬁ%%wg@e S ched to
form gat EmﬁW&Qttlhﬁﬂ'@ﬁlg,aﬂﬁlsﬂada 2dPsRO8H RsPALiL Wik 198h, 24810 expose the Te gat e

el ectrode 209 is conposed of the metal film 137 and polysilicon films 154
and 155 shfachof @apt- tyje sittoal lage 119 end Arsret afpesiilidondayce onpoundnisn t he

foll owi ng process, and the gate el ectrode 210 is conposed of the netal film
138 and %b%mwtc@mcq e Wisst 186 seendd BB Tlatihg Sims 82t andd 28k wal fotroed or m a net al
S|I|contﬁ ound in,the follomﬁT processjing step. The gate wring 218

whi ch cofh&URSPRSEREEH Y Wiatgeihe P%E? ?’@E%labwn&r%fm@ at ab@eapetivaed 210 i s

corrposeq felcr}cg?luﬁ)ﬁlayﬁhb d?%ri]csfthe nc c?{]ﬁléla?% 11@% 1dej<b157 Wh! ch react to

metal to forma net icon co rocessing step. In

addi ti onyedsh@cinlay Siab n 5 Nt b mai ned after
t he etchﬁ%S o? t he Sgkﬁg?k%t%ﬂhééﬁnﬁb%é§§a%dﬂ?§gﬁl %ﬂggglﬁﬁo pol ysi licon

films 158094id 156 doendn PaGt1 W ©IFIGerBimere kkersoibegswehi nghat i§ he
polysilicon film141. Since the sum of the filmthickness of the insulating

film siddtaiadd sstprBrandwiRs thnghie adilusnofilmn hé0 ol monafilsibs een | ayers 207

and 208 is larger than the outer circunferential radius of the cylinder
f or med WV@lﬁé v@é\%%b Folgnar sihepiflnyayg08.30e anlysiligon Bhes Histaald 157) s (187 and

138, the 38 are co ere { he onS|I|con films

154, 155n E*iv Ii%%@réﬂ@?‘“&if% éP“f‘Hé’*“@ja I gﬁ&\mihgﬁ aﬂ‘a YHEF@ESE t he met al
cont am 00 F G  113A to FIG 1 14B,
the i nsH adti?glé’qgm %@1313(%%@%2}&%“ gﬁ‘@??ﬂ rl|(Pr s\tml HEP TR PP s 1202 and

second isfissehadycnd0f,idos| 1290 1180954 ﬁhc?f(%o§&oh@ﬁisﬁlé[lfl‘fi"ﬁﬁn95)I(ﬂ.ﬁbﬁ”m ype
silicon |layer 119 and first n+ type silicon |ayer . In odi nent

si nce t kecdnidristulaing (Hecadevalrzadl atilng terd RoblRQal andicdi2Oh wrieh firr med in t he
sanme processing step by using the sane material in one piece as
above- némpﬂdw@éOfﬂ@ﬂ@héwwéqﬂmﬁekahmﬂmgadéﬁBSeQXWHedﬁmﬁsmcamd1n£$9nd

|nsulat|ag |IQZ (g e_crﬁss sectional diagramtaken in the cutting line
X- X of 1@p@nd 195ancyinpylefing i sideowglls 224 apddA. i Augh astrugtspclipingles. 1168, t he

resist jtl?eolbirﬁa iSTRY, aelglctdirscnuconfuct01 compound in the upper part of the columnar
silicon layer 207 and 208.
[0095] A metal such as Ni or Co is sputtered on the results of the above-mentioned
processing step and then subjected to heat treatment to thereby react the gate electrode
polysilicon films 154 and 155, the gate electrode polysilicon films 154, 155, 142, 156,

and 157, and planar silicon layer with the sputtered metal. Then, an unreacted metal



obtained a structure in which the gate insulating film 140 and netal film
138 are covered with the columar silicon |ayer 208, the polysilicon filns
156 and 157, the first insulating fildh 129 (129a), and first insulating
filmsidewal |l 223, and the second gate insulating film 139 and second net al
film 137 are covered with the second columar silicon |ayer 207,

ponS|I| n filns 4 a 155, ond insulating fjlm 129 (129b) and
second i Bllsalﬂnr‘?ﬁ“%% %@f‘ﬂwfq/ﬁﬁg%cnﬁa“%“ G HECE SPRItEHPRI ned a structure in

Wt t he® RAPHR BRI pfloxldi SO MM Sl LR P e PR BT 473500 2 225"
Such a sErwictigne, ﬁﬂetdmsnﬁlbﬁémh{a&d‘d%ﬁ@t1'59) i, téllﬁﬁt: 'T&ﬁ‘{gﬁlgng ghe conpound

in the upper part of the columar silicon |ayer 2 5] A neta
such as dectardeCp09 sndspit dreirgact Witing 19 81 €swWlal-siliobn thepakavgy.ress isoned
processing step and then subjected to heat treatnent to thereby react the
gat e el ebrmedé tho Ipiﬂs‘,lﬂll slh@m lhydr2d 1164 candalt§5cort trengamné loketdlriede

ponS|I| on filns } ,. 142, 156, and 157, and(PIanar silicon |ayer
with t he B6e iethed flﬂ%é*t*a’llwlrrlﬁbé% 213n deetietay. thindasnd seyenth mealisgicoemoved by

a sulfurjgc aC| Lh , OXI e m.,xed solution or a ni a/ hydr ogen
per oxi delor%}fg(()u& ad/)é ]ic%%ﬁ to Kg oraigiey m g? SERERROGCR Y BEP ﬂ?%’%%CFI gG 11813,
a nmetal - ginld GABAMRAYAALh AXRNE, HRD 1&5%%%%&(%191 &ﬁ?{g{g} l]al%cn]c Qe 9y fhe gate

el ectrodes 209 and 210 and gaté wr icon ¢C ound | ayer

158 is fxrxred [{iG. t heoptian a7 Sidvsarar b@m'hé,%ﬂ‘lae RBE1-8i1i8%E &lmRJubli con conpound

| ayer 160 is fornmed in the planar silicon |ayer 212. Since the first,

third, alagerslé@enth netal -silicon conpound |ayers 15%to 15% are formed in

the sane processing step by using the sane material in this enbodinent, the

cross-secti ondpn Hibaﬁir%rlwm(w%uz@mt siaceue fthegolinmer $ioon leferf2@@ atll7 to FI G
t.heir, bundlin the netal -silicon conpound | ayer 159.

