1 SEM CONDUCTOR DEVI CE AND PRODUCTI ON METHOD CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application clainms the benefit of Japanese Patent
Application No. 2010-136470 filed June IS, 2010, the entire disclosure of
which is incorporated by reference herein, FIELD [0002] This application
relates generally to a sem conductor device and a nmethod of' producing
such. BACKGROUND [ 0003] Sem conduct or devices, particularly integrated
circuits using MOS transistors, are increasingly being highly integrated.

MOS transistors @@NMQKQQD@@@@quﬁgHh%éhﬁggg?gggﬂjggwqﬁ%;@g)to nano sizes as

the integration level is Increased. ransi stors are downsi zed,

probl ems arise suclRSSIREFEREGYEITO lkgaki PEDAFPFERiA RN ol . For that
reason, further downsizing is difficult. In order to resolve these

probl etfi¥01p suflripappdicagngdties thedesdBobaphSEE Parhr NG 186 Joeen3prroposed
in which the source, gate and drain are provided on a substrate in the
verti cHleddinelt RO, Hsdntireedigdaserest mbaris rcarpoiasddand &hapebersieni conduct or

| ayer. 100041l n order to reduce power consunption in SCis, it is preferable
for resistance to be reduced in thef8ddlce, gate and drain. In particular,

in redygi the.resi.stance of the gate electrode, it is desirable to use
net al thr?])b‘?iﬂe gilfseapgh%aélf)%eﬁ%i?s 'W\l}g%aﬁ%ﬂ”%ﬂﬁ“ﬁlﬁf fj‘b"rﬁcecf‘fngﬁﬁﬂﬁ‘:'?%&furi ng

equi preatudy. fkhal and contam nation of sem conductor devices produced by
t hat manufacturing equi pnent is not desirable. Accordingly, processes
subsequent to the form ng of thgAekalR@ane el ectrode need to be specia
processes such as those that constantly control such netal contam nation.
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satisfying to a certain extent the various conditions stated above.

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

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

[Patent Literature]

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



[ 0006] [ Patent Literature I]lInternational Laid-Open Patent Publication

2009/ 110049 2 [Summary of the Invention] 100071However, in Patent
Literature | the protection of sem conductor manufacturing equi pnent and
sem conductor devices fromnetal contam nation is inperfect. For exanple,
in Patent Literature 1 the gate electsode is forned by planarizing the gate
nmetal using CWP (Chem cal Mechanical Polishing) and then etching this
material. At this tine, the gate netal is not covered by other materials
and i sy¢ Tk (ddifiion, the gate nmetal is simlarly exposed during the
orocesstn ) ‘?ﬂ‘g‘!"ﬁhe nitride filmhard mask and nitride film

si dewalpho7)CongRAKEEL bypPaillffiBral e Rk 1&%Et%tatﬁ§élni§&ﬁju%wgﬁw &gl’iﬂé he gate
etching device and the nitride filmwet etching device cou d"'be

cont andqaatedt byd seeti@hdidot RiceOHEHENRA! BLAMMGLDA istiMG Rl Féleneplel Rere is a
possibility that a sem conductor device produced through such a netal

devi celatal.delsgire b Htcamiawtctdd bis fomtel by [lQQ08ih) theaddi hétainysingtEvipf or m ng a
met al - sem conduct or conpound through etching in Patent Literature |, the
gat e riethanicakMeglngsatiPolchitebapdahen gishipeihiPagiend. Wit they Gmartke gate el gat e

metal needs tq be t.ant.alu.(lm or. sone other material that is not etched by the
cheni ¢4 §°‘i?§%’§3>’vm%‘ﬁ BT T At e eetdal 10 s eb Mo ciabirpiiligy c1eB09] | n
addi ti pn. another blemis that sinmlar t transistor as SGIs are
dommsicgtélag’g%régletb? gf\ggﬁg%lf‘ erll%'é'ﬁb%cﬁtlp’shﬁl‘ij‘nmf‘ﬁ‘ef%'tf[idg ﬂﬁ%’ﬂ&‘ﬂ% ring and
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consideration ‘of the foregoing, it 1s an obj nfjei nventi on

to pravindectathars @orRdU6Hahe damhiaRRa bl Mk ISt Wel Y & 5balki KA §ars net al
contam nati on of sem conduct or manufacturing equi pnent and 'sem conduct or
devi cdsenca tsamiscopdsidllioy thaensehaaindniogdPi@epeshesd Wik shad MgaoRoBe
characteristics, and a nethod of producing such a device. SUMVARY 100111The
seni condiddeseniganiae lyovdeldi ng to a first aspect of the present invention
is a sgm'gﬁonduct or device provided with: a first planar sem conductor

| ayer ;[09P8d ¢ sin dditipmybers B g duritloemienpdrctoioompaushihtdveb eichieg iml anar

sem C%%H{: El?cl:’ratlu?y F,rtl’l(, gate metal is exposed. Consequently, per Patent Literature I, the gate
metal needs to be tantalum or some other material that is not etched by the chemicals used when
forming the metal-semiconductor compound.
|0009] [n addition, another problem is that similar to MOS transistors, as SGTs are
downsized parasitic capacitance occurs in the multi-layered wiring and through this the operatin g
speed of the SGT declines.
{6010] In consideration of the foregoing, it is an objective of the present invention to provide
a semiconductor device having a structure that controls metal contamination of semiconductor
manufacturing equipment and semiconductor devices in semiconductor manufacturing processes
while having good characteristics, and a method of producing such a device.

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

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



3 a first high concentration sem conductor |ayer fornmed on the first

pl anar sem conductor |ayer and the |lower region of the first col umar

sem conduct or | ayer; a second high concentrati on sem conductor |ayer of
t he sane conductive type as the first high concentration sem conduct or

| ayer, formed on the upper region of the first col umar sem conductor

| ayer; a first gate insulating filmfornmed on the sidewall of the
first columar sem conductor |ayer between the first high concentration

i ductor. |. d the d _high concentration semn ductor | 1
e Conuc O Sl BT S RSSO G0 SRR R e Segher L aver
net al P‘a&ér%&Q{eﬁlﬁ%ﬁ‘aaibpi?)rﬂ;%'erfﬁ& cHRhfRat &ﬁH&%g{}&- 1fa§Fer so as to surround the

first gate insulatin a first semconductor filmfornmed on the first

metal fil m@orihigiocmdedi@UbE sdfioddub®t B @knd dah@icofdcliVStypdal B glgct r ode
conposed of the first nmetal filmand the first senlconductgr firlm a first

i nsul attigingorfcehtratioo sereidoheicwe &yet, ianfel 8 thgdber iehies br odeairardiuhiiar first

pl anar semi conductor | ayer; a second insulating filmformed in

si dewafehmighdpdoclaygract i ng t he upper sidewall of the first col unmar

sem conductor layer and the top surface of the first gate el ectrode so as
to surrourid I pHERinedgmdRrad ambe sifpwsl! eldhafishselwamrcondeedustor layer ;

a third_ insylatir ilmformed in a sidewal |l shape contacting the sidewal

ot ' hestpt R Hh i Mah offon Pl ara ke Rt FEE il Bratd MeReonsTato” sur r gund
the fig.st. Gt fdrst o insulating film a first contact
fornedkg%%%gﬁfﬁghfﬁf%?gg% d%ﬁé@ﬁgéhﬁé%H@H%&%W“Fﬁ@%??‘%3%econd cont act

formed abovgstii&alf ttiFSirRdaiAhe SRTLELRAUGHRE i QYSLs o @ﬂqo@dttm fidi gpnt act
formed above the first gate el ectrode; ereln the tirst ga%e

i nsul ahdurginkifllmy and the first netal filmare covered by the first col umar
sem conductor |ayer, the first sem conductor film the first insulating
filmand taHestsenaoedduonsllatfbmged dn the first metal {ilm so as to surround the first metal

film;

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

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

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

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

a first contact formed above the first columnar semiconductor layer;

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

a third contact formed above the first gate electrode;

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

second insulating fitm.



4 [0012]1t is preferable for the thickness of the second insulating filmto
be thicker than the sumof the thickness of the first gate insulating film
and the thickness of the first metal film [0013]It is preferable for the
sem conductor device to further have a first netal - sem conductor conpound
formed on the upper surface of the fijst high concentration sem conductor

| ayer. [0014]1t is preferable for the length fromthe center of the first
col umar sem conductor |ayer to the edge of the first planar sem conduct or

ROAUIL e R ACh I 83%1{]'@%@?’0@%%%#@Eﬁa%%fﬂgwwv&yaﬂ I B RROGhES | e
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the thickness of t nsul at | p055|ble for

the sempexyndugt ;@@:&l@%l@%;ttﬁb Ieurm@na&adc@;c@té m!trhgl mﬁkal usz%&f@aﬁonduct or _
conpound forned on the top surface of the first gate el ectrode. 100161llt is

al so pessdidnlectbiorontphens eninedadihe upperdeni@a i fitriifieconbaverian second net al -
sem conduct or conpound formed on the top surface of the second high
concenergondecteidayeonduct or | ayer. 100171The semi conduct or devi ce accordi ng
to a second aspect of the present invention is provided with a first
transil80HH anc!i‘ 'éphcé‘éétﬂﬁ f‘t‘r%h‘@i‘%-h 810'“ ip eeregrf therestdopugpnag ﬁtawswitugtpt has: a

fi pl first d

for med i5h & 1 SFFY %ﬁ%?%g(&n% sk Ger Cﬁaﬂmirt}r?r?@s%ﬁ?@mﬁﬁ dht r ati on

sem CO{'P(QH%@ eﬁ%ellﬁe g)fdc:\ﬁzﬁf’ 1%{1 oLl'Sx%:'uéfese Yc%‘?d corlrirc?% '11(: tﬁuc ness Bethe " egi on of
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the first col ummar sem con r st
pl anarfirst gate insulating film, the thickness of the f‘LSt gate electrode and the t[mkness of the third

insulating film.

[0015] It is also possible for the semiconductor device to further have a third metal-
semiconductor compound formed on the top surface of the first gate electrode.

[0016] [t is also possible for the semiconductor device to further have a second metal-
semiconductor compound formed on the top surface of the second high concentration
semiconductor fayer.

[0017] The semiconductor device according to a second aspect of the present invention is
provided with a first transistor and a second transistor, wherein:

the first transistor has:

a first planar semiconductor layer;

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

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

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

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

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



sem conductor |ayer below the first columar sem conductor |ayer; a
second hi gh concentration sem conductor |ayer of second conductive type
formed on the upper region of the first columar sem conductor |ayer; a
first gate insulating filmformed on the sidewall of the first columar

sem conductor |ayer between the firstghigh concentration sem conductor

| ayer and the second high concentratlon S sem conductor |ayer, so as to
surround the first col ummar senlconductor Iayer a first nmetal film

f or med surr ound the first gate

| out et ot s rf§t°§%ml‘8§§mﬂﬁ P BB THE ret mecal OFim
So as to SMESP!H&?E ﬁtilh?{()t E]ECF{:'I fc lmula@m%'ﬁﬁ g?&)%uﬁ!)tﬁ‘l%tl[l(?ﬁeq[ geﬂgposed of

the first net m an |rs sem con nsul ati ng
filmfgemechdomieen the first gate el ectrode and the first planar

sem conduct or Iayer a second insulating filmfornmed in sidewall shape
cont act i ng: fikesctp@aducoadéwalotmaf ot the fikdt hetal ¢oh yomarn ssesiciafeust kial ayer and
t he toP surface of the first gate electrode so as to surround upper region
of thelilbisrst col unmar seni conduct or | ayer; athirdinsulating film
formed in a_sidewall shape contacting the sidewall of the first insulating
filmand th&sigastlegiode cenesed stfbe St aretal Gilg ang t&aqﬁtaslﬁﬁélcpmt@tor dane

el ectrode. an the fi nsul at j - seni conduct or
compounrot SRRt faneb T SerPr b Brst o s Bt gt R Y SRStV g
conceng, qtlon sem conductor |ayer forned in the region below the first

col umar seni conduct or | ayer; a third netal -sem conductor conpound

formed on gdeoriaRsusiinh 368 fndihe Sifdwv§1§ sl ﬁ& oBAcBiRL [h%dfg» u%?@wall of 4 fRgeond
met al - seni conduct or c6énpound fornmed on the top surfa 8 he second hi gh
concendol @i BerB RO RRE WS EOind (RY®P sudi@ Jdriie HeCOR:HRAS S1sab shasind
upper region of the first columnar semiconductor layer;
a third insulating film formed in a sidewall shape contacting the sidewall of the first
insulating film and the first gate electrode so as to surround the first gate clectrode and the first
insulating film;
a first metal-semiconductor compound formed on the top surface of the portion of the first
high concentration semiconductor tayer formed in the region below the first columnar
semiconductor fayer;
a third metal-semiconductor compound formed on the top surface of the first gate
electrode; and,
a second metal-semiconductor compound formed on the top surface of the second high
concentration semiconductor layer;
and the second transistor has:
a second planar semiconductor layer;
a second columnar semiconductor layer formed on the second planar semiconductor layer;
a third high concentration semiconductor layer of first conductive type formed on the lower
region of the second columnar semiconductor layer and on the region of the second planar

semiconductor layer below the second columnar semiconductor layer;



a second pl anar sem conductor | ayer; a second col umar sem conduct or

| ayer fornmed on the second planar sem conductor |ayer; a third high
concentration sem conductor |ayer of first conductive type fornmed on the

| ower region of the second col ummar sem conductor |ayer and on the region
of the second planar sem conductor |ayer below the second col umar

sem conductor |ayer; 6 a fourth high concentration sem conduct or

| ayer of first conductive type fbrrmed on the upper region of the second
col umar sgnj r.l ro . a second.gate .insulating filmforned on
the si dewéﬁeilr(ﬂ”g]? H%ﬁg&g(@g!é%}é 1058511&(,%%}&05:2& c’%:Sﬂidlg@?oé’g”erﬁ’&&p“ﬂ%&%é’ﬁ%‘he t hird

hi gh caneeRbioalr 0 sSeRiCOnMGE Uil @Yigko@agdt he fourth high concentration
sem conductor |ayer, so as to surround the second col unmar sem conduct or

| ayer; a Be@RIGARAdnaRRly flinl Inf@rdiERe Qe IR IRCQRh D@ nidasul ating filmso
as to surround the second gate insulating film a second sem conduct or
film femeddonotihgr decead tinebial hikh kncsorasntsomsundewn thykhendspe aaghnet a
film a second gate el ectrode conposed of the second netal filmand the
secondiglesrnearitilien sgmitpiductor layernsd e shrrpunsuhatdcogyl ¢dlimna semedndetoneen t he
seconq %gpe el ectrode and the second pl anar sem conductor |ayer; a
fifth PHdulating filmformed in sidewall shape contacting the upper
sidewal I of the second columar sem conductor |ayer and the top surface of
t he secon&SS%F@r%ﬁé?ﬁW&ﬁ%“%ﬂﬂgéeFﬁo%ﬁ??%ﬁﬁﬂd?ﬂéﬁ%bﬁ’T@%F%H”%ﬁ”gﬁﬁaggcond
col umak. semEeNHnct or | ayer; a sixth insulating filmformed in a
sidewéiﬁishapé%confacting the sidewall of the fourth insulating film and

the second sgaing sehReAIRUS B3R BSudddnIMY fRMAOmERERBESPR, St RInghiRcERde and
the fourth insulating film a fourth netal -sem conduct or conpound

f or rednaa filhe top surface of the portion of the third high concentration
sem conductor |ayer forned in the region bel ow the second col umar

sem conduetsedond ggierefectrode caamfoisdd df teteadndspaiaciiindact tbe secompaumicbntioctored on
the top surface of the second gate el ectrode; and, a sixth

met al -'88%i conduct or conmpound forned on the top surface of the fourth high

concentration sem condyctor |ayer,
a fourth msulatlngdl‘l m f(())rmedaﬁ/etween the second gate electrode and the second planar

semiconductor layer;

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

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

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

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

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

concentration semiconductor layer;



7 wherein the first gate insulating filmand the first netal filmare
covered by the first columar sem conductor |ayer, the first sem conductor
film the first insulating filmand the second insulating film and

t he second gate insulating filmand the second netal filmare covered by
the second col utmmar semi conductor |ayer, the second semiconductor film the
fourth insulating filmand the fifth insulating film 2100181lt is
preferable for the first gate insulating filmand the first netal filmto

be for rrEd \Lfli(,(l)éﬂ“l rﬂaedtﬁ I Qlem%uqﬁtn rmmgm]d llcnl]ug{]sgtfilt]il%g%!&%%v%{@ F ?emsnt type,

and " mto be

for ”Edt,dciu:ﬁﬁ@:@@ﬁtﬁf)h(ﬁlcﬁ)ttlmt i[’r@fkl@l srenl‘? 0?18&&5\dﬂtnr ﬂ'gsthssttu?gu a?ﬁhﬁﬂﬁ%{*ﬂh% type.

1001911t is preferable for the thic ness of second 1 nsu filmto
be thi gketd hhanidghemsum of the thickness of the first gate |nsulat|ng film
and the thickness of the first metal film 1002011t is also possible for

t he sem ccohdscbat gadeinsdetiteolilbeargsiushsdeiat melaefilvengicbvddedom hbe:copnt er of the
first columar sem conductor |layer to the edge of the first planar

seni cmﬁﬂuemwemay@ucws [qyar, ferseedrdemrendusmrdtint the fhwthgtdulftingfilmhed dent er to
the sidewal | }he first columar sem conductor |ayer, the thickness of

t he fl?ngﬁg?@utﬁgh|ating film the thickness of the first gate electrgﬁe
and t i ckness insulating.film 0211 SO possible
for ¢ ool o oS tepisn i ot madlupricnin o ey pet! Bndet h9e ype. ©s
Nt 1Y Pfom bR ARAPAGARUAUGL! (48 s PSRBTt YRR o the first and

second col umar sem conduct or ayers an rst and second pl anar

sem conduGhOfechRY@ESInANRiFEHR B (R dbSRMEQOR2] The f&ﬁkt}%n%at%t iQdugi ng a

sem conduct or device accordlng to a third aspect of the present 1nvention
i s a metlabe akopr @ehsBiongniidness@rigrenduct or device according to the present

i nvention and includes: a process for preparing a first structure having: a
first [p0HHar $daprebmahic foothd thigkress of the second insulating film to be thicker than the
sum of'the thickness of the first gate insulating film and the thickness of the first metal film.
10020] [t is also possible for the semiconductor device to be such that the length from the
center of the first columnar semiconductor layer to the edge of the first planar semiconductor
fayer is larger than the sum of the length from the center to the sidewall of the first columnar
semiconductor layer, the thickness of the first gate insulating film, the thickness of the first gate
electrode and the thickness of the third insulating film,
{6021} It is also possible for the semiconducior device to be such that:
the first conductive type is n+ type,
the second conductive type is p+ type, and
the first and second columnar semiconductor layers and the first and second planar
semiconductor layers are made of silicon
[0022] The method of producing a semiconductor device according to a third aspect of the
present invention is a method of producing the semiconductor device according to the present
invention and includes:
a process for preparing a first structure having:

a first planar semiconductor layer;



8 a first columar sem conductor |ayer fornmed on the first planar
sem conductor |ayer and a hard nask fornmed on the top surface of the first
col utmar sem conduct or; a first high concentration sem conductor |ayer
formed on the |l ower region of the first columar sem conductor |ayer and on
the region of the first planar sem copductor |ayer below the first col umar
sem conductor layer; and a first insulating filmformed on the first planar
sem conductor |ayer; a process for formng a seventh insulating film a
third metalfilmand a third sen conductor f.ilm in that order, on the
first str ta}lcit’ItSJ{r(l’é’;lung?ha(ii Swé“‘%?({%@é ayF‘o@’“ ?‘{c:?ﬂ g ﬁf%g]af’?fi %W’%’Qﬂ‘i‘%‘?ﬂﬁ%&?‘&dfi | m
and | egyh RGsifoph eV IHL t@ﬁﬁ’ﬁc@&’tmaﬂrs?bnqglmzlrlsm%fboﬁﬂﬁu{r' rst col umar

I ap or g e

sem conduct or |ayer; rocess etchin hird netal filmand

| eavi ng a sfidemet tonsharioR Berhdn @@ VRE! folfied dHent 1dvwdr r&RLEMEAY first

sem conduct or | ayer; a seventh insulating filmetching process for

et chi ngldriver sevieoducion saykdridng: the tegioand (eaavi fighapsEhideumbior Bhapgi@an the
sidewal | of the first colummar sem conductor |ayer; and a fourth

seni cdhd{iet erlumprsehondediordaypriondss for formng a fourth seni conduct or
filmon the result of the seventh insulating filmetching process. 100231It
is al so pdd¥rignaiatige imdowass edhel (et panassn gendickuldaver;on net hod accor di ng
to the present .invention to include. . a process for planarizing the
tour 1t GRFRE B AUEEF b Prvh it Wiy v B B b irdeRreoniean Tgmul ¢ of
t he faurth . sem I r. fil.mformation process and exposing the upper
regioﬁHg%uPﬁgnkﬁﬁgﬁﬂﬁéggfuééIn1 a first netal filmand first gate

i nsul ati ng drodetd HPERRLE AR tQﬁ‘@Q&%@oﬁd‘aEto?ﬁFhmuﬂlgle&\hﬁ i QPE\Q & ﬁ'{! of inbm and the
seventh insulating filmso that the upper sidewall of the 7Y 8t " Col urmar
sem coittuation thafyer colsmexpasrOndweid bryey;t he first nmetal filmand the first
gate insulating film and, a process for formng a first oxide filmon
t he resul @ pofcesshlier €ticrisg theshiad imiial Mramd! avisd a gdteall simpd at ihagidbivkinof or mat i on
process. (100241The net hod of producing a sem conductor device according to
af Ourthq]ﬁﬁggg:@pn%fselpW@nductor tayer;

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

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

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

present invention to include:

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

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

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

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



9 present invention is a nethod of producing the sem conductor device
according to the present invention and includes: a process for preparing a
second structure having: a first planar sem conductor |ayer; a first
col umar sem conductor |ayer forned on the first planar sem conductor
| ayer; a first high concentrationgsem conductor |ayer |brned on the
| ower region of the first columar sem conductor |ayer and on the region of
the first planar sem conductor |ayer below the first columar sem conduct or
| ayer; ulati.ng film ned on the si in the
g oPreisgt bR @R Rou PF BigRiniRee sefieu e £8es H5eRingdd B wistatur r ound
t he f|h§&“gggHgn@h@§@nlconductor | ayer; a first netal filmformed on
the first gate insulating filmso as to surround the first gate insulating
film a figsbesen %%QM%QECCBM mufc@ﬁm?ﬂn%n the first metal filmso as to
surround the first netal fil first gate el ectrode conposed of the
first netaluﬁuﬂmmammnth&mhmr&yuSenlconductor film and a first insulating
filmfornmed between the first gate el ectrode and the first planar
sem conduct ot dodyerar semidonductor hypriogesisonf tbe fifvphihagenicedand Hicgh
concentration sem conductor |ayer of the same conductive type as the first
hi gh concéirﬁlﬁ'ah%?f’%@mae@hmm@}duPtay@v’udﬁlm%>lubp&ww eagicoroldlic five fir st
col umar sem con t or on the, se q(shstructure by |nject|n a dopant
S0 an DRGSR RO B e SO eAgioRBE et Al FSRRC DT HOLGHEINRY ¢ he
S“bStﬁﬁéﬁmP35ﬂﬂn8sgﬁﬂ%ﬁﬁfuh 00251The met hod of producing a sem conduct or
devi ce accor |ng Uect of the present invention is a nethod of
produci ng ,tf1e: HRTHhAAARUGH It or‘ill?éﬂ'cﬁ:lEEllc%iﬁc%zﬂlf ighd lglcfdtl.belLE}lFﬁ%FﬂE fi st¥8“lmh gn and
i ncludes: a process for preparing at structure Raving: st pl anar

sen coRchihohcibray @ so & tﬁ)lshﬁbu:ﬁiQhéJmaéoiﬁﬁM1Q@t‘ﬂ(ﬂéﬁ&&'ﬁoz|l@é!@r f ornmed on the
first planar sem conductor |ayer;

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

insulating film;

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

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

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

a process for forming a second high concentration semiconductor layer of the same
conductive type as the first high concentration semiconductor layer on the upper region of the
first columnar semiconductor fayer on the second structure by injecting a dopant at an angle of
10 degrees 1o 60 degrees, with a line orthogonal to the substrate being 0 degrees.
[0025] The method of producing a semiconductor device according to a fifth aspect of the
present invention is a method of producing the semiconductor device according to the present
invention and includes:

a process for preparing a third structure having:

a first planar semiconductor layer;

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



10 a first high concentration sem conductor |ayer forned on the | ower
region of the first columar sem conductor |ayer and on the region of the
first planar sem conductor |ayer below the first colummar sem conductor

| ayer; a second high concentration sem conductor |ayer of the sane
conductive type as the first sem condyctor |ayer, formed on the upper
region of the first columar sem conductor |ayer; a first gate

insulating fil m forned on the sidewall of the first col urmar sem conduct or
| ayer bet veen atiP onduct or. r.and the
TSt h[ oy 011@

[e e SL ‘afi ng coln(ﬁle‘[}:t'r' o f | Iy af t
second hi gh "¢onee ﬁ?]réf [N SRR BF" 08 P RIUBURG! t he fi rst
col umﬁ&ﬂmﬁﬁfﬂs&ﬁ?f&?!ﬂ(ﬁkﬂ{ lely@yﬁ{d’on the re ud;?ddi%[?](} t%ttrﬂ%qa Eclm&% 0% 1d? n)%v first

gate | nsul at i ng m SO "as surr ate I nsu Im a

first gﬁ@m5@@@quﬁhlogemﬁdOInm&@rggm on the first net aI filmso as to surround
the first netal film a first gate el ectrode conposed of the first netal

filmand tdwecdidristh sentariodusdnoitofdukbnr laaathfahd darstcohmstlatybo gs th Firs: f or med

between the first gate electrode and the first planar sem conductor |ayer;

a proc¥sscdngrcthiolpnirnigran! @i Ghubpdrmssidraelithglifs ¢atvomitstreicohducthr styeuct ur e;  and

a process for formng. a second insul ati nqa filmby etching the eighth

i nsul at i ngt %51 §/S ‘ﬁs'-éd%i edBmeprmedvypde é'éc‘tf boféhght&'hcqlmm!a@mhgndtlcumlcry@rra| ns

on th 0 f the first ctrode and t pper sidewall of

Che 1 ietPRaght ARER R bnectimion 2or WPiuior TH60S8 TR S el HEBCBTeprSHaC: n o

sem cof e n 0, fL.h.ashe he present invention
is a et &) gﬁ%tgg%{%cgusga‘lg?oéq%)ug%h‘}ccfgﬁt dctor %f}?nvg%éjug SY%I ng to the present

i nvention dqnﬁll el HAeSrm& B QEFPS ﬂgt@rm%maﬁf? Ko G & hAdhaShd fci;l%{ Y& haVI ng.

a first planar sem conductor | ayer first columar sem conductor |ayer
f or mednanattngdilini r st pl anar sem conduct or layer; a first high concentration
sem conductor |ayer forned on the | ower region of the first col umar
sem conducitfost scayendand om bhecd egihe firsofetah @i ko &t topluanan tsefiiscondlict or
| ayer bel ow
film;
a first gate electrode composed of the first metal film and the first semiconductor film; and
a first insulating film formed between the first gate electrode and the first planar
semiconductor layer;
a process for forming an eighth insulating film on the third structure; and
a process for forming a second insulating film by etching the eighth insufating film in a
sidewall shape so the eighth insulating film remains on the top surface of the first gate electrode
and the upper sidewall of the first columnar semiconductor layer.
[6026] ‘The method of producing a semiconductor device according to a fifth aspect of the
present invention is a method of producing the semiconductor device according to the present
invention and includes:
a process for preparing a fourth structure having:
a first planar semiconductor layer;
a first columnar semiconductor fayer formed on the first planar semiconductor layer;
a first high concentration semiconductor layer formed on the lower region of the first

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



the first columar sem conductor |ayer; a second high concentration

sem conduct or | ayer of the sane conductive type as the first sem conductor

| ayer, formed on the upper region of the first columar sem conductor

| ayer; a first gate insulating filmfornmed on the sidewall of the first

col umar semi conductor |ayer between ;he first high concentration

sem conduct or | ayer and the second hi gh concentration sem conductor | ayer,

so as to surround the first columar sem conductor |ayer; a first netal
ate insulating filmso as to surround the first

film ft(% rfﬁ'tssg colnmtnh:e ef ii&}s{h 9o Gy . .
gate insulattag i TH “AYTP'sEY<Seni conductor filmformed on the first netal

filmso as, geecﬁgﬁprﬂpmmmafﬁ Hn?i[?orm%&%tﬁ L dPine sand &L&&E»g@ggag:hgm ode

conmposed of t Trst neta m and frrst sem condu n-a first
i nsul adeh@nkiidBn e MREnRESNEENpEdSedibd SitihO BB AIBRATOHR AR NG cf:i T St

Ed

pl anar sem conductor |ayer; a second insulating filmformed in sidewall
shape contaidki gage nhdatingp@m Birgeval the silewdBoffihe Skst eQlmPMaemEAdRAdIGE Or

| ayer and the top surface of the first gate electrode so as to surround the
top r egfitoeenghe fitsehizh cencesodtiomsamicordricow fuctalrthd sgeend high cormenthdtiod
insulating filmformed in a sidewal |l shape contacting the sidewall of the
first SRYEANdYSiprgarsr spaasesurmand fhedisigatuanar sotipagecteblayes t o surround t he
first gate el ectrode and the first insulating film and LSt gate wire
connect ed 4§t g pGP 'a%é @ ibp fet ﬁ&l&é}bu%ﬂ%ﬁﬁw a%lf’éb‘b%?“%ft[}? fat#dh process
for fqgghag%qwﬁpntact stopper on the fourth structure; a process for

form ng an |n{eflayer insulating filmso as to bury the result of the

contact StORReEmiQLIRY M MPHRESS S the first m%taprﬁf"?ll? €5 2 tfo%[lrrg)lg{dmlé"?rs@mt:ﬂa{ st
resist on the interlayer insulating film excluding on top of the first
col unm@im;sem conduct or | ayer; a process for etching the interlayer
insulating filmand formng a first contact hole on the interl ayer
i nsul at i ng firsd gage el&Pode composed of the first metal film and the first semiconductor film;

