SEMICONDUCTOR DEVICE AND PRODUCTION METHOD THEREOF
CROSS-REFERENCE TO RELATED APPLICATION [0001]This application claims the benefit
of Japanese Patent Application No. 2009-189262 filed on August 18, 2009, the entire
disclosure of which is incorporated by reference hgrein. 5[0002]This application relates
generally to a semiconductor device and production method thereof. BACKGROUND
100031Semiconductor integrated circuits, particularly integrated circuits using MOS

transistors, ha\SEnIreeaBiNasR DER RN BER MRE TRONNET R OTEDIATEREcUIts
have 10been downsized to nano sizes as the integration level is increased. As MOS
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direction and the gate surrounds 15a columnar semiconductor layer (for example, see Patent
LitePatur@002j0004] s e icatératstates] s9neximinednivandsadP deaireApgliatostikORethod
Publicatjon Na. H2-71556 [0005]In an SGT, a channel region is formed in the side surface of
a columnSf ¥emiconductor layer to surround the columnar semiconductor layer. Therefore, it
is possible to 20attain a large width of the gpie-iR@@e@Npccupied area. In order for an SGT
having this structure to operate, it is necessary for a large ON current to flow in a small
occupiefP8fdh. Hobeavieornbedauseagistelifficultito pppbpanplrgs ovedthieceas keengdd@sain in
accordance with the desired current when the source and drain have high resistance, the
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necessary to reduce the resistance of contacts
smaller, problems occur such as difficulty in controlling the leak current and difficulty in

reducing the area occupied by the circuits while assuring a necessary current quantity. In order
to resolve these problems, surrounding gate transistors (SGT) have been proposed in which the
source, gate, and drain are provided on a substrate in the vertical direction and the gate surrounds
15 acolumnar semiconductor layer (for example, see Patent Literature 1)
[0004] [Patent Literature 1]  Unexamined Japanese Patent Application KOKAI Publication
No. H2-71556
[0005] In an SGT, a channel region is formed in the side surface of' a columnar
semiconductor layer to surround the columnar semiconductor layer. Therefore, it is possible to
20  attain a large width of the gate in a small occupied area. In order for an SGT having this
structure to operate, it is necessary for a large ON current to flow in a small occupied area.
However, because it is difficult to apply a voltage on the source and drain in accordance with the
desired current when the source and drain have high resistance, the desired current cannot flow.
Therefore, a method of producing an SGT in which the source and drain are designed to have
25  low resistance is necessary. Furthermore, it is also necessary to reduce the resistance of contacts
in order for a large ON current to flow in the small occupied area.

[0006] In the SGT, the columnar semiconductor layer needs to have a small diameter in




in order for a large ON current to flow in the small occupied area. [0006]In the SGT, the
columnar semiconductor layer needs to have a small diameter in 2 order to diminish leak
current accompanying downsizing. [0007]When the columnar semiconductor layer has a small
diameter, the diameter of the columnar semicondugtor layer is smaller than that of the contact
layer formed on the columnar semiconductor layer. In this case, if over-etching occurs during
forming contact holes by etching 5in the step of forming a contact layer on the columnar

semicongueion | aykh SRLCEYES ReREM G CRWAGLIRYer on the columnar semiconductor

layer and the gate electrode formed around the columnar Semiconductor layer may easily
occur SUMMARY [80@8hbequmpasscniithedrase tiyapjricationlisitenprov) de distnetiuce bt a
contact layer 10 preventing short circuits between the contact layer on a columnar
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order to achieve the above purpose, a method tor producing a semiconductor device
accarding: thestéstagpadhghtte pre sank applicatitmeampntesidlostepnfspoeparing a
structure provided with a substrate, a planar semiconductor layer formed above the substrate

and a colSHYRER SISARISHALRYSE P4y6F FOlHTBRRDFF RSP SRR IIE 8P Rag/ptrode Sormgd of
i SRS R gl semiconditr s
columnar semiconductor layer; a step of fgIMiIMg AIate electrode on the gate insulating
film so as to surround the columnar semiconductor layer;