147 sh On
the ot hetO8HE theactys dpoted v Be hard mhiss dBP anhid” a1d nedsinzdisy s 207 and

208 havegt t S nd 107 and

i nsul atin ﬁﬁﬂﬁ%?ﬁﬁ%ﬁ %QXg Egg“d“gﬁép“ﬁﬁﬁ"¥ﬁﬂﬁéﬁ%¥ng%SQW?% processi ng
step, annfRuad gkt kGONCERAEROH AR | A¥EL kSt surfaces
of the cowgﬁﬁargﬁlﬂ?cono | ayers l%ﬁ %ufg%nﬂihé&ﬂg%gﬁggﬁxﬁﬁ@%ﬁgﬁgl-siIicon
conpouncanday@8r 159 and the netal films 137 and 138, a polysilicon film may
be present. Al so, under the fourth nmetal -silicon conpound |ayer 158, the
p)- type si lBaween thy ercta-siconygobeowrddssntl 39 and thender! filne 1S¢aothd38,

netal-silugon conmpound | ayer 160, the first n type silicon |ayer 113 may be
present .2} r}"@]e*]o,& i ippyae Plleﬁﬁ‘fﬁthf} sosurfdst fhedowih migtal-sidison eamprhinghe

e I N R R AT A
crbeddeduedt o anyoinin. MY AN Lo LR R g bt erer,

insulating fi narize

122B, a [p@sd)st Jt\ﬁzau‘i&rﬁ[fapml RPoBRALAGhe RRLIBSHIAR: bR GRIYHIRAL Silicon layers
207 and 208 is fornmed. [9098] As shown in FIG 123A to FIG 12413, the

i nt er | aypeocessisgbtap,iangd af ihtenl &2 insslaghg Hed 16y isapphyd sohhhae Fesisth 163 as a
mask to form contact holes 164 and 165 on the columar silicon |ayers 207
and 208.wIngh theingirigle flm 1p1 i§ forpedfey dbkmbeddedt ¢ Nepans shavfn HEGn] t9A de film
161 and‘h?é? g@g 31106 and 107 by over etching. 42 [0099] As shown in FIG
| 25A to T DB e pRdayes pssfating 4md 62 drpaatived.

[0097] As shown in FIG. 121A to FIG. 122B, a resist 163 for forming contact
holes on the columnar silicon layers 207 and 208 is formed.

[0098] As shown in FIG. 123A to FIG. 124B, the interlayer insulating film 162 is
etched by applying the resist 163 as a mask to form contact holes 164 and 165 on the
columnar silicon layers 207 and 208, At this time, it is preferabie to etch parts of the

nitride film 161 and hard masks 106 and 107 by over etching.



[0100] As shown in FIG 127A to FIG 12813, a resist 166 for form ng contact
hol es 167, 168 and 169 in each on the planar silicon |layers 211 and 212 and
gate wiring 218 is forned. [0101]As sfown in FIG 129A to FIG 13011, the
interlayer insulating film162 is etched by applying the resist 166 as a
mask, to formthe contact holes 167, 169 and 168 on the planar silicon

| ayers 2 d 212 and t iring 218, respectively. The contact holes 164
and 165 99ﬂe c F&W}@ilﬁi'mf%&? t426B7hg Fgsiss 483 Isa@oYHe cont act hol es
167, 169 168, e. phan Sili.¢o yers. ¢ ang -212, and gate wiring
218 are Pglrraﬁlad i/r}ggih(}eﬁhllnﬁf@r' 2%%/?})(}%@{;2%%3}%9;1 ]sctﬂéﬁéf’ %h ”tnllll%rcéﬁ“fﬁ’ an et chi ng
condi ti ORoIEQI6T, 968LAY1808 GORNbARL £ Si1iL641:304 2395,0912 | Wiy silicon
| ayers 207 and 208, and anL et chi ng‘ﬂcgndlilt?%r;@{falor ?o?m@nggﬂ%%c{gn ct hol es
167, 1692#hd fdeBdon the planar silicon layers 211 and 212 and gate wiring
218 can be optim zed, respectively. [0102] As shown in FIG 131Ato FIG
13213, tHdOLgsi shs d86vr is Henmbdio [10103)Rsthe hoevnyieninkhGinglB3AI §DisFI G 134B,
the nitride film 161 under the contact holes 167, 168 and 169 is etched to
renove, SHEGHANRAIES HEdrust 106 aa A dhatp7o ot fgcopiast holesHéd. 169 andribbe.