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

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

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

a first gate wire connected to the first gate electrode;

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

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

a process for forming a first resist on the interlayer insulating film, excluding on top of the
first columnar semiconductor layer;

a process for etching the interlayer insulating film and forming a first contact hole on the

interlayer insulating film;



a first resist renoval process for renoving the first resist; a
process for formng a second resist on the result of the first resist
renoval process, excluding on the first planar sem conductor |ayer and on
the first gate wire; a process for etching the interlayer insulating
filmand form ng a second contact holg on top of the first planar

sem conductor layer and formng a third contact hole on top of the first
gate wire, on the interlayer insulating film a process for renoving the
second resjst, . .and. Ja.process for formng .a first contact positioned
above the ?@g?aggfﬁ%%%?“ggﬁﬁﬁwﬁﬁ EWéf&iﬁégnga second contact positioned
above the fdhs . L Seld. luct or: e d -a..thij. nt Jpositioned
above the2#¢?§%Sggﬁgﬁ&%?ﬁﬂ%ﬁq?%ggﬁﬁpg%ﬂ%@%?@@?“ﬁ%hgk[&H@Qgé%§% ‘cont act
hol e andludhe dnhié drscpabactmReh@ictdresRestd sehy fird Bl Lg@cy of the Invention]
1002711 n the present invention, the sem conductor device is provided wth:
a first plagmesessnicbind et ioterlhgy étsplaging ifrs bind Rk vmarscseice AU | ayer
formed on the first planar sem conductor | ayer; a first high

concerifp af thehird elingotsaicandrctpralyear afid foredh somthirtheorftiat dblepinanmaof e firsconduct or
| ayer and the | ower region of the first colummar sem conductor |ayer;

a secdrlf wirgwndbhoLsydinyhtiegfBonduct or | ayer of the same conductive type

as the first high concentration sen conductor |ayer, formed on the upper
regi on off?ﬁgﬂ?ggéﬁﬂggf bﬁmggﬁﬁéghﬁﬁ%tor | ayer; a first gate

i nsul ating @de@%@?f&ﬁ%g‘ﬂi %ﬂ&)nﬁjcggmwncg L dVnd 5L ]Lﬁl{%%alfl m%gi;c/%rfﬁlgﬁqc onduct or

| ayer between t I rst concentrati on sem conductor 8 the

0
5eC0ndaﬂr,@*‘se_@@f&%ﬂi&&@ﬁdsQF&n&%ﬂo@@UQLI‘E‘EQ{!ada@éféﬁfico:ﬂggt@tsla%& YL ARG tRE Tirst
col utmar sem conductor | ayer; a first netal filmfornmed on the first

gat e ipositibatd abgvé iHeMra@a@svitcorsle Figd06hihd Bokel ths kecdAd SortRsHbRLhMGefhikqn 2
first sem conductor filmformed on the first netal filmso as to surround

t he ficpstactheialkespa@ivalyfirst gate el ectrode conposed of the first metal film

and the first sem conductor film
|Efficacy of the Invention]

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

a first planar semiconductor layer;

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

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

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

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

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

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

fitm;



a first insulating filmforned between the first gate electrode and the
first planar sem conductor |ayer; a second insulating filmformed in
si dewal | shape contacting the upper sidewall of the first columar

sem conductor |ayer and the top surface of the first gate el ectrode so as
to surround the upper region of the fjyst columar seniconductor |ayer;
athirdinsulating filmfornmed in a sidewall shape contacting the sidewall
of the first insulating filmand the first gate el ectrode so as to surround
the first te electrade and the first insulating film . a first contact

f or med aboa\%@ls %ag“’ %l&f“sot%e 8%’?1[3%%??@8%"i&?&fﬁ?ﬁ&‘mﬂi Q\?é??‘ semicQrieter dYRL act

forne e, i r st NAL..Se uct.ar . Ay thir. ont act
formed abous the §inf BBl AIREyRRPHES BAY EhBtod IR hc AN Bl BUEFRELT R ng
filmaagthe first metal filmare covered by the first col umar

sem conductor |ayer, the first sem conductor film the first insulating
filmand tdhecsedondatingdilihdbinng ifi kidewall shape JdHQUEE tiehipper Rwa@bf gleffygt ure is
provi ded that uses nmetal in the gate el ectrode ile controlling netal

cont anfohaeiassemiconmctr fayer ardghstoansdawmfof thedirgane, cletude e and sdraind theand
reduces parasitic capacitance. The first gate insulating filmand the
first tReERICEOPOhthe BstCalsransaicaactdpr keker col utmar seni conduct or | ayer, the

first sem cpnductor film. the first insulating filmand the second
i nsul at i n@ iﬁﬁ“?}ﬂsm“[‘“g hl{fqn}qnﬁgt? et 2 evall) Sﬁﬁ‘ﬁescoéwgtd&’e‘g%ﬂ@ﬁ?q pigthe first
met al 'iﬁﬁﬂtﬁﬁr}ﬂﬂcatnwtheci%h!f %V@geéu%d%gi%ggaﬁ&%dﬁé ﬁllth]éit%ﬁr?)%%t[sﬂﬁgtaﬁ(? ﬁlgﬁll?% a ni a

m xture, su€¢h as, a sulfuric acl en peroxi

hydr ogguiAgkaymde m xture when the netal - sem conductor conpound is forned.
However, in the structure of the present invention, the first gate

i nsul ati ng ffritl coh@bchoth@l dbobSthe MRdtablufrinbiMeafi®na@uerggerby the first col umar
sem conduct or |ayer, the first sem conductor film the first insulating
filmand uhbecwdcomdct fosnddatbbngtht ikstplagar selméohilucsdr lagtadndfi | mis not et ched
by the sulfuric 14 acid hydrogen peroxide m xture or the ammoni a hydrogen
peroxi de ithitdipantagh Evmedhabqyeiiolirmideass eleastodt; and seni conductor is for med.
Through this, it is possible to forma netal -sem conduct or conpound on the
first hi gﬁ”@B’ﬁdé‘ﬁt&%‘&*ﬂ%‘?ﬁt@érﬁhwﬁéU}&f’a‘ﬁi Y Hm arpeovergddyy thatist elleptarode and
the segcond high,concentration seniconductor layer, it ig possible to
contrgﬁﬁggggg%?égeéﬁﬁiﬁg %ﬁ%ﬂ%@Pabbngﬂ“ﬂﬁsUE?ﬁ mﬁéﬂ@ﬁmﬁH&Fﬁgmﬁate

el ect ripdeyink ¢if,educe gate el ectrode resistance and to reduce the resistance
of the gate, source and drain through a conmpound of netal and silicon. In
addi tion, Thfoulgh 1RQ2R IS 1esthu@tiEH YER i RATRR ibdson GARR L ARCERBIVE RN, t he gate
el ectrode and the planar sem conductor |ayer by neans of the first

i nsul abnunglifig hmal contaminhtibnatbeetd @ rests@cd o 1tbé ggatseuica st dbinnghd iedureand t he
first metal filmare formed only surrounding the first columar

sem c PAREEE orPACHywe, and the first netal filmis covered by a seni conductor
filmsuch _as polysilicaon, so when the sem conductor filmis planarized

usi ng a CNB* fEyede instlefingliated the findmet [im grg coveyed &y biedistzoppent  net al
contamnation of the CVMP device. . In addition, the first gate

s ut VTG i Tr o oo ation . i S5 R By YecsBiindi ng ¢ he
first col.ummar,,sem conductor layer, and the first netal filmis covered by
a sem conduttor filmsuch as polysilicon, so when the semiconductor filmis

et ched durjiRgmeat 811 Iy b TNl Nolg -al .capt ani nation
of the gate ereR] nu o agd viten R, RAEE Rt B Db LR AL AR

i ng
film dind ig srehddivystmiatralsuéli dsm anttirceerEe dpty p&uL e HRALAD bR 8mbdoh &t

col umar sem conductor |ayer, and the first netal filmis covered by a

sem copdiugeroperdiidamsuoh vasn gel yaal-deaiovnd swondoapotdukis Mbied delofreldn laar d mask
and the nitride filmsidewalls are wet etched, it is possible to prevent

net al teoHtaticrdthopressnt nentivnt i diest Bite mowksting fith pmdythd dvit oeetal T002811 n

addi tion, v%tp !i,he present , nvgnt‘i on the thickness of the second insulating
fFilm ic%veled y the first columnar semiconductor layer, the first semiconductor film, the first

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



t hi cker than the sumof the thickness of the first gate insulating film and
the thickness of the first netal film Through this, the first gate
insulating filmand the first metal filmare covered by the first col umar
sem conductor |ayer, the first sem conductor film the first insulating
filmand the 15 second insulating filym so the first netal filmis not
etched by the sulfuric acid hydrogen peroxide m xture or the anmmoni a
hydr ogen peroxi de m xture when the conpound of neta: and_senhconductor is |
formed, .. Through this, it Is ssible. to forma tal - sem conduct or conpoun
on t he'7q PO gt i 2o R T B RARSE b HgE P R ﬂwwp@f
el ect rQdg.ian : nd : hi gh, r.af i 1 t l,ayer without any
speciéﬁqgé%fgg%ﬂgFgﬁﬁgggggggaxf8%@@#%;ﬂ%ggﬁﬂ§§ghgg$gﬁﬁﬁgé%étsenicpnductor
conpoudehidonai@er Qimpolied SR8 ird WidhaeRcQhraliesehlifonbiu b Ay & Ane ﬁ&# @&%' on
sem conductor layer, it is possible to |lower the resistance of "the first
hi gh cdacedt nat ihosecoadhipanduehostidayeicond@S0dfderieis pbiieid @n@hifolf rom t he
center of the first columar sem conductor |ayer to the edge of the first
pl anardegietipe ehdhachomel tggion by ssihanged it thagatckiecsodn ofretihe ghengictrode om t he
center to the sidewall of the first columar seniconductor |ayer, the
t hi ckriggglaye A& ripeorthessislapeesqfithe 2aig spicerpnd draintthiopgineeynpsiund hemeial st )
ate el ectrode and.the. thickness gf the third insulating film Thr oug
Oh <. S LSk e s oFr P Rttt barbre SReNSCH B STAYSAGE on ¢ he
first high. niration sem conduct or, layer fornmed on the first planar
senicéﬁgggiégﬂf§§g$gkggglF@eﬂbwﬂ%ﬂﬁﬁgﬁwé§¥§F%%§@g§lnthe first high
concentr aty Q&Hi§&ﬂl@ﬂ%%&%sdi@%%rﬁlmlcﬁg:ﬁjr%m{ ﬁetapmnrﬁg 'i’cﬂgwfe@ ohgl rd
net al - sem conductor conpound formed on the top surface of t first gate
el ect rsageundiig (he fipASSLBNE detidoPU ot IRGer! £1iitRd AREMQS ihhR chidisd boat e
el ectrode. 100321Here, by having a second netal -sem conduct or conpound
f or megeorcondeterdpmsuch acelpilicohesoseaantle fingtondonoceiilir atpionisadmsogaduct or
layer, it is possible to |lower the resistance of the second high _
concerftYBuPYAC deiiccmiriiverdion) dysarossipBOG Bievhe nyeaticonmuinetior ofley L& accor di ng
to a second aspect of the present invention is provided with a first
transi%Y'F- and a second transi stor, wherein: the first transistor has:

In addition, the first gate insulating film and the first metal film are formed only
surrounding the first columnar semiconductor layer, and the [irst metal film is covered by a
semiconductor film such as polysilicon, so when the semiconductor film is etched during gate
ctehing, it is possible to prevent metal contamination of the gate etching device.

In addition, the first gate insulating film and the first metal film are formed only
surrounding the first columnar semiconductor layer, and the first metal film is covered by a
semiconductor film such as polysilicon, so when the nitride film hard mask and the nitride film
sidewalls are wet etched, it is possible to prevent metal contamination of the nitride film wet
etching device.

[0028] In addition, with the present invention the thickness of the second insulating film is
thicker than the sum of the thickness of the first gate insulating film and the thickness of the first
metal film.

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

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



a first planar sem conductor layer; a first columar sem conductor |ayer
formed on the first planar sem conductor | ayer; a first high
concentration sem conductor |ayer of second conductive type forned on the

| ower region of the first columar sem conductor |ayer and on the region of
the first planar 16 sem conductor |ayer below the first col umar

sem conduct or | ayer; a second high concentrati on sem conductor |ayer
of second conductive type forned on the upper region of the first columar

d th
<1 dowel g PR, s e “n%g}miiﬂfﬁi‘st FutEDE 5 b9 S ekt v ot i gn
com CoN e o R e B R R U PP RE R R A o1

| ayer ; semicondacthi i& $6rm@Bt Throbibh Mid Qﬁ{rﬁ&&sﬂ%ﬂ: tbh'&mfcl ﬁ1§ttal aati€orldagwl & nd i | m so
as to surround the first gate |nsulat|ng Ilm a first sem conductor film

f or medorothe tihe highresbeemebiddn einlicme@t@dagos, 1B¢Jﬁfqowikddbélﬂ>dt lafi® thersdadl hdhl m  a
first gate el ectrode conposed of the first metal filmand the first

seni comdetgron sdnngorguétor kyeriwiswhtariyrsgedialladiifionaipcebstsveen the first gate
el ectr Se and the first planar sem conductor |ayer; a second

i nsul a[B ) fi |*%W%Wﬁr@d“ﬁthm§iﬂd>éweﬂ0m Wp@n@@wﬁd@tm%ﬂmﬁ@unmemrf@mém | of
t he flrs enlcond cto sunface(gf t he first

e R B T G bR vl ! pRBBIcaR Tt B Hin AR o e

sem ¢ third insulating filmformed in a sidewal
shapeq%ﬁﬁ%ggﬁﬁng%ﬁ(gﬂgg imgf of the first insulating filmand the first

gate qhesnfr odeeso tlf%s{ol{r@h ﬁH:WtF?d‘MLLII Ia?thfc'fft 'ﬁtco%ﬁﬁﬁt &hL8&hieds: l?r?tg | SJ{%J st

insulating film first nmetal -sem conductor conpound

top swf ftlaﬁélsqﬂattahécrﬁlﬁblﬁdu@m ayert B @arbdiriisdn (hé gt 60M€ RALMATd IR heIBAlLRNFUCE Or
| ayer fornmed in the region below the first col umar sem conductor | ayer;

a t hi rstlenati @f thedivblcohauet emiconipowntiyérotheeldclorss dfehd bpt sue fraclethef filie fir st
gate el ectrode; and,
the thickness of the first gate electrode and the thickness of the third insulating fitm.

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

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

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

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

the first transistor has:

a first planar semiconductor layer;

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

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

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



a second netal - sem conduct or conmpound forned on the top surface of the
second hi gh concentration sem conductor |ayer; and the second transistor
has: 17 a second pl anar sem conductor | ayer; a second col umar

sem conductor |ayer forned on the second planar sem conductor |ayer; a
third high concentration sem conductqp | ayer of first conductive type
formed on the | ower region of the second columar sem conductor |ayer and
on the region of the second planar sem conductor |ayer bel ow the second

col umar .sem conductor | ayer ; a fourth high concentration
senico%ﬁﬂ%?%%&wgﬁg?%8%“?$¥gpi83WBU%PFW§“P$ﬁ@mpﬁghed on the upper region of
t he secon - i, : e vor of secnnfl o Ad, gat g | ating

1 m for madan g < PEELERPR A And BElver of spoonl SRS SR BebBPY) e

bet weeippth@gfoliol theltirgftof@NBE Hntidlddafosggd,conduct or | ayer and the fourth
hi gh concentrati on sem conductor |ayer, so as to surround the second

col umar seitsiganrduatiangl Hyebimed on the sdeeabattheBisatolfimhdnstQrcaBdcan [dybe
second gate insulating filmso as to surround the second gate insulating
film between the Swstlgh cameiicaind vehopnduclomlfyer medhosechinehige cordntreial fil m so
as to surround the second netal film a second gate el ectrode conposed of
the scEBH@NHEAIR] YT shaaMIswivend b dig cobninebritiedrdrepy lapgr; a fourth
insulating filmfaornmed befween _the second e el ectrode and_ t he second

bl anar sorESHIRIRTOR PiyrOn e Aist Guf (R NALIN a8 Fig FPied e HeEssn sf dewal |
shape conhactdng the upper sidewall of the second col umar semni conduct or

| ayer and the top surface of the second gate el ectrode so as to surround

the top regi@neRfcohffR i8R SRl AT P BTlE ANHYS AL shdYBlithe iérst mF'l']afS' xth
insulating filmfornmed in a sidewall shape contacting the sidewall of the
fourthilimsul ating filmand the second gate el ectrode so as to surround the
second gate electrode and the fourth insulating film a fourth
met al - semadosidattactrodepourded ofthefrsometahéinh opd Safifacaniobnduber fiwit i on of
the third high concentration sem conductor layer forned in the region bel ow
t he sébf@'ﬁldnwgqtul,gﬁém formed between the first gate electrode and the first planar semiconductor
layer;
a second insulating film formed in sidewall shape contacting the upper sidewall of the first
columnar semiconductor layer and the top surface of the first gate electrode so as to surround
upper region of the first columnar semiconductor layer;
a third insulating film formed in a sidewall shape contacting the sidewall of the first
insutating film and the first gate electrode so as to surround the first gate electrode and the first
insulating film;
a lirst metal-semiconductor compound formed on the top surface of the portion of the first
high concentration semiconductor layer formed in the region below the first columnar
semiconductor layer;
a third metal-semiconductor compound formed on the top surface of the first gate
electrode; and,
a second metal-semiconductor compound formed on the top surface of the second high
concentration semiconductor layer;

and the second transistor has:



| 8 sem conductor | ayer; a fifth netal -sem conductor conpound formed on

the top surface of the second gate el ectrode; and, a sixth
nmet al - sem conduct or conpound formed on the top surface of the fourth high
concentration sem conductor |ayer; wherein the first gate insulating

filmand the first metal filmare covered by the first col umar
sem conduct or |ayer, the first sem conductor film the first insulating
filmand the second insulating film and t he second gate insulating

filmand t, are covered by the second col umar
seni conduc S%C&%EP%]QI“g(fnﬁfco'}sJe”'(%trr]d"-‘/%emconductor film the fourth insulating

filmand tdk%cf@ddféohnﬁl{b? '%'étﬁttcblﬂglaol lagb fou]wd (Iﬂ'ﬁ@%kg:g & Py s@lﬂ:c%q;cﬂ- R r[%{ ure is

provided that uses netal in fe el ectrode white con

cont an Matlihoh cones@hatod Ml((%h&b@@?& P fird Ren BBl R tyé@ﬁé’f!ﬁ&i e %v@u and
reduces parasitic capacitance. The first gate insulating fil n1and t he
first mebaloffhelsmeadeommnar ethityndtidrer kiershd eokieraenn SeMm: capdyplaeg | ayer, the
first sem conductor film the first insulating filmand the second

i nsul ateimigpntlugtn layer belof the besondeahmbar semicondicpodadiwhen t he

nmet al - senlconductor conpound is forned, the netal filmis etched by a

sul furic ddpwt hwp 6@%“‘;5@&9)&“@@0%1%(%@%? f st conreativa g deisesdrongke oxi de

m xt ure conduct or conpound is formed. However, in the
stru

cﬂﬁW‘ISEWPﬁgﬁﬁﬁagwﬁfOP] BRHEONAEHAT Y st gate insulating filmand the
first net ax'se&h'd ;ﬁ?ﬁ‘ﬁﬁrfﬁ:q BndiG hd 5§ Wﬁpofq@g%rfoﬁsdemdﬁ@%gug;g(r)n:jayer the

first sem con the ITst 1 Nnsu

i nsul Qicln%nfjﬂlduﬁmaﬁ@ beRReh ll{cﬁﬁltmtbﬁlcoﬁdchmtfoﬁ BQEOF&EL&Q‘?@W@%:{&% ?olﬁlltt uric acid

hydr ogen peroxi de m xture or the ammoni a y&rogen per oxi de m xture when the

conpoutigh afncamiadibn andicsaNc @O NFUC EOLs toSufr@maael selbHOWA Mt k&micbhduc®r POSSI bl e

to forma netal -sem conduct or conpound on the first high concentration

sem cdavuct or | ayer, the first gate el ectrode and the second high

concentration sem conduct or andit is possible to control depletion

of the cha}r?ﬁ‘él“dr”efé@ldﬂm f@@n%iym §¢ moxrrﬁbgam insylati el sog1s teareuell dotseodd t o

reduce hpe reS| ance of the first gate electrode and to reduce the

resi st d@“ﬁ?”@ emgate source and drain through a conpound of netal and
uce araS|t|c ca |tanc

silicon. i n oss

bet ween t ﬁéL% ?s%lh' du'l“ ﬁl é’thﬁ %eo'ﬂdlpsstf’] LA t%emoé’gﬁﬁﬁcﬁfb"r” | ayer
by neafs,afi,t he flrst |nsulat|ng film I n addition, the second gate
insulating filmand the second netal filmare covered by the second

col umar  se6dca0RENEIRIrodAN R posdde Be&end! Han {ﬂﬁﬂﬂu'd%@{cufnld BnidpudQurth
insulating filmand the fifth insulating film If the metal filmis exposed
when the; met al - senmi conduct or conpound is formed, the netal filmis etched
by a sulfurlc acid hydrogen peroxide m xture or an amoni a hydrogen

per oxi de #ifsetririgsuitien filmelormeedaichsenitbondust oie denpdun! the séondptina-onever
in the structur f t he present invention, the second gate insulating film
and tﬁ@“%@@ﬁﬁ&“ filmare covered by the second col unmar seni conduct or

| th d film the fourt | filmand th
fifen nsﬁﬁiﬁ “efaﬂw TS d6Re bbbt S hifhe nig Ry ocha
sul f Ur g! Qnﬂé’(m’dgag la qrdgé k'%gug%LﬁEa%E gf ﬁ)}t ‘iéC gd gm&bl[ (] y#%?gﬁglﬁl%ﬁr Xid

nlxture e neta enlcon or conpoun

i'S posg lbbecgid?} Jmsm@om(ﬁmm@ﬁ%ﬁ%&uewndyeprmound on the third high
concentration sem conductor |ayer, the second gate el ectrode and the fourth
hi gh concesixttahbitingeitinclonaiCh QrsideddB khape @ok@A I Qhe @Rl Ltdane RLrchhe channel
region by using netal in the second gate el ectrode, to reduce the
re3|smanéen@ﬁhthei@eegwddgabekeMGkﬂm@de>amdmh@ﬂmedmmegmhekmesmsﬁﬂnme of the
gate, source and drain through a conpound of netal and silicon. In

addi t foRh ipguliteddesi bl e t o reduce parasitic capacitance between the second
gate el ectr.od t he second pl anar _sem conductor | ayer by neans of the

fourth i n&{fit 1|“?f‘gﬁ‘ﬂ T A pepend fopaed o1 de “ﬁ’a*t”era?‘ﬁéfdheaﬁ"?%@” pithen and t he
f 1 t f .t t
o TRE Rk LA 8, LRI L TR SRRy nd M BRI 4he Rech it bhE s econd

net al fllnlare formed frommaterials that make the second transi stor
enhancenent - t ype. Through this, it is possible to reduce penetrating
current that flows during operation of a sem conductor device conposed of a
first transistor and a second transistor.



20 [0035] Here, by having the thickness of the second insulating film be

t hi cker than the sum of the thickness of the first gate insulating film and
the thickness of the first metal film the first gate insulating film and
the first netal filmare covered by the first colummar sem conductor | ayer,
the first sem conductor film the fingt insulating filmand the second _
insulating film so the first metal filmis not etched by the sulfuric acid
hydrogen peroxide mixture or the ammoni a hydrogen peroxide mxture when the
conpouggﬁ(%dgﬁ&qg_and sem conductor is formed. Through this, it is

e

possi b orm4 et al - seni conduct or conpound on the third highh f ]
concentr at.j .G rol -he i - el F Qg d.the fourt
hi gh concé“??B??%nggﬁyg%ﬂgh%?%ﬁ&P%&E?@ﬁ&éggggﬁéﬁggtgﬁ&hgggﬁggﬂ%e | engt h

from thectegntan, of the first columar sem conductor |ayer to the edge of
the first planar sem conductor |ayer be larger than the sumof the length
fromthe cemtiemetad-stheosdudamabihp@hdtihenddionshe eolsumanraRrbgansugt or | ayer,
the thickness of the first gate insulating film the thickness of the first
gate elosetnigten semdcardectohiapktness of the third insulating film it is
possible to formthe first nmetal -sem conductor_ conpound on the third high
concent r atY'Bes Bt disapavatingyigp apdieddsionete HEmFare sqvepsddiydhe &ishi conduct or
layer, and to |.ower the resistance. of the third high concentration

se%icdﬁ’ %?%Pm?ﬁVéﬂ?wig@§7§F§“ﬂ§eﬁﬁ§8h Hgéﬁﬂt@eﬁ6$%PHé“§% e ot or devi ce

to be s : ool irst conductive type is n+ type, the second
condué%ggg1%€%%m??m§4&¥§pe, and the first and second col umar

sem conduGhOdechRYBESInaN4 n%ghﬂmfzjnﬁ $ie RBshasgaond 1Tp¢lr@9(g\fel SO tﬁ@ pdygtor ayers
are made of silicon. hrough this, it 1s possiblet orman inverter

Wit h tdo@unfdar sdmitérainslos la@er, bRisb@nanReRVERISEF fidndint ferdesondink dRaheter bei ng
a pMOS SOT. [0038] The nmet hod of produci ng a sem conductor device accordi ng

t o t hdifpriesantingifimenti on i ncl udes: a process for preparing a first
structure,havin%; a first planar sem conductor |ayer; _

Fhrough this, an SGT structure is provided that uses metal in the gate electrode while
controlling metal contamination, lowers the resistance of the gate, source and drain, and reduces
parasitic capacitance.