[0008] The purpose of the present application is to provide a structure of a contact layer

10 preventing short circuits between the contact layer on a columnar semiconductor layer and the
gate electrode formed around the columnar semiconductor layer and obtaining low and stable
contact resistance, and a production method thereof,

[0009] In order to achieve the above purpose, a method for producing a semiconductor
device according to a first aspect of the present application comprises:

15 a step of preparing a structure provided with a substrate, a planar semiconductor layer
formed above the substrate and a columnar semiconductor layer formed on the planar
semiconductor layer;

a step of forming a first source or drain region in a lower part of the columnar
semiconductor layer and in the planar semiconductor layer;

20 a step of forming a gate insulating film around the columnar semiconductor layer;

a step of forming a gate electrode on the gate insulating film so as to surround the
columnar semiconductor layer;

a second drain or source region formation step of forming a second drain or source region
in an upper part of the columnar semiconductor layer;

25 a contact stopper film formation step of forming a contact stopper film on a resultant

structure of the second drain or source region formation step;




a second drain or source region formation step of forming a second drain or source region in
an upper part of the columnar semiconductor layer; 25a contact stopper film formation step of
forming a contact stopper film on a resultant structure of the second drain or source region
formation step; 3 a step of forming a contact injerlayer film on the contact stopper film so
as to embed a resultant structure of the contact stopper film formation step; and a contact
layer formation step of forming a first contact layer on the second drain or source region,

wherein 5the cantasblapemiaraianiaten-cRNP IS RiReeR oo ateR ok iorsineda
first pattern on the contact interlayer film, the first pattern corresponding to a region where the

first contegev layepiyes tveofohn edntace sioprst idle fomatigorsisiepst etching the contact
interlayer film to the contact stopper film using the first pattern so as to form a first contact
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stopper {ildOrgmaining.@la bottom of the first contact hole by etching, and a projection
of a bottom surface of the first contact hole onto the substrate is within a circumference of a
projécted profilthotthércidajactstoppen filen ontpitisessalpstreatefaheationtsicp stojopaitfim fiovimed
on a top surface and an upper s}igé?vy\:‘ﬂ oféhe columnar semiconductor layery. 1%?&[{01%%
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formation step comprises: a step of forming a second pattern on the contact interlayer film, the
second pattercoatrrespppetifigriaising gieriwhsrecthesecontbooatict kyreadshodéfohmBot a
step of etchingdthe contact interlayer film_to the contact stopper film using the secondé)attern

to form £¥LeTHavEERAL RIS AThtRRPSE BRI LBMALTRR /A TRy e {bp SBarh S\RRFIHE Rontact
stopper film.izm miagg@ i bAHREHRL 0, SRPRDA GORIRGHBOIG Py etching,  the second

contact hole is forme at a side surface of the second contact hole is nearly
perpendicular togheestibstséitebaindn surfine bitshedintacbiale lis lfosme chsaibsitan iavethige
inclination of a side surface of the first contact hole is larger than an average inclination of a

side surfé&fél@f“%l%f‘e%%ﬁareiﬁ%aémﬁ@ Q%Tmtmﬁétmﬁi%wf@ﬁﬁahﬁifﬁ%ﬁqﬁawct
further C&%@?%lﬁl%?{%%j SR E%Bts'l?}%‘%ef%“ z?fpggber sidewall of the columnar semiconductor layer.