0104-j As_shown in.Fl G 135A t G 13613, . ier nmetal 170

| 0100 25, 0ok L Gnd 20 0 B B T B TR b 10

titani umgiidd hogs 113]45'ﬁcpfdgecghth@@glumgpsiﬁc&{m}i?r%rs by glri APk hEY. At this
I ?orms t er neta Pt

time, a netal whic e barri ayer such as ani um and

silicon hdled hey, uppand Py §isihehldnhesiGRIUBNGS 251 hicon ;L%%feswi%@é 2389208 may
react to forma conpound of netal and silicon, and a fifth tal-silicon

conpoundforayém @ndiféersitprdessipites, hidihoretaopountidgayeaditiomyortiermfiag med at
interfaces between the barrier nmetal layer 170 and the colummar silicon
| ayers 209 capfactiog:s 164 gehdbhgn die calurataesilighn fayerst208 abd208,endmet al | ayer,

the fifth nmetal sil iﬁggo_co ound | ayer and sixth nmetal silicon conpound
| ayer neySHBE oty iog oy raatacHwgs od. Hdqgnd o8 anitee ppme sizgn3, a net al
| ayer 172 1. hied on the. r |ts,of the above-nentioned processing
st ep. [0%6%?%@?%%@%2619}? e “&@gﬁgtc&n Py @’mllkfﬁ%‘em?éum'al | ayers 172 and

171 and folgz] 43 DadHoWarin %8G a3 1axeficl TH NG RARNAEd £ & || etched to form
el ectri cmcon]t acts 283, iI%14, 215, 216, and gcll%g{llﬁ{eé %F%&%ﬁb contact 213

i ncl udeg[0tbs barad siowigh &IG) BB oI18. a3 tthenimiaiind Paisieddd candet175. The
el ectric contact 214 includes the barrier nmetal |ayer 176 and the netal

| ayers 1Wesakbd, 168BandTHE iekebtd foacmont, acd t2lGrd masisdds shhd0Dareriuehernet al
| ayer 179 and the nmetal |ayers 180 and 181. The electric contact 216
i ncl ude<'$58 BEFRGYEr nmetal | ayer 182 and the netal |ayers 183 and 184. The

oL Oy 20t 2 eSS e T (L TEAEL 1 P B 2,

metal | aygr; 188 .sTBhkalm BYeium nitride, titanium, or titanium nitride, is formed, and
then a metal layer 171 is formed. At this time, a metal which forms the barrier metal
layer 170 such as titanium and silicon in the upper parts of the columnar silicon layers
207 and 208 may react to form a compound of metal and silicon, and a fifth
metal-silicon compound layer and a sixth metal-silicon compound layer may be formed
at interfaces between the barrier metal layer 170 and the columnar silicon layers 207
and 208.  Depending on a material for the barrier metal layer, the fifth metal silicon
compound layer and sixth metal silicon compound layer may not be formed.
[0105] As shown in FIG. 137A to FIG. 138B, a metal layer 172 is deposited on the
results of the above-mentioned processing step.

10106} As shown in FIG. 139A to FIG. 140B, the metal layers 172 and 171 and the



189, and barrier nmetal |layer 190 are sequentially forned on the results of
t he above-nenti oned processing step. [0108] As shown in FIG 143A to FIG
14413, resists 191, 192, 193 and 1944Bor form ng power source W rings,

i nput wiring, and output wiring are forned. [0109] As shown in FIG 145A to
FIG 14613, the barrier netal |ayer 190, netal layer 189, and barrier netal
| ayer 188 are etgnglt fornlthe source rings 219 and 222, input

wiring 22%MCLHRgR \iiG Blanwiy: Cd‘f‘H&@{SB%“P fepue %“\MCPPW&??iQ 3ldcl udes
barrier %%lmla?ﬁ%rl?lgghc %{F}l é!gx‘:ﬁ &21%%}6 uda‘ btfaa;{}l%ﬁ{l‘“jél dy% gl‘lg 197. The

power source Wirin arrler ayer 205,
and bar r {igmdimt] Q‘val B¥eHdA08. The dc@lﬁ’i‘étcoma[t' ?ﬂg 13&&(1(!3'@1% f%lﬂﬁ;sﬁ R&LILes netal
| ayer 201, netal” |ayer 202, and barrier netal |ayer he output wre

220 i ncl Utteandohe micei layetsal77laay @78.198he ¢redial chayenisd %Juc@@ thebargdrer net al
| ayer 200. 50110 As shown in FIG 147A to FIG 14813, the resists 191, 192,

193 and m9! jayer EWownddhe homl iy dsd8p dikhg8t.o hheﬁahmyanmmmétheBMcihe

sem condyc E deV| accordln to this enbodiment is forned.

Accor di n@‘ 61“[%1011 e Ht el the ﬂw&&lwr&w?ssméﬂ%di ehelecttipeohedd i c
contacts. 2 and e di t he umar silicon |ayers
207 and @b@éc%ﬁng¥%}ng$EWﬁ P&F lﬁf”%’ ‘EBW &é@?ﬂagkonpound whi ch nmay

cause ocgypyencesofy L.gakaes. ﬁHrArﬁﬂth' §4ﬂ§)t ga?uﬂ%qctﬂq eiﬁgoLilI{m] (Silicon

| ayers 207 and 208. Al'so, since It essary ¥m t he
second n§Y, MREb&tiki Geml |a§‘é{el“)03a4149(§1ﬂ§hﬂalﬂ? f&ﬁl&i)(ﬂq}m f’c@uﬂ bitON Iayer 146
conprising the highly doped silicon layers in order to suppress the

occur r eneveimantipscd padeagjeg eepr ent, i ncrease of the electrical resistance
by the second n+ type silicon |ayer 144 and the p+ type silicon |ayer 146
of the hh dB8ly ddb%ﬂlowmwh llﬁé%eho§‘1@4h4ﬁhdcsls461%laz.smamdulaamie