The first gate insulating film and the first metal film are covered by the first columnar
semiconductor layer, the first semiconductor film, the first insulating fifm and the second
insulating film,

If the metal film is exposed when the metal-semiconductor compound is formed, the metal
film is etched by a sulfuric acid hydrogen peroxide mixture or an ammonia hydrogen peroxide
mixture when the metal-semiconductor compound is formed. However, in the structure of the
present invention, the first gate insulating film and the first metal film are covered by the first
columnar semiconductor fayer, the first semiconductor film, the first insulating film and the
second insulating film, so the first metal film is not etched by the sulfuric acid hydrogen
peroxide mixture or the ammonia hydrogen peroxide mixture when the compound of metal and
semiconductor is formed. Through this, it is possible to form a metal-semiconductor compound
on the first high concentration semiconductor layer, the first gate electrode and the second high

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



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

sem conductor |ayer and a hard nask fornmed on the top surface of the first
col utmar sem conduct or; a first high concentration sem conductor |ayer
formed on the |l ower region of the first columar sem conductor |ayer and on
the region of the first planar sem compductor |ayer below the first columar
sem conductor layer; and a first insulating filmformed on the first planar
sem conductor |ayer; a process for formng a seventh insulating film a

. d h
]E |hlr g? tg?&s?l g e t%taﬂu?’i?edf‘ R gjatc e[gceus 0? ocz% %clt“(l, L(f lr%é[slltdﬂ(é) Q[{fll 131 'Z@hq ‘ébﬁﬁ’ﬂ&f"b‘-} {[Of iel m
and | ei"é&'udégh@e§1'sﬁﬁé’@rlﬁll1c§@ﬂcp§019@c Iuﬂied 151@1%\9@1 1L ohﬁdt) Eétt [ &Q! s'ﬂfmﬁl m and

sem conductor | ayer; a process he t
| eavi ngidaiosl devyrlstibisha R b icSda zﬁiﬂahde Héfwdch %cf ﬁtﬁtstfat&&édﬁ%@ﬁnd the

sem conduct or | ayer; a seventh insulating filmetching process for
etch|m@stanmememthmmeubaﬂhn@emﬁkmﬂﬁnduheaumngF&nSldemalI shape on the
sidewal | of the first colummar sem conductor |ayer; and a fourth

sem condudt gddifipn, hef sseerat Sabminprigoeddmfad liiﬁmﬂmfwgmadlﬂdmralChccsaemddxynbkuct or
filmon the result of the seventh insulating filmetching process
ThrougﬁC@Wﬁ§‘”Wﬁ%3@?W%ﬁ“@@t@YﬁngﬁﬁﬁﬁVﬂdeWPWﬁﬁﬁﬁf$ﬁéh$ﬁ%%%IWé#&P&ﬁNPn1are

d d f duct
fim erde Figesiidta B8 of IR mﬂ%ﬁ‘ﬁ%"a?a%o%%c[w'w%&me' -E%m'a&f#ugﬁ?ﬂ‘ filmis
used fQr, t()D!(T"d 'i&%cdg@ﬁe%qf% ll’llnei‘r}('eta%dfb'yla@iliﬁn am g{lﬁ%n é)luoxadsc RixRRE Pt C5 of

metal co tanlna i on, possi ble 1o tamnation by

the f |eﬁﬁiﬁoagﬁhﬁhbéb%lﬂe@éﬂ:cﬂgnf}dulrm&@thtehﬁtiihtﬁuoﬁ@}c@dl chinbMndWidrihcar € sources
of contam nation; being covered by the first col umar sem conductor |ayer,

the f dmwacse[mlm@ndumtetm tifd préfent iRGenkibn She baaswd @l meulhidoniianghdtihesdigdd nmask.
100391l n addition, the sem conductor device production nethod according to

t he priegerilm awemtciwlbyrthy sdicned cdemnar semzopdwoe gy ef, tre ptanaemiiondudidre fourth
seniconductor filmand the third sem conductor filmin the result of the
fourtH‘§bHWdBﬁHU%@%?“%§Wﬁ%$@ﬂhﬁﬁﬁbﬁmwﬂ6@£§@léndwéﬁﬁwémnyﬂﬂﬁélﬂwﬁer regi on
of 22 th flrst nmetal film ] rst t al nd first gate

i nsul ﬂ‘ihﬁg by el H i g IM 'B%%ld@w%dw%&ﬂﬁa “‘E‘H@“F‘Wﬁﬂ’"h‘%?%{f"*ﬁjiﬂ m and t he
Sg\r/:ggﬂ Lln$H/k‘lg}f fl}ggneft'{i sEﬂl?C%néu ggl (.E)lﬂe%t:i:jl';r%ﬁplfeﬁ()l I'Snf} TS IOH%{ 1.éf5 F'llﬁ }?ﬂ‘;gﬁ% t? ﬁ%H]frrPra;t
gate 'clrlﬁé{hlastchﬁ&mfjbélm cofi’rﬂﬂund on the third high concentration semiconductor layer, the

second gate electrode and the fourth high concentration semiconductor layer, to control depletion
of the channel region by using metal in the second gate clectrode, to reduce the resistance of the
second gate electrode and to reduce the resistance of the gate, source and drain through a
compound of metal and silicon. In addition, it is possible to reduce parasitic capacitance
between the second gate electrode and the second planar semiconductor layer by means of the
fourth insulating film
[0034} Here, the first gate insulating {ilm and the first metal film are formed from materials
that make the first transistor enhancement-type, and

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

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

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



a process for formng a first oxide filmon the result of the first netal
filmand first gate insulating filmformation process. Through this,

it is possible to control nmetal contam nation of the CVMP device used in the
pl anari zation process because netal is not exposed during the process of
planarizing the fourth sem conductor i | mand the third sem conductor film
it is possible to determ ne the gate |l ength of the SOT through etching of
the sem conductor film and it is possible to control fluctuations in gate

| t h N t to, the f t
gat o 1WA iRt By RN Mo BOPRS b RS nd R e PR bR at b o
sur f aciﬁe Qﬁ@l@ﬁ'é&%fttlﬂe[ltgla;a?e i@lktﬁgﬁl r%qqg} draRhSHUIKAGSE oF t‘ﬁcgf Q466 ¢y bﬁﬁc{‘ he

deposited first oxide Tl wet processes and dry processes perfornmed
in | at@ne PEASAGUIIBSand the fnsi 151@@(1@1'111 hr@RovdrdiELyf thE $ikst gaiSnbiNg i @htifgof | | m and
the first netal filmare forned only around the first columar silicon

| ayer layd, hhérd sensitomiati@l fifrh) the list theMetredibyandahy sicbhciomylata filin, ksthpossi bl e
to reduce netal contamnation of the ?ate et ching device by etching the

pol ysif fisssetaliif iggolgached bty dirg dfuric acid hydrogadierdodeg mirtee b ths tmgamne:

i nsul ng filmand the first netal f|In1are fornmed only around the

col u ﬁfﬂ“&a@w&lé}ﬁ@a&%“q ‘ﬁ&fé%“"%l?fﬁ“ﬁorﬁ‘éd pf el sriskssmigonfpgioids Kgped-ed by the

first col d hird and f duct
i1, “so TEoi THEGERBPE e o ol o flbar BeitiinenlPr e Sy AT e 111 m

wet et&mmm&y%gﬁm%%eaflv%{y%%glaw a&hﬁu@ wng%mf foly b h%ﬁ%oncﬁuatﬁ)ﬂd the

nitride filmsi Ition, ‘He " et ho

sem copfiehaictslayjge according to the present invention |ncludes a process
for preparing a second structure having: a first planar sem conductor
layer;[0033 a terssby holingmancgenieonducher of @y efst bolmmer @midoRgudidmigfer pl anar
sem conductor | ayer; a first high concentration sem conductor | ayer

f or medo 8 adge of Gadirst plgiroemafontiingorflpyes be bogativarthsam obthe lkoprirdnagher and on
the region of the first Planar sem conductor | ayer below the first col umar
seni caftigetoghe siggut of the figgt gqlyrgpar gamisondsigyr éaxcnghmhlqw@@pﬁ%fm gtlthe
sidewal | .in t egion.of the first mar nduct or, | ayer so
as to B%‘J‘P”"ﬁ@“tlﬁéqlf‘?’?l&% %ﬁ%*ﬁfﬁh&d“‘s@?ﬁt%ﬁa'eﬁsuhlﬁavé‘rOfn?'et%“si”f%r*}dgﬁ met al
Lt o RS, ARsbRS, Firkhe B8 Frcl S RIS L LU ARAS AQuRIRIFe 1 Te, et

gate ins dent con mfo 'he first netal

film %@n@:’%uEt%lﬁs’éﬁar&)ﬁ’laﬁh&he & 'f&%kd%ﬁtﬂﬂj fi lttl plluml ec,mlcgn(]cu'c{oﬂ gtatl‘?dft%llgx%lr ode
conposed of the first nmeta ' m and first sem conductor i'lTnm and a

first thawgsik@hdend tid thing f1(glhr&ﬁccﬁ&hﬂ?@ﬁd"mﬁ%ﬂduduﬁzsﬁlyﬁgat e el ectrode and the first
pl anar sem conductor |ayer; and
[6037] It is also possible for the semiconductor device to be such that:
the first conductive type is n+ type,
the second conductive type is p+ type, and
the first and second columnar semiconductor layers and the first and second planar
semiconductor layers are made of silicon.
Through this, it is possible to form an inverter with the first transistor being an nMOS SGT
and the second transistor being a pMOS SGT.
[0038] The method of producing a semiconductor device according to the present invention
includes:
a process for preparing a first structure having:

a first planar semiconductor layer,



a process for formng a second high concentrati on sem conductor |ayer of
the sanme conductive type as the first high concentrati on sem conduct or

| ayer on the upper region of the first columar sem conductor |ayer on the
second structure by injecting a dopant at an angle of 10 degrees to 60
degrees, with a line orthogonal to thg substrate being O degrees.

Through this, it is possible to cover the first gate insulating film and
the first netal filmwith the first columar sem conductor |ayer, the first

i conduct o, the first insulating,filmand th ond i nsul atin
i oodu e R bR etk RE B P56 TG ot dbet bt co
accor di @ nfad Fo'?n%uﬁ’&?ﬁl%%p)a éL?'E%rgé;{)i* tg\?ﬁ[‘s'ﬂSélHIQﬁéﬁ‘:seﬁlgxﬁé?&?(ﬁs for preparing a

third structure having: anar sem con or layer; a first

col umar  sefisCapdusHcin il edmikotdiRt:r et BEndd 6rSthe Rvah &loiepcoRdHCct or
| ayer; a first high concentration sem conductor |ayer fornmed on the

| ower godgiuem saehicoi@icior istr aol amharegdenifeenthugiiarr kayesndandr @perttaew egi on of
the first planar sem conductor |ayer below 24 the first col umar

sem cdhediet eplumagesemiconducter Isyeeiomd hi gh concentrati on seni conduct or | ayer
of the same_conductive type as the first high concentration sem conduct or

| ayer, forhEdl igslatng flippermgdeyi tha lipst plapa spmicepdustsir lavseir seni conduct or

| ayer; L first gate insulating filmfornmd on the sidewall of_ the
1Yot wpsindy LBte 8 Geb Rt dhe Mt Wk n Ahet (RrGHmES e Aty on

Se"iCQHQM&BerkﬁgﬁJ1@9§u&@&ysecond hi gh concentration sem conductor |ayer,
S0 as to surraoun t%é I'Tst 'col umar sem conduct or | ayer; a first

metal fil mdroreaeh eRhihbend thirdteSidbRIuk 38 Hllﬁﬁlild]iga\fiﬁxgl; ?kiﬁ@)vcfﬂsshta. e Sifiound the
first gate insulating film a first semconductor’filmforned on the first

met al diddwallsn tRstitsocBunhiRuadicohdictdrglr;metal film a first gate
el ectrode conposed of the first netal filmand the first sem conduct or
film and agrédessior plakink dtd thigd ficlatifroamkldatiet neidowtihehapé oisthegate@akbect r ode
and the first planar sem conductor |ayer; a process for formng an eighth
i nsul db¢ figt selpmnyrenirendwierdasstr uct ure; and
a seventh insulating film etching process for etching the seventh insulating film and
feaving a sidewall shape on the sidewall of the first columnar semiconductor layer; and
a fourth semiconductor film formation process for forming a fourth semiconductor film on
the result of the seventh insulating film etching process.
Through this, the first gate insulating film and the first metal film are covered by the fiest
columnar semiconductor layer, the first semiconductor film, the first insulating fiim and the hard
mask. When a high-k film is used for the first gate insulating film, the high-k film is a source of
metal contamination, so it is possible to control metal contamination by the first gate insulating
film and the first metal film, which are sources of contamination, being covered by the first
columnar semiconductor layer, the fourth semiconductor film, the first insulating film and the
hard mask.
10039] In addition, the semiconductor device production method according to the present
invention may include:

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

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



a process for formng a second insulating filmby etching the eighth
insulating filmin a sidewall shape so the eighth insulating filmremins
on the top surface of the first gate el ectrode and the upper sidewall of
the first columar sem conductor |ayer. Through this, it is possible
for the second high concentration siljcon [ayer and the first gate

el ectrode to be separated fromthe first gate insulating film to have an
overlap and to minimze that overlap. [0042] 1 n addition, the nethod of
produchb%lﬁnqﬁggéonductor devi ce according to the present invention

i ncl udes Us for preparing a fourth structure having: a first planar
sem conducf fg Jlnéﬁépflim ﬁudfﬂ Etsé%atc 19“1'&5“?1%" litﬁq?]n?d(?l'aﬁﬂ%cggs iloaé(tglgmf 9‘: 91 18aalt he

first planar sem conductor Tayer; concen enlconductor
layer filof AROKORevieR® ulnéﬁl@@ifwﬁlﬁﬂ'&@ﬂm@ﬂ(hctuhﬁc riideRhil o 2e FR4 UBMAMaS €M conduct or

| ayer and on the region of the first pl anar sem conductor | ayer bel ow t he
first wolicondactosiandr¢ongoeddas fbayBe first metall{ifeanthe MirgRagonGenhs ath.ond,

sem conductor |ayer of the same conductive type as the first high

concent r atd pncese it domduca Hrst bagefijm botwecdubnftidirsppen! fleginddirofathe fir st
col umar sem conductor | ayer; a first gate insulating filmforned on
the si @SHAINE [§M lPHBAMONP&ICegol umar semi conduct or | ayer between the first

hi gh t duct and .t he s con con ration

e conauet o 4GS e e AR ST SRR B o

| ayer; plananzal‘?‘mﬂ (,sctc LU%E 2 mctli 15 no ITF S¢ (Eltlltnh 1c pkoc 3S El n"?'nu the fou fil m SO
et T AP U E Y PR ‘r P18 &0 %l é B

as to ‘'surroun gate nsu r film

for necgcﬁf'cotnhﬁ’cl&' ff lﬁltdn'a‘%ﬁ@-ﬂhnti's!nmc%l‘?d@%i 191'1 Sisf %lanl? }&‘ erbidi 1hﬂ‘3§t?§englihl m

first gate el ectrode conposed of the first m an
sem corfdues QT thibligh etéhihd 6She bdnsibbriub©O1ifn, land ftQg ﬁi&dlbﬁﬂb‘@@ﬁfb[tﬂlﬂ@m{iikﬁﬁqn gate
el ectrode and the first planar seni conduct or | ayer;

gate length, that is to say variances in gate length, and damage to the first gate insulating film

Q

and the first metal film from the gate electrode top surface because the gate electrode top surface
is protected by the deposited first oxide film from wet processes and dry processes performed in
later procedures.

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

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

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

a process for preparing a second structure having:

a first planar semiconductor layer;



a second insulating filmfornmed in sidewall shape contacting the upper
sidewal | of the first columar sem conductor |ayer and the top surface of
the first gate electrode so as to surround the top region of the first

col umar sem conductor | ayer; athirdinsulating filmforned in a
sidewal | shape contacting the sidewald; of the first insulating filmand the
first gate electrode so as to surroun 3 the first gate electrode and the
first insulating fi Im and a first gate wire connected to the first gate
el ectr ode; - ()fl R%Ct stopp rmng. a contact

stopper on the fourth St Cﬁﬁgw°lOH“mggb&Sisigagéﬁcwgpﬁﬁ &“&W“Pnterlayer
i nsul ating, fiid i$90n%§ml:d op'sgn){u,& Riclof s #Ltfoﬁ%c(} 5]%11??@\1&0?? t)loﬁltcggﬁ)(?fla formation

pr OCesSsS; a process orm ng Irst resis e Inter er
i nsul addhﬂ@mfi |€é3mcoﬂ?€ﬁidﬂQiy@lgdtﬂrbnttﬁ@lc‘gfont(h@hef fﬁlﬁlﬁildlﬁi@Lm{dtlaﬁma(}&%}!ﬁ& or

| ayer; 26 a process for etching the interlayer insulating film and
fornlngeauﬁBMSmnmammamhdmmmeapn,the interlayer insulating film a first
resist renoval process for renoving the first resist,; a process for

form ng aéﬁéébﬁﬁﬂﬂsémsmfdm1bheu#@5meswgwmtMQh¢nm@ﬂLm@@nsfﬁméhnwawnmaocess
excluding on the first planar sem conductor |ayer and on the first gate

Wi re; Semiconguelpldayss $o ﬁ%)W satreddge fi rmséwlhwefl=1gﬁwecmiim|!@tc:,ng filmand forning
a second c the fi f nar senlcon%uctor | ayer and

Forey ot b AR AT BRs TRy S st il FT 86 o 8 Mt Smadse Bt s

|nterhﬁ¥ﬁ&rfqﬁﬁlat!ng film a process for rempoving the second resist; and
a process r formng a first contact positioned above the first col umar

sem conduGtt deA%RhducBorTBRADHI GIVH BE Fird ARt Ua%@@a@@@‘ﬁ‘?{ﬁnﬁ%lhg filsBhe| anar
sem conductor |ayer and a third contact positioned ove flrs gate

W re afintthe first contact hole, the second contact hole and the third
contact hole, respectively. Through this, the contact holes on the
first plandmsigetrdotddetonpdsayelthafict el film std Gatiest wemicogluaroe fifroy amed
through different processes, so it is possible to optim ze etching
condltlon§1?8ﬂ“$%¥ﬁtﬁ@“@ﬁéﬂﬂﬂﬁﬁﬁmédﬁﬂaé&cﬁbﬂ@ﬂ@ﬁemhgﬂ¢hrﬁpha®lunnar
senlcqnduptg d etching conditions for form ng the second contact
hol e ofi™{48 W??zg“bﬁﬁ ar seniconductor |layer and the third contact hole on
00431A nore

compl et o cderet Shl R e EE R e ks SiER « ne
conductive type as the first high concentration semiconductor layer on the upper region of the
first columnar semiconductor layer on the second structure by injecting a dopant at an angle of
10 degrees to 60 degrees, with a [ine orthogonal 1o the substrate being 0 degrees.

‘Through this, it is possible to cover the first gate insulating film and the first metal film
with the first columnar semiconductor layer, the first semiconductor layer, the first insulating
film and the second insulating film,

[0041] In addition, the method of producing a semiconductor device according to the present
invention includes:

a process for preparing a third structure having:

a first planar semiconductor layer;

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

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

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



.follow ng detail ed description is considered in conjunction with the

foll ow ng draw ngs, in which: FIG 1TAis a planar view of the

sem conduct or device according to an enbodi nent of the present invention;
FIG | Bis a cross-sectional viewalong line X-X in FIG IA FIG ICis a
cross-sectional viewalong line Y ) in FIG |IA 27 FIG IDis a
cross-sectional view along line Y2-Y2 in FIG IA FIG 2Ais a

pl anar view of the sem conductor device during progucti on, shovr;i)ng t he f
met ho f r n conduct or device according to an enbodi nent o

t he ﬁggglﬁcﬁlg{}fﬁeﬁﬁlt%mmﬁﬁ ﬁ)i% is a cross-sectional view along line X-X

in FIG 2 v, INe. Xk nc fd'e . dn FIG
2n FIG 30 e R R b LOP Ay e ALRRnsN% oyt 53

FIG  3fgh soefbaidakeMiceduefor 16, $@mea@ﬂwqw& 1devh 68 duT-iRGIUR@duct i on,
show ng the nethod of producing the sem conductor device according to an
emodlmondfnclbarﬂeyw esent invention; FIG 313 is a cross-sectional view
along line X-X in FIG 3A, FIG 3Cis a cross-sectional viewalong line Y
| -Y I |rilfF‘F*ngLQIAW[ﬂlﬂ@fll@DOHEGdantth@sléc\s@bQF1hmhltsi wievnalsomggohduveor Y&elY2 in

FI G 3A pl anar view of the sem conductor device
dur i ngpresitee l"éhi“ﬁg ﬁ%‘W“ﬂfgm'toﬁéClﬁéPH‘é}tﬁ%fldYﬁ'r yullbe srgorhiich emiceviiivat or  devi ce

accor ddcgag%ong (.g ri n(po%l mé Ity ou %H iﬁgte% 1N IpeYent Id(L)I(I:]tO] lFI G 413is a
cross-sectiohal’ Y BwCdr Shy oA HK-IKE PRIMERZEY D ayer;

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

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

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

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

a process for forming an eighth insulating film on the third structure; and

a process for forming a second insulating film by etching the eighth insulating film in a
sidewall shape so the ¢ighth insulating film remains on the top surface of the first gate electrode
and the upper sidewall of the first columnar semiconductor layer.

Through this, it is possible for the second high concentration silicon layer and the first gate
clectrode to be separated from the first gate insulating film, to have an overlap and to minimize
that overlap.

[0042] In addition, the method of producing a semiconductor device according to the present
invention includes:

a process for preparing a fourth structure having:

a first planar semiconductor layer;

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

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



FIG 4Cis a cross-sectional viewalong line Y 1-YI' in FIG 4A; FIG 41)
is a cross-sectional view along line Y2-Y2'" in FIG 4A FIG 5A s
a planar view of the sem conductor device during production, show ng the
met hod of producing the sem conductor device according to an enbodi nent of
the present invention; FIG 5B is a cjs0ss-sectional view along [ine X-X in
FIG 5A, FIG 5Cis a cross-sectional viewalong line Y1 -Y 1' in FIG 5A
FIG 5D is a cross-sectional view al ong line Y2-Y2' in FIG 5A;OI

FIG 6 or .device durin roducti on,
showi né%luhna? SBPIh uc%{)l (Fz‘ysxdﬂ]&o#gh(t feglod ()E?lbgofhw&n&lr SEREEAN gjgcigg@gﬁ:zgﬁ E)gzv to an
enbodltﬂqgemSt Q(leuﬁqlﬂ% ggﬁ@c%g@&qm%%cll nvention; FIG 613 is a cross-sectional view
along line X- G 6Cis a cross-sectional viewalong line Y

1-Y I' in aﬁb@ndaﬁ\ h dﬂn@nt:@ﬂnﬂ SnBcdldaSSr REGIIraRakmkiceM R ANGpd hdtGe Y&t Y2' i N
FIG 6A FIG 7A |s a planar view of the sem conductor deV| ce during

pr odudtiglomncsiomongerbibendweioh tgeoforpico ducicngpthegise bl wemgdicb@mnaevi ce
according to an enbodi ment of the present invention; FIG 713 is a
cr oss-ssagtondeeidr lgyasw al ong |ine X— X' in FIG 7A; FIG 7Cis a

cross-sectional view along |ine -YI' in FLIG 7A; FIG 71)
cr oss- sectdi Hﬁdﬂdm\ﬁﬂwtﬁ‘hcﬂ’@j fpimd 01’*211@(2‘1?‘?’&311:@@{3 trat cqnpar SWTICS)”@LM énwalr vi ew

t [oniductlo!r devi ce durin I“Qdﬁlctl on show t he net hod of
pr odudRG T e Lo BRRTEr 6T ob s B BEBbIarHG e HoBHE PR he
pr eser&‘émuconducto: layer, s0 as to surround the first columnar semiconductor layer;

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

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

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

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

a second insulating film formed in sidewall shape contacting the upper sidewall of the first
columnar semiconductor layer and the top surface of the first gate electrode so as 1o surround the
top region of the first columnar semiconductor layer;

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

a first gate wire connected to the first gate clectrode;

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

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

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

first columnar semiconductor layer;



invention; FIG 8B is a cross-sectional viewalong line X-X in FIG 8A
FIG 8Cis a cross-sectional viewalong line Y 1-YI'mFIG 8A, FIG 8Dis
a cross-sectional viewalong line Y2-Y2' in FIG 8A, FIG 9A is a planar
vi ew of the sem conductor device during production, showi ng the nethod of
producing the sen conductor device acgording to an enmbodi nent of the
present invention; FIG 9B is a cross-sectional view along line X-X in
FIG 9A; FIG 9Cis a cross-sectional viewalong line YI -Y1' in FIG 9A

.FI G 91) i PIQ‘CC%E Po%%tcﬁﬁgtfw ﬂ?e %Ld?\{guﬁltlg gilm am?f tmm{é fBIst Cé)BL?{; iboan O%E{;G 10A

is a planar view o uctor device W ng the
met hodmmld%q@&%lqgﬂme sem conductor devi ce according to an enbodi nent of
the present invention; FIG 10B is a cross-sectional view along I|i ne X- X

in FIG 1QAH§EH*C§BSLabmm’t!lp&)casquﬂ‘éﬁro‘;?ﬁth!thﬂ@{'1L§'LL€W along line YI-Y I "in FIG
1 OAF 29 FIG 101) is a cross- sectional view al ong line Y2-Y2' in FIG
10A; a procesy @r fdrindng sscaoipl @msronthewsolf of the fisse nissonreietigirogeyi ce during
production, show ng the method of producing the sem conductor device

accor dielidtg %rih%Hﬁbéﬁdﬁ@nﬁmtﬁmdm@l‘ﬂﬂYQS@rﬂtmlihvén&ﬂ ponwill G 1113 is a

cross-sectional yiew along line X-Xin FIG 11A; FIG 1ICis a
cr oss- sectd BReess tﬁ EW%{‘I%IFFQ'”‘CI]%‘ wsplau% [‘lm A o 1§m|5|d speondicantagishofy gns g

Cross- 135‘\8{‘ hgrﬁit pYangl\A{;c%ngorillguotoﬂaycz and ?01 mm&, a Llhud QOI%I[ddt hole on top of the first

gate wire, on the interlayer insulating film;

a process for removing the second resist; and

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

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

hole on the first gate wiring,

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

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



FIG 12A is a planar view of the sem conductor device during production,
showi ng the nethod of producing the sem conductor device according to an
enbodi ment of the present invention; FIG | 2B is a cross-sectional view
along line X-X in FIG 12A; FIG 12Cis a cross-sectional view along |line
YI-Y1' inFG | 2A FIG 12D is a gpross-sectional view along |line Y2-Y2'
in FIG 12A FIG 13A is a planar view of the sem conductor

devi ce during production, show ng the nethod of producing the sem conductor

devi ce accor dig -an . 'Eu n%{ f,the present jpvention; FIG 1313 is a
cross-sect i ona{?@V}QW a‘f‘g'%% !'(ﬂ}g 9‘§ailor]1]g_§'lngﬁ1§%;m HEG'%RBC is a
cross-sectionaliGvs R Abiang vdwer i} .'%eYi;ilcod_d@ciEl' Rvide e Flobucibal, hoﬁngﬁatﬂe .
cross-sectional view along line Y2-Y2" in FIG 13A _ G Ais a
pl anar muthewv odfprodiirperiic cR Rl tRtord @i €& adddiding (P kP GHbbiliafent SheWd Pasdipe
nmet hod of producing the sem conductor device according to an embodi ment of
t he preserioni nvention; FIG 1413 is a cross-sectional view along line X- X
in FIG | 4A; FIG 14Cis a cross-sectional viewalong line Y I -Y I' in
FIG 14A; FIGHG42 isiacresseegpsalsder nbonaling XelW iaFingAsine Y2-Y2 in FIG |
4A; FI@ |.5A is a planar view of the I,sem'\conqluct or device during
producti on, sH&Wi HgiSHEowSEHBEbECBRBEEPRY [ he SEM é8hduct or devi ce
according to an- odi ment _of the present 'é%.inv’ I'L,.n; FIG 1513 is a
cross-sect i ongolrgcj'\el\"}i.fg\i/\s/ 4 I%S’ﬁgscftiorqénﬁk?‘?('aﬁ’l”ﬁ fipg 62- jSﬁ?, FI 2R}
FIG. 3A 1s a planar view of the semiconductor device during production, showing the
method of producing the semiconductor device according o an embodiment of the present
invention;
FIG. 3B is a cross-sectional view along line X-X' in FIG. 3A;
FIG. 3C is a cross-sectional view along line YI-Y1'in FIG. 3A;

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

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

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

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

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

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

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

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

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

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

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



FIG | 5Cis a cross-sectional viewalong line YI-Y I' in FIG 15A; FIG
151) is a cross-sectional view along line Y2-Y2 in FIG 15A FI G
16A is a planar view of the sem conductor device during production, show ng
t he net hod of producing the sem conductor device according to an enbodi nent
of the present invention; FIG 16B isyga cross-sectional view along line
X-X in FIG 16A; FIG 16Cis a cross-sectional viewalong line Y1 -Y1' in
FIG 16A; FIG 161) is a cross-sectional view along line Y2-Y2' in FIG

| 6A, ivention: . T G 17A is a planar view of the sem conductor device during
pr oduct on, show ng the nethod of producing the sem conductor device
according to af:e | ent. L. NE .o knyentden:, FIG 1713 is a

Cross- segti ongli(Ji/?%\%dda(ﬂg%gseﬁlﬁOﬁlgrﬁg\?('a%?grﬁb? énxllg,&;l@g? 17Cis a _
cross-secti ongliGveew AdrofGeliidhgl Wevk ato¥s Line Yy FhiGid. A FIG 17D is a
cross-sectional view along line Y2-Y2' 'in FIG 17A FIG I8Ais a
pl anar vi ew offlIGheD sentoondudcdnarl videvione lide vi2ag2'pf PAUGH:; on, show ng t he

met hod of producing the sem conductor device according to an enbodi nent of
the present i nVenii o plFhaGyier8d (hesanicmdsstosdotdecivahg pioductainosigwingibe X- X'

in FIG I8A, FIG | 8Cis a cross-sectional viewalong line YI -YI' in
FI G I mghod pf grodugiye) degseprgeductercdqvinsatccoiding H1 ahgmbpsieneyp ofghe pigsenr G
18A; FIG | 9A is a planar view of the sem conductor device during

pr oductYSHW"showi ng the method of produci ng the semi conduct or devi ce
accor ding 1o ;e IRt Al biGPLESE b KINERKIONAFIG 198 is a
cross-sectional view along i he X- I ['9A " FI | 9Cis a
cross-secti ongiGViEew ArQRGetd§ Vel afoNg EhoyhG: 1Py, 74,

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

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

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

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

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

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

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

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

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

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

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

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



31 FIG 191) is a cross-sectional view along line Y2-Y2 in FIG 19A;

FIG 20A is a planar view of the sem conductor device during production,
showi ng the nethod of producing the seni conductor device according to an
enbodi ment of the present invention; FIG 20B is a cross-sectional view
along line X-X'in FIG 20A; FIG 20C4g a cross-sectional view along line Y
Il -Y1" in FIG 20A; FIG 20D is a cross-sectional view along line Y2-Y2" in
FI G 20A FIG 2IAis a planar view of the sem conductor device

during productign; rodugi ng.the,sem conductor device
accorgl ISlg to a{rilgen%§§d%8% gtealonnp\;‘evfé}]so@hthpl nv&cﬁ% glnlt(JEP 2113 is a
Cross-secti onglgvi | I F o

cross-secti onZ;:K V|1 g&w:!i gr[%gal ?!E\g P l% %nﬂ('(ﬁd%tﬁlz%ée dzu%& %I%—lﬁécaﬂffm\mg’

Cr 0ss- seahdirads poewial mﬂgcrhlcﬂﬁdL%?m Yiévick Redokdng ZLAN embodiment of tfé ﬁcs@@A is a
pl anar view of the sem conductor device during production, show ng the

nmet hodmméni{mnodum ng the sem conductor device according to an enbodi nent of
the present invention; FIG 22B is a cross-sectional view along line X-X

in FIG 22A HIG | b ajcsosa-seqtions vdeve aloombne ¥i¢vn BlGrigAtine Y I -YL' in FIG

22A; FIG 221) cross-sectional view along line Y2-Y2' in FIG 22A
FIG 23Ais a ﬁ#ahlgrls\?ﬁé%gé?wf’ﬁﬁ vigrrlesa by brY ldeilee i i ng producti on,

Showi g the TeAAORISL, 194, e, SETLRRLSUSI 21, Sy B, 2000r 0o (o an
along line X-Xgi p LG p[%l?fﬁ’wew of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 23Cis a cross-sectional viewalong line Yl -Y1' in FIG 23A; FIG
23D is a cross-sectional view along line Y2-Y2' in FIG 23A FI G
24A is a planar view of' the sem conductor device during production,

showi ng the net hod of producing the sem conductor device according to an
enbodi nent of the present 32 inventign; FIG 2413 is a cross-sectional
view along line X-X in FIG 24A; FIG 24Cis a cross-sectional view al ong
line YI -Y1"' in FIG 24A, FIG 24D is a cross-sectional view along |ine
Y2-Y2' i\ Bhfch G 24A; FIG 25A is a planar view of the sem conductor device
during production, showi ng the nethod of producing the sem conductor device

according to @mefﬂiﬁﬂ'a@&% s@(fifomi‘!e»rtcm @!%ﬁgrl‘-mé KVJ@QHW sRLG 25B is a
cross-sectional viewalong line X-X in FIG 25A; FIG 25Cis a

cross-sect i onaliGyi&sal omg-skdtivgal Vidy al¥ngd lind W1H/HGn RBAI5AI G 251) is a
cross-sectional view along |ine Y2-Y2 | n FIG 25A; FIG 26A is a planar
vi ew of the séihficontlisctwossdestiood \iew klogg pnoddctd onfiGshdwi ng t he net hod of
producing the seniconductor device according to an enbodi nent of the
present i nventlu(en O6/FIsG pre® Vigw &l écossiaaduqionddvios avinglponigel dmehowidg i n

FIG 2 IS a cross-sectional viewalong line VI -Y1l' in FIG
26A: #?Eam%g 1901%d‘¥?f’l§st§°§‘éEFP Glor JPWge Ascortng it spbogment,pt HEPesBA: FI G

27A 1 S8, IIog,nar vi ew of the sem conductor device during production, show ng
the neth ]3 of producing the semni conductor device according to an errbodl ment

of the presentq. (6B is a cross-sectional view along line X-X' in FIG. 16A;