[0010} The contact layer formation step further may comprise a second contact layer
15 formation step of forming a second contact layer on the first source or drain region;
the second contact layer formation step comprises: a step of forming a second pattern on
the contact interlayer film, the second pattern corresponding to a region where the second contact
layer is to be formed; a step of etching the contact interlayer film to the contact stopper film
using the second pattern to form a second contact hole for the second contact layer; and a step
20  removing the contact stopper film remaining at a bottom of the second contact hole by etching,
the second contact hole is formed so that a side surface of the second contact hole is
nearly perpendicular to the substrate, and
the first contact hole is formed so that an average inclination of a side surface of the first
contact hole is larger than an average inclination of a side surface of the second contact hole.
25 [0011] The contact layer formation step may further comprise a second contact layer formation
step of forming a second contact layer on the first source or drain region and a third contact layer

formation step of forming a third contact layer on a gate wire extending from the gate electrode,




step of forming a second contact layer on the first source or drain region and a third contact
layer formation step of forming a third contact layer on a gate wire extending from the gate
electrode, 4 the second contact layer formation step comprises: a step of forming a
second pattern on the contact interlayer film, the second pattern corresponding to a region
where the second contact layer is to be formed; a step of etching the contact interlayer film to
the contact stopper film using the second pattern to form a second contact hole for the second

contact layer; ajpd @&60 Qfnptame¥ING e LANREIApRSIHIIMEBIAiBIRoM AbRkaPatiien
second contact hole by etching, the third contact layer formation step comprises: a step of
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third contact hole by etching, the second contact hole is formed so that a side surface of

the Secormhosimatihaletisirmterpepiipendolag to tHetelnsifate, secortthedhiad bolthgtddimis
formed so that a side surface of the, third contact hole is nearly per#)endicular,to the substrate,
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hole. [0012] The confact layer formation step may furthér comprise: a second contact layér
formatiomdie foohfamistgpan S ecbing dontaataetyietedn e dinsts thercentrcdsaippeedibn uaing ehehird
contact layer formation step of forming a third contact layer on a gate wire extending from the
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where the second Contact layer Is to be formed; a step of etching the contactinterlayer film to
the contact stogpesetitndusing dhieoterdothpattenhioafeida afhcoafisonteatdhalathor bé second
contact layer; and a step of 25removing the contact stopper film remaining at a bottom of the
second CGATHCRHBRAHGHRIERIHE SUbsESNird contact layer formation step comprises: a step of
forming a third Rl%tﬁlﬁ
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perpendicular to the substrate, and
15 the first contact hole is formed so that an average inclination of a side surface of the first
contact hole is larger than an average inclination of a side surface of the second contact hole.
[0012] The contact layer formation step may further comprise: a second contact layer formation
step of forming a second contact layer on the first source or drain region; and a third contact
layer formation step of forming a third contact layer on a gate wire extending from the gate
20  electrode,
the second contact layer formation step comprises: a step of forming a second pattern on
the contact interlayer film, the second pattern corresponding to a region where the second contact
layer is to be formed; a step of etching the contact interlayer film to the contact stopper film
using the second pattern to form a second contact hole for the second contact layer; and a step of
25  removing the contact stopper film remaining at a bottom of the second contact hole by etching,

the third contact layer formation step comprises: a step of forming a third pattern on the

contact interlayer film, the third pattern corresponding to a region where the third contact layer is




5 to be formed; a step of etching the contact interlayer film to the contact stopper film using
the third pattern to form a third contact hole for the third contact layer; and a step of removing
the contact stopper film remaining at a bottom of the third contact hole by etching, the second
contact hole is formed so that a side surface of the gsecond contact hole is 5nearly
perpendicular to the substrate, the first contact hole is formed so that an average
inclination of a side surface of the first contact hole is larger than an average inclination of a

side surfgose 9btheSCE AUMARIAEAML: intdh8ythirdsantacthnlgisdypeed spubat an

average inclination of a side surface of the third contact hole is larger than an average
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step may further comprise a second contact layer formation step qf forming a second contact
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second resist using lithography to form a second pattern, the second pattern corresponding to