Still F S|nce the thjck nmetal -silicaon conpound Iayers 158 to 160 can be
formed i RPRE ‘ﬁ@@é“&?%%??ﬁ@%§nﬁégmgﬁ&‘@ﬁ@”HWH“WﬁﬁvﬁFgﬁaﬁ'S|I|con | ayers 211

d 212 gfgdpe | f | 7 and 208, th
ow rosi S0V BT ToRETEIE 1450 P b P S e MGG S 88 oo

layers aéﬂequsd e%%l%aﬁ?e@ nR&a135: ?X@Qm NGRS e 6\9& f3LaR v?lﬂfi?dz@per ation

of SGI becomes enabl i ng. | so, since the PYY St sy ng film 12%
and secamd 220 sibatt wingg 221 rﬁnﬂi%@:ﬁnﬁm@n(,fﬂi)n'eqfh@ﬁéw@esﬂukbﬁmgﬁé g1¢l ectrodes 209
and 210 and the planar silicon layers 211 and 212, the parasitic
capaC|tandgdﬁﬁrmenmmnﬁédgmﬂﬁsﬂh@cRMpﬁd9éndm&mauphamﬂrdﬁmnﬂtonﬁuctor | ayer

can be reduced. According to the configuration nentioned above, the
| ow r esiRMYEY SRy eaning2 Zinglidgs aramnen lofer 20 ek laxmd08tad bagir ce ar e
achi evabl

&l layer 206.  The input wiring 221 includes barrier metal layer 201, metal layer
202, and barrier metal layer 203.  The output wire 220 includes barrier metal layer 198,
metal layer 199, and barrier metal layer 200.
[0110] As shown in F1G. 147A to FIG, 148B, the resists 191, 192, 193 and 194 is
removed.
[0111] According to the above processes, the semiconductor device according to
this embodiment is formed.

According to the fabrication method of this embodiment, the electric contacts
214 and 216 can be directly formed on the columnar silicon layers 207 and 208.
‘Therefore, a thick metal semiconducting compound which may cause occurrence of
leakage current is not formed on the columnar silicon layers 207 and 208,  Also, since

it is not necessary to thickly form the second n+ type silicon layer 144 and the p+ type



[0112] Al t hough the fabrication method of the above-mentioned enmbodi nent was
expl ai ned using the inverter provided with the NMOS-SGI and PMOS- SGIT, it
can fabricate NMOS-SGI, PMOS-SGT, or 44 plurality of SGT(s) by the simlar
process. [0113]In the above-nentioned enbodi nent, the case where the
electric contact is contacted to the second highly doped shllgop Laye; on
the colu nduct.or | aye ed. However, the fjfth an

si xt h ne?gfons'i%r’?‘c IR CoBwRTSIE T B‘mﬁf%ﬂf %&fﬂﬂﬁy"tlw QIH@letbea@éeﬁéh@Neen t he

el ectric,& (aﬂ#:%tof’%ﬁg lédlﬂggfcs(ﬁﬁ:l%ﬂﬁ it Jr&l% 4t &g%ﬁgu?@ai 165[9[ nc, re&ﬁ%%ﬁ%%ng%fkcorrpound

of a netal the barrie a sem con or med by

maki ng t Ree BEkah 1:98r 4uadAaRE bﬂe[ypﬁ%tiﬁehn |1@¥?i4d’@ﬁﬁct: hitefl cﬂﬁm& LfiGen of the

upper part of the colummar silicon |ayer ornlnﬁle l'ectric contact on a
col umar lagérk ildédnnd dteis athoraeoidayle. I n thi s case since the fifth and sixth
met al -silicon conpound layers are thinly formed conpared with the first to
fourth and se@@ﬁtﬁﬁﬁﬁwawl pHud@mcwbm@omndnhmymdé%m&»h%dbﬂé&tmfbdeakage
current d abo not occurred. a netal included in the

fifth ant tlh‘ﬁhét“& Y%le %&99%%6&@11@9@@ figeap 1rfﬁ‘tléﬁlb\ﬂéiiﬁi:2112f<ﬁrrr? t he

d diff f | ud nthe first to
fourth ;ﬁél@mﬁv i e A R b B9 BT oS Y ohPe e t1 1o
and si XthedRiial 269 dicomn ﬁ@gﬂ%‘dﬂgn HVE ésm’ Rf’zfz%ﬁ%@ F@ﬂ%’l not be formed

depending on the materi al arrier ayer n the

above- nentdoadiagyemb ogilngrtd oﬁcrélﬂﬂt@SGT'Bcc%ﬂﬁﬁcﬁ\é}ﬁ;ﬁ@ the gate el ectrode
includes the netal filmwas explained, it is not necessary to include the

metal filmif AlsocarneflunGtst mrulasnafigpal 29edrececodans| ik hn 29%ewre
above-nmenti oned enbodi nent, although the transistor of the enhancenent type
by whi chofne! briwaeieiheiggterebiciredes 209 and 21 8gndheafanphslitor kyers2l] ewh | ayer 114

and sec icon layer 120 b ying voltage to the first gate
electrogngﬁﬁFﬁﬁﬁ”§é@ 4fa q%’%$ F?5ﬂ€%§8@mﬁh§méwbpdpﬁéam“PH€W¥WanS|stor
may be pe [0116]in the above-mentioned enbodi nent, although
t he exaqaﬂggmﬁ Q@%%g silicon is shown as the sem conductor, it also

enabl es t o use\@8rdiRMoUN céhf QWQHQQLrI%%H&P%QEQB@%m ﬁ‘ls%tlvft%aﬁch%cf ormation
of the SGT enables. 10117] As mat er i al ormng the metal |ayer,

t he i nsuhiatdtmgzaiivh ﬂfliﬁtsemtdondﬂidﬂ@ c&b(k‘éarﬁfa&ﬂﬁtd\f@[ﬁl@d enbodi nent, wel | -known
mat eri al éﬁcan be al so used suitably. [0118] The substance nane(s)
ment i ond81 Bdove Aldhosgle thslfatirjdatign anvthodhd tlef doeehationed embodiment was