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

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

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

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

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

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

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

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

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

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

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

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

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



invention; FIG 2713 is a cross-sectional viewalong line X-X in FIG 27A
FIG 27Cis a cross-sectional viewalong line YI -Y1"' in FIG 27A, FIG
27D is a cross-sectional view along line Y2-Y2' in FIG 27A;, FIG 28A is a
planar view of the sem conductor device during production, show ng the

nmet hod of producing the semni conductorydevi ce according to an embodi ment of
the present invention; FIG 28B is a cross-sectional view along line X-X
in FIG 28A, FIG 28Cis a cross-sectional viewalong line VI -Y1l' in FIG
28A; 33 .FI G l;f?l 9{§Eaaug c&?(ﬁ ()%gic\}ac\gn%nhﬁhcg?’%%l%gg'3E|§eri]§/hY2 Y2 in FIG 2BA

FIG 29A is a anar vie sem co ring pr oducti on,

show ng the m?itid‘]ofﬂ()@ﬁs Qb%ﬁé&%l@\g or g im(ﬁ(aﬂabﬁc&&/rcc%l\%gz) rREERS Tl gcﬁmhge

enbodi nent of the present iInvention; IS acro section

al ong the metRoDO! rodicid th2 9bnichhdactof v s adeobdi RS &r &ﬁ@ﬁab&r‘lﬂtm\ﬂfqm Blcang |ine
YI -YI'" in FIG 29A;, FIG 291) is a cross-sectional view along |ine

Y2- Y2' inventiBhG.  29A; FIG 30A is a planar view of the sem conductor

devi ce during productl on, show ng the nethod of producing the sem conductor
devi ce accor dif rﬁ% A0 s cerrpoetiiveatviar alphelipr ¥9€m FiGhR8Ation; FIG 30B is a

Ccross-section walong line X-X in FIG 30A; FIG 30Cis a
Cross-secti onilmvéo WS 31°HR S‘Fﬁuﬁ%“l\}”qw along ling,Y BYa 3o 246, 30D i s a

cross-secti On%llG.ViO%A{s%lc(Porlg su,uonal v1cw a%(m Pnc JY?YZ mpf“I(J 20A;
gh

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 31A is a planar view of the sem conductor device during production,
showi ng the nethod of producing the sem conductor device according to an
enbodi ment of the present invention; FIG 3113 is a cross-sectional view
along line X-X in FIG 31A; FIG 31Cis a cross-sectional view along |ine
YI -Y1" in FIG 31A, FIG 3 IDis apross-sectional view along |line Y2-Y2'
in FIG 31A FIG 32A is a planar view of the sem conductor device
during production, show ng the nethod of producing the sem conductor device
accor dj,ng,l,9. an enbodi ment of the present invention; FIG 32Bis a
cross-sectional viewalong line X-X in FIG 32A; FIG 32Cis a

Cross-secti onghGvigwsaleng-skdiRGalYidw atlndline XX 'Fl GG 344, FIG 321) is a
cross-sectional view along line Y2-Y2' Tn FIG 32A FIG 33Ais a

pl anar vi ew offIG BRI ceRRdualons] ey iiery M YNy Iprodechien, show ng the

nmet hod of producing the sem conductor device according to an embodi ment of
the present  34Gi FNenticorss-sEtt@nal338y hisnalice B2 X ackliConah; vi ew al ong |ine
X-X in FIG 33A; FIG 33Cis a cross-sectional viewalong line Y1 -Y I’
in FIG 33A FHE 28814 pang Wpwod thpesstriiemndicte davics] domige Ipratctian, ‘s’izﬁwihﬁ FI G
33A; FIG 34A is a planar view of the sem conductor device during
pr oduct'f S YHYITAY e FrseR 8“‘8@% eyt PTG e PR BMUBER GY threpicawt
accor di ng,.4,Q. an enbodi ment of the present invention; FIG 34Bis a
cross-sectional viewalong line X-X' in FIG 34A

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 34Cis a cross-sectional viewalong line YI -Y1' in FIG 34A; FIG
34D is a cross-sectional view along line Y2-Y2'" in FIG 34A FI G
35A is a planar view of the sem conductor device during production, show ng
the method of producing the sem conductor device according to an enbodi nent
of the present invention; FIG 3513 ig a cross-sectional view along line
X-X in FIG 35A; FIG 35Cis a cross-sectional viewalong line Y1 -Y1' in
FIG 35A; FIG 351) is a cross-secti onal vi ew al ong line Y2-Y2'OI in Flc(ii _
35A, I 6 [ v .se c uctor device during
. IE %Dﬁf&lb t tqongp\?re Ime ?he é‘bﬁ%ggg .

producti on, ShOWI n he e uct or device

according to emoeamqlé 5’%[11%3:%16\%“9 i %ﬁ@&ndh&gpﬂé\h&ntfu ﬂg?g@@&& isﬁm@ing

cross-sectional viewalong line X-X 1n
Cr oss- shechdinnbf poewiad 08Gehiddpdiidr deVike aLd’buﬁhg'{o %6@1a1b5d1@u113(ﬁ]{%e b§5@1t
cross-sectional view along line Y2-Y2' in FIG FIG 37A is a

pl anarinvémiwnof t he semi conduct or device during productl on, show ng the

met hod of producing the sem conductor device according to an embodi ment of
the present idlentiltoit;a Rssse@ipRalivicvaalonglse ¥ettin bHal2%i ew al ong |ine X- X
in FIG 37A; Fl 37Cis a cross-sectional viewalong line YI -Y1in FIG
37A. 35 FIG é&i%%r§f‘éz“&ﬁé%‘émg@dft‘%ﬁ'al‘éUﬂ%Wa‘ﬂoH*gl IGA%AY2-Y2' in FIG 37A

LG 3Bh 1o 2 et oL he semERDieLory derice g ng producti on,
enbodi ment  of €3k &SLPLand VBN AV semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 3813 is a cross-sectional viewalong line X-X in FIG 38A; FIG 38C
is a cross-sectional viewalong line Y -Y1lin FIG 38A;, FIG 38D is a
cross-sectional view along line Y2-Y2' in FIG 38A FIG 39A is a
planar view of the sem conductor device during production, show ng the

nmet hod of producing the sem conductorysdevi ce according to an embodi ment of
the present invention; FIG 39B is a cross-sectional view along line X-X

in FIG 39A; FIG 39Cis a cross-sectional viewalong line Y1 -Y1'" in FIG
39A:; Fi'x%mi%ﬁD is a cross-sectional view along i ne Y2-Y2' _ in FIG 39A;

FI G 46A I's a planar view of the seniconductor device during production,

showi ng t he meyhosbok aREQAUGIRE, MGy SBRL FANAUEt O §lepixce according to an
embodi nent of the present invention; FIG 40B is a cross-sectional view

al ong |ine X- XiGi 3Bk Gordb@Acctioh&l vid@Qohslide er-oasmsact Bonal view along line
YI-Y1l' in FIG 40A; FIG 401) is a cross-sectional view along |ine Y2-Y2

in FIG 40A; FIG. 33D is aRr@Gs-sddtidnilsview ploagline V2-&(2' of 'ithe3sem conduct or devi ce
during production, show ng the nethod of producing the sem conductor device
according to ahoetfoii hrakraroficy led tr saeandiiviedrvicorturibl GrodaeBn, shaving
cross-gectional. view along Ijne X-X in FIG 41A;, FIG 41Cis a

cr oss- ST RIpBIRIng) lgﬁgelpicﬂ'éd“?‘qr devipe ageqrdipacio e enbaelientyl the gregent .
cross-sectional view along line Y2-Y2' in FIG 41A _ FIG 42Ais a
pl anar 'view of the sem conductor device during production, show ng the

met hod of progygig igQ%ro%?—géc@igﬂg%M&io&el\{liec)@-)@%fzplr&iBQg; to an embodi ment of

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

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

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

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

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

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

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

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

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

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

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

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

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



36 i nvention; 4213 is a cross-sectional viewalong line X-X in FIG
42A; FIG 42Cis a cross-sectional viewalong line Y I -Y1' in FIG 42A
FIG 42D is a cross-sectional view along line Y2-Y2' in FIG 42A;, FIG 43A
is a planar view of the sem conductor device during production, show ng the
met hod of producing the sem conductorysdevi ce according to an enbodi nent of
the present invention; FIG 4313 is a cross-sectional view along line X-X
in FIG 43A; FIG 43Cis a cross-sectional viewalong line Y1 -Y1'" in FIG

43A; FIG 43D s ?7[?;rs%sc?-g%-es%do%‘la\!iev‘vd’%@‘{ﬁvgﬁ!xgggi\tiéﬂﬁﬂgﬁ%%ri” FIG 43A FIG

44A is a planar "Vview of e Semn conh oduction, show ng

the method of pro84cing #ahl%l \%@Wfﬁ%@é&%i&{ndg&&i &&E&P&?iﬁgipp&iu&(?oq?gthﬂPQdi ment

of the pr esent 1 nventio | S. a CrOS_S-SGCtI ona ) Vi ew al on ) fne X-X
i n Fl Ghe 44fi0dRd Groditing Sic @clﬁfc@ﬁcﬁm&ﬁ%bi@@@&co\’di@(Wtcﬁlnp&gb&dil’ﬂ@m\()f'tlYeEprethtF' G

44A; FIG 44D is a cross-sectional view al ong Tine Y2-Y2' in FI 44A; FI G
45A i singemploanar vi ew of the sem conductor device during production, show ng
the method of producing the sem conductor device according to an enbodi nent
of the present'liint@hsiaghssBeGonad5B:W sloag Gro¥sk'settG.G8aL view al ong |ine
X-X in FIG 45A;_FIG 45C is a cross-sectional viewalong line YI-YI|' in
FIG 45A; FIGHY5HC e cipsepesional iy ppag g ¥ivYdl s o 34 Y2-v2' in FIG

45A; FIG. 38D is a cross-sectional view along line Y2-Y2' in FIG. 38A;

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 46A is a planar view of the sem conductor device during production,
showi ng the nethod of producing the sem conductor device according to an
enbodi ment of the present invention; FIG 4613 is a cross-sectional view
along line X-X in FIG 46A; FIG 46C is a cross-sectional view along |line
Y -Y1'" in FIG 46A; 37 FIG 46D is a4ross-sectional view along |ine
Y2-Y2' in FIG 46A FIG 47A is a planar view of the sem conductor
devi ce during production, show ng the nethod of producing the sem conductor
devi ceag6RRdi ng to an enmbodi nent of the present invention;, FIG 47Bis a
cross-sectiohal view al ong line X-Xin FIG 47A; FIG 47Cis a

Cross- secti 0n@*l(}.\&iﬁ}/\fs%|c%9~sc‘:c!ti@ﬁaf¥dév¥&fon% Ond kG iERS. 4BWG 47D s a .
cross-sectional view along line Y2-Y2' Tn FIG 47A FIG 48A is a

pl anar vi ew offitheGiericenndetiondl ey hieRs W v Ny ipfaductioen, show ng the

met hod of producing the sem conductor device according to an enbodi nent of
t he present i memtilbing cRisGsecdiBhd viisv alogg bssY3ett inafial 4¥Aew al ong i ne X-X
in FIG 48A;, FIG 48Cis a cross-sectional viewalong line YI -Y1' in FIG
48A; FI G 48DHG. Bcisosplasact¢wwalhascaiccatione davive dvbinyrodupiidal, §ovwd8a,;

FIG 49A i ] anar . vi ew of the semi conduct or device during production,
showi rrBe PFB‘ {%H%' %fﬂgﬁﬁ%a?r&wgh%)é devifs agAbi Bragevhebmar o bl pgsab an
errbodiil;r‘v;mﬁogf the present invention; FIG 493 is a cross-sectional view

al ong Me'%- X in FIG 49A; FIG 49Cis a cross-sectional view al ong |ine

Y 1Y 1T in Py AR LG -s43RdiSidy S0a5RsSestiopR). shew al ong line Y2-v2
in FIG 49A

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 50A is a planar view of the sem conductor device during production,
showi ng the nethod of producing the sem conductor device according to an
enbodi ment of the present invention; FIG 5013 is a cross-sectional view
along line X-X in FIG 50A; FIG 50Cis a cross-sectional view along |line
Y 1-Y1' in FIG 50A;, FIG 50D is a crgss-sectional view along |ine Y2-Y2
in FIG 50A FIG 51A is a planar view of the sem conductor device
during production, show ng the method of producing the sem conductor device

according 10 el Nk «0fioh S &F 350k, PSR gy, FIG 518 1s a

cross-sectional view along ne Cis a

cross-secti onaGviewiad RGad Vi@ oY tireYsbmid ARG deR b dulfthSprbRidnS sbwine
cross-sectional view along line Y2-Y2' in FIG b51A FIG 5 is a
pl anarthy nettodf oftfiedieeng oREHchRiuc@e b diee Betbidig: A A0eabddRentITON Rgsdnbe

met hod of producing the sem conductor device according to an enbodi nent of
t he priegationi nvention; FIG 52B is a cross-sectional view along line X-X in
FIG 52A; FIG 52C is a cross-sectional viewalong line Y I -Y1' in FIG
52A; FI G 52DIG 4 Bis gsrasseectipel atowileng congl i W& ¥2AY2' in FIG 52A

FIG 53Ais a.planar. view of the sem conductor device during production,
showi ng the n@%‘o"%ﬂ)’f* aﬁF%ﬁ‘ﬁ‘iﬁ“H@*ﬁt‘”W deng 'W¥ntlict ol vt e according to an

enbodi ”F‘“t of &}@%7@%?%%&%@%@6%%1Iv?cr\]»v aigillgqineSYsEYjZSinaFI&r 9’?/?,_ SEechional Sview
along line X- in :

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 53Cis a cross-sectional viewalong line YI-Y1' in FIG 53A; FIG 531)
is a cross-sectional view along line Y2-Y2'" in FIG b53A; FI G 54A
is a planar view of the sem conductor device during production, show ng the
met hod of producing the sem conductor device according to an enbodi nent of
the present invention, FIG 54B is a gross-sectional view along line X-X
in FIG 54A; FIG 54Cis a cross-sectional viewalong line YI-Y1l' in FIG
54A; FIG 54D is a cross-sectional view along line Y2-Y2' in FIG b54A;
FI G 556%4@11? pl anar view of the sem conductor device during production,

g

showi n. e et hod of producing the sem conductor device according to an

enbodi ment  of (§des I ReeMss LAYBMINVAY alFhSineRB SR G RSS- secti onal  view
along line X-X in FIG b5A; FIG 55C |% a cross-sectional view along line

Y I -Y1' in FIFG. H53As a c88skéGonfiSddw hisn@lied 98- 1SRALIGORAA; vi ew al ong |ine
Y2-Y2'" in FIG 55A FIG 56A is a planar view of the sem conductor
devi ce duri ngFpioditisiaemssstwwhayidvhelongtimod2-of2' pricidusiag t he seni conduct or
devi ce according to an enbodi nent of the present invention;, FIG 5613 is a
cross- sect i ondlUviZwisal plagar)vigre okilx demignduct@akyiceldering @Odustia, showing
cross-sectional view along line Y 1-Y1L' in FIG 56A; FIG 56Dis a

cross-* ‘é&ei”’tﬁ’ﬁﬁf W?(g\ﬁ”&l tg‘ﬁée‘?‘ic?l‘@”‘?@f fovicg pecpraing g embodiment of tg esHyA i s a
pl anar-nyjn%\évn,of t he sem conduct or devi ce during production, show ng the

met hod" of prioduci ng the sem conduct or device according to an enbodi nent of

the present i PYEMHHIEAR; cross-sectional view along line X-X'in FIG. 52A;

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 57B is a cross-sectional viewalong line X-X in FIG 57A; FIG 57Cis
a cross-sectional viewalong line Y -Y1l' in FIG 5Th; FIG 57Dis a
cross-sectional view along line Y2-Y2' in FIG 57A FIG 58Ais a
pl anar view of the sem conductor device during production, show ng the

met hod of producing the sem conduct orygdevi ce according to an enbodi nent of
the present invention; FIG 5813 is a cross-sectional view along line X-X
in FIG 58A, FIG 58Cis a cross- sectional view along line Y -Y1l" in FIG

S8A; FI G 58Dl{l? 515108 c?‘és%%%&lloﬂgl View h gﬂdm Qg \l'i mI ({.‘25%“ in FIG 58A;

FIG 59A is a planar view o sem conduct or ‘devi ng production,

showi ng the mFt[@Og()/Qf[s PHRducling of g &m&%n&l&cé&ﬁm%\‘ah ?r EQ8 i ﬁ‘(g»wrkg
0Ss-S ie

enbodi ment of the present i nvention; Is a cr ectro

al ong the RestRODOF prodihfa th5%émc51hd@lcto591@v;b§ d@eoﬁdlﬁ)gsﬁf §:€§1¥1b&ﬂ%l¢nt"dﬁ}4\é 0%?19 i ne

YI-Y 1 ' in FIG 59A; FIG 591) is a cross-sectional view along |line Y2-Y2
i n FlI Gnv&9iAp; FIG 60A is a planar view of the sem conductor device
during production, show ng the nethod of produ0| ng the sem conduct or device
according to &hC eHibbidiarpeqss- b@?ﬁlOtlﬁe’ianelgemhm AK'imbEntSbdn; FIG 6013 is a

Ccross-section ew along line X-X in 60A; FI G 60C|s a
Cross-secti ongl (’\/:%Gévdgél"b‘ﬁ rsgqtiqualyiqw algng l”i“hYﬁYG ngo@: S6A

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 601) is a cross-sectional view along line Y2-Y2' in FIG 60A

FIG 61A is a planar view of the sem conductor device during production,
showi ng the net hod of producing the seni conductor device according to an
enbodi mrent of the present invention; FIG 61B is a cross-sectional view
along line X-X in FIG 61A; FIG 61Ggs a cross-sectional view along |line
Y -Y1l' in FIG 61A;, FIG 6IDis a cross-sectional view along line Y2-Y2' in
FIG 6lA FIG 62A is a planar view of the sem conductor device
during;,predyction, showi ng the nethod of producing the sem conductor device
according to an enbodi nrent of the present invention; FIG 62B is a

Cross- sect i onalGvémmsal PRG-shitdGaXidty alolly FhSx-$2A11FlGa, 62C i's a
cross-sectional view along line YI-Y1' Tn FIG 62A; FIG 62D is a _
cross-sect i ondGVeENsal pig-skdtigal X2ew@long MndY &Y BHFIG. 60A; FIG 63Ais a
pl anar view of the sem conductor device during production, show ng the

met hod of prodilGi ¢ shersenicondudtwalodeline ¥ 2aCX or dingoAp an enbodi nent of
the present invention, FIG 6313 is a cross-sectional view along |ine X-X
in FIG 63A HFlIG 663G ¢ slagarcyies of dectenvenaidustpiedevideshiging iprastuytian, shawingn FI G

63A; FIG 631) js cross-sectional view along line Y2-Y2' in FIG 63A

FIG 6 S'E\“?@gh%la' %F&ﬂ@rﬁ“\ﬁi @ﬁﬁ‘aﬁwfw@cg’éW&!&ﬁ&%@f‘%?g Hed eBbeflipiHg! phoaiset on,
shomﬁn@V&Qﬁnnethod of producing the sem conductor device according to an
enbodi ment of the present invention; FIG 64B is a cross-sectional view

along line X Xi;i& gk Gorfdbecibhffvi®fliohs ik RLOSSrREGIWONal view along line
Y -Y1' in FIG 64A

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

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

FIG. 62A 1s a planar view of the semiconductor device during production, showing

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

invention;

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

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

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

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

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

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

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

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

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

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



41 FIG 64D is a cross-sectional view along line Y2-Y2 in FIG 64A

FIG 65A is a planar view of the sem conductor device during production,
showi ng the net hod of producing the seni conductor device according to an
enbodi ment of the present invention; FIG 6513 is a cross-sectional view
along line X-X' in FIG 65A;, FIG 65G|is a cross-sectional view along |ine
VI -Y1l' in FIG 65A;, FIG 65D is a cross-sectional view along |ine Y2-Y2'
in FIG 65A FIG 66A is a planar view of the sem conductor device

during productd@n ow ng the nethod of \.produgj ng.the, sem conductor device
according to érllgé%%!}iavrgéﬁ%% Stgglotl%lev“p‘?’%]g@ %1 Tg\?ﬁ f‘glr{;hgf'/é 66B is a

cross-secti onalgviey; [N 1= CT), QR e o 08& ceH L Gro I .
Cross-secti ongI[(JV?%Ii% gr%gall \i”{r:ll\g OR\;“I?é ﬁdﬁg(ﬁhﬁlgl %%1%6&&?“‘??%9”%{2%? Sllwszg" _

Cr oss-theaidiuadl prb@wid M8 GehichRiu¥y Yavick Aedokdirg @B embodiment of thGpreleft 15 @
pl anar view of the sem conductor device during production, show ng the

met hodinedntipnpduci ng t he sem conduct or devi ce according to an enbodi nent of
the present invention, FIG 673 is a cross-sectional view along [ine X-X
in FIG 67A; FIG 637Eaicsosasentiony vircalpaphbe ¥i%6w BlowgAline YI-Y1' in FIG
67A; FIG 67D s a cross-sectional view along line Y2-Y2' in FIG 67A

FIG 68Ais al';!ﬁ%a(ﬁéf’s\?icé‘?ﬁrg‘é?cupﬁfé lee’&hh%‘t/g"rwd@\}ﬂ@eﬁ%ri ng producti on,

Shori ng_{ e TSy . L4100, g, SETLRSIEASI Pl fevige eocersin fo an
XX Ln G RRE odd & o Blifr Vo of IRORASRALIANANL WhiRE BRBILLEANE sHdwitl T © 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 68E) is a cross-sectional view along line Y2-Y2' in FIG 68A _

FIG 69A is a planar view of the sem conductor device during production,
showi ng the nethod of producing the seniconductor device according to an
enbodi ment of the present 42 invention; FIG 69B is a cross-sectional view
along line X-Xin FIG 69A; FIG 69C js a cross-sectional view along Iine
YI-Y1' in FIG 69A; FIG 69D is a cross-sectional view along line Y2-Y2' in
FIG 69A, FIG 70A is a planar view of the sem conductor device during
producti Qfi,,show ng the nmethod of producing the sem conductor device

accordi ng {08’ an enbodi rent of the present invention; FIG 7013 is a
cross-secti ongljgvi@wmal 009k

=% bl BL Gy QAR FlGA. 70C 1S a
cross-sectional view al ong Ididr%galél%?bﬂfﬁhﬁl( %ﬁé ;@Oégf\’Fl G 70Dis a
cross-sect i onaliGvéEMsal @eg-skdtidvgal Xdew dlonk MnEN G Y QA IGEL6A, 71A is a planar

vi ew of the sem conductor device during production, show ng the nethod of
produci ng t he BenbYdisductwisedemhioscnamap dhay2t\w anliengodj ment of the
present invention;, FIG 7IBis a cross-sectional viewalong line X-X in
FIG 71A; FIGFl@184A s apbnosyesed thosalicvidediontiong during productios, 'showingl G 71
A, Fl 71 is.a cross-sectjonal view along line Y2-Y2' in FIG 71A FIG
72A i Sﬂ‘ﬁ‘ ']ﬂifhfa?f R}‘Pfi%?*lﬁf the ﬁ@*’k@@?ﬁ%&w&&%ﬁwwg@%@ auerbefimeddddhe oxesershowi ng
t he maﬁ]bglgiogf producing the seniconductor device according to an enbodi nent
of the present invention;

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 72B is a cross-sectional viewalong line X-X in FIG 72A; FIG 72Cis
a cross-sectional viewalong line Y -Y1l' in FIG 72A;, FIG 72D is a
cross-sectional view along line Y2-Y2' in FIG 72A; FIG 73A is a planar

vi ew of the sem conductor device during production, showi ng the nethod of
produci ng the semnm conductor device acgording to an enbodi ment of the
present invention; FIG 733 is a cross-sectional viewalong line X-X in
FIG 73A; FIG 73Cis a cross-sectional viewalong line Y -Y1l" in FIG 73A

43 F1G 73D | 318, PUSRSARELLANAL VLW ALONGN LIV BV Bl n FIG TN FIG

74A i s a planar Vview of enm condu rdevi ce duri producti on, show ng

the nethod of ;momwpran% %e‘m?ocmdwaafndgﬁ&i S:é?/i(%?ﬁﬂﬂg:pﬂgiuh%;ﬂ@hm di ment

of the present invention; 413 1s a cross-section vi ew al ong fi ne
X-X_ i the mtdthod7diAirodtlctag (hid Ge oA RIDIRYBEGEIRNAL (Vi BWnBd BN dMBe Frekert Y 1
in FIG 74A; FIG 74D is a cross-sectional view along line Y2-Y2" in FIG
74A; Fh@&ntibBA is a planar view of the sem conductor device during
production, show ng the method of producing the sem conductor device
according to dhCetbidiarmerss-seftiontleipy elspmting Xv€m FEn74M G 75B is a
R GAI T T RN ST e S A
Cr 052, Lol M 3L 809 5 B P Db Bl o T o P e
FtG. 75A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;
F1G. 751 is a cross-sectional view along line X-X'in FIG. 75A;
FIG. 75C is a cross-sectional view along line Y1-Y ' in FIG. 75A;
FIG. 750> is a cross-sectional view along line Y2-Y2'in FIG. 75A;
FIG. 76A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;
FIG. 768 is a cross-sectional view along fine X-X'in FIG. 76A;
FIG. 76C is a cross-sectional view along line Y1-Y 1" in FIG, 76A;
FIG. 76D is a cross-sectional view along line Y2-Y2'in FIG. 76A;
FIG. 77A is a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;
FIG. 77B is a cross-sectional view along line X-X'in FIG. 77A;
FI1G. 77C is a cross-sectional view along line Y1-Y1'in FIG. 77A;
FI1G. 77D is a cross-sectional view along line Y2-Y2'in FIG. 77A;

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

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



t he nethod of producing the sem conductor device according to an enbodi nent
of the present invention; FIG 76B is a cross-sectional view along |ine
X-X in FIG 76A, FIG 76Cis a cross-sectional view along line YI-Y Fin
FIG 76A; FIG 76D is a cross-sectional view along line Y2-Y2' in FIG 76A,
FIG 77A is a planar view of the sem gonductor device during production,
showi ng the net hod of producing the sem conductor device according to an
enbodi ment of the present invention; FIG 77B is a cross-sectional view

al ong Invﬂ'ﬁu% X in FIG 77A; FIG 77Cis a cross-sectional view along |ine
YI -Y1 Ih FIG 77A; FIG 771) is a cross-sectional view along line

Y2-Y2' in FIGI1@77983Ed%osz&&uoaamﬁkgaﬂ;hm qh FiBegsem conduct or devi ce

during production, show ng t produci ng t he sen conduct or device

accordi ng to anGensrodiges-sedtidhhies ik eReRline $4-¥ NVEAIH.opA: FIG 78B is a
cross-sectional viewalong line X-X in FIG 78A;, Fla 78Cis a

cross-sect i ondliGvi#nisal @og-skéiivdaltliewlonp NinENG YT AIIENEA; 781) (s a
cross-sectional view along line Y2-Y2' in FIG 78A FIG 79A is a
pl anar vi ew ofFI6h&94 dni ebnaudesrof dessevscadnitogdpiadiicing pndustiowishgvinp e

met hod  of produci ng the sem conductor device according to an enbodi nent of
t he pr'@gé‘i‘f{) h‘?%%?if’&éfﬁ% ibF GoMiPOBILCET g cE B aeEEbE o aEMOIBReR rile propent X- X'

in Fi Gnvgnqio’n

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 79Cis a cross-sectional viewalong line YI -YI'" in FIG 79A; FIG
791) is a cross-sectional view along line Y2-Y2' in FIG 79A

FIG 80A is a planar view of the sem conductor device during production,
showi ng the net hod of producing the sem conductor device according to an
enbodi ment of the present invention; /G 80B is a cross-sectional view
along line X-Xin FIG 80A;, FIG 80Cis a cross-sectional view along line Y
I -Y 1' in Fla 80A; FIG 801) is a cross-sectional view along |ine Y2-Y2'

in FIG 80A Eéizuc s.a Ll&%@%ﬁ(ﬁgﬁlldf \%%\ga%nqﬂﬁgg\é mof‘l T, g?/hsem conduct or

devi ce during pro Fion oW n of " produci'ng the sem conduct or

devi ce accordifg. o an, %mﬂﬁ%d%@@rbt tﬁ’J séhn@o:ﬂ[ﬁ&e@éwdcrﬁ{@;%é)?(ﬂiucu( CohfdR,1 s a

cross-sectional view along 1 ne X-X Cross- secjf’l onal

vi ew alhomg:thdd& plodlucinglihe isemfbfalucklAlevich @ecoBlil) kS atehbOESeHeathOBRkent ew
along line Y2-Y2' in FIG B81A FIG 82A is a planar view of the

seni comdercivor devi ce during production, showi ng the nethod of producing the
sem conduct or devi ce according to an embodi ment of the present invention;
FIG 82Bis a1&?10%358§@c>ﬂ¢séﬂ@amwlmvaabnghmKexxpkl(;|8r3AF|G 82A; FIG 82Cis
a cross-sectiqn along |ine YI-Y1' in 2A 45 FIG 82D is a
cross-secti onj gv%%wsé‘l%(?? sg‘ilﬁé"l\?@“‘“‘(éloi‘&l‘ﬁl@ -Ygoi I1C. 83A; FIG 83Ais a

o e v e o SET.SRIGLELRY SeVLER LIS RIS shoving the
the present i nYENEI QR a planar view of the semiconductor device during production, showing
the method of producing the semiconductor device according to an embodiment of the present
invention;

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

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

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

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

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

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

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

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

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

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

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

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

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



FIG 8313 is a cross-sectional viewalong line X-X in FIG 83A; FIG 83C
is a cross-sectional viewalong line YI -Y1"' in FIG83A, FIG 83Dis a
cross-sectional view along line Y2-Y2' in FIG 83A FIG 84Ais a
planar view of the sem conductor device during production, show ng the

nmet hod of producing the semi conductorqglevi ce according to an embodi ment of
the present invention; FIG 843 is a cross-sectional view along line X-X
in FIG 84A, FIG 84C is a cross-sectional viewalong line Y -YI' in FIG
84A, Fl{een@ is a cross-sectional view along line Y2-Y2' in FIG B84A