a redionwhigyepthgesdicolad toohtasthstyee.is to be 15formed; and a step of etching the contact
interlayer film tgo the contact stopper film usin%ﬁhe second pattern,to form a secqnd contact
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step, the first patter is formed so as to correspond to the region 20where the first contact fayer
is to be formedtanthihicoagicnvlkeésddimcthscdticaniaet daaer itsctodiehiorfraeddo yaifyky ol fee findtd
resist on the contact interlayer film and patterning the first resist using lithography, in the
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the second contact layer formation step comprises: a step of applying a second resist on
the contact interlayer film and patterning the second resist using lithography to form a second
pattern, the second pattern corresponding to a region where the second contact layer is to be
15  formed; and a step of etching the contact interlayer film to the contact stopper film using the
second pattern to form a second contact hole for the second contact layer,
in the contact layer formation step, a third contact layer is further formed on a gate wire
extending from the gate electrode,
in the pattern formation step, the first patter is formed so as to correspond to the region
20 where the first contact layer is to be formed and the region where the third contact layer is to be
formed by applying a first resist on the contact interlayer film and patterning the first resist using
lithography,
in the contact hole formation step, the first contact hole and a third contact hole for the
third contact layer are formed by etching the contact interlayer film to the contact stopper film
25  using the first pattern,

the contact stopper film removal step is performed after the first contact hole, the second

contact hole and the third contact hole have been formed,




6 in the contact stopper film removal step, the contact stopper film remaining at bottoms of
the first contact hole, the second contact hole and the third contact hole are removed by
etching, the second contact hole is formed so that a side surface of the second contact
hole is nearly perpendicular to the substrate, 5the fyst contact hole is formed so that an
average inclination of a side surface of the first contact hole is larger than an average
inclination of a side surface of the second contact hole, and the third contact hole is

formed so that ARV ESRGE: iﬁSBBéﬂﬁﬂrﬁfeﬁqéiQ?s‘ﬁéﬁfﬂ%c%f&lﬁ thipcaniacthalgiig larestdhans
an average inclination of a side surface of the second contact hole. 100141 The contact layer
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patterning thé second resist using lithography to form a second pattern, the second pattern
corrésponding tbedfiregiontachbobethdecorm tontacs Yayereisithidboe tdmsatt amdaacrefiba first
where the third contact layer is to be formed; and a step of etching the contact interlayer film
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formation step, the first patter is formed so as to correspond to the region where the first
contact layends fioloé largee chby applying: anlitbiatesisifansifesocftacififnie dayer 20fitae Erde.
patterning the first resist using lithography, the contact stopper film removal step is
performd%ﬁdﬂéF@@ﬂ%@%d?ﬁﬁ'&f‘lﬁm@}?ﬁét%&'ﬂ?{df%?ﬁé%‘?lﬁﬁi'@%éeﬂ%“irﬁiﬂé Burtaeniastdpate
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removeaiiydeiehing |Rtha aqeend coptagidinidisnatmgatiseltbabaeside surface of the second

contact hole is nearly perpendicular to the substrate, 7
the second and third contact layers formation step comprises: a step of applying a second
resist on the contact interlayer film and patterning the second resist using lithography to form a
second pattern, the second pattern corresponding to a region where the second contact layer is to
15  be formed and a region where the third contact layer is to be formed; and a step of etching the
contact interlayer film to the contact stopper film using the second pattern to form a second
contact hole for the second contact layer and a third contact hole for the third contact layer,
in the pattern formation step, the first patter is formed so as to correspond to the region
where the first contact layer is to be formed by applying a first resist on the contact interlayer
20 film and patterning the first resist using lithography,
the contact stopper film removal step is performed after the first contact hole, the second
contact hole and the third contact hole have been formed,
in the contact stopper film removal step, the contact stopper film remaining at bottoms of
the first contact hole, the second contact hole and the third contact hole are removed by etching,