explained using the inverter provided with the NMOS-SGT and PMOS-SGT, it can
fabricate NMOS-SGT, PMOS-SGT, or a plurality of SGT(s) by the similar process.
[0113] In the above-mentioned embodiment, the case where the electric contact is
contacted to the second highly doped silicon layer on the columnar semiconductor layer
was explained.  However, the fifth and sixth metal-silicon compound layers formed in
the interface between the electric contact and the second highly doped silicon layer
from a compound of a metal of the barrier metal layer and a semiconductor may be
formed by making the metal of the barrier metal layer react (o the silicon of the upper
part of the columnar silicon layer when forming electric contact on a columnar silicon
layer directly.  In this case, since the fifth and sixth metal-silicon compound layers are
thinly formed compared with the first to fourth and seventh metal-silicon compound
layers, a problem of leakage current mentioned above is not occurred.  Also, a metal

included in the fifth and sixth metal-silicon compound layers is a metal which forms the



present invention is not limted to this exanple. [0119] Moreover, the
present invention, to the extent that it does not deviate fromthe broad
spirit and paraneters of the present 4:vention, nmay have vari ous _
enbodi nents and nodifications. In addition, the above described enbodi nent
is provided to explain one enbodi rent of the present invention, but does

i C. h f..the. |l tion, 6, CLAIMS [Claim11A
cerm CondOEE5F e TG GBRIES HR o AL AR e Uit colbuBt Shaplr: a
fi ‘ . ] o | f.ormed.on the first pl.anar sem conductor
ayer;  PIRCSE L ERRMELs. N ROl b SRRk FURHEG T T ower
regi on oforhfSunlilahs MA) WENMRMeE SHEIRAHEL %th%gﬁjézg@igg ohe fbfeity & anar

sem conductor | ayer; a second highly m conduct or 1 ayer
formed i thedarupperaliggiron of the first col umar sem conductor |ayer and
having a conductivity type same as a conductivity type of the first highly
doped selfildéhduchdhe hbppermentioned embodiinest aljatueh iinsubathag thd dae f or ned so as
to surrownd the first columar sem conductor |ayer on a sidewall of the
first coffffde REHTedhomebhin ¥pepxplenedehis npendcessaty thighnde tae)lp*@aﬂ

sem cond y. layer and the second highly doped sem conductor |ayer;

a first ggég‘bvé%ﬁP%H@fF&ﬁﬁ§H$° Oa% tg surround the first gate insulating

filmon fdl@sfi r Sty t%&l%vk—%&ki@ﬁc}ﬂ%lﬁdd' %rgh%lth[ot%%h ﬁ}e];iié%}ﬁ%ﬁoir B?Hlleati ng film

formed between he first gate electrode : anar ‘sem conduct or
| ayer; enhancengent iypSthyivwlged @&k cRthnkl IsThShdiawahd re&i‘%ﬁ'ﬂiﬁheﬁﬂ‘s@ﬁli(}o‘i’i gRptact a

top surface of the first gate electrode and an upper sidewall of” the first
col ummar 1 slemidceeehdcs loronllayee 1 20 by dpgiiginguottatend thd@rsugpetletegicanoahidt he first
col utmar sem conductor | ayer;

second gate electrode 209 was cxplained, the transistor may be a depression type.

10116] [n the above-mentioned embodiment, although the example which uses

silicon is shown as the semiconductor, it also enables to use germanium, a compound

semiconductor, ete. if the formation of the SGT enables.

[0117] As for material(s) for forming the metal layer, the insulating film, etc. in the

above-mentioned embodiment, well-known material(s) can be also used suitably.

[0118] The substance name(s) mentioned above is exemplifying and therefore the

present invention is not limited to this example.,

[0119]

Moreover, the present invention, to the extent that it does not deviate from the broad

spirit and parameters of the present invention, may have various embodiments and

modifications. In addition, the above described embodiment is provided to explain

one embodiment of the present invention, but does not restrict the scope of the

invention.



a second netal -sem conduct or conmpound | ayer forned in the sane | ayer as the
first planar sem conductor |ayer so as to contact the -first highly doped
sem conductor layer; and a first eledbric contact fornmed on the second

hi ghl y doped sem conductor |ayer, wherein the first electric contact
and the second highly doped sem conductor |ayer are connected directly and
the first gate el ectrode includes & fi &gﬁ net al - sem conduct or conpound

| ayer. 47 [d aim 2] The seni conduc bl ice according to claim1 further

conpri silrtgaﬂnf]i]fth %%&Lfe l?cgq%goqragyi%g&ﬁﬁgﬁﬁqund | ayer forned between the
a g

> J. -
first electric’ contac n e secon %/ doped sem conductor | ayer,

wher ei n a fiRepBiabm@lontib@of hidh netal - sem conductor conpound is
various types of netal which are different fromthe netal of the first

net al - seni conduiitsocoleanpogmicdnayen: anek foleed®@i @k fied plier seaeniuctor

met al - sem conduct or conpound | ayer. [C aim 3] The sem conduct or device
accordi nig¥®® claim 1l or 2, wherein the first gate el ectrode furt lher. .
conprising a first netal filmformed between the first gate insulating film
and the first %@Fb‘lﬂg Ié(r%{oe%ﬁfﬁ’é‘%rf‘mé@ﬁﬂ?dﬁhb’rmé?é’r’410{"@!‘ glermgiAbs Bt conduct or

devi ce eolrelg a first d a second transistor, the first

; 1j12§1'iscr:]191i(:0 yetdr I t)r_aqgi, Set['or*' a}nl ar-Semic ctor laver.. .
transi stor TESHpr TACAIHCIA Ty e &pd He it Planas BTN sY 1%Yrer ;

a second highly doped semiconductor layer formed in an upper region of the
first columnar semiconductor layer and having a conductivity type same as a
conductivity type of the first highly doped semiconductor layer;