FIG 85A is a planar view of the sem conductor device during production,

showi ng the netlog7®is am:@thseanmdi\h@w%mg:ﬂ@@tuxhﬁrr«i@efw/\ce according to an
enbodi ment of the present invention 853 is a cross-sectional view

al ong |ine X-XIG. B7FIsG cr@85Apctoh@ viBs&ohg liae ¥ osBisEEl.i8enal vi ew al ong |ine
Y1 -Y1l' in FIG 85A; FIG 851) is a cross-sectional view along |ine Y2-Y2
in FIG 85A; TG 87D is pr@s-s8@Aakview ploapdine Wi2eV'of Ftth&74eni conduct or devi ce

durin roductj.on, show ng the nmethod of producing the sem conductor device
accor gl ﬁg to dri%eﬁ%d? ﬁé’m’a‘o‘f"*‘t"tﬁ% “ﬂfr gaEpendupipe Aeviendurmg aro@egor, shawing

Cr oss- QEALBARD UPEHiR BRGerIABATIT devie SHunlt whahed teniggafe pset
cross-geglidpnal view along line Y2-Y2' in FIG 86A FI G 8This a
pl anar view of the semiconductor device during production, show ng the

mﬁt hod of pr oduyci B3 fshers8REGRAAUGHPLIABYAE R-RGE PIEligye,t 0 an embodi ment  of
t he presen

FIG. 88C is a cross-sectional view along line YI-Y 1" in FIG. 88A; and
FIG. 88D is a cross-sectional view along line Y2-Y2"in FIG. 88A;
DETAILED DESCRIPTION

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

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

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



46 invention; FIG 8713 is a cross-sectional viewalong line X-Xin FIG
87A; FIG 87Cis a cross-sectional viewalong line YI -Y1' in FIG 87A
FIG 87D is a cross-sectional view along line Y2-Y2' in FIG 87A; FIG 88A
is a planar view of the sem conductor device during production, show ng the
met hod of producing the sem conduct ory«device according to an enbodi nent of
the present invention; FIG 88B is a cross-sectional view along line X-X

in FIG 88A, FIG 88Cis a cross-sectional viewalong line Y1 -Y1' in FIG

. i : - i. [.. Vi [ i Y2-Y2' in FIG 88A;
b ¢ oo B R B s BT R RRES T T RS g e R ane R ar e
descri pgd 2haliawring bha ﬁi%fa—%rfﬂﬂ@ & @efil -4 i‘ir@t (ﬁé?aﬁﬁ%z)lgs Jrso%ﬁﬁéé E{J%gg%r nt 1)

FIG |C shows an SGI 220 according to a first e I ment _ sent

i nvent hnparclif4bhEhilg 196T TRZ Brde fnctid IMVIOER SGT b@nteh dxampleOMiadRth, Mahhinpt first
planar silicon layer 234 and a first columar silicon fayer 232 [brined on
t op ofnitrhle, fintabin @l tanalnmsiifride o NirktayérsilR3uH 1lnfOIB6 2hA 151 nistfomnddypeosididgcon

| ayer 113 is forned on the |ower region of the first columar silicon |ayer
232 andlistihe melgfildm 198 Thefitst metal filradds amd the o polasgibeonBmsid6 and Bited bel ow
the first columar silicon_|ayer 232, and a second n+ type silicon |ayer
157 i SSONHHEQ IBH Rireiorgpds 23% gl o, B usiie metples thegralpmlentrode.Iif is passiblger 232.
In this dirent,. the first. n)-.type silicon layer 113, for exanple,
tunct 1 SREPRRPLTERLruk Wt o Rk IBF S E R s BYBiea oh ey SR Eon | ayer
157 functions ll@?h@ rééérﬂ'e%b%gi%egl?ra'cﬂgnA-Pi”é%i‘meld rilll ﬁ‘lgqf;'§t!sﬁﬂt)1 Eahgr ﬁr46f‘) bet ween
the source scattering layer and the gramﬁng scattering ﬁayer f'unctions as a

channehpf&gheR voldie otlitiﬁcfsﬁrsﬂ%lité‘@f@@{hd%iﬁh A% d B¥efior32 between the first n+
type silicon layer 113 and the second n type silicon layer 157 functioning

as t hi[go4hannét adde@inon fitss neall IsBdod chrhp&Eind 372, iaahind mapesilidddeordRAA81A gat e
insulating film2140 is fornmed surrounding the first columar silicon |ayer
232  and a second metal-silicon compound 171 are formed on the first n+ type silicon layer 113, the

gate electrode 236 and the second n+ type silicon layer 157, respectively. As the metal

comprising the metal-silicon compounds, Ni or Co may be used, for example. Through these

metal-silicon compounds, the first n+ type silicon layer 113, the gate clectrade 236 and the

second nt type siticon layer 157 are connected to below-described contacts. Through this, the

resistances of the gate, source and drain are fowered.

10050] The first n+ type silicon layer 113 is connected to a contact 230 via the first metal-

silicon compound 172. The contact 230 is formed from a barrier metal layer 189 and metal

layers 194 and 199. The contact 230 is further connected to a power source wire 225. The

power source wire 225 is composed of a barrier metal layer 216, a metal layer 217 and a barrier

metal layer 218.

[0051] The second n+ type silicon layer 157 is connected to a contact 229 via the second

metal-silicon compound 171. The contact 229 is composed of a barrier metal layer 188 and

metal layers 193 and 198. The contact 229 is further connected to an output wire 223. The

output wire 223 is composed of a barrier metal layer 213, a metal 214 and a barrier metal layer

215.

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



47 functioning as the channel region. The gate insulating film 140 may be,
for exanple, an oxide film a nitride filmor a high-k film Furthernore, a
first netal film138 is formed surrounding this gate insulating film 140.
The first netal film 138 may be, for exanple, titanium titaniumnitride,
tantalumor tantalumnitride. First pglysilicon filnms 136 and 152 are
formed surrounding this first nmetal film138. The first netal film 138 and
the first polysilicon filnms 136 and 152 constitute a first gate el ectrode

236, TS Ik ki Bh e ot Decca s Ghae! £OMR L iodiBaRPSIRL G igscont ol

depletlon of the channel “regid resrstance’ of the
gat e ebe@dt LIPS sidewall of the fikdd céEh@m@t"s@l&%ﬂtfay%ﬂ@@ﬂérm%'bvc fc FRABALl Ik Fodeor med i n
the first S|I|con | ayer 114 by inpressing a voltage on th 5 first gate

el ect riideaiRB6thddrinsatpiiog Gtratl 50 R. fofnRA4Rh sicadid skdpedn U fdewall ofefealisiSialel con
conmpound 172, a third nmetal-silicon conpound 170 and a second netal -silicon
corrpouﬁ@llwaéﬁ endfibe fissdl inowlatihgefifi 2% The firytpesuiting €idm 1RAysarefzibBly 4 Ihe-lgat e

el ectrode 236 _and the second n+ type silicon [ayer 157, respectively. As

t he metHltE8nHR serhgs TiRg. ?’r&lbp‘-@i» ?’E dor exomplsurids seaund gvulatingrdijn b aded, f or

l d I
Cayer i R e TR GRS B o Eﬁnwtaéé@%eiﬁﬁel ver 157
are connect ed. he p?l%%lﬂ%%}%&%ln:p EQW&Q @ %t? 66%1(5{%(}]?. Q fti pg?ﬁdhg_ilill?(g}}glgsc!é IS% Ia.ggﬁs of

the gate, source an Wer ed®

layer 3ddell By aRNNECH M ﬂ@nqggtact 230 via the first nmetal- silicon
conpound 172. The contact 230 1s fornmed froma barrier nmetal |ayer 189 and
netal [pesars 1Gh avdbd@Fompbetienabasiizidsthd BwkHhd BeksicanrasiRd to a power
source wire 225. The power source wire 225 is conposed of a barrier netal

| ayer seh@ondudiwtdrick ayearalRed inahd nMASa8GT ecconditalo thayesen? BbodilRA]jnthe
second n+ type silicon |layer 157 is connected to a contact 229 via the
second“ﬁ@#ﬂ?n8@P$%%ﬁﬂ%@ﬁ@@ﬂﬁ&W%MIHMWHémé@mm@bﬁf@QQMisﬂn@nﬁdh@dtef a barrier
met al %q 188 E{ metal |ayers 193 and 198. The contact 229 is further
conned:’toé £& 4 WSEIRE Qi RSTEI98 SPEPRB A ATpARY NG dQvippang of thiohpdsed of a

barri t al ye d.a bar net al. .| ayer 215.
10052%@p£§herﬁﬁren&“%%§? dc?%@ﬂ?&l%H@Aq??H?%@ék?@“$B?ﬁ€Hﬂ%é‘%Egn the first
gate eh&eki rngqlﬁmz)l%ﬁ is ;ﬁ@fc?a@gf thRRer [|1'rl.l‘§lthc8Lilﬁ'%?[l]€§¢l][lc‘,f(i%gp()il[ yﬁ{st @zﬁ hlsﬁa@lgﬁgrld

i nsul ating I'm 162 1s In a si of
the fimstid0ahdmakickidst 60Rc KRty Bleta? Bhn 3881 l@lqwé%dstchfﬁcfﬂl 4t %Hlugﬂruﬁmﬁ%?iﬁﬁ rode
236, and a third insulating film164 is formed in a si dewa pe on the

si dewad and thctigstinataitligate ael @etieode 1R3Gseoathitibe silicsstaydarso) @ hng il m 129.
The first insulating film 129 is preferably a lowk insulating filmsuch as
Si OF, pshyeiitonfilnhbdd dnidd52.fiby lskimsphieng el Wewdnik sensul iatiilxgeffilhme262 and

the third |nsulat|n% film164 are oxide filnms, nitride filnms or high-k
films, for exHipypiagiheabove- <1N“he#r?@nwawh@i ticensisginel thafiee nsed idd38 he gat e

electro e con |.ayer educed by the first insulatin
i m D980t v B R PRbe Slsgve SColfpicied Br Sy ot ST of

resis %Ecn &:1%]3(, %%t%%hgh'%lgﬂn dﬁ%é'mce?alg‘[rlﬁoﬁ %@hé}({zﬁg in the nMXS SOT

accoroi' ng-to e present h parasitic capacitance

bet weegnsaul ti il AMRTonWhE IdAgihi (Fork BAUSHE: o{RE AHIRIERh S sitlcbn | P?ﬁsthla lg to
avoid |l owering of operation speeds acconpanyi ng downsi zi n e SQGIT.
end of the first planar silicon layer 234 in the ntMOS SGT according to the present embodiment
is preferably larger than the sum of the length from the center to the sidewall of the first
columnar silicon layer 232, the thickness of the first gate insulating film 140, the thickness of the
first gate electrode 236 formed by the first metal [ilm 138 and the first polysilicon films 136 and
152 and the thickness of the third insulating film 164.

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



[ 005411 n the nMOS SOT according to this enbodi nent, the thickness of the
second insulating film162 is preferably thicker than the sum of the

t hi ckness of the first gate insulating film 140 and the thickness of the
first nmetal film138. In this case, the first gate insulating film 140 and
the first nmetal film 138 are covered 4oy the first columar silicon |ayer
232, the first polysilicon filnms 136 and 152, the first insulating film 129
and the second insulating film 162. By using the

above- rd 0S4l an, .t he enti ) he first netal. .film 138 is

pr ot ecgg ,%dgg]%gwﬁgf?i (ﬁ]n%mf gg}l%{- n%f’%ﬂ'é i Eaxg/&aﬂéﬁ#lpﬁ'ful tﬁ:’e SCGIJ“F?I d"l’%igo n peroxide
m xt urigalqrfa@m-i,ﬁérm@@is@s_hydrogen peroxi de m xture when form ng the

metal -silicon conmpound. [0055]1n addition, the length fromthe center of

t he fil08s6jcol ynmasdisichi yon | ayer 232 to the end of the first planar silicon
| ayer 234 in the nMOS SOT according to the present enbodinent is preferably
| ar ger than t hethsdirstembbtiendigrgeharplomat Reweearntaingtacd hens isceisatducof t he
first columar silicon |layer 232, the thickness of the first gate

i nsul dRY§EgPH i1l the serond embodipeek peexrie ko pfst citgaitsombesst vbue!tR36 f or med
by the first metal film138 and the first polysilicon filnms 136 and 152 and
the t HICCHWEY segioRdygtor ﬂ%yf“d' insulating film 164. Wien the above-descri bed

PERHESE of THECT PG i nsul ati ng fi1m 164, When the above descri
compound 172 2 Tiarer boeal GG Pl a8l TRB Bl g gt "

addi t i pgmneHsrauf acturi ng processes. [ 0056] (Enbodi nent 2) In the
first enbodi nent, an exanple was shown of a single columar sem conduct or
layer,jobs] i nThoeVEECOGT 22RO VBAL witdlh [ieX BRRAGIicBn $HeMBLfhJa i cui t
conposed of nultiple columar sem conductor |ayers. An inverter
accor dichgnitaosiliben bea@idd fameddhnens! ths fipt pMhaedicwh tae3aMOS SOT and an nMOS
SOT. 100571The nMOS SOT 220 is provided with a first planar silicon |ayer
234 ard@0BIfi r $tfigoruirpasiliein lpped 1B dy/form@Bh the faved rapiont @ighofirst fidurfubar st

pl anar  silicon_|layer 234, 100581A first n+ type silicon |layer 113 is forned
on t helicopdayet 2 %‘H tht regiga of thedirstgdamgnsitigon layar 286 positigped boldw thqtisst he r egi on
of the first planar ?é i,cgn la r+2_34l plosi t]i oned bel ow the first col umar

si | cSRMTEYEsTIsoilayer 2. and & seorid it WRraalicon 1Hep 3 1 isyumed o tieurpstisgi@non t he
upper Jregi @ T G .silicon layer 232. 1n.this enhodi ment,
Lo ct (S AR kB kP MR il Bt ! BT I0 L e
scat t gbi AdmpRY BlncBA & RRoGBC QA hYRENS IHelsE@Rd haY e s%lﬁ:?m ff%&@?isﬁ ns as a
drain scattering layer. In addition,” the area between the source scattering
| ayer fandiohhes ddraivisogicsiagldyer. i Ingdiiayerthd 4BCE RS B8 sdir&NRAMSIng /L Ay The
first columar silicon |ayer 232 between the first n+ type si f:i con | ayer
113 adlek drheingescdirdngfayeypectgink kg @ nhdnaylergids 7Thwihct dodnhmg sdsot hiys 18hannel
region is called a first silicon layer 114. [0059)A first gate insulating
film Paovaes Urdppead wig vibenndryeg 1 hand the secopdbimpanlispi fayoml §7dyeationing

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

[06G59] A first gate insulating film 140 is formed surrounding the first columnar silicon layer
232 functioning as the channel region. The gate insulating film 140 may be, for example, an
oxide film, a nitride film or a high-k film. Furthermore, a first metal film 138 is formed
surrounding this first gate insulating film 140. The first metal {ilm 138 may be, for example,
titanium, titanium nitride, tantalum or tantalum nitride. First polysilicon films 136 and 152 are
formed surrounding this first metal film 138. The first metal film 138 and the first polysilicon
[ilms 136 and 152 constitute a first gate ¢lectrode 236. Thus, by using metal as the gate

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



232 functioning as the channel region. The gate insulating film 140 may be,
for exanple, an oxide film a nitride filmor a high-k film Furthernore, a
first netal film138 is formed surrounding this first gate insulating film
140. The first netal film 138 may be, for exanple, titanium titani um
nitride, tantalumor tantalumnitrideg First polysilicon filnms 136 and 152
are formed surrounding this first netal film 138. The first nmetal film 138
and the first polysilicon filnms 136 and 152 constitute a first gate

e'eCtngﬁaﬁgﬁﬁtﬂb<§cdp¥KH§'”9 netal as the gate electrode, it is possible
to control Ton" of e channel region while also Iomering the 50

resi stance of |fhR Raks SIRAIKAPES channel is {01de|1ntE¥eh§9tR; ik ment, a
channel is formed in the first 'silicon |ayer y 1 npre S|n vol t age on
the fiingtcsgiage v@lt@gbtdn(ld@i1&3§atéiblt¢tﬂﬁicQ96Eiaﬁ|h OtperakBA6011 n addition, a first
metal -silicon conpound 172, a third nmetal-silicon conmpound 170 and a second
met al w06MConIn@ﬁb@@ndfnﬁhwaﬁerkomn@ﬂmnmduﬁécﬂhnSMwn&sﬂM@euﬁnmnm@mﬂ}ayer
113, the first gate el ectrode 236 and the second n+ type silicon |ayer 157,
respedWﬁ@éFym TWédﬁ@ﬂ@ﬁC@@ﬁﬁ#ﬂéﬁﬁgﬂt%éﬂ%@@%ﬁwéh%mééﬁmodwpoundslhhymbe Ni or
exa these netal -silicon conpounds, the first n+ type

si I i c r‘fs‘I ccilfée %ﬁ@” L secapdpt hpasilses aypil Y hkesrest iy e myiale si | |h con
I b b t
ayer cjoﬁtgm@irng l?ct IH&EFE fl‘gontc%mp%ur(ajw S DAY 0% rlgli Oﬁqé)c or Céi‘/ﬂéﬁ*ﬁb d-][p[f)ﬂé‘g{ﬁﬁ@dmiﬁl ©

resi stan sodrce ernore, a

first dingy |L§1tn'p&91df;' ttaénl itlsgﬁ e %%H?%ﬁgeltl\g:ﬁtg Etg% b 3%%519 (! s%i%nrdige |2§6

and the first planar s l'ayer cond |nsu ating f

f or medypdsikconi Igenaky a@ftaﬁt%csea td B@mwma&ﬁ ibed dewald. Bfcodhni] tta@tesf%%'n&ﬁ“ar
silicon |layer 232 and above the first gate el ectrod eé? 6, and a third

i nsul atfithegeatd, sonrdGahd daharanedeied. a si dewal | shape on the sidewall of the
first gate electrode 236 and the first insulating film 129. The first

i nsul dgﬁ)(ﬂd; fi Wmtilcz@mlcsa;ﬁmi@n@mgth E2s Kotinreg et dien gheffirbirpagudértage SOF,

SiON or the_ like, exampl e. The second insulating film 162 and the third
i nsul a’f‘f‘ﬁmj ffrsy W‘%&'llﬁ?‘éi%%zéé ¥ seporl '“ﬁiitltﬁé:orémfIi(’lzrtfsf%ltlefﬂtllwq{e\”faﬂlShﬁﬂc for

ex aS|t|c ca aC|tanc bet h?gvgate electrode and

the p|°étrt%% Ut ?'ég‘ﬁd‘r%‘glﬁt SECH WA steRy 1Rk Fyynd b AYC plerlFRdg g
10062jzgﬁeangl\f{%1§§[u%ﬁh% ﬁﬂglétisl RS d(tit?gw\%\%g&?nfagegﬁ)gaq s%c ogﬁlc[f'lhs Ogtgcayer

233 an secon ummar - si |con ["ayer ond

pl anare|@irbdCPIb dlt@)(ﬁdilt%gl%%u[{i@%qﬁmzi)' FI%E it thPlﬁn%hIHH ?9‘5‘1% p?é‘f@trtbl%é%\hﬁ formed

on the | ower region of the second col ummar ayer 231 e region

of t hénsietiapdiliplsachads SO SION drayenke2 33 cRQﬁFIU Qneskcbel PMuihing, SgcaNdngol umar
silicon layer 231, and a second p+ type silicon layer 159 is formed on the
upper thetgirdmsofatinp&irg d6b e ogol diimamitsidt fibonod laylek (284, fodaxatmpics enbodi nent
the first p+ type silicon |ayer 119, for exanple, functions as a source
scattering |ay é(fP(ﬁ#ﬁﬂ“%Wd%@&%wi‘ﬂ*“ﬂ%@l@s?’mld&ﬁ dhéy@rpirmﬁe‘slhwdtiye@rhs as a

drain scatterin tion, the area between the source 51
scatté?tﬁﬁit%Qﬁ “%h%"W@Eglﬁag g scattering |ayer functions as a channel
glelg: ggﬂ(}&ge S?ﬁ(ﬁ@\qgﬁé? 1d a5 81%91%(,{1 %\y[glr Sﬁzc??]héjb atqvc\tﬁﬁﬁ?on fZEi elfqp %-n;[ %geas
this @%H@@Jﬂuﬁﬁgﬂ Qﬂdn%ﬁ@bﬁﬁ%nﬁc@@l?%@q’{%ltel LR dlﬂ%?glllg‘%QHyer 233.

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

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

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

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

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

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



[ 00641A second gate insulating film 139 is fornmed surroundi ng the second
columar silicon |ayer 231 functioning as the channel region. The second
gate insulating film 139 nay be, for exanple, an oxide film a nitride film
or a high-k film Furthernore, a second netal film 137 is forned
surrounding this second gate insulatiqg film139. The second netal film 137
may be, for exanple, titanium titaniumnitride, tantalum or tantal um
nitride. Second polysilicon filns 135 and 151 are forned surrounding this

de IBL Ao Bk Thd-BE qralNIGs SEESND TELRL LM A3, and, Lh cond polysili
second, gt Lk A T SSRODE (R34 AT S0 S0nd o ot 1 or
metal  @guhhg sgﬁi)ﬁla?&%ti MRAGen e St ;Plﬁtzﬁl Bt i€oi 19y 37 ?rQ“Jt l}qggggﬁ% bg F&é)%f t he

channel region while also |owering t resi stance o ctrode.

I n t hesipecadeyrt 189h@Gi L as this CRaMBBlegios if QNIERE sdcBnd NBcsvagRnd2ei | i con | ayer
120 by inpressing a voltage on the second gate el ectrode 235 during

oper at 0864} [ 006&;bn! gddintdleumg Enf BA9rit Forned alrr@intling ot seamaavnakb8lica fifth
nmetal -silicon conpound 170 and a sixth netal -silicon conpound 169 are

r especltysi@Py fstiomias anthe eanhlrisgiop+ Thy geom] gdtciosdtingdiimliB9, mayHe, fecond gat e

el ectrode F35 %ag Qre second p+ tgpe silicon |ayer 159. As the netal
conpr | SPRGI HeOHES Him-inide flp srp BLekdstinN Fusthemip rpmiysenad sl filmgd 7 éxanpl e.
Thr ough .t | . al ~silicon ca nds. t first p+ type silicon layer 119,
t he sg@b’%ﬁ %‘g[togE (}e”lléié]tlsr%&@]dﬁé‘ lgﬁg‘rﬂf'ﬁzﬂg‘e@ nd piccp @@éfﬁi%&# gy bt %59 are
connecdqhnlOtfAsh MvBERG! hiReH SRR Xs LRis, the resi s of the
gate, gbchelanﬁ dfgiﬁﬁgwg%ﬂbaggégﬁBf%B%ETﬁﬂg|cé?ﬁ%pg%0§5¥§§?ﬁh%$ﬁ§ulating
film 129 158 afebARG NALURER: he880ORdadRkE139! 86t §QIRd #3801 AR 18N8 asrEONd
pl anar silicon layer 233, a fifth insulating film161 is fornmed In a
si dewadetonslir@pailienn fihes 1A%@d 151 dewaitlte obechhegeciondde absimigs, 5y Ldigon | ayer
231 and above the second gate el ectrode 235, and a sixth insulating film
164 i snétefravsler gate dedtiodevibislpossiidps antrohdepkiidewntiht clofntiegise eildalgat e
el ectrode 235 and the fourth insulating film 129. The fourth insulating
film 199 B¢ epistanpt 9f he pygelketraiéul ating fil m such as SiOF, Si01-1 or the
l'i ke, for SZIeﬁa | e. bodiment The Eanasitlc capacitance between the gate
el ectrode andri18gBFﬁH§P‘§¢FPEBﬁLP%V@ isitrmed dy e geaspd e Byt IROMsul at i ng
film2129 100 2 G S 0% Lyps, Sl | ayer 113 is connected to a
contaé%85§%9%?g&EﬁgOL#&g%aﬂgﬁgﬁgﬁgipg%%%9%6H%5ﬁﬁ3&T72. The contact 230 is
for meqodgspm aibkfl Bl 2 MRk @!mdi@%Rlcon BOmANhdTRRA Pl sif &J'%] rhe
contagt 230 is fprthe; aonﬁgbtedcfo QEEQMer gﬁt?égxﬁpfgﬂgéb.t Oé%%gakr
sour cenia E:B;t!21215talw§i[i&ﬂfﬂmﬁﬁdn@i6%1‘@@65{3@@%]@5@@|o@)fl‘ﬁf firddiBy Ly‘?e OBER 1l @yer 217
and a barrier nmetal |ayer 218. [0068] The second n+ type silicon | ayer 157
i s cord@gheskchud gateolattack 232 9ndiiha stdvad pecgrdiliveh &yesido conhearpound 171
The contact 229 is conposed of a barrier netal |ayer 188 and netal |ayers
193 ak@mpogne frandyriilicen compoungsfNirariar mpobineed.dor omale. dirpuh tisee 223,
The out %tsmjre 223 is‘cogposed of a barrier netal |ayer 213, a netal |ayer
214 aff-SHEPR COPPoHsds ihe Wkt bps siligoipByarTHe. i pespndyadte clererderd8end3e | s
connected to a contact 228 yia the third metal-silicon conpound 170 and the
second GaruRuft SR HREEET A BlchBnielie P sTh Al Sl aste TRaHBT: £oh
met al & Liiganccorpeund L7 SPI) 228 1's conposed of a barrier neta
| ayer 1§%lanhcnepal°Pé§§r§8f§gggngﬂ%$§$m ‘e_contact.228 is further .
conneqd®m@] t 0 AHeRARsE, WMohfh 22Hai TN Ik 1P Minked neRdkch BhcGREMRSAR of a barrier
netal |ayer 213, a nmetal layer 214 and a barrier netal |ayer 215.

electrode 235 and the second planar silicon layer 233, a fifth insulating film 161 is formed in a

sidewall shape on the upper sidewall of the second columnar silicon layer 231 and above the
second gate electrode 235, and a sixth insulating film 164 is formed in a sidewall shape on the
sidewall of the second gate electrode 235 and the fourth insulating film 129. The fourth

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



[0070] The first p type silicon layer 119 is connected to a contact 226 via
the fourth netal- silicon conpound 168. The contact 226 is forned froma
barrier nmetal |ayer 185 and netal |ayers 190 and 195. The contact 226 is
further connected to a power source wire 222. The power source wire 222 is
conposed of a barrier netal |ayer 20%; a netal |ayer 208 and a barrier

nmetal |ayer 209. 100711The second p+ type silicon layer 159 is connected to
a contact 227 via the sixth nmetal-silicon conmpound 169. The contact 227 is
conposgglg%.a barrier netal |ayer 186 and netal |ayers 191 and 196. The
cont act 2 is further connected to an output wire 223. The 53 output wre
223 i s conposqc QfragiiiD@kdal BincEBE@ed @Y 8hic k3o JMBURA pih@Y STicaldyand a
barrier nmetal |ayer 215. [0072] Through "t he above, an inverter crrCU|t is
conposeduded bmiideupiMasuleiiy hP12nd t he nMOS SOT 220. [0073] Through this
conposition, |ower resistance and downsi zing of the sem conductor device
are re@iléed ilihe fing ni-nyrersileon dyeclidtis aooocidd ng tantdchz3ipriegerftrstendgdi nent
and in addition, the parasitic capacitance between interlayer wires is

r educedlicorpmagind Hizs Thcontact 384 i foineedt feprag bhuics motat hgeroB9epénatdl ng speeds

acconpanyi S ownsi zing, .[0074]In this enbodinment, the first gate
i nsul a’ﬂ’%i;ﬂ?“i ft‘%i’go@ﬁamﬂﬁg 2%4 wét"'“#éf@}neﬂﬁi H A BBV PRUTE? BHERAD| YNdrmat eri al s

N R e R R R el R U

the pM®R.93k-31§ enhancenent-type. The penetrating current that flows
during operation of this inverter conposed of the nMOS SOT 220 and the pMOS

SOT 21i8oexpn t Mus sdaend prAUGRdilicbPRya] 157 iadehtdi@nio d dnlbe220NERLSWcagcor di ng
to this enbodinent, the thickness of the second insulating film162 is

pr ef erradblysilidohckmpotdibl VIt e soim@ 229 heohpbaddngabanfer el fdysisi8sgat e
insulatinq film 140 and the thickness of the first nmetal film138. In this
case, el layoarsi93gatd 98ndhe ennitasg239 s furligo camdeteh e dni ugiut meed23f Then 138 are
covered b¥ the first colunmmar silicon |ayer 232, the first polysilicon
films PEBT 4HE 2285 coneseq elgbarivs meg jaygr 3453 amepd layad? Miad adeuisa metd ul at i ng
filn1%52u 5 When t he above-descri bed conposition is enpl oyed, the
first ﬁ%ﬁ%}'filn1138 is protected inits entirety and thus is not etched by

© 0 2t ACLRPED,CRLON T2 Ml sl a0 AT Babuchagenegron do

i n theoRM 0D A8 e Ak daf dhisdeiBodichBREwed (e LHLEK DS Siahe ES
metal-siticon compound 170. The contact 228 is composed of a barrier metal layer 187 and
metal layers 192 and 197. The contact 228 is further connected to an input wire 224. The input
wire 224 is composed of a barrier metal layer 213, a metal layer 214 and a barrier metal layer
215.
[0070] The first p-+ type silicon layer 119 is connected to a contact 226 via the fourth metal-
silicon compound 168. The contact 226 is formed from a barrier metal layer 185 and metal
layers 190 and 195. The contact 226 is further connected to a power source wire 222. The
power source wire 222 is composed of a barrier metal layer 207, a metal layer 208 and a barrier
metal layer 209.
[0071] The second p+ type silicon layer 159 is connected to a contact 227 via the sixth
metal-silicon compound 169. The contact 227 is composed of a barrier metal layer 186 and

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



second insulating film161 is preferably thicker than the sumof the

t hi ckness of the second gate insulating film 139 and the thickness of the
second netal film137. In this case, the second gate insulating film 139
and the second netal film 137 are covered by the second col ummar silicon

| ayer 231, the second polysilicon filqg 135 and 151, the fourth insulating
film129 and the fifth 54 insulating film 161. When t he
above-descri bed conposition is enployed, the second netal film137 is

pr ot ec in. entirety and thus is _not,.etched by ul furic aci,

hydr ogzétﬁglf)tevpbéxil%ég%]iéogg%%?gdélﬁmé%ﬂ?}g 1 %&%r‘%&‘gﬂ [??)él" gk‘f%l’éj drtj?")‘(lt'?fr)%eiahen t he
et al - gegiggnduct or conpound is fbrned. [0077]1n addition, in the nMOS SGT
according to this enbodinment, the length fromthe center of the first

col ummo73ji | i clomodgdyiey abd3& ahondeRer @RIt cdkiséd frsh (Rl ANGK seiT 21eongligyer 234
is preferably larger than the sumof the length fromthe center to the

si dewahMOGfSGheé2fF.i rst col ummar silicon |ayer 232, the thickness of the
first gate insulating film 140, the thickness of the first gate el ectrode
236 an®07{He t Hiherrbdlss esmpdsdionhiongr fenisiahes indglofvinkiping 6@the semiconductothen t he
above-%fsqﬁibeducgnﬁ,sLtion i.s enployed, the first nmetal-silicon conpound
172 caffVBE FOrFREE! dh ey RS ¢lipy asqardipg i hagesscnt suboditreutndigarfigomny

i af fact uring processes. [0078]1n.additjon, in the pNOS SGT
recor dhgTEg I FIrdCE B REE FEPhdr PSS §hE el RS RE Second
col UMk BUbiEON bR 2k et EAf: SL1tG BeRand Pl anar oilicon layer

233 is prefera rthan t ength fromthe center to the

si devajob7qf t hersesondic@liURDaLs: sick [1GORHhANBS 1203?}7d thdgrst BEGKRRS §339{ret he

second gate insulating film 139, 'the thickness of the first gate el ectrode

235 anglefehlit heKaegant obkd the ndMOS KGN0 lealidnbgn it yPe LB the second gate Wen the
above-descri bed conposition is enployed, the fburth netal-silicon conpound
168 canswainkdrmeldond tlivscpndinygd f8inl 13¢ are prafperblylhfesials thautaledtle pylCiny
speci al qanufacturing processes. [0079] Next, one exanple of the

manuf at¢ LRt heratrsat-tee. 1 be pinstiatang qurgel thesflopssviidgepasition oS inaetwr di ng
to the enbodi nent Lk resent invention wl| be described with

r ef er WO fgﬁl&ﬁ\@& st(hh[(raz)ﬁ)g”ﬁ’%ég‘tfwﬂ)& s?cl’\leg’e() HdiiTRgedueht sane constit uent
el ene re | |- it c Sape reference n ers, . ... FIGS
throuaﬁaggD sﬁﬁaﬁgﬁgﬁﬁghgpeEd?s6ro%ﬁ%&ﬁbﬁgﬁw§ﬁ#%§@§3FHrﬁgmkgmfH@hﬁresent

[ nventsie&nld_iﬁﬂxfz@iﬂg!fﬁltq ri@!"iis'}gci’e%l’g}th{A‘ckénﬂé(Y?th@ sBh 3L (ViLEWss Rakd ﬁ[@% sliows a
I lineg X-X', part Cs

cross-sectlonal vi ew al ong , OWs a Cross-sec Fona! Vi ew
al ong ihdunein¥TiYh 130dndaktihibRBONSh@TsDMeGl ARS 15€ChitoRddscMhEWRLARY | 1 ne

Y2-Y2'. [0080]First, as shown in FIGS. 2A to 21), a nitride frim103 is
f or mednemtagsibbIdd atéthe first metal film 138 are covered by the first columnar silicon layer

232, the first polysilicon films 136 and 152, the first insulating film 129 and the second

insutating film 162.