25 the second contact hole is formed so that a side surface of the second contact hole is

nearly perpendicular to the substrate,




the third contact hole is formed so that a side surface of the third contact hole is nearly
perpendicular to the substrate, the first contact hole is formed so that an average
inclination of a side surface of the first contact hole is larger than an average inclination of a
side surface of the second contact hole, and 5the fiyst contact hole is formed so that the
average inclination of the side surface of the first contact hole is larger than an average
inclination of a side surface of the third contact hole. [0015] The method may further comprise
an oxide film fotmaatioh tepdhideifgrandxideatiiniite auidase of ausitiewalimcaivlipipaearly
sidewall of the columnar semiconductor layer, wherein in the contact stopper film formation
step, thePeBIRAHESyIpEhgitPRfASmed on a 10resultant structure of the oxide film formation

step, and the et stopRariD io:a.sllgan Aliide JUm, JORIALTING SemIGANANEISr doHiCh:
according to a second aspect of the present application gomprlses: a subs raste; 1%a planar

semiconewitet layeisfeimaedhan dheselagl aleieeiwnssidsemiaendngiosdayal éanmechon:thed
planar semiconductor layer; a first source or drain region formed at a bottom of the columnar

semiconductor #/8rstrediashepbr dinosmed srcd aegrony rsrasdachinaiaipdhpaiecuiece ofUifthar

semicongystor [aYer, 202 gale lpsulating fim oumed around he colmny somionductor
Iayer, a gate electrode med on the gate Insulating film SO as to surroun e columnar
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second contact layer formed on the first source or drain region; and
in a form of a sidewall on an upper sidewall of the columnar semiconductor layer, wherein
in the contact stopper film formation step, the contact stopper film is formed on a
10 resultant structure of the oxide film formation step, and
the contact stopper film is a silicon nitride film.
[0016] The semiconductor device according to a second aspect of the present application
comprises:
a substrate;
L5 a planar semiconductor layer formed on the substrate; |
a columnar semiconductor {ayer formed on the planar semiconductor layer;
a first source or drain region formed at a bottom of the columnar semiconductor layer;
a second drain or source region formed in an upper part of the columnar semiconductor
layer;
20 a gate insulating film formed around the columnar semiconductor layer;
a gate electrode formed on the gate insulating film so as to surround the columnar
semiconductor layer;
a first contact layer formed on the second drain or source region;
a second contact layer formed on the first source or drain region; and
25 a third contact layer formed on a gate wire extending from the gate electrode,

wherein a side surface of the second contact layer is nearly perpendicular to the substrate,

and




25a third contact layer formed on a gate wire extending from the gate electrode, wherein a
side surface of the second contact layer is nearly perpendicular to the substrate, 8 an
average inclination of a side surface of the first contact layer is larger than an average
inclination of the side surface of the second contacglayer. [0017]The average inclination of the
side surface of the third contact layer may be larger than the average inclination of the side
surface of the second contact layer. 5[0018] The side surface of the third contact layer may be

nearly perpendigiiqeie;thadihatais. and surfle svakagrdeshnriinnafithe sidenanfaceKithe
first contact layer may be larger than the average inclination of the side surface of the third

contact |&yeind0en of thressbsmittrsd wdtde desdod emdertiiageto a third aspect of the present

applicati %?com Ises: a substrate, a calumnar se icofﬁd ctor layer formed above ltre .
Substratd Wt solRE& 5 RS AT HE s 3o A) B AL SREPLEr e oty
layer; a 3pGORR NRINL SOHASEIAR IEnad iR AP RS BRItBhIAG ERKEMNar semiconductor
15layer; a gate insulating film formed around the columnar semiconductor layer; a gate
electrodd@) cthonidesgitesinstiatinglfiontso &y to sayrbenchthepeghandnan samibe ndesttaie,
layer; a f;rns(} contact layer formed on the second drain or source region;
the average inclination of the side surface of the first contact layer may be larger than the
average inclination of the side surface of the third contact layer.
[0019] The semiconductor device according to a third aspect of the present application
10 comprises:
a substrate;
a columnar semiconductor layer formed above the substrate;
a first source or drain region formed at a bottom of the columnar semiconductor layer;
a second drain or source region formed in an upper part of the columnar semiconductor
15 layer;
a gate insulating film formed around the columnar semiconductor layer;
a gate electrode formed on the gate insulating film so as to surround the columnar
semiconductor layer;
a first contact layer formed on the second drain or source region;
20 a second contact layer formed on the first source or drain region;
a third contact layer formed on a gate wire extending from the gate electrode; and
a first insulating film sidewall formed on an upper sidewall of the columnar
semiconductor layer;
wherein a projection of a bottom surface of the first contact layer onto the substrate is
25  within a circumference of a projected profile of the first insulating film sidewall onto the