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

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

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

a first insulating film sidewall formed so as to contact a top surface of the first
gate electrode and an upper sidewall of the first columnar semiconductor layer, and to
surround the upper region of the first columnar semiconductor layer;

a second metal-semiconductor compound layer formed in the same layer as the
first planar semiconductor layer so as to contact the first highly doped semiconductor
layer; and

a first electric contact formed on the second highly doped semiconductor layer,
wherein

the first electric contact and the second highly doped semiconductor layer are
connected directly and

the first gate electrode includes a first metal-semiconductor compound layer.



a first columar sem conductor |ayer formed on the first planar

sem conduct or | ayer; a first highly doped sem conductor |ayer of a
second-conductivity type fornmed in td€ | ower region of the first columar
sem conductor |ayer and the first planar sem conductor |ayer; a
second hi ghly doped sem conductor |ayer of the second-conductivity type
formed i pper region of the 1st col ymar sem conductor | ayer;

a first B%#"B“z sul at ?‘rg“f’]"r%df“df)'rr‘é‘a“sccf‘ca%‘Ht”é” [%ﬁlr“F‘Bder”]f“Hé:ompl“é‘t“E@ol ummar

sem Condﬂﬁh Qietzll—a%ﬁlﬁﬁoﬂﬁ 1o d%)qg)\(g@lﬂ a?/fu fol % B&%/t el 1910 s dv &K gcngsogg%ﬂécd;?(;hl ayer

bet ween t I rst senrcon or layer an

doped seiRcGenthdGH ey Hé"f%@lﬁummonduct(nalaf/étr‘@ﬁugﬁt € el ectrode formed so as tO
surround the fir % gate insulating filmon the first gate insulating film

a first insul athengdliol thef foiiin@diabainieeniucte chinpsindgat eriglsagidsedtercand t he

first planar sem conductor layer; a first insulating filmsidewall forned

so as toWbtyhtdatfﬂlffmﬁnafItDmp1€ultfdéobt11©ﬁu$thmtd l48nfigamgdtcigatenmluedinyede and an

upper si de % e first columar sem conductor |ayer and to surround

t he uppe?tm bl“’t&?’f‘l(? thepgeqndrasgtalaspugindrciebsareRmad davsr Iayer a second
ormed.in the.s hefirst

gF ;ﬁlar i ’é‘(‘)ggﬁiﬁ I)rﬁ}er@’glﬁ%élgu‘gge e&‘“&é‘hf(ﬁé‘t‘“éﬂ%dﬁﬂ%?f‘ﬁ‘ rzsf‘”ﬂlctjﬁf%/ Hbped
sem Cond £ Ot UGt W nriing Sler§l RGLT difh F\OQIQE@B{,{WL&{ g Qaphe second
hi ghly d&ged sem conduct o]?J % % F1 ond transistor conprising: a
second pinawiatingSelm @Qﬂ(ﬂbjﬂQﬁndtﬂ%‘@ﬁuwnductm compound layer,
[Claim 4] A semiconductor device comprising a first transistor and a second
{ransistor,
the first transistor comprising:
a [irst planar semiconductor layer;
a first columnar semiconductor layer formed on the first planar semiconductor
layer;
a first highly doped semiconductor layer of a second-conductivity type formed
in the lower region of the first columnar semiconductor layer and the first planar
semiconductor layer;
a sccond highly doped semiconductor layer of the second-conductivity type
formed in the upper region of the 1st columnar semiconductor layer;
a first gate insulating film formed so as to surround the first columnar
semiconductor layer on a sidewall of the first columnar semiconductor layer between
the first highly doped semiconductor layer and the second highly doped semiconductor
layer;
a first gate electrode formed so as to surround the first gate insulating film on
the first gate insulating film;
a first insulating film formed between the first gate electrode and the first
planar semiconductor layer;

a first insulating film sidewall formed so as to contact to a top surface of the



a second col umar sem conductor |ayer forned on the second pl anar

sem conduct or | ayer; a third highly doped sem conductor |ayer of a
first conductivity type formed in a Méwer region of the second col umar
sem conductor |ayer and the second planar semi conductor |ayer; a
fourth highly doped sem conductor |ayer of the first conducti vi Ity type
fornmed ip an upper region of the second columar semconductor |ayer;

a secondﬁlgﬁ’g?’%“’ ?ﬁ%ﬁ?‘:&t‘ﬁ’ﬁgmftlpﬂjfﬁ Sf’%r“ﬁ’ilcf&élge g@‘% IR SRR REOSAYE 8 col unmar
sem cond r I M= By ld....Of econ ummar sem conduct or

| ayer betb\%ggﬁu%(ﬁbggtuﬁpgd@#?é%mﬁaic;%tggi@gﬁrg%ﬁ%ﬁ%%@’ﬁg&gr and the fourth
highl'y doped seg.eonSuGl-8EmicaY8icior compound®la$&aeRtedatif &hRahyLde f.or med so
as to surround the second gate insulating filmon the second gate

i nsul at i hgt pliahasemiconductar lapaends insuwkat ionge fird mdhdy seddhehwestudde second
gate el ectrode and the second pl anar sem conductor | ayer; a second
i nsul atiﬁ@efwﬂldm sidewal | fornmed so as to contact to a top surface of the
second gate ele de .and an upper s%devvall of the second col umar

t (
sem conduct or 4 fglﬁé‘g?"“é{ﬁ gortgeldpipegmidhe preongh rhly depied serpreordistos dashd

col umar , sem conduct or | ayer; a fourth netal - sem conductor conpound
layer forned in the sane layer as the second planar sem conductor |ayer so
as to contact hfgchhd ighddi@lomARRed 49 semiconductor |ayer; and a

second el ectric contact flor med 'on the fourth highly doped sen conduct or
| ayer, wher ei msecond plaidt@ehidogluc@di@gfdii ¢ contact and the second highly
doped sem conductor | ayer are connected directly, the second

el ectric cont acecaniddibenfroamidentiain lyy o dpaddsanhe sawdud planad ayer are
connected directly, the first gate el ectrode includes a first

met al - selfigHdudebRY¥onpound | ayer, and

a third highly doped semiconductor layer of a first conductivity type formed in
a lower region of the second columnar semiconductor layer and the second planar
semiconductor layer;

a fourth highly doped semiconductor layer of the first conductivity type
formed in an upper region of the second columnar semiconductor layer;

a second gate insulating film formed so as to surround the second columnar
semiconductor layer on a sidewall of the second columnar semiconductor layer
between the third highly doped semiconductor layer and the fourth highly doped
semiconductor layer;

a second gate electrode formed so as to surround the second gate insulating
{ilm on the second gate insulating film;