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

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



conposed of a silicon oxide film101 and a silicon layer 102. Here, the
substrate nmay al so be conposed of silicon. In addition, an oxide film may
be formed on the silicon layer and another silicon layer may be formed on
the oxide film In the present enbodinment, an i-type silicon layer is used
as the silicon layer 102. Wen a p-type silicon layer and an n-type silicon
| ayer are used in place of the i-type silicon |layer, dopants are introduced
into the part that becones the channel or t he FGW. In adgltlon,OI a th:n f
n-type; ik er or athin p-type silicon |ayer nay be used in place o
theyP-wigéﬂgﬂﬁptg%'layer. [ 0081] Next, resists 104 and 105 for formng a

hard mask for hel ARAL-BLdd : o | .QF Ayt il m2103,
as shown in ang%ggﬁ tocé%%u%%%g%?ﬂﬁgﬁ?qﬁﬁg&ﬁfgg?E%af%Pﬁr%%gmbggz%%hed and

hard nmsicsted 06itaenirdQIndhes fsaoreehedas Showhc hdld Tl @SeedRrdxdARxu[-0883] Next
the silicon layer 102 is etched and columar silicon layers 231 and 232 are
f or mederaigoihbywropen Rr@Sde Hixttro wht) the[nRO8 4k Nesohdudihreon@singt is fdPddand 105 are
removed. Conditions on the substrate follow ng removal are shown in FIGS
6A to B97711008%addieors iy thg eI Q¥ SEhacesiding onthisapeiod bt loxdtdiizedhand a
sacrificjal .oxide film108 is fornmed, as shown in FIGS. 7A to 71). By

maki ng ottt & BAGHT T bmape Biscdee f it brocrst e Bt aemelisor ;a?é‘ﬁ'r?ﬁ“sfijc hoas
car bon_thyr, L. jna, sildcon etehing, is removed. [0086] The sacrificia
ot do 1 PHRDateR: AR LB gl B girde' TR el SRR EReiA i s
8A to KicHgest bF S A ] , face.of the silicon
Payer T03 ARG ho ear s Rese REFLBE? ang hULAEL g Rl IR, AHEREES: & g2

[ 0088]clhrerogx3tRarkdi chehledsof BleGhedinanaid it idy. si dewal | shape on the
sidewal | of the columar silicon |layers 231 and 232 to formsidewalls 110

and 111, as sAgwn thanbel&8esclibAl ¢ompbOiBon Wigipi§axinihe girdmend-sliype silicon
| ayer by injecting dopants surrounding the bottom of the
compound 172 can be formed on the n+ type silicon layer 113 without adding any special
manufacturing processes.
[0678] In addition, in the pMOS SGT according to this embodiment, the length from the
center of the second columnar silicon layer 231 to the end of the second planar silicon layer 233
is preferably larger than the sum of the length from the center to the sidewall of the second
columnar silicon layer 231, the thickness of the second gate insulating film 139, the thickness of
the first gate electrode 235 and the thickness of the sixth insulating film 164.

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

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

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

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



56 columar silicon |ayer 231, these sidewalls 110 and 111 prevent dopants
fromentering the channel, making it possible to control fluctuations in
the threshold voltage of the SGI. [0089] A resist 112 for injecting dopants
into the bottom of the columar silicon |ayer 232 is fornmed surrounding the
columar silicon |ayer 231, as shown 4sh FIGS. | ITAto lii). [0090]As
indicated by the arrows in FIGS. 1213 and 12C, arsenic, for exanple, is
injected into the silicon layer 102 in the region where the nMOS SGT is to

be forped, LR m + type silicon layer 113 surrounding the
botton1ogg%%e&%gpéW#§% éﬁ?ﬁ?ﬂ%ﬂlayer 232. At this time, the part of the

si | i comobayer 11Q2 .£\amef FiRys tﬁeto@f d ek {“ﬂrQIG?RC}LOII}ﬂ% 0 'acggpﬁ ahe 111 does

not become the n+ type silicon [ayer, conprising instea rst silicon

| ayer dddpasedoitrsilidantolRlcGohummand s killicePRvérayer if%&uc[sgl%%&ﬂcﬂf@ J’E@ﬁﬂnﬁt 112 is
removed. Conditions on the substrate folromnng removal are shown in FIGS.

| 3A toﬂ&@i%cd@@Wﬁ@hThem@hdmmmﬂ¢ﬂddﬁm1mn¢bdﬁﬂmadenﬂﬁmnmedk@hwaugmo@bmhlng
Condi tions on the substrate follow ng etching are shown in FIGS. | 4A to
141) . ﬂpb@%mh ﬁ'@a|bprﬂ<gmc§ of ¢leconypd lslive dnaipresset ¢rijaditend, adprrt Slicondnyer
arsenic, %{ vated &? gMgh this, the injected dopants are scattered to
the botHsS ‘B‘f‘ Ued%hﬁ W%Bﬁywea\}é@ﬂi%l agkanghigimsHipPFRES 19 Bd t o 151/
Thr ou trom of the yer 231 becones an
oyl Pl %égﬁY?Qwesﬂ%gﬁ‘? T R e b
[0094]<ﬁ~fi1 @gd‘(ﬂelf#ddmo:hl? Hi® ” Q2na G sBpfd masks
106 and 107 and the nt %;'/’p'ét TRoft )}ch'ras“fls”c OB SBYE Lt hnayt B ORRE T

161) . JIRQAFITNaysedidenfthyem 115 is etched, |eaving behind a si deval | shape
in the sidewall of the columar silicon Iayers 231 and 232 to form

si dewell0D81]116 Nard rehiks, 10dsing MOSMvr iftr nfih GSharl nhk @ akéhmnab¥iBeof laydrang a p+
type silicon | ayer i njecting dopants surrounding the bottom of the
coIunﬁéﬂ“@i@1@@ﬁﬂm@yéﬂ1E@ﬂasﬂhBSenﬁﬁdéw@Hb§Eprevent dopants fromentering
t he ch gaking it passible to control fluctuations in the threshold
vol t adg()%;f t hTe\le§Gt|he nitride film 103 is etched and hard masks 106 and 107 are formed, as

shown in FIGS. 4A to 4D.

10083] Next, the silicon layer 102 is etched and columnar silicon layers 231 and 232 are

formed, as shown in FIGS. 5A to 5D,

[0084] Next, the resists 104 and 105 are removed. Conditions on the substrate foflowing

removal are shown in FIGS. 6A 1o 6D.

[0085] The surface of the silicon layer 102 is oxidized and a sacrificial oxide film 108 is

formed, as shown in FIGS. 7A to 7D. By making this sacrificial oxide film, the surface of the

silicon, such as carbon thrown in during silicon etching, is removed.

[0086] The sacrificial oxide film 108 is removed through etching to form the shape shown in

FIGS. 8A to 8D.

[0087] An oxide film 109 is formed on the surface of the silicon layer 102 and the hard

masks 106 and 107, as shown in FIGS. 9A to 9D.

[0088] The oxide film 109 is etched and left in sidewall shape on the sidewall of the

columnar silicon layers 231 and 232 to form sidewalls 110 and 111, as shown in FIGS. 10A to

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



[0096] A resist 118 is formed surrounding the columar silicon layer 231 in
order to inject dopants into the bottomof the columar silicon layer 232,
as shown in FIGS. | 8A to 181). 57 [0097]As indicated by the arrows in
FIGS. 19B and 19D, boron, for exanple, is injected into the silicon |ayer
102 in the region where the pM3XS SGT 4,5 to be formed, thereby formng a p+
type silicon layer 119 surrounding the bottom of the columar silicon |ayer
231. At this time, the part of the silicon | ayer 102 covered by the hard

mask 19(9L1!?ng' 81}? gl%' he délﬁld (131%1 %én%vc%ggqpswq Rf%lzglwél[%;?yer

conprising |ns a secon |con

sili COcElmhﬁMe:halag’é-tt p%&ﬂﬁ@lo_r&%uBﬁﬁhﬁhu&%&n kg tggﬂ)grgg\oltag@gg%l_\;c'%?qs on 1he

substrate followng removal are shown in 10099] The

si dewajos9]116 fAanrdislli? far Bl]d’cﬁﬁg)&f@ﬁn{%hiﬁ[@lkliﬂb(ﬁbﬁfmmﬁb cdRaR tsill@&?laga 1308
substrate followi ng etching are shown in FIGS. 21A to 21 D. 10100] Anneal i ng

i s acclnptd shednding theheinnjaesitiech ldppaat ,, as Resven HOTIGS, 1§45 tActD. vat ed. Through
this, the injected dopant is scattered to the bottom of the col umar
silicol§0 P(der Apgndicged bhibgmitows Bl 3SS. 22Rand ] 22 Brselfior Dugtuntitid, $5 mgmeﬂl t he
bottom of th co umar .silicon | ayer 231 becones a pe silicon |ayer
and f olPHshG S s 102 it He repion vb‘étglcm%‘ah SCyig o llqéfmq tgtgbaromxngen il m
121 is f on.the urfac ks 106 the n+ type
i1 oo BBS Eeqab RS st bR gy nt Giom ah Ty et Bhisoh ST of Bt e Fris 23
to 23 I I 114 and the
secon?h(éligmlt g%tﬁé 'sn‘ia%)@/oer{ ngép 113?%8%;%%@)'?{8{1% h%lja'?n%ek 185 aa?d 1!11L%%§\H51?¥Ff daes gat™| ayer

Eat er . betOhOZLResh st §lidoada @ bohddishfinsld Hirng 9?!1@9111 a1, Lé GON, haver are
formed. The resists 122 and 123 aré fornmed so as tO cover-the second

si | i camlinwerilit@0lager@3zhe area surroundi ng the bottom thereof, and the
first silicon |ayer 114 and the area surrounding the botton1thereof
respedPPVE| y, Therestibh? i merih@8. CRdditions @419 subtOdo BdlBhénoxindealfad shokdl i s

h n artitioned into oxide filnms 124 and 125, as shown
ete edm% (d‘E pl3/\ to 13D.

[0092] The sidewalls 110 and 111 are removed through etching. Conditions on the substrate
following etching are shown in FIGS. 14A to 14D.

[0093] Annealing is accomplished and the injected dopants, here arsenic, are activated.
Through this, the injected dopants are scattered to the bottom of the columnar silicon tayer 232,
as shown in FIGS. [5A to 15D. Through this, even the bottom of the columnar silicon layer 231
becomes an n+ type silicon layer and forms a portion of the n+ type silicon layer 113.

[0094] An oxide film 115 is formed on the silicon layer 102, the hard masks 106 and 107
and the n+ type silicon layer 113, as shown in FIGS. 16A to 16D,

[0095] The oxide film 115 is etched, leaving behind a sidewall shape in the sidewall of the
columnar silicon layers 231 and 232 to form sidewalls 116 and 117, as shown in FIGS. [7A to
17D. When forming a p+ type silicon layer by injecting dopants surrounding the bottom of the
columnar silicon layer 231, these sidewalls prevent dopants from entering the channel, making it
possible to control fluctuations in the threshold voltage of the SGT.

[0096] A resist 118 is formed surrounding the columnar silicon layer 231 in order to inject

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



in FIGS. 25A to 25D. [01041Portions of the p+ type silicon layer 119 and of
the n+t type silicon |ayer 113 are etched to formplanar silicon |ayers 233
and 234, as shown in FIGS. 26A and 26D. The planar silicon |layer 233 is the
pl anar portion of the p+ type silicon |ayer 119 arranged surroundi ng the

58 area immedi ately bel ow the second gilicon layer 120. In addition, the

pl anar silicon layer 234 is the planar portion of the n+ type silicon |ayer
113 arranged surrounding the area inmediately below the first silicon |ayer

114. | ] The, Jesi.St 2., I € a.conditions on.the substrate
follomﬁ%gﬂrenﬁva &éééégiﬁéﬁa?ﬂséf@é%‘g?igﬂgwggf%”Tbﬂﬁéfﬁﬁaﬁy?H%“§¥|n1123 i's
f or medin@ht BBicSMLLAC®2 0 1k h&i6 LR hS gRe; 1123 - nSihd b con

| ayers 233 and 242, as shg&ﬁJ?ﬁ®E§EgF%%§%§?%”£§%?&?%¥37’8§%§?gﬁﬁﬂbég|
Mechanpcaipe Bdkoshiyar gl 9issrrasdmizphd shewh otthecaxnda didomd6231s Alimean.zed and
the hard masks 106 and 107 are exposed, as shown in FIGS. 29A to 291

[ 0108] thFpart okihdeilicoh perliDB col@dd yndhe 125 raxsk 166 atedhetsicvall @1 @Moexbde fil m
126 buried between the planar silicon layers 119 and 133, as shown in FIGS.
30A t oPesome taorioypasiliens laver fqomprising insteatl g spaseid shicomayeraldiregiof intthe above
processes. Atqihi tijge, the oxide film128 is forned thickly on the n+
type sTTVRHR SIEGRFAYE1® t he p+ type silicon layer 119, the oxide film 126

and t rd ks nd 107, -and the oxide film 128 is fornmed thinly on
the s HOO s AR RRERL RIS, PPy ol Sl R o5%e SV oP ) .
31A tgn314d 1dxld0JgThe oxide film 128 fornmed on the sidewalls of the
columar silicon layers 231 and 232 is renoved through etching. The etching

i's prehesgbl y Tihs eileR@isCc 1616 MDare TABoRYIESuSH dMid28ChiRlid ML BRehd fbgkty on
the n+ type silicon layer 113, the p+ type silicon layer 119, the oxide
fil m 12Bowmg ctdhenghas shomask §1A0R 1and 2107 and the oxide film 128 is formed
thinly on the sidewalls of the columar silicon layers 213 and 232, and
consedl&M| y, Anrealiggiiticcoinpiinhed snd Gariijegedodpptiehare boppgs sithiamdn | ayer 113,
t he ptjpgﬂi Fjlicon l%%fr 119 and the oxide film 126, form ng an insul ating
fi | m 1280uehdhsnigemiseiedelopmt igsatiergd pthe bettpraatiihe colmnpisikivon dayenddl, oxi de
tilms silig’\gn an PI(JJSS%,z/r\?gE’ﬁIQ ?nrotugli%a th?s?légen t1g )ostto:!'nogf Lﬁg gol%%ﬁar%?licﬁllgy'er 231

becomes a p+ type silicon layer and forms a portion of the p+ type silicon layer 119.

[0101] An oxide film 121 is formed on the surface of the hard masks 106 and 107, the n+

type silicon layer 113 and the p+ type silicon layer 119, as shown in FIGS 23A to 23D. This

oxide film 121 protects the first silicon layer 114 and the second silicon layer 120 from resist for

forming a planar silicon layer later.

[01062] Resists 122 and 123 for forming a planar silicon layer are formed. The resists 122

and 123 are formed so as to cover the second silicon layer 120 and the area surrounding the

bottom thereof, and the first silicon layer 114 and the area surrounding the bottom thercof,

respectively, as shown in FIGS. 24A to 24D.

[0103] The oxide film 121 is etched and partitioned into oxide films 124 and 125, as shown

in FIGS. 25A to 25D.

[6104] Portions of the p+ type silicon layer 119 and of the n+ type silicon layer 113 are

etched to form planar silicon layers 233 and 234, as shown in FIGS. 26A and 26D. The planar

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



By nmeans of the insulating film129, it is possible to reduce the parasitic
capaci tance between the gate electrode and the planar silicon |ayer.
[0111] A gate insulating film132 is formed so as to cover at |east the
first silicon layer 114 and the surface of the surroundings of the bottom

t hereof and the second silicon | ayer 20 and 59 the surface of the
surroundi ngs of the bottomthereof, as showmn in FIGS. 33A to 33D. The gate
insulating film132 is a filmcontaining at | east one out of an oxide film

anit réu{éa? HE@I&F’«\@@%& W 89 @6@%{1%1!&% 1 llageralqg.i }q' e?dlagroglg {hgr {%’O‘Xﬁﬁigi%wgygﬁfﬁﬁg;t ge

i nsul ati ng m rogen a ere annealin
acconpihe phag @Aidde (ROAURALI R [2GQN 1BANEER 2o MachedR2arcd QldddiAeyetal film
133 is fgrnedggﬁ t he surggcé”o# fﬁe gaté ﬁhsula?ingé?F%%f132,agékEhomm in

FI GS. BAdwtie f34Milicbheayert M. filmis preferably a filmcontaining titanium
titaniumnitride, tantalumor tantalumnitride. 13y using the nmetal film
it is (9888 bl dheoessont22eindd@phettionvelf Gohditiohamnk suleghomolandng temosalal so
possible to | ower the resistance of the gate electrode. It is necessary to
use a HEAECHUICAELPY ©ceds for |ater processes so as to control netal
0113] A lysilicon film134 is

cont am ion by the.netal gate el ectraode. | 0
f or mecl 800k he AR pPETO R in et ar v SI”FF?CI’SI%,[”'_‘@a"s?f“étﬁég%mali%lzﬁl%ll“"s%wﬂf 0 351).
O fech Qa0 TRLAL FRN AT AON . A 1 5 Preferalie Lo form the

pol ysilicon -t u5|n§ nor mal - D. [0114] The polysilicon film

134 i sjpgrphed chap E@t{emi@a@'Me%hénii&ﬁ"iigfli%h"i@ iRy ANnddond SO Mhfhein s! dewal |

shape, as shown in FIGS. 36A to 3 e neta I's etched.

The mefialaritéd Mdafe bire nSkideMmlng 107 alch@p&el UIRRIwWS In Hie8Md axerop 231 and 232
is protected by the polysilicon filnms 135 and 136 and thus is not etched,

and bel6boRis t Hbe neidalilifis 126 128@hdardd aiS@clicdn@idrinng: dxidesilgheMalburishape, as
shown in FIGS. 37A to 371). 101161The gate insulating film 132 is etched.
The gdtcévendhy pitnangilicon lyeon 1 hendlBewadhownaf Fidie 308ltadd@r silicon | ayers

231 an 2 is protected by the polysilicon films 135 and 136 and thus is
not et[gﬁégg, a %&?Jf#@slzﬁhéﬂﬁlaﬁféﬂﬁl Hgupsstioherabpys naeesses mdit Hiinigne.ihsi dewal |

2hane.. 35 GO Pulb T b9k b QAL AT bR b 154 o
grggf e:tg%%g?mnﬁrgﬁ&ﬁgtﬁgh%gﬁ%g s g#&gaﬁslgl'}‘p’z,%%%{%’oxﬁ&eﬁl%oi S:Is h)ln%g(g] thfi:%lgz A 141 is

the sidewalls of the columnar silicon layers 231and 232, as shown in FIGS. 31A to 31D.

[0110] The oxide film 128 formed on the sidewalls of the columnar sificon layers 231 and

232 is removed through etching. The etching is preferably isotropic etching. The oxide film 128

is formed thickly on the n+ type silicon layer 113, the p+ type silicon layer 119, the oxide film

126 and the hard masks 106 and 107 and the oxide film 128 is formed thinty on the sidewalls of

the columnar silicon layers 213 and 232, and consequently, the oxide film 128 remains on the n+

type silicon layer 113, the p+ type silicon layer 119 and the oxide film 126, forming an insulating

film 129, as shown in FIGS. 32A to 32D. In addition, in this case oxide films 130 and 131

remain on the hard masks 106 and 107 as well.

By means of the insulating {ilm 129, it is possible to reduce the parasitic capacitance
between the gate electrode and the planar silicon layer.
[0111] A gate insulating film 132 is formed so as to cover at least the first silicon layer 114

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



When a high-k filmis used in the gate insulating films 134 and 140, this
high-k film 60 can be the source of netal contam nation. Thr ough
this polysilicon film141, the gate insulating film 139 and the netal film
137 are covered by the columar silicon layer 231, the polysilicon filns
135 and 141, the insulating film 129 and the hard mask 106. I'n
addition, the gate insulating film 140 and the netal film 138 are covered
by the columar silicon |ayer 232, the polysilicon films 136 and 141, the

el RS OO DRI TRS BT sy i 8 STt Sl T
are al hsseucrmm 2 1§Qm1ﬁ%|ﬂ§-ﬁ1!r%rhi 1@5t@nE QVESTEH oR¥ie (NG, £RAHIAS eﬁnbl al CON
| ayers 231 and 232, the polysilicon |ayers 135, 136 and 141, e insulating

film 1@@h-&rfdnt He ahrandq sk [AG@n@and chinsisQinktilhshyRasshtoshRereont rol  net al
contam nation by netal contained in the gate insulating filnms 139 and 140
and t hawpding orfepltargal Lmthmmybs&ccompilshcd on tht rolomdarsiltcon &ohisede ahd232,

af orenent i oned obj ecti ves, uld be fine to forma structure in which
the metfdi2lfi| rﬁ sty Fjrg m/lsﬁwwé@n te whifapgof e aye brplkiishélon 132, hedwendn

si de foll ow ng which a

|| fil hed,
pol ysi Kﬁbﬁ " ﬁggsﬁpﬁwgghﬁﬁkgig era bg%@”hﬁghlSFﬁ%G“?WFhféﬁﬂ”%Wé“Wetal film
th
 nsul at 1ag q}g‘y‘a"‘ B P S ha R B, 1 LORSBR P b A fgr red
on t hech%h'r'icfl ARoMIRIiLis LS p‘é%s'flﬁé’lot i§w@1ri‘ﬁ§u}€8rsﬂ§ﬁgc %{acﬁe %Eggpﬁd&lc b Fone C%Q

401). In order to bury the col umar Icon 231 a he po |con

film it ups @fanalabolihOpwess dsilneg: provksREes SilfoofYE: mdRQofRhehatins Yl ﬁ{d ng film
and the metal filmthat are the source of contam nation are covered by the

col unmrasiakgdi¢ derirddayers 231 and 232, the polysilicon layers 135, 136 and
141, the insulating film 129 and the hard masks 106 and 107, so it is
pOSS|HpéKﬂo uébpﬁbﬂﬁ%méé@dﬂéHOWDHﬁ[@lm@F@WRe©éH@ﬁmnalHmd@ﬁamﬁbaWnpollshlng)
IS ac%qﬁ% # hed_ with the oxide filnms 130 and 131 and pollshlng st eppers, as
shown THSEPES0 ¥ ﬁll\ ‘W‘ﬁ%@c%kﬂ’l ! BB H If preferabiotoifeimpihgnar i zed, as
shown 'nsﬁwo “1 1 4 ecause e polysilicon filmis planarized, it

i s pods D51 m %?Pgl H%P?ipgﬁﬂ?%ﬁl ation of the CWP device. 61 [0120]The

oxi de i)“ﬁffs 1%9\,\?81851{]1&;%{%1161546‘1?&\6 gi &)h&?#%}l‘éﬁcoﬂéﬁ?lts Cl)gggx%l '{j(goi‘gl?}iﬁlﬂﬂ;[ €

substrate follo are shown I'n
pol ysiihiskieRall khapt kA 2hden BLIALSC3 @0 318 Pol ysilicon film 142 is removed to

the 018115] The metal film 133 is etched. The metal film on the sidewalls of the columnar
silicon layers 231 and 232 is protected by the polysilicon films 135 and 136 and thus is not
etched, and becomes the metal films 137 and 138 remaining in sidewall shape, as shown in FIGS.
37At0 37D,
[6116) The gate insulating film 132 is etched. The gate insulating film on the sidewalls of
the columnar silicon fayers 231 and 232 is protected by the polysilicon films 135 and 136 and
thus is not etched, and becomes the gate insulating film 140 remaining in sidewall shape, as
shown in FIGS. 38A to 38D.
10117} A polysilicon film 141 is formed on the surface where circuits are formed, as shown
in FIGS. 39A to 39D. In order to control metal contamination, the polysilicon film 141 is
preferably formed using normal-pressure CVD.

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



edge of the region where the gate electrode and the gate insulating filns
139 and 140 are to be fornmed, as shown in FIGS. 43A to 43D. Through this
etching, the gate length of the SOT is determ ned. 101221The netal fil s
137 and 138 on the upper sidewalls of the columar silicon |ayers 231 and
232 are renoved through etching. Condjgtions on the substrate follow ng
etching are shown in FIGS. 44A to 441). [0123] The gate insulating filnms 139
and 140 on the upper sidewalls of the columar silicon |layers 231 and 232
are re : _ i - ditions on the substrate foll ow ng etching
are sH%azﬁgﬂ;%$ggg?2§%ﬁ?%ﬂ%EE§QQﬁ241An oxide film144 is forned on the
surface wher e 1RR06HEHHIL S : - 038 iSO 40A 1.0

Because the gate §Iecf%ﬂgihﬁggmgﬁ??g%gb?%1%?8%@%?23EE§§Fwﬁgﬁg%ﬁggﬁgéTn1144
from tdrecowetedyant camhn@rsilkhoy [4yea3INERtpoAGRROPHINSNESS dnd (URIERE inRIIRGRSSES, it
is possible to control fluctuations in gate length, that is to say variance
i n gatleln BY¥gind thedrad draskat®.t o the gate insulating films 139 a nd 140 and
the metal filnms 137 and 138 fromthe gate el ectrode top surface. 101251A
nitride film iugldidon dergat iowlating Burltleed o mdwd v 18 afd dovertd 4y thes shown
in FIGS, 47A to 4?%%. é0}261Th? nitride film 145 and the oxide film 144 are
et ched Xl 'EMPEPNFLhEY3delr prialiqosiiid 3¢ a0t Iy theriastingilde 12 prdthe 46 and
147 rqgﬁjﬁgg g a sidewal | shape, as shown in FIGS. 48A to 48D

The sumo e filmthicknesses of the oxide film 148 and the nitride film
146 remai ni ngTLHA S| 1N |:S, fiol, i ess. of -t he t ect rode
235 later, anéh?ﬁikgﬁyﬁb% ?gﬁﬁg?gﬁ%Pﬁfﬂﬁbaﬁ?ggp@Fﬂﬁ?ﬁh@“gﬁﬁb¥ﬂ§M§ﬂ %ide
film Mddick &0RIIRbWGs I cShid@natibn, SRaRR eled b R oMk Bi'n%n%?é;s 051 i@ 3gat e

el ectrode 236 |ater, so by adjusting the filmformation thicknesses and

et chi rige padpdiidindmerof35t hes axi dd, thi: imulkdde amd12hendnhé hddendkkd 6148107t i
possible to forma gate 62 electrode of the desired filmthickness.

| n addptliprossitie fogopitdinestalsbatamaratiphéy swml ofntaingl inabk grse okulbte; ftlolsurmar
silicaon.layer 231 and the sum of the filmthicknesses of the oxide film 148
and tHggﬁﬂgfﬂhﬁmmﬁ?ﬁ$%ﬁﬁ“¥%ﬁﬁ?ﬁﬁﬂésin si dewal | shape to be greater than the
radi us of the, outer circunference of the.cylinder conposed by the gate
insul ating fil'me'99d° dHHCYS °W§Fﬁ?”ﬁ@ﬁﬁf%§*¥“ﬁnﬂ“@8@EFH%“é%HFBW*%Wéthdius
of th ar .Si ki.cQny.: a2, and, t. f,the filmthicknesses of
Che. ox darefiTREg LAt a LY R O LM byt b AL GERF S8 ape < o
be | angesaid Mamnadheridi Rerh&l, 19foui FooRls i of antig. &yl 1 nder
corrposedb by the ﬁat e i nsul&gt@'g%&l?‘T@V%mf%dmglﬁgi%ﬁﬂgﬁﬁn%?g m% c}n?n“i‘?%ﬁ At this
tinme, ilpekaiug@ihhed tetedtalffiihnse 4 ¢raand (13&1ahBarGANGBA ﬂ@ei@yhetﬁ&%fsm%bﬁ/ﬁiyéti, con
filmafter gate etching, it is possible to control nmetal contam nation

[ 0127]% inedaisre (SO ohre Ifaod miaslg a gate wire 221 is formed on the polysilicon
| ayer 142 at | east between the first silicon |layer 114 and the second

si i i coMBhyerApobysiligan Ghph#2 isfomeadsy thonirfage whee the circuits are formed, as

shown in FIGS. 40A to 40D. In order to bury the columnar silicon 231 and 232, the polysilicon
film is preferably formed using low-pressure CVD. The gate insulating film and the metal film
that are the source of contamination are covered by the columnar silicon layers 231 and 232, the
polysilicon layers 135, 136 and 141, the insulating film 129 and the hard masks 106 and 107, so
it is possible to use low-pressure CVD,

[0119] CMP (chemical mechanical polishing) is accomplished with the oxide films 130 and
131 and polishing steppers, as shown in FIGS. 41A to 41D, and the polysiticon film 142 is
planarized, as shown in FIGS. 41A to 41D. Because the polysilicon film is planarized, it is

possible to control metal contamination of the CMP device.