substrate,

[0020] The semiconductor device may further comprise a contact stopper film formed on the



20a second contact layer formed on the first source or drain region; a third contact layer
formed on a gate wire extending from the gate electrode; and a first insulating film sidewall
formed on an upper sidewall of the columnar semiconductor layer; wherein a projection
of a bottom surface of the first contact layer onto thg substrate is 25within a circumference of
a projected profile of the first insulating film sidewall onto the substrate. [0020]The
semiconductor device may further comprise a contact stopper film formed on the 9 first
insuIatinﬁlfgmﬂqiegwglhlmaﬁgwglp,h@hféggt,{nsulating film sidewall is a silicon oxide film, and the
contact stopper film Is a silicon nitride film. [0021]Here, the expression "above" the substrate
means on the shbdusiteaiaing/ltheiGsvilbisateilirsoniéelflorsfdrmed on the substrate.

[0022] According to the Present ;é\ﬁ{‘?ntion ,ILiS pOﬁ?i le in a vertical transistor to prevent short

circuits betwee %cggﬁa[%&t?gyg}: a‘scﬁﬁjﬂ?ﬁglnété 8H1ductor layer and a gate electrode

formed gisyangl the galumpan RN dBeIRrlava iHHREFNA AHeHReIP PLHRIRSART
invention, it is possible to obtain low and stable contact resistance. 10 BRIEF DESCRIPTION

OF FPHE sDRAxA MG {0023 A fionecd ompietaibrticrstanding of this application can be

obtained when the following detailed description is considered in conjlunction with the
followindMiﬁﬁgoﬁﬂ'Wﬁ%ﬁ?e present invention , it ts possible in a vertical transistor to prevent short

circuits between a contact layer on a columnar semiconductor layer and a gate electrode formed
around the columnar semiconductor layer. Furthermore, according to the present invention, it is

possible to obtain low and stable contact resistance.

10
BRIEF DESCRIPTION OF THE DRAWINGS
[0023] A more complete understanding of this application can be obtained when the
following detailed description is considered in conjunction with the following drawings, in
which:
15 FIG. 1 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A” in (a);

FIG. 2 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
20  showing a cross-sectional view at the line A-A’ in (a);

FIG. 3 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A” in (a);

FIG. 4 is a drawing explaining an exemplary production process of the

25 semiconductor device according to a first embodiment, with (a) showing a planar view and (b)

showing a cross-sectional view at the line A-A’ in (a);




15FIG. 1 is a drawing explaining an exemplary production process of the semiconductor
device according to a first embodiment, with (a) showing a planar view and (b) showing a
cross-sectional view at the line A-A' in (a); FIG. 2 is a drawing explaining an exemplary
production process of the semiconductor device aggording to a first embodiment, with (a)
showing a planar view and (b) 20showing a cross-sectional view at the line A-A' in (a);