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

a second insulating film sidewall formed so as to contact to a top surface of the
second gate electrode and an upper sidewall of the second columnar semiconductor
layer, and to surround the upper region of the second columnar semiconductor layer;

a fourth metal-semiconductor compound layer formed in the same layer as the

second planar semiconductor layer so as to contact the third highly doped



the second gate el ectrode includes a third netal -sem conductor conpound
| ayer. [C aim5] The sem conductor device according to claim4 further
conpri si ng: a fifth netal - sedBconduct or conpound | ayer fornmed
between the first electric contact and the second hi ghly doped

sem conductor | ayer; a sixth netal -sem conduct or conpound | ayer

formed bet ween the second electric contact and the fourth highly doped
sem condtfet6PUEiPE YRR o n the metal of the fifth

| - ' d I.S.vari ous types .of h e diff t
' om t he metal® SPEhEeRFap el e KRR (bl %R “ret 2l o

the secopgeimhaletsem conduct or conpound, and the metal of the sixth
met al - sem conduct or conpound is various types of netal that are different

from t he met al thefirdtkRciriu dodtaﬂﬁélﬁﬂthcsﬁd?fbﬁ(!)ﬂ%blpytcﬁfpc@@élﬁ@@lﬁkdwﬁﬁ‘%)lehgremﬁ al of
the fourth netal -sem conduct or conpound. [Cl aim 6] The sem conductor device
accor di ngpnmected dirgntly, or 5 further conprising: afirst metal film
formed between the first gate insulating filmand the first

met al - sem condlie t&Pn¢ slepbisrraniagyasy:thategrth highly depedsemingngedtan laydrl m f or med
bet ween t he seﬁclcnad.%at e insulating filmand the third netal - sem conduct or
corrpounaalf“g?/[g}(’.c ¢ %‘ f *aim 71The sem conduct or devi ce according to claim6®,

wher ei n thé h?st 7!11%%&609@&@?]!0&%& %}spﬁxé‘{aij—!sgﬂlfwﬁdl}c?&c%lnrg?ﬁltn%cgﬁgg}{ filmare

formed frommaterialFs for configuri irs ransi's e’ an
enhancengnt type, and t he second gate insulating filmand the second
nmetal filmare fornmed frommaterials for configuring the second transistor
to be an enharbesenhd pypelectrode includes a third metal-semiconductor compound

layer.
[Claim 5] The semiconductor device according to claim 4 further comprising:

a fifth metal-semiconductor compound layer formed between the first electric
contact and the second highly doped semiconductor layer;

a sixth metal-semiconductor compound layer formed between the second
electric contact and the fourth highly doped semiconductor layer, wherein

the metal of the fifth metal-semiconductor compound is various types of metal
that are different from the metal of the first metal-semiconductor compound and the
metal of the second metal-semiconductor compound, and

the metal of the sixth metal-semiconductor compound is various types of metal
that are different from the metal of the third metal-semiconductor compound and the
metal of the fourth metal-semiconductor compound.
[Claim 6] The semiconductor device according to claim 4 or 5 further
comprising:

a first metal film formed between the first gate insulating film and the first
metal-semiconductor compound layer; and

a second metal film formed between the second gate insulating film and the

third metal-semiconductor compound layer.



[Cl ai m 81A fabrication nethod for a sem conductor device, the fabrication
nmethod is a nethod for fabricating the sem conductor device according to
claim3, the fabrication nmethod of afdresai d sem conductor device
conprising the step of: preparing a structure including: the first

pl anar sem conductor |ayer; the first columar sem conductor |ayer formnmed
on the fhﬁﬁt Qlanar,ﬁenjcond ctor |ayer, g,hard mask being forned in a top
surf ace PRt r st TSorarmafude e dndaterding tlaglaim & wBeweir st hi ghly doped
senm conduct or } Sl inqa.l _kegior the - first planar .

seni conduct or wg¥§{c%%dH%ﬁ%“%ﬁﬁgvg@gﬁhﬁ§g¥3§%ﬁLE8H&BEP%fhW§§%F9k&hd a third
i nsul ati pg cbhfligrin@ A HrsPRalsiCMNEHE s BRKnaR et g d hﬁ(ﬁ? pl anar 'sem conduct or

| ayer; ormng a fourth insulating fil athird netal film and a
first sem condietawnt ayterinseging il mat YheoscdbREmstal UGk WeGormed from €t ching the
first sem conductor layer to remain the first sem conductor layer in a
shape of matesiplgdoatanfignring dic deswat! lirapsistohe e ansihewleurrnatypsen conduct or

| ayer; ... .etching the third nmetal filmto remain the sidewall of the
first col®aiafl senm dictEm nahed fqrp sgmigpagacier device, ticdelwmption