[0128] The polysilicon films 142, 141, 135 and 136 are etched to "bin gate
el ectrodes 235 and 236 and the gate wire 221, as shown in FIGS. 50A to 50D.
The gate el ectrode 235 is conposed of the nmetal film 137 and the
polysilicon filnms 135 and 151, and the gate el ectrode 236 is conposed of
the metal film 138 and the polysilicogpy filnms 136 and 152. The
gate wire 221 connecting the gate el ectrodes 235 and 236 is conposed of the
polysilicon films 135, 151, 142, 152 and 136. [0129] The insulating film 129

i's et Cnﬁgﬂ and e, farfIAC ¢ 50 8&1 ltBH%i(ptemo¥paeth§c%1_.|lgggf%{]%1ﬁ,a¥,%nd1&3%on tﬁbt he n+ type

silicon Iayer 113 are exposed, as sho I N 1301The

resi stsubb@at HlloamyachinERBdhd PR 108, e supptrate fol l owi ng renoval are
shown in FIGS. 52A to gﬁ [0131] Oxidation is acconplished to form oxide

filnms [0331] 154ThapdlyiBoon ﬁBn sdminiched frldehe pSANitd HR042TORMIVed Y8e &l 1| CON

| ayer 159, the n+ type silicon layer 157, the gate el ectrodes 235 and 236
and t Héii-,gazt ewpgien %mbalnce,am@qzcm@ﬂeehcb@nctghlesauhung fibhes F391 and 186 amtebehi ng
throuﬁguﬁﬁg 63 treatnment or dry treatnent during etching of the hard nmasks

106 and’ aéﬁlf“f“n‘é iﬁ§’§f43d‘e10f413prrérhl%hélﬁiélCilzhm"aribﬁt paie hodth oftler SGT 6132] The

har d ks 106 and 107 and the nitride filns 146 and 147 are renoved by
etchin ?ﬁ?b gh a wet treatnent or dry treatnent Condi tions on the

substr foll 5 se the top
sur f ac@ﬁ%f] t hel%m]{lgaiﬁlﬁpk esl%ﬁépgﬁr/g; pé)c% %f“fa#' H{A@ﬁéomm't?écélﬂﬂéyrﬂ or dry
treat mtanRp3t Eh% l%bg&i Jﬂ'obgﬂs ei@ﬁ‘iﬁ% aegnd]'rﬁ’&m ohlthd SpRERSIRLE Ct&'l?!fleé{!(? |
fluctuations in gate |engt to say variances |n ngt h, and

t o conshveh Ry a4hao tihp. gat e |nsulat|ng films 139 and 140 and the met al
films 137 and 138 fromthe top surface of the gate el ectrode. At this tine,
t he gdp&3lnsullat igntg ifsulansg 3% EB3¥cnd 480 anchenppal sideiwa1BoliB7 c@inmn&3Bican e
covered by the polysilicon 135, 136, 151 and 152, the nitride filns 148 and
149, thereBuamad2ard iepored thypeelk cieBinga handigensamdhe hebsiras (i mtwimget€lithgn 129,

so netal conta on of the nitride filmwet etching device is
contrd??%@“m’ﬁqég$ é‘@ﬁpge films 148, 149 153 154 and 155 are renoved by

gtSZh![ gg%“iﬁondl/\tnl 09{? ¢ 1t4q is ?0‘1]:?1(835 (I;na}h% sIu ace w here thggl(i:(nll!trsu‘;h(ﬁr()lmb as s mlwﬂ FIGS.

in FIGS. 46A to 46D. Because the gate electrode top surface is protected by this oxide film 144
from the wet treatment or dry treatment accomplished in later processes, it is possible to control
fluctuations in gate length, that is to say variance in gate length, and damage to the gate
insulating films 139 and 140 and the metal films 137 and 138 from the gate electrode top surface.
[0125] A nitride film 145 is formed on the surface of the oxide film 144, as shown in FIGS.
47A 10 47D.

[0126] The nitride film 145 and the oxide film 144 are etched to form the oxide films 148
and 149 and the nitride films 146 and 147 remaining in a sidewall shape, as shown in FIGS. 48A
to 48D.

The sum of the film thicknesses of the oxide film 148 and the nitride film 146
remaining in sidewall shape is the film thickness of the gate clectrode 235 later, and the film
thickness of the oxide film 149 and the nitride film 147 remaining in sidewall shape is the film
thickness of the gate electrode 236 later, so by adjusting the film formation thicknesses and

etching conditions of the oxide film 144 and the nitride film 145, it is possible to form a gate



[0134] A resist 156 for form ng an n+ type silicon |layer on the col umar
silicon |layer 232 through dopant injection is fornmed surroundi ng the
columar silicon layer 231, as shown in FIGS. 56A to 56D. In advance of
this process, a thin oxide filmmay be fornmed as a through (?) oxide film
for dopant injection. 101351As indicagped by the arrows in FIGS. 5713 and
57C, arsenic, for exanple, is injected into the top of the columar silicon
| ayer 232 to forman n+ type silicon |ayer 157. The angle of injecting the

arse”'&eaﬁmpﬁf%ggégkﬁf%gtﬂg £es to 60 degrees, and nore preferably the
| arge angle o egrees ere a line orthogonal to the substrate is

taken as 0 degg Q&:ﬁtthYL it Me@eiHIOGr U{Eeauﬁaro‘:ﬁl'ﬁﬂ! Gdfb oPehb 26 QMNANGESN [%ﬁ?ﬁl type
silicon layers 157 and the gate el ectrode 236 are given an overl’ap and it

i s possidbhesunooihatim zecknbisss OVeE baige filH186inthee hBSdSHimlbf bSaih #agyed.

Condi tions on the substrate follow ng renoval are shown in FIGS. “58A to
58D. F@$3W$Ebamt@begﬁﬁwnﬂmnﬁuaemommﬂmshemlanﬂnﬂhauanﬁanmghnaAamhpwamed
Conditions on the 64 substrate follow ng activation is shown in FIGS. 59A
to 59ﬂ¥”hf8%88FNaH@sP§@1&5@“$b¢”$@iﬁﬂ%é3 apd-far figesusi ofitboradivapétheon t he

upper rt of. the co ar silic 31 through dopant injection is
R G ML B80 (s e bk pcsmiohe bikdeaBuHO Frecs. 60 t o

601) I%Ql%g%]hﬁ%“?'p(g‘llla%%h?ﬂ} st?é(ctwallcgﬁ?;ﬁ, 10%&%%&[?%[?[1? F’&@ﬁ{l’ 8@(@ exanpl e, is

nj ected I nt FOY8Y to lc= a p+
type Sdnchl‘ﬁWcﬂc@)S?flujc?@nd @(ﬁwg&% By B o a{yaﬁﬁﬁdiﬂg (5119 40 QP lny: rfg%ﬁé@” y 10

degrees to 60 degrees, re pref rab 8 large angle 0 egr ees,

wher e A& this m@@béc@@@Qﬁ@ﬂncﬂlDf -he135uhghsake cb&u&@&eﬁ‘lo?ﬁi}@lh@&gf BESher LAY
injecting the boron at a |large angle, the p+ type silicon |ayers 159 and

t he gai@madeciwmdékQGEmaner@mwemnaﬂnmu@wIap and it is possible to mnimze
this overlap. [0140] The resist 158 is renpved. Conditions on the substrate
f ol | oM/ 1 r endviasistdS8 festHoumng a gikeedre BAAs foomed ) the[poldlicble ket k@at ment i s

acconqllshed an }he bhoron is activated. Conditions on the
east between the first silicon fayer 114 and the second silicon layer 120, as shown in FIGS. 49A

to 49D,
[0128] The polysilicon films 142, 141, 135 and 136 are eiched to form gate electrodes 235
and 236 and the gate wire 221, as shown in FIGS. 50A to 50D.

The pate electrode 235 is composed of the metal film 137 and the polysilicon films
135 and 151, and the gate electrode 236 is composed of the metal film 138 and the polysilicon
{ilms 136 and 152,

The gate wire 221 connecting the gate electrodes 235 and 236 is composed of the
polystlicon films 135, 151, 142, 152 and 136.
[0129] The insulating film 129 is etched and the surfaces of the p+ type silicon layer 119 and
the n+ type silicon layer 113 are exposed, as shown in FIGS. 51A to 51D.
[0E30} The resist 150 is removed. Conditions on the substrate following removal are shown
in FIGS. 52A to 52D.
[0131] Oxidation is accomplished to form oxide films 153, 154 and 155, as shown in FIGS.
53A 10 53D. The p+ type silicon layer 159, the n+ type silicon layer 157, the gate electrodes 235

and 236 and the gate wire 221 are protecied by these nitride films from etching through wet



substrate follow ng activation is shown in FIGS. 63A to 631). By separately
undertaking heat treatnent of the n type silicon |ayer 157 and heat
treatment of the pi- type silicon layer 159, it is possible to easily
optim ze heat treatnent conditions for each, so it is possible to contro

t he short channel effect and to contrgd |eak current. [0142]A nitride film
160 is fornmed on the surface where the circuits are forned, as shown in
FIGS. 64A to 641). 10143]The nitride film 160 is etched to form an

i nsul ag.k NGk \ d..of nitride fi r in, a sidewal | shape on
the. upser gl gLuR) PeouBOTRAREEr Blnlbt b ARSI PLUCRTIH Wl e BBl Dart of
t he galg fldaaynHedenddaean insulating film 162 conposed of a nitride film
formed in a sidewall shape on the upper sidewall of the columar silicon

| ayer P322jand Tthedanippesks pae indofo7tahe tgatigide i 1H08dA36 arcaBmbhgat i ng film
164 conposed of a nitride filmformed in a sidewall shape on the sidewalls
of t hectplnsgithagughg Wétliwnth ROt @nldy trimgeit ¢ caligiobs adies s@BGaariollR@6g c@hing
insulating film163 conposed of a nitride filmforned in a sidewall shape
on t he's PiEahin FIgh. 1 tI4y, piecaiseiteiap saijace of 1 taseleshodasdupratacivg ol m 165

compessid 1 Bybild 1% LLLRLSE TR, 8, SH0508) Lo, g S5,405 ° 2!

By maki -he. t hi.cki , -t [nsulating, filnms 161 an 162,for ed in a
o denel Tk b BRERETE IR o BETE 3 LR el TrE o BB RGRBEET | yer s
and t heJRpakLiRa : Folel j L b han the .sumeof. t he
thickﬁésseg'@#@?ﬂgﬁég?gh@ﬁgﬁﬁgﬁvﬁé&%gfﬂgﬁﬁggﬁgﬁgggﬁ%l@ﬂﬁbfﬁéﬁ#g$@%nesses of
t he metadd clédtioa®. ABihiamde, 188eatd MsulGatoerihiRgsh atd nM fnlieed40manst e 3get al
film 138 are covered by the columar silicon |ayer 232, the polysilicon

| ayer sard 8@ esadchyBR polydiBednnisSd) B36L b3l 4ridl 1H2120 nand: ke 1MBsud 889 mg: fil m 162,
and in addition, the gate insulating film 129 and the netal film 137 are
coveré@“@@wﬂﬁéméthWﬁgﬁlgmi%@GmdMEVE&H@B&ﬁ“mﬁé9pmhwsﬂkbamnﬂmmmepﬁmm35 and
151, the. insulating film 129 and the insulating film 161. 101441A resi st
166 f gHrEG ] ﬁ@tgﬁg@éﬁeWQCFVB@“§Fﬂicon layer in the direction orthogonal to

the s ate..on t.he. f .t he umar si licon. | ayer 232 through
dopanﬂﬁf%ﬁectﬁ@%“f%eﬁﬁﬁﬁg@’@%ﬁﬁéﬁdé#ﬁ@d3%%“88F&Hﬁ5PY§FFW’o opdiigps 911 gs

shown til@sﬁ')kl@e A petg eu@é JWMHQQ%“F%A ‘?cﬁﬁ)* type silicon layer deep in

. ?E% R ;
the direction orthogonal to the substrate, I's possible to forma
met al -[8134] CON AGRTRABBdod BERHhg AR nt B&enich) RE eSSl hE OMulmAN & licohllakPhsy were an
n+ type silicon layer shallow in the direction orthogonal to t'he substrate,
t he meb@lgisiddhacoinjccospountel anmhdimties covouhat shroh QFyBRIBI0R dla@nnt type
silicon |ayer and the first silicon |layer and woul d becone a source of |eak
curreﬁﬂ@sl%%ﬂﬁmﬁﬁls%@MMwEQOﬁWGSHM&ﬁBa£Mdoﬁmeﬁham&eﬁmdbnﬂwmﬁexmnpyeﬁ)is
injected into the upper part of the columar silicon |ayer 232 and the n+
type éVFWJQWfP%?éW“@SWC?@lnade deep in the direction orthogonal to the

substr The angle aof jnjecting the arsenic is preferably a |Iow angle of
0 degﬂ@gg]to gsﬂggﬁégfy4&&%%“%ﬂgqﬁgngﬁ%@Fmgéﬁﬂﬁw“%émﬁﬁém§’b§ﬂWﬁ@@iis t aken
to be.Q . deg e i.hj.ecting.th 'senic at a low angle . it.is possible to
o o ARo SRR SR B DAL PP B B e DO ol B

subst ﬁi?&@in@rﬂhéA’i@en‘ilﬂ@%fei@@l‘il& l@fdeéljagcsotﬁgibt&i@@%&, Shd llngl%rbtéfgx)ségf (L "‘%%F ngfe!\/OS SGT.

[0146] The resist 166 is removed. ns on the 'substrate Wi ng
r enovaf catderedspihiert A link GBho@8A tb thebBBstral Ot 4l Mad @8ESEes1BY ifietifandi ng a

deep p+ type silicon layer in the direction orthogonal to
arsenic at a large angle, the n+ type silicon layers 157 and the gate clectrode 236 are given an
overlap and it is possible to minimize this overlap.
j0136] The resist 156 is removed. Conditions on the substrate following removal are shown

in FIGS. 58A to 58D.

[0137] Heat treatment is accomplished and the arsenic is activated. Conditions on the



66 the substrate on the upper part of the columar silicon |ayer 231
t hrough dopant injection is formed surrounding the columar silicon | ayer
232, as shown in FIGS. 69A to 691). By nmaking this a p+ type silicon |ayer
deep in the direction orthogonal to the substrate, it is possible to forma
metal -silicon conpound later on the g type silicon layer. If this were a
p+ type silicon layer shallowin the direction orthogonal to the substrate,
the netal -silicon conpound forned | ater would be forned on the p+ type
silico £F 1 . il ¢an: layer d woul d becone a source of
| eak Cﬂ??gﬁfﬁ”?8@&§F§§a§ﬁ8§ﬂ“ﬁﬁlhﬁgg?f?§§°§§ "70D, boron, for exanple, is
i nj ect pd38nt 0 A ReisURBEDr RANIngQf pit e GREATRRE of 'ti{e'tﬁ)ga‘ oV ihcadtynffd the p+
type silicon layer 159 is made deép in the direction orthogonal to the
subst r dliewn 1djve 23ahgl@icafdopajt @dtdiing id faembbianubdEnPiheteahhysiBedna¥yeangl e of 0
degrees to 7 degrees, where the |line orthogonal to the substrate is taken
to be ©sHeynbesICBPIAIPSEDI ng the boron at a low angle, it is possible to
forma p+ type silicon |ayer deep in the direction orthogonal to the
subst r@d&lon t¥endippsest bpEIKES. 6B epb6 U beraforskamplers inaguead iofo théveppoMOS SGT.
1014191qu,{esist_16.uis renmpved. Conditions on the _substrate follow ng
HADSEROMRPAT iliepraeyetA3A e vyt e shqaeayerdpdal editels of ialegtipl | shed

removal'a

in order I ol conditi.ons foll aw ne Qgtigyti_ are shown
ot B obE R YBRE LORuARERNo s RS A AR bR R 86 LR

addi ng4daRal, WileRAl MRNrihoBolldAthe Sidsh S0 R GRIPRWIL 1.8 f197 TRL 8D G By f ace of
t he p+ %ype sflicén fé?g? 119f?t%§lp+]type siﬂgégg&lg gﬁngg?EEﬁS%géte

el ect rodge238ie, thig+ tybetshR6n HykisA8M ah@W@ patd bhcirbdte2384rd %/ipéh Al bJeaQpalayer 157
and the gate el ectrode 236, and by renoving the unreacted netal filmusing
a sul fiusiposslde & hindnggéns perleri de m xture or an anmoni a hydr ogen peroxi de
m xture, a metal-silicon conpound 168 is formed on the surface of the p+
type dPM9lMon Thgesisat® is semasedd Conditigurmnabnposinde dQwing foomedrasothe
surface of .t + type silicon layer 159, a netal-silicon conmpound 170 is
forned”éﬁg%ﬁg%§8p?§ce of the gate el ectrode 235, the gate wire 221 and the

gate trode 236,  a netal-silicon compound 172 is forned on the surface
or ¢ ndv B yo BB Rl M hEPRURERRAE ebdisE arbhpatntrer 7 67 i <
for ”eqa‘uQﬂraEeh[_%l1§Miﬁ1§?%?vf§gn k&go\t%&fn FRE 6§)f\ lt+ %ﬁ%@%&h&ég 'underla%i;;g hral The

. fs
gate insulating fi an e netal Ti are covered € col umar

si | i caftalnayest RS2+ uipdeilReh Vsl 1%ofd hkdiTRak3fi 8Nfe P ApetNBoh RSt @bi g film
129 and the insulaf%ﬁg fiIé?lGZ, a%JL%E§gﬁgﬁiﬁgﬁ?&?ﬁ’LégﬁghPﬁguﬁgf?%g film
139 amssdlble tnesiad oftichine 187 vasieesvadigdndisr the, @al 4paasibistd dwabl hawek: 231,
the polysilicon filnms 135 and 151, the insulating film 129 and the

i nsul ahfng! ¢ffdchantlee costenlddu cmetsdl fil ms 137 and 138 are not etched by the
sul furjc acid hydrogen geroxide m xture or ammoni a hydrogen peroxi de

mi xt url@i42] Aanitride Tilp A6@isHarmegging e susface wherg thavdreytts wetamedods shiwen pr esent
inventggR?;%%“Ls %ﬁssible to use netal in the gate electrode, it is

possiﬂﬁ 0 Gﬁ?p “depletion of the channel region, it is possible to

| ower r esi r : . electrode and .t i ossible to | ower the
resi siBPBL" of VL ANEE i (0%, Q818 SRER TR JoT bR pPebfiecEipound.
Nor malthphed g siDBL AT #apQ¥h B dobd R RVl RE 1RWLfuaG8: QficdN8yGhbt oMk ﬂ%p%q IS
renmoved by hydrofluoric acid as a pre-treatnent prior 1% sputtering the
met al payehthagaicleatrodeoz35Mbn inBilstity M 1d2h@niposddl AbiniGdé klrdkr@y Gpyposed of
an oxide filmis protected fromthe hydrofluoric acid by the insulating
fi |l m $84welbrpos ed thofupaemsidemiatl @f flicl coluhoramatcdmiager 232 enddhk uphapeartonththe
sidewal | . [OégﬁgA contact stopper 173 of nitride filmis forned, an

i nt er I2alg&fecir 38t amig syl ating filmyl 6dgomposed of a nitride film formed in a sidewall shape

on the sidewalls of the insulating film 129 and the gate electrodes 235 and 236, an insulating film
163 composed of a nitride film formed in a sidewall shape on the sidewall of the p+ type silicon

layer 119 and an insulating film 165 composed of a nitride film formed in a sidewall shape on



deposited and planarization is undertaken, as shown in FIGS. 74A to 741).
[0153] A resist 175 for formng contact holes is forned above the col umar
silicon layers 231 and 232, as shown in FIGS. 75A to 751). [0154] The
interlayer insulating film174 is etched to formcontact holes 176 and 177
above the columar silicon layer 232,4ps shown in FIGS. 76A to 76D.

10155] The resist 175 is renmpved. Conditions on the substrate follow ng
removal are shown in FIGS. 77A to 771). 10156] A resist 178 for form ng

cont ach:ARkesi 3PAKE e MENI P11 GO LBIRIREHR300sp34 and above the

gate wire as s omn 'n [ 0157] The interl ayer

i nsul ati ng fl |[~§|9 IQAZléing sheqhiehiadsch 9r Fh@ru@uﬁlﬂﬂéﬁﬁﬁs Al &% 1&2?0:111%5%91 ARl above
Fe's 1

the planar silicon layers 233 and 234 and”above t Wre

r especshapebiy theappatsaimvall68f tha cthkfar sé@fvohuct@tdyers and lhe upper RRGRYER t he
contact holes 176 and 177 above the columar silicon 231 and 232 and the
cont acgatholeesodey thickt8ham e si@b aivatiekdseesplf dnagtesihdulaiog fhay essaiBB0and 234
and above the gate wire 221 are forned through different processes, the

et chi n@ddbﬁq&v(tlﬁn@ﬁg* ¢fghe metahiihieg BRand d38.dlt cdtolnedaipsilantl0BRT tabowvel t he

Cont act MBS Fe g e o Tad o0 yﬁ%ﬁ%ﬁ‘g anvedieny E&%sfl%eécﬁiéz“gﬁ%aﬁﬂezszl
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80A t qp8@HRtal film 137 are covered by the columnar silicon layer 231, the polysilicon layers 135 and
151, the insulating film 129 and the insulating {ilm 161.
[0144] A resist 166 for forming a deep n+ type sificon layer in the direction orthogonal to
the substrate on the upper part of the columnar silicon layer 232 through dopant injection is
formed surrounding the columnar silicon layer 231, as shown in FIGS. 66A to 66D. By making
this an n+ type silicon layer deep in the direction orthogonal to the substrate, it is possible to
form a metal-silicon compound later on the n+ type silicon tayer. If this were an n+ type silicon
layer shallow in the direction orthogonal to the substrate, the metal-silicon compound formed
later would be formed on the n+ type silicon layer and the first silicon layer and would become a
source of leak current.
0145} As shown in FIGS. 67B and 67C, arsenic, for example, is injected into the upper part
of the columnar silicon layer 232 and the n+ type silicon layer 157 is made deep in the direction
orthogonal to the substrate. The angle of injecting the arsenic is preferably a low angle of 0
degrees to 7 degrees, where the line orthogonal to the substrate is taken to be 0 degrees. By
injecting the arsenic at a low angle, it is possible to form an n+ type silicon layer deep in the
direction orthogonal to the substrate on the upper part of the columnar silicon layer of the nMOS
SGT.
[01406] The resist 166 is removed. Conditions on the substrate following removal are shown
in FIGS. 68A to 68D.

[0147] A resist 167 for forming a deep p+ type silicon layer in the direction orthogonal to



101591A contact stopper 173 is etched bel ow the contact holes 179, 176,

180, 177 and 181. Conditions on the substrate ffillow ng etching are shown

in FIGS. 81A to 811). [0160]After a barrier nmetal |layer 182 is deposited on
the surface where the circuits are fornmed, a netal 183 is deposited on the

top thereof, as shown in FIGS. 82A tqg821). [0161] A netal 184 is deposited

to bury the gap, as shown in FIGS. 83A to 83D. 10162] The netals 184 and 183
and the barrier netal Iayer 182 are planarized and etched to formcontacts

4 Th tact 226
e conmsuihi i AL Frlr B RUM BTl 20 e BiPh b fuE 105, The
cont aCl’onﬂ&stlﬁ)uﬁ@lﬁ@@ﬁ:%@l&ﬁna@mh@(ﬁfl‘d?fﬁ Z@tc@lsh(ly\%Iﬁlrl I%%GG@OQ) (Wﬁ aih)ﬂ_lé\%%ﬁrrs 191

and 196. The contact 228 is conposed a barrier netal and neta

| ayer sthisQPp-aryde di9don [ANe degihakd dideBoi §1 tl&fgﬂﬁeﬁ?e@ﬁhecéfab@ aQaﬁr%' [ﬂfsslmétl@hmlnayer
188 and netal l|layers 193 and 198. The contact 230 is conposed of a barrier
met al 4 eiped-silie® @ntpomed &ker bayler st (yBetsiAmoh [299. 11068} parype eilicoetagdr | ayer
200, a nFtaI | ayer 201 and a barrier netal |ayer 202 are deposited in this
order B!l ?‘Méﬂ ﬁpén%wﬂ@&hgwmb@éhc %@sis%om neiaksiBRn @Bwotus! ®BMd later
101641Re 04, 205 206 f {brining a power source wire, an

i nput W‘r‘ ifaméi o Jredtft ty g CO& layer gp *a secpud stisom e anf agulEBaoTea 86D,

[0165], tal layer 202, the netal 201 and the barrier neta
| ayer }%gmgfﬁﬁéﬁgﬁgg to forn1pomer source wires 222 and 225, an |nput wre

224 an@14g) OUutRUhowh e l%%?’?OI@%ﬁ % oldh, f@ Lk aiugF r§7f°bc;81#§t%% Al [Pq?

source wire 222 is conposed rleF met aye ayer 208

and a dfand éimimetaicoh Ry&r23309d thehe- IPWFLO%QW&QSWJ@&&%L[&ﬁtﬁ@@ﬂ%ﬁg{g of a
barrier netal |ayer 216, a netal |ayer 217 and a barrier netal |ayer 218.

The i npliogoial ® BR4utissatcoifhosedt afingclharthé Boromad @bfetdier lodldglcarmet al | ayer
214 and a barrier nmetal |ayer 215. The output wire 223 is conposed of a
bar ri efegipes 81 7 degyass, volees th Tirepehodoagide tRLuUbsrtk ia tdkan td er0 detrak. Bayer 212.
[0166] 1Thelmr etﬁe E(Et?m gioflowzchdf[e %0135 oaqsnlgloztc??m%rae -ir ?rgg\sll?lg()n ]OonlcéICEI t?antl?c on the
subst r'8f°EMs ang P PT ayerdeep

direction orthogonal to the substrate on the upper part of the columnar sificon layer of the pMOS

SGT.

[0149] The resist 167 is removed. Conditions on the substrate following removal are shown

in FIGS. 71A to 71D.

[0150] Heat treatment is accomplished in order to activate the dopant. Conditions following

activation are shown in FIGS. 72A to 72D.

fO151] By sputtering a metal such as Ni or Co and adding heat treatment, a metal-silicon

compound is formed on the surface of the p+ type silicon layer 119, the p+ type silicon layer 159,

the gate electrode 235, the n+ type silicon layer 113, the n+ type silicon layer 157 and the gate

clectrode 236, and by removing the unreacted metal film using a sulfuric acid hydrogen peroxide

mixture or an ammonia hydrogen peroxide mixture, a metal-silicon compound 168 is formed on

the surface of the p+ type silicon layer 119, a metal-silicon compound 169 is formed on the

surface of the p+ type silicon layer 159, a metal-silicon compound 170 is formed on the surface

of the gate electrode 235, the gate wire 221 and the gate electrode 236, a metal-silicon compound

172 is formed on the surface of the n+ type silicon layer 113, and a metal-silicon compound 171



foll owi ng renoval are shown in FIGS. 88A to 88D. 101671Wth the above
production nethod, it is possible to produce a sem conductor device with a
smal | parasitic capacitance between the gate el ectrode and the planar
silicon layers because of the first and fourth insulating films. _

[ 0168] Havi ng described and illustrateg the principles of this application
by reference to one (or nore) preferred enbodinent(s), it should be
apparent that the preferred enbodi nent(s) may be nodified in arrangenent

and defs@hmm‘@'o%hﬁ’é’%mfé@ @irlh& ﬂgt LngEthi QIIH’-}CI pl es disclosed herein and that
it is intended that the appl dation be construed as including all such

nodi fi cations iaaracgaﬁéa;ﬁguﬁmngmnlm@@ﬁdiﬂwﬂ?ed[*frw 199% cvw&&! N!%y H]le%()ﬁlmﬂdrlt and
scope of the subject matter disclosed herein. I's clained

is: |.sikcodnye Ghzulsd ]ﬁ)“lyﬁ[@adndE}mpﬂMhldierSZthl’hlsuamﬁg ﬁE]ﬁ IIJJ @iahe B@ﬂhﬁlﬁlﬂdUCt or
Iayer a first columar sem conductor |ayer formed on the first planar
sem coflduteZonnd myeddition, the g gatanfsuhasng hing k3t onigknteat fionSeart condudtyathe | ayer

formed on the first planar sem conductor |ayer and the |ower region of the
first qlluigﬁxlé}llcgréW@Oq{,du&}p(gplypléy@} films 135 angigbé@msqﬂt@g fdon28nnd Hici on

concentrdg G T i EGH T L g hats toh Bl TbenRegRe TofeeRe 11 r st
col u Ioﬁﬁnnf\x?ﬂ H%Iﬁ&oli@%?[hio&cn %uox; I il gate insulating film formed on

t he si I'rs enlcoﬁﬁuctor Iayer bet ween the first

hi gh concentr a{ @B %6 INBHGHRL sth@N S oﬁﬂgpttcg'é%t ﬁﬁ&qpum i GRsGRRGE LS ati on

sem conduct or | ayer, SO as to surround the first co ar sem conduct or
| ayer ;metal in thegakd elsdroaetials poidite tndomael @pIibe of fhe Shandait BpibRSHkdbldde f 11 M so

as to surround the first gate |nsulat|ng film a first sem conductor film
f or medodewdritks fesiswtcendittial gad ¢lmtsde asd it & [gusibloumtbwichehefrigisincaet @k gate,
source and drain through a metal-silicon compound.