FIG. 3 is a drawing explaining an exemplary production process of the semiconductor device

according to a first ggboglinmeny, withvia) skeping s Planasvewadd RIEREWINDRcess of the
cross-sectional view at the line A-A' in (a); FIG. 4 is a drawing explaining an exemplary
productisenproodsastof deriabaernidingdigctoiiigemekod suentimgtio(a) fistvenha ditiranty igitradd) (b)

showing a planar view and.(b) showing a cross-sgctional view at the line A-A' in (a); 10
FIG. 5 issi%%iﬁﬁlg%fgﬁﬁél@ag 1@3’(@?&5’%‘96& é‘fi(() ‘process of the semiconductor device

according to a first gmbogliment, withyay Seewing pla’a}{\a&eéﬁéﬁ/lmd (PORRAYINDRocess of the
cross-sectional view at the line A-A' in (a); IG. 6 is a drawing explaining an exemplary
producticenproodsstaf theiSseemizdinducter fitelivebadooeding tth dafirsteovhpdiplart; wiw ¢yl (b)
showing a planar view and, (b) showing a cross-sectional view at the line A-A' in (a);

FIG. 7 isSHOVASih G eSHTSR ARk B ahiBfaH) Patutiéiiprocess of the semiconductor device
according to a first ggbogimeny, with.(g) Sbo Hﬁg% Planacigpiagd %@c&ﬂ%’ﬁn%ﬁ)eess of the

cross-sectional view at the line A-A' in (&); 10FIG. 8 is a drawing éxplaining an exemplary
productieengroadsstaf fheiseaticoddigctondavicardodording watk firstlemwbodmpdantanwibvw(aind (b)
showing a planar view and (b) showing a cross-sectional view at the line A-A' in (a);

FIG. 9 isSAOUYHRiR G essPsrhineR bh ek ahiptdiysiefudtiéhiprocess of the semiconductor device

i o e, W OA RS AT o 0

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A” in (a);

FIG. 9 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
15  showing a cross-sectional view at the line A-A” in (a);

FIG. 10 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);

FIG. [1 is a drawing explaining an exemplary production process of the

20  semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);

FIG. 12 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A” in (a);

25 FIG. 13 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)

showing a cross-sectional view at the line A-A’ in (a);



FIG. 10 is a drawing explaining an exemplary production process of the semiconductor device
according to a first embodiment, with (a) showing a planar view and (b) showing a
cross-sectional view at the line A-A' in (a); FIG. 11 is a drawing explaining an
exemplary production process of the 20semicondugtor device according to a first
embodiment, with (a) showing a planar view and (b) showing a cross-sectional view at the line
A-A'in (a); FIG. 12 is a drawing explaining an exemplary production process of the

semiconductor devjge; aceoreing tQiaifst ee&wﬂm%nwim&ﬁbmwmgcﬁ@nam&% agd (I
showing a cross-sectional view at the line A-A' in (a); 25FIG. 13 is a drawing explaining an
exemplasympicsddution gevicessofrthiegsornidostonstord tesiteraderoitgwang firstaem bidinsedt(b)
with (a) sggwjgfg a Planar view and (bg hqwin proi -sectional view at the line A-A"in (a);
11 SRARINg 2 oSy pS Al RRPLYISIIA ﬁ%ﬁ Heke $production process of the

semiconductor devige; acepreing tQafirss ept %m%nwiméa phOWIRGHARIAN s Yk and [k
showing a cross-sectional view at the line A-A' in (a); FIG.15is a drawing explaining

an exemglauiyqprbeitmtidey iprooassdiighe BJemticomddioten devibe(acsording topdafisstview and (b)
embodiment, with (a) showing a planar view and (b) showing a cross-sectional view at the line