L5 WSS DR LA LROARS, ShEapmld Bl P, 1o

col umar sem con ormng a

second sgBLEARHYELREd J)i%f?xreszf?@scftﬁ%ﬂ%ﬁto?%e&ib@c& gr@m?t 1ELERlpg the fourth
film 0 uctoor

insulating fi _ rmng a third sencon I'ayer’ so that results
of the step ofpréaiingRGtiubRrSRERIGSBBIGAMMGE MmiaYRIR IS L MRadded,

pl anari zing the second sem conductor |ayer, the third sem conductor |ayer
and t he ddlumnarsemiccodduot layer|fayexi carte Etse blangr eadorgloctbhayeranhagper regi on
of the third netal filmis exposed; 51 etching the third netal
film nmaddaskeigpenionged i a lee surzgsef de fitsecadindeweaiemicomdugtrdlagautht fititnsul at i ng
filmmade renmminjng.in the shape of the sidewall so as to expose an upper
sidemalI“%?WFWBQ#%ﬁ@?mE%F@hﬁﬁWH§€H?%Wﬁﬂﬁ@@bﬁ%MHV€ﬁbeHﬁﬂp@ﬁﬁn forming the
first SN L flES dnsulating film . . formng a
seconqnﬁ%gﬁrﬁmB%%ggggé%?é%%gﬁéggga %f%?“%gﬁfqglngoﬂﬁh%?wngﬁi@WEe sane as
the firsginhio@hby ol ORAArSRIHCHIHE HAK plad¥SlenfiforddlE 0l RRGL region of the first
col utmar sem conductor | ayer; formng an oxide filmand a nitride

fil msequenti dbinyinga fo@alinkslaniy iAE ashePnefal FihMR: REscHeEMdeB ghl y doped
sem conductor | ayer; etching the oxide filmand the nitride filmso
t hat t hdagxiseeehiialin anidicstrectmict ri de filmremain in a shape of the sidewal
on the upper sidewall of the first colummar sem conductor |ayer and the
sidewal | of t EIHEHe Had RemigRBUCHSE dayes Knicain e frptrsemicondusiaatiiyeg if i | m
[ Il . . . .

si dewa a shape of a sidewall on a sidewall of the first columnar semiconductor layer;

etching the third metal film {o remain the sidewall of the first columnar
semiconductor layer in a shape of the sidewall;

efching the fourth insulating film to remain the sidewall of the first columnar
semiconductor layer in a shape of the sidewall;

forming a second semiconductor layer on results of the step of etching the
fourth insulating film;

forming a third semiconductor layer so that results of the step of forming the
second semiconductor layer are embedded,

planarizing the second semiconductor layer, the third semiconductor Jayer and
the {irst semiconductor layer and etching back so that an upper region of the third metal

film is exposed;



etching the first sem conductor |ayer, the second sem conductor |ayer and
the third sem conductor layer to renain at |least a part of' the first

sem conduct or | ayer and the second s&t conductor |ayer so as to surround
the first netal filmon the first nmetal film sidewall; etching to
renove the third insulating filmexposed in the step of etching the

sem conduct or |aver .and. exposi.ng the first planar sem conductor |ayer;
by depositing %ﬁﬁn%ﬂgﬂgﬁﬁHggﬁﬂwgl Pl Rpingg 1 Eﬂﬂ?@“éﬂﬁTPie%@gﬁ’ f exPosinﬁ
the first,.phanas, Sem . c Of.-h AYEL i\ faki react ;i S), .metal wt
a senico%ﬁﬁ%?g?nﬁﬁgﬁhﬁgggﬁﬁh%(€k®¥§éplgﬁéﬁpg(ggﬁ¥%%%vﬁﬁg%g? - %%% and
maki ng raagipel feeW@POSIht ¢6ls B naMdnfic et CRRAWRE QleniGliHdRd d:& the first
sem conductor |ayer and the second sem conductor |ayer nade to remain on
t he firsmewmbtibh afid theyfirsingte insulating filyn;r enovi ng an unreacted netal in the
step of making react the netal and the semi conductor, form ng the second
net al - seni cond@enie aceapslunghly apped semiedndudtpr by eppiaaiara @edicomgduct or | ayer
and forming the first netal-sem conductor conpound | ayer in the .first gate
ol ect r od8P Eéﬁl‘é&‘ﬁ%%ﬁ@“t@b??r& SPBICRBIFSdRsT 1t He WeregRaEtsrirgevi ce
accordi ngt mn%gmﬁ%ﬁhﬁ#éﬂ%ﬁgther conprising the step of directly form ng
contac

the first eﬁectrlc oh the second highly doped sem conductor | ayer
formed in the WYRRBE AAKIdeQfint M8 o difidle Al HINALaBETh RIBAUGHRL (b RYET -

forming the second highly doped semiconductor layer;

etching the oxide film and the nitride film so that the oxide film and the nitride
film remain in a shape of the sidewall on the upper sidewall of the first columnar
semiconductor layer and the sidewall of the hard mask, and then forming the first
insulating film sidewall;

etching the first semiconductor layer, the second semiconductor layer and the
third semiconductor layer to remain at Jeast a part of the first semiconductor layer and
the second semiconductor layer so as to surround the first metal film on the first metal
{ilm sidewall;

etching to remove the third insulating film exposed in the step of etching the
semiconductor layer and exposing the first planar semiconductor layer;

by depositing and then annealing a metal on results of the step of exposing the
first planar semiconductor layer, making react the deposited metal with a
semiconductor included in the first planar semiconductor layer, and making react the
deposited metal with a semiconductor included in the first semiconductor layer and the
second semiconductor layer made to remain on the first metal film; and

by removing an unreacted metal in the step of making react the metal and the
semiconductor, forming the second metal-semiconductor compound layer in the first
planar semiconductor layer, and forming the first metal-semiconductor compound layer
in the first gate clectrode,

[Claim 9] The fabrication method of the semiconductor device according to



52

claim 8 further comprising the step of
directly forming the first electric contact on the second highly doped

semiconductor layer formed in the upper part of the first columnar semiconductor layer.