Normally, the natural oxide film on the surface of the silicon layer is removed by
hydrofluoric acid as a pre-treatment prior to sputtering the metal such as Ni or Co. At this time,
the insulating film 129 composed of an oxide film is protected from the hydrofluoric acid by the
insulating film 164 composed of a nitride film formed in a sidewall shape on the sidewall.
[0152] A contact stopper 173 of nitride film is formed, an interlayer insulating film 174 is
deposited and planarization is undertaken, as shown in FIGS. 74A to 74D.

[0153] A resist 175 for forming contact holes is formed above the columnar silicon layers
231 and 232, as shown in FIGS. 75A to 75D,

[0154] The interlayer insulating film 174 is etched to form contact holes 176 and 177 above
the columnar silicon layer 232, as shown in FIGS. 76A to 76D.

[0155] ‘The resist 175 is removed. Conditions on the substrate following removal are shown
in FIGS. 77A to 77D.

[0156] A resist 178 for forming contact holes above the planar silicon layers 233 and 234
and above the gate wire 221 is formed, as shown in FIGS. 78A to 78D.

[0157] The intertayer insulating film 174 is eiched to form contact holes 179, 180 and 181

above the planar silicon layers 233 and 234 and above the gate wire 221, respectively, as shown



film a first gate el ectrode conposed of the first netal filmand the
first sem conductor film a first insulating filmforned between the first
gate el ectrode and the first planar sen conductor |ayer; a second
insulating filmfornmed in sidewall shape contacting the upper sidewall of
the first columar sem conductor |ayesg and the top surface of the first
gate electrode so as to surround the upper region of the first col umar
sem conduct or | ayer; athirdinsulating filmformed in a sidewall
shape gontacteQe, igpe sidewal | of the first insulating filmand the first
gate electrode so as to surround the first gate electrode and the first
insul ating filBscare e @hracnt@ct7ofaad MedaRbOUR doRfnial Eisito LR 1URNAE2 and

sem conductor |ayer; 71 a second contact forned above the first planar
sem cothdgattact holy ¢79, 18dndi & hitvde denlmet sifie@niedralBiedtBe afd fisie gat e

el ectrode; wherein the first gate insulating filmand the first
metal  £4if mitad! aisVeined thypugthdifierans proewhasntharichimgicondidarst for fokmiperthe t he fir st
sem conduct or first insulating filmand the second insul ating

film contacl []°'°°2HG1HH€122?1‘?‘8’86'&&&1‘6?’“%\9‘10%'?32%@&2&?ﬁgd the chdiereonditioidpei n t he

t hi ckn f,the s n i i s thicker mof t he
t hi ckng)zﬁzmq the (homalpfjl gffqdltjg th L}Irégt‘jﬁ%‘@n}“r ’i’lrW%ﬁ ‘CP’P]@Y{“'I’?&E& 4cﬁ”dt he first
net al IHolvmhe gate wire 22?1 caﬂ_ggchstﬁ’m i:ig{lgldCt or device according to daiml or
Claim?2, further conprising a fi rst et al - seni conduct or conpound forned on

t he uppess|sur ﬁa:eecsgt 118 rEhéald. Woglkseangant tﬁ%h%{&ﬁ%ﬁ%ﬂ%&ﬁ{ e @Wﬁ Wher ei

4. The semiconductor device according to any of Clains 1 throug

t he | endgdfiSf8motd0®.center of the first columar sem conductor |ayer to the
edge of the first planar sem conductor layer is larger than the sum of the
| engt NMFUm t Hecanénat goppeolThis ewihddhelbw tlofcobhtuet Hdlesst79c by 8N 7% end tlanduct or

| ayer, the thickness of the first gate insulating film the thickness of

the fi¢g ‘éﬁlt"é?“&eééPﬁi@éFe“’Hﬁ‘éll%W@hﬂ%%‘kﬂ‘é’é\@ ipf 1eha 1thieBdDi nsul at i ng film

5. Th conduct r‘d‘ewc acc rdln any of Claips 1 through 4, further
conpr ﬁQ?ﬁ{P M Fd %’F'a‘l“g"é@ ‘ﬂ“%f”‘%ﬁﬁgmﬂ”@b‘r%‘acé’ﬁ YNt BH surface
?L taE;e/FoT‘ f?c(dé% B qﬁfls%é&ﬂg&gn tl}e to;g h]caeo%éih%}ol“& :Hdﬁged@?’({)ﬁgﬁ?)ew ce according
met al - amlconﬂuﬁ&@mm@@%@%df @HIRAROR, REoQR i 1 Eaa8A00 she second i gh

concentration sem conductor ayer A sem conduct or evi ce Corrprl Si ng a
first [D1@)si stine mand W4586 088latd mesm%plﬁqemv\ﬂa%eﬂsa ard $18nailEBndtf @RS (St Or

conprises: a first planar sem conductor |ayer;
form contacts 226, 227, 228, 229 and 230, as shown in FIGS. 84A to 84D, The contact 226 is
composed of a barrier metal layer 185 and metal layers 190 and 195. The contact 227 is
composed of a barrier metal layer 186 and metal layers 191 and 196. The contact 228 is
composed ol'a barrier metal layer 187 and metal layers 192 and 197. The contact 229 is
composed of a barrier metal layer 188 and metal layers 193 and 198. The contact 230 is
composed of a barrier metal layer 189 and metal layers 194 and 199.
[0163] A barrier metal layer 200, a metal layer 201 and a barrier metal layer 202 are
deposited in this order on the planarized surface, as shown in FIGS. 85A to 85D.
[0164] Resists 203, 204, 205 and 206 for forming a power source wire, an input wire and an
output wire are formed, as shown in FIGS. 86A 1o 86D,
[0165] The barrier metal layer 202, the metal 201 and the barrier metal layer 200 are ctched

to form power source wires 222 and 225, an input wire 224 and an output wire 223, as shown in



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

sem conduct or | ayer; 72 a first high concentration sem conduct or

| ayer of second conductive type forned on the | ower region of the first

col umar sem conductor |ayer and on the region of the first planar

sem conductor |ayer below the first cgl umar sem conductor |ayer; a
second hi gh concentration sem conductor |ayer of second conductive type
formed on the upper region of the first columar sem conductor | ayer;

a firsg A te afyl J. L. £ ) N l..of | fi,hst col umar
sem corr‘llo(lgfitg%} { | ayer Fl%’i@v@a%%%c%???%@@ﬁ?lgﬁo%%ggéﬁélbgt E%%‘%hg%ﬁrjﬁZgZ’ﬁl H%tf“gr
l'ayer B¢ 208@n8 aeanidr MeG SOMMONHELHVE SEIE GORAYS t Ol RYENof a 3RS [0
surround the first columar sem conductor | ayer; a first nmetal film
f or medmeotal laher Xl6r sthegalgeri 215 uhdh bagief mkial Boera@I 8t Ths puowngide first gate
insulating film a first sem conductor filmformed on the first netal film
so as tanpged olumtridrendtildgter dbt, almdtalllager 214 andfad rastiergadie lelee2t® oide conposed
of the first netal filmand the first sem conductor filnm a first

i nsul a4ty YT FArd FeeRpspreplilairierectalilpygr 2 hhwnaneialdeter dHleardricbariins ndtalst
planarlsgghgonductor | ayer; a second insulating filmfornmed in

si dewalt® pe contacting the upper sidewall of the first col umar

Sem COBdHEo RSN, LA aheD CHILGES Ol o LR 131 SR 00 o0

to sur d both regions ol"unmia ayer; a

t hi rd_iioﬂﬁwln%trktﬂgveﬁ idllerEhI)\Qﬁ 'EHE‘F’I(}SOS@—\% g@\.’al | shape contacting the sidevall of
the first insulating filmand the first gate electrode so as to surround

the fips67|gat evielt eetaboderandtibhmethonst isipasiblatd M8dddelafemiconduct@ dbVikst
nmet al - sem conduct or conpound formed on the top surface of the portion of

t he fiwil a binghhpoencespratanonbgeadncbngaic tiocirddayed tfeqramadsiiicontibery egi on bel ow
the first columar sem conductor | ayer; a third netal -sem conduct or
conpouk@ase PhtE fow apgourgnsatinadiéndf the first gate electrode; and, 73

Seigﬁgﬂfﬁﬁﬁt gg%i@?@g%ﬂgg&&g@%g%gg 6(];' I?qri}ggsgqul?isgg[ﬁ icEat(i)(ﬁ] bsyurre}c'b?cg]%e (I)J or;[ehe
(or more} preferred embodiment(s), it should be apparent that the preferred embodiment(s) may
be modified in arrangement and detail without departing from the principles disclosed herein and
that it is intended that the application be construed as including all such modifications and

variations insofar as they come within the spirit and scope of the subject matter disclosed herein.



and the second transistor conprises: a second planar sem conductor |ayer; a
second col umar sem conductor |ayer fornmed on the second pl anar

sem conduct or | ayer; a third high concentration sem conductor |ayer

of first conductive type formed on the |ower region of the second col umar
sem conductor |ayer and on the regi omypf the second planar sem conduct or

| ayer bel ow t he second col ummar sem conductor | ayer; a fourth high
concentration sem conductor |ayer of first conductive type fornmed on the
upper region of the second col urmah;s%m@onduct or |ayer; a second
gate insulating filmfornmed on the sidewall of the second col umar

sem conguet@ihiaygr between the third high concentrati on sem conduct or

| ayer and the fourth high concentration sem conductor |ayer, so as to
surround the seseoidnaelodedte sevideondbct or | ayer; a second netal film
formed on the second gate insulating filmso as to surround the second gate
i nsul ati ng 4 litstplanar semicand®eofgesem conductor filmformed on the second
metal filmso as to surround the second netal film a second gate el ectrode
conmposed of? feca@bigermspriuctor favenivamehen e diow ¢l asermemorddetiariafer; | m

a fourth insul ating filmforned between the second gate el ectrode and the
second pl arfb‘lﬁlls R g‘ﬂﬁﬁ'ﬂl’?ﬂ@? sgraigapductor layer fgrped mthe HE PROMHEMIGOPAYASTr med i n

si de - ‘ ntactin e upper sidewall of the second col umar
i Mg%cﬁ%ngﬂ]%l]g‘ggr[@%{h}éo%gﬁ %gglélﬂlr“ SEBTEGY 8¥%Eond gate el ectrode so as

sem conduct or ac

to surround, &B&d iR, ERELARHOE sdllEoRBEOP &' SEMLGANINGE QL hAYer; 74
a sixth insulati ngg}i I'm f[o.r]rrle?:l(’ i noa st?dg&%g?{f“?r}g%g%ggaﬁ{igg ﬁﬁ%%ﬁ%ﬁ}éﬁdeml I
of t heniflottrichntiaiob kahica@iutiol Myan ehrhRe of 8eAPFed8Li8n Bl BEIEQUSILERaRS O
surround the second gate el ectrode and the tourth insulating film a

f our t kemitoatu@entaponduct or conpound forned on the top surface of the
portion of the third high concentration sem conductor layer formed in the
regi on bel dviitshastsiagdeitedbindmmesd aehd sidewaltelohe fiamyeripmnar semiconductor

layer between the first high concentration semiconductor layer and the second high concentration
semiconductor layer, 5o as to surround the first columnar semiconductor layer;

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

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

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

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

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

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

a first contact formed above the first columnar semiconductor layer;



a fifth netal -sem conductor conpound fornmed on the top surface of the
second gate el ectrode; and, a sixth netal - sem conductor conpound
formed on the top surface of the fourth high concentration sem conduct or
| ayer; wherein the first gate insulating filmand the first netal
filmare covered by the first col umar; sem conductor |ayer, the first
sem conductor film the first insulating filmand the second insul ating
film and the second gate insulating filmand the second netal film
are covered b _ mar:.seni con r.layer, the second
seniconducS%$¥?%P%¥§§ﬁggﬂ%ﬁg#ﬁgpﬁgﬁﬁﬁﬁ%ﬁbggﬁﬁﬁﬁgﬂﬂl%H%’?F%th i nsul ati ng
film a thfid TG SO AABIUChOTr gL ERoREOT di Ng Lo Claim 7, wherein the
first gate insulating filmand the first netal filmare forned from
mat eri al s thiadreimatheefitshentd insdhtiter psdngtied fienhapCeivent cbypel byaRd first the
second ?ate insulating filmand the second netal filmare fornmed from
mat er i ellgnpdigemigakdictondayse tlond st seemsindtwor fdmhaiedesemiddiypéim and the 9. The
sem conductor device according to Claim7 or Claim8, wherein the thickness
of thescs@tondtldtimedi@t ing filmis thicker than the sum of the thickness of
the first tﬁ i nsul at i ilmand the thickness ofthe first nmetal film

c

f
10. The se H’d;ﬁ'@f“k&’f“ti‘ifg‘g'iC@é“"éé@&f“&%'@ laimy hyvhisreieths; thigkness eftbeigpeomgl
wher ei; [INP. - ter of the fjrst col duct
oy Malilfhe ARGL INOEPM IR FEN e BlodhBS ol bk S e TRk Pl FETRET Phan

the sumcRfest DEiLk eI @M the center to the sidewall of the 75 first
col umar sem conductor |ayer, the thickness of the first gate insulating

film the thitknessopducidriievict hebrddt ® @higct hodriRndnthe bhixakngasiQf the

third insulating film 1. The sem conductor device according to any of

d ai mendaltdenougdud e, conpened furmeden fHenphercoraieattivvelityligh tdcenttayipe, the
second conductive type is pd- type, and the first and second

col unmfamicenidyreset or | ayers and the first and second pl anar seni conduct or

| ayers are ,qe of  silicon. . . 12. A sem conductor device production
met hod, bei@ S SHBICABGICHT dBYisRItreriting henk eht bona LB enehdewhersingbe bnghng to

fC: ?Islnflb ‘12H%r°%§t%f§§i ﬁ%&{;cg},u%i’ngfﬁgﬁusco;g&ctcﬁrle?ﬁ,?'{(; lﬂg e(?gefoifghset ﬁi%tt ;{Iz!dﬁ& ure having: a
semiconductor layer is larger than the sum of the length from the center to the sidewall of the
first columnar semiconductor layer, the thickness of the first gate insulating film, the thickness of
the first gate electrode and the thickness of the third insulating film.

5. The semiconductor device according to any of Claims 1 through 4, further comprising
a third metal-semiconductor compound formed on the top surface of the first gate electrode.

6. The semiconductor device according to any of Claims [ through S, further comprising
a second metal-semiconductor compound formed on the top surface of the second high
concentration semiconductor layer.

7. A semiconductor device comprising a first transistor and a second transistor, wherein:

the first transistor comprises:

a first planar semiconductor layer;

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



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

sem conductor |ayer and a hard nask fornmed on the top surface of the first

col utmar sem conduct or; a first high concentration sem conduct or

| ayer fornmed on the | ower region of the first columar sem conductor |ayer

and on the region of the first planary;psem conductor |ayer below the first

col umar sem conductor layer; and a first insulating filmfornmed on the

first planar sem conductor |ayer; a process for formng a seventh

i nsul ating iﬁlls?ﬂ.ioﬁc&i{ycﬁtgati%ﬁtséjnicfn'ldleo?pd@etaoﬁsgégng c%?cﬂ"cﬁ\gp %ﬁg el b p] in that
e first e; a process for e i ng t%g i

order, on t _ structure; _ _ rd
sem coRdyeie@lonff ki® @BRtol@MAL ROniBorRuseMAL L SHBRMARHLAGS §§eq@%’ﬁ@w\nap n the

first columar sem conductor |ayer; a process for e ing the third
met al deirlicondacol legaribogwaths tigdewsilihn ahapeodtudidi@aywi.dewal | of the first
col umar sem conductor | ayer; a seventh insulating filmetching

process f ora stohing cdrecgeviensdmicmsiubat lapg dfistamndndnduedwd mge foracdenal
shape fn the sidewall of the first columar sem conductor |ayer; and

a f ourtt'hURRSHTESTRIdb o st sqlwmmas seraicpadicpt dyess for forning a fourth

sem conductor filmon the result of the seventh_.insulating filmetching
process. fé““éﬂm’”mg§mgfﬂg[Eéﬂﬁk%ﬁﬂﬁégﬁwﬁHgah%E“%?%HWE@WSW“W@@%@H

' G ai.m 12, f LaSomprising: oo .8 pr f | anari zi
e 0 e ST s DS R
resul tse@ﬁqoﬁ@@ct&qg{]ééfkfosa‘é‘@3 ﬁQl%gH&Fh? {f}:‘%&)ﬁﬁﬁn&r @i%@ﬂu%ﬂ)%?&s and exposing the

upper region of irst netal I'rs al filmand first

gat e i nsul atfisegnéthl fim FH@RL di0iNe PrREES SnshRlin@HER NS bRErbIHITEL 1BE & fi1 m and
the seventh insulating filmso that the upper sidewall of the first
col umasulgegifdmnduct or | ayer is exposed to formthe first netal film and

the first gate insulating film and, a process for formng a first
oxi de fi | madHstsmiqoadugter fom fomecdranribe firsetmatal fijm ne amid shirpwk! thafist inaslul at i ng
filmfqrmation process. 14. A sem conductor device production

met hod,"bei ng a method of producing the seniconductor device according to
aCI ]‘?: ;ns'% Slngi Aﬁ?{@éé}eﬁ?%c@rﬁ%&:@io%ﬁg@épz st RL&PA 0% e ?i?s%gé}gicgtg LE%&)E‘%[H?; havi ng:
a first insulating film formed between the first gate electrode and the first planar
semiconductor layer;
a second insulating film formed in sidewall shape contacting the upper sidewali of the
first columnar semiconductor layer and the top surface of the first gate electrode so as to
surround both regions of the first columnar semiconductor layer;
a third insulating film formed in a sidewall shape contacting the sidewall of the first
insulating film and the first gate electrode so as o surround the first gate electrode and the first
insulating film;
a first metal-semiconductor compound formed on the top surface of the portion of the
first high concentration semiconductor layer formed in the region below the first columnar
semiconductor layer;
a third metal-semiconductor compound formed on the top surface of the first gate

electrode; and,



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

sem conduct or | ayer; a first high concentration sem conductor | ayer
formed on the | ower region of the first columar sem conductor |ayer and on
the region of the first planar sem conductor |ayer below the first col umar
sem conductor | ayer; a first gate insulating filmformed on the
sidewall in the mddle region of the first columar sem conductor |ayer so
as to surround the first columar sem conductor |ayer; a first netal
filmforned, g i LSt | i Rg filmso as to syurround, t.he first
gate | nour ot ng el itk ol SR Rkl IR SIS SR RN IEE, et e
film s@nasitiabos WikiosclohRyédi rst metal a first gate el ectrode conposed of
the first netal film and t%e first sem conductor film 77 a first

i nsul ati ng dnidlthe feomieehnbRtoneenpide first gate el ectrode and the first

pl anar sem conductor |ayer; and a process for formng a second high
concent r at i oceEntownsductardubay byernf t he sane conductive type as the first
hi gh concentrati on sem conductor |ayer on the upper region of the first

col ummar s ehiCeyRdvetiar byiepndyalot heesiorasrdonsthe sespud plaby smjcendiiciy a dopant
at an ﬁngje of 10 degrees to 60 degrees, with a line orthogonal to the
subst r'd¥? being 0 degr ees. 15. A semi conduct or devi ce production

t hod, being.. t duci the senpi.conduct or  devi ¢ prdi t
Gaim 1 and bR RGeS e e e SRR e R PR havi ng:
first IB%@H@%ioﬁ%ml&%@a)‘t{@thfuanQy@:Fﬁic@'ld[i&t&slta GAhy IRl 280 SANIUGHRS HhAyer
formed on the first planar sem conduct or yayer; a first hl%ﬁ

concenemadon@ict&e iy 0BdUahOech @Y &urhRd: ¥BdicBRJLAR 1dyemer region of the first
col umar sem conductor | ayer and on the region of the first planar

sem conductadbuilialigh coaleomatiohaeihicosducanllamar (iiSedind g Ofpe fodnay & the a
second hi gh concentration sem conductor |ayer of the same conductive type
as t heipperrrggiopjogihcserned soluanpownderidedadaxtror | ayer, formed on the upper
region of the first columar sem conductor |ayer; a first gate
i nsul at i ng #SFrndrEgienBayBred e feimpdwa the gewalkolfthy seonsiglolimiy  sem conduct or
| ayer hetwe n‘tgert'rsg_hf \..concentration sem co dquor.l yer and the
secon&uﬁﬁﬁﬁﬁﬁgﬂ %ﬁ?bgp?gh&g@HV@BQHHHP&ﬂ”ﬁ@VéVTmgﬁﬂﬁg“‘6m§ﬁ Y he first
col umgady, &)?1%1&:91“9:99&19%116@&% fayer, $0 as to surround the second columnar semiconductor
layer;
a second metal film formed on the second gate insulating film so as to surround the
second gate insulating film;
a second semiconductor film formed on the second metal film so as to surround the
second metal {ilm;
a second gate electrode composed of the second metal film and the second semiconductor
fitm;
a fourth insulating film formed between the second gate electrode and the second planar
semiconductor layer;
a fifth insulating film formed in sidewall shape contacting the upper sidewall of the
second columnar semiconductor layer and the top surface of the second gate electrode so as to

surround the top region of the second columnar semiconductor layer;



a first netal filmfornmed on the first gate insulating filmso as to
surround the first gate insulating film a first sem conductor filmforned
on the first netal filmso as to surround the first nmetal film a first
gate el ectrode conposed of the first nmetal filmand the first sem conductor

film 78 a first insulating fij4nforned between the first gate
el ectrode and the first planar sem conductor |ayer; a process for formng
an eighth insulating filmon the third structure; and a process for

o o1 2 EaOndu iRt 3 Ml DY R IO A S A AR YOGl L T 1 2

si dewal | shape so t h1nsu I'ng m rena Y face of

the fimsila@at @neARGhE %@@n@@%&l%‘o‘d@@@és Bisdanald ti}@gec& re{Eé;) @@étr(ﬁig Lmar

sem conduct or | ayer. sem conduct or device uction nethod,
bei ng @uretilsathtiog fipioduci ng the seni conductor device according to Claim1l
and conprising: a process for preparing a fourth structure having: a first
pl anar semnicondbotetal-staicenducar tomptund dbinadan Bewpcomnshiect die doaye@roffier ned on
the first planar sem conductor |ayer; _ a first high concentration
seni cofdddtghreonegpiptigneaepndvcteiaydr dawned i ficapsiof beltwe tfd sesandaolumaar

sem conduct qr layer and on the region of the first planar sem conductor

| ayer 158I'GW ‘(‘ﬂ%‘a%y‘?st col umar semi conduct or | ayer; a second high

concentrati.op..seni. tor, lLayer of .the same conductiye type as the first
hi gh concen%{?{éif ﬁ‘g}ﬁ‘?"gée?%gglbd% Q5 Y EPPQUAS Syrmed Op thefog s “r‘féoﬁ_@ﬁé&o 1g§i“bn of the
first gohlaBamhdsem conductor |ayer; a first gate insulating film

formed on the sidewall of the first columar sem conductor |ayer between

the first highhaendsshiahdiRbrE8RbSARAYGIQNonl @Y R saffbeldteheSBEANGihi gh
concentration sem conductor |ayer, so as to surround the first col ummar

sem condusiatiot seypeegnductor laya; first metal filmforned on the first gate
insulating filmso as to surround the first gate insulating film
wherein the first gate insulating film and the first metal film are covered by the first
columnar semiconductor layer, the first semiconductor film, the first insulating film and the
second insulating film, and

the second gate insulating film and the second metal film are covered by the sccond
columnar semiconductor layer, the second semiconductor film, the fourth insulating film and the
fifth insulating film.

8. The semiconductor device according to Claim 7, wherein the first gate insulating film
and the first metal film are formed from materials that make the first transistor enhancement-type,
and

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

9. The semiconductor device according to Claim 7 or Claim 8, wherein the thickness of
the second insulating film is thicker than the sum of the thickness of the first gate insulating film
and the thickness of the first metal {ilm.

10. The semiconductor device according to any of Claims 7 through 9, wherein the
length from the center of the first columnar semiconductor layer to the edge of the first planar

semiconductor layer is larger than the sum of the length from the center to the sidewall of the



a first sem conductor filmformed on the first nmetal filmso as to surround
the first nmetal film a first gate el ectrode conposed of the first netal
filmand the first sem conductor film a first insulating filmforned
between the first gate electrode and the first planar sem conductor |ayer;
79 a second insulating filmformed in sidewall shape contacting the
upper sidewall of the first columar sem conductor |ayer and the top
surface of the first gate electrode so as to surround the top region of the

first : ay ! QL. layer.i o Third. i ating. filmformed in
2 55 et AR SETICCRREHE L, W Ellonces pf g S b BB Rl Mo R e

the fimstirgahe cRLRSdS DdehSPicREest Of URKiRUAIANE filaf st gate el ectrode and the
first insulating film and a first gate wire connected to the first gate

el ectrode; 1. Eheconicasducsitrdpyes adcordivat to@Ry pr oress? fhesughanMvRgeia: cont act

stopper on the fourth structure; a process for corning an interlayer

i nsul ati ng the first sendasliveoysuis y+type, resul t of the contact stopper formation

process; . a(grocess for formng a first resist on the interlayer

i nsul ati ng H¢ pssPnesErudivegyrsts pbprréfandhe first col umar sem conduct or

| ayer; . .a process for etching the interlayer insulating film and

formng a ¥ BPhgheed & “@abﬁ""@‘lg‘é‘qrclh‘f’éPa!yaVé‘P‘y ﬁ‘ﬁ_éih?iétlﬁ‘ FRSORY PRES T 1 st

resi Stk QIRUALOARREERS 0L oF QBN NG the First resist; a process for
econd Tesist on

formng a s eresult of the first resist renoval process,

excl udi ng on tA&nfibdRilicll &RA%L ﬁ&ﬂk&&ﬂﬂ%ﬁ%@fbe‘h%ﬁﬁet%hd igﬂo&aﬁ] Jt{l(g st gate

W re; a process for etching the interla Insulating filmand

f or m ngmicopesandiceRBhaskdih@laCiom 1 apd emprignd i r st pl anar sem conduct or

| ayer and formng a third contact hole on top of the first gate wire, on

t he i nt erl| ayeecesn®ubepiamgg 4 fitstgtnatupe boéss for renmoving the second resist;

and a process for formng a first contact positioned above the first
col umar sénfitgigtenae saricongdjelor lagersecond cont act positioned above the first

pl anar sen%ﬁpndu?tor | ayer and a third contact positioned above the first

gate wire On'PHEURTAEFCREGBELT HEFEORHEOSBE Hrd PEBHIERICORGIEOTANET BHE t hi rd
cont aq{[archtg)llasq(’ fol & (?nctlhle Yo%l Siiface of the first columnar semiconductor;

a first high concentration semiconductor layer formed on the lower region of the first
columnar semiconductor layer and on the region of the first planar semiconductor layer below
the first columnar semiconductor layer; and

a first insulating film formed on the first planar semiconductor layer;

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

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

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

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

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

on the result of the seventh insulating film etching process.
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13. The semiconductor device production method according to Claim 12, further
comprising:

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

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

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

14, A semiconductor device production method, being a method of producing the
semiconductor device according to Claim | and comprising:

a process for preparing a second structure having:

a first planar semiconductor layer;

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

a first high concentration semiconductor layer formed on the lower region of the first
columnar semiconductor layer and on the region of the first planar semiconductor layer below
the first columnar semiconductor layer;

a first gate insulating film formed on the sidewall in the middle region of the first
columnar semiconductor layer so as to surround the first columnar semiconductor layer;

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

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

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

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

a process for forming a second high concentration semiconductor layer of the same
conductive type as the first high concentration semiconductor layer on the upper region of the
first columnar semiconductor layer on the second structure by injecting a dopant at an angle of
10 degrees to 60 degrees, with a line orthogonal to the substrate being 0 degrees.

[5. A semiconductor device production method, being a method of producing the
semiconductor device according to Claim | and comprising:

a process for preparing a third structure having:

a first planar semiconductor layer;

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

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

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

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

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

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

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

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

a process for forming an eighth insulating film on the third structure; and

a process for forming a second insulating film by etching the eighth insulating film in a
sidewall shape so the eighth insulating film remains on the top surface of the first gate clectrode
and the upper sidewall of the first columnar semiconductor layer.

F6. A semiconductor device production method, being a method of producing the
semiconductor device according to Claim 1 and comprising:

a process for preparing a fourth structure having:

a first planar semiconductor layer;

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

a first high concentration semiconductor layer formed on the lower region of the first
columnar semiconductor layer and on the region of the first planar semiconductor layer below
the first columnar semiconductor layer;

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

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

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

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

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

a first insulating film formed between the first gate electrode and the first planar

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

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

a first gate wire connected to the first gate electrode;

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

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

a process for forming a first resist on the interlayer insulating film, excluding on top of
the first columnar semiconductor layer;

a process for etching the interlayer insulating {ilm and forming a first contact hole on the
interlayer insulating film;

a first resist removal process for removing the {irst resist;

a process for forming a second resist on the result of the first resist removal process,
excluding on the first planar semiconductor layer and on the first gate wire;

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

a process for removing the second resist; and

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

contact hole, respectively.