A-A'in (&howing aﬁf@s.s'fﬁcg"&f’dPﬁﬁﬁh@tg?plllﬁﬁ‘]fﬁgf_‘aﬁ‘é%mplary production process of the
semiconductor devjgg, aceoreling to,3.first em %‘?{H’mgntanw'@&%)%ﬁ;ﬂ?WWQd&dBWaﬁr‘é@% apgd (@)

showing a cross-sectional view at the line A-A"in (a); 10FIG. 17 is"a drawing explaining an
exemplasyniroddotion {roice 3% aftheesemicostdichorl texicenatcrdshgwing firstaembacinaeaidt(b)
with (a) showing a planar view and (b) showing a cross-sectional view at the line A-A' in (a);
FIG. 18 aYPSAiREExIndiang Waverehpia Prodiftidh process of the semiconductor device

acyding 0 a it sbopmenty Wi (M) TRHIRAL ACUEIERE (IRHIRDAAS of he

cross-sectional view at the line A-A' In 19 is a drawing explaining ‘an exemplary
productigenficoadssief doei semieaiiigaion davicarodarting woth fstierwhodinénianvitbw(@hd (b)
showing a planar view and (b) showing a cross-sectional view at the line A-A' in (a);
showing a cross-sectional view at the line A-A’ in (a);
FIG. 18 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
15  showing a cross-sectional view at the line A-A’ in (a);
FIG. 19 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A” in (a);
FIG. 20 is a drawing explaining an exemplary production process of the
20 semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
FIG. 21 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
25 FIG. 22 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)

showing a cross-sectional view at the line A-A’ in (a);



FIG. 20 is a drawing explaining an exemplary production process of the 20semiconductor
device according to a first embodiment, with (a) showing a planar view and (b) showing a
cross-sectional view at the line A-A' in (a); FIG. 21 is a drawing explaining an exemplary
production process of the semiconductor device aggording to a first embodiment, with (a)
showing a planar view and (b) showing a cross-sectional view at the line A-A'in (a); 25FIG. 22
is a drawing explaining an exemplary production process of the semiconductor device

according to a first gbogimeant, V\Qﬁ}am%shéfgﬂﬂﬁiﬁﬁ%ﬁa’d%@gﬁ (SN IRocess of the
; I

cross-sectional view at the line A-A'in (a FIG. 23 is a drawing explaining an
exemplasympiwudotion gevtessofrthezsenaidustoustod tesitevatttrihgwing firptasarbockinrmadt (b)
with (a) showjng a planar view and (b?9 hawing a cross-sectional view at the line A-A'in (a);
FIG. 24 FOSUPRASE SISTIONG %R ﬁ\?ﬁ&?ﬁ‘} %Fé‘dl‘ﬂ:ﬁ@n process of the 5semiconductor

device according tq:gfirsiembadinans %/itg@hﬁm%/vigﬁg 2 RRRALYIEW ARG SHRWIRG 3f the

cross-sectional view at the line A-A' in (a); G. 25 is a drawing explaining an
exemplasympictdation peecessafrthegsemicosidustord tesncerade lshgviang firptaaanboeknedt (b)
with (a) showing a planar view and (b) showing a cross-sectional view at the line A-A'in (a);
10FIG. 28 VINgRGiRTg SseHnal v s Q@rﬁﬁfa%i%rb‘a@iion process of the semiconductor
device according tq:a;t'r%f@%%%gﬂ@@ﬁﬂ@m LRIARALYEW RN SHAED Br the
cross-sectional view at the line A-A' In (a); IG. 27 Is a drawing explaining an
exemplasyrpik@aidatien peocessafrthessenicondustod tesicesatcorfishgang firgtaannbackmeedt (b)
with (a) showing a planar view and (b) 15showing a cross-sectional view at the line A-A' in (a);
FIG. 28 fhavyradstPexmsiiong &lﬁ%i‘ém?)i&?‘?%rg&%@h process of the semiconductor device

crotL seational viel ot 1 e AA Y 1. SRR E IRNSHHGME ROTIN hhbccss of e
- - ; : g explaining an
exemplagyrpic@Adation peoreseeitigs to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
FIG. 27 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
15 showing a cross-sectional view at the line A-A’ in (a);
FIG. 28 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
FIG. 29 is a drawing explaining an exemplary production process of the
20 semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
FIG. 30 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
25 FIG. 31 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)

showing a cross-sectional view at the line A-A’ in (a);



20semiconductor device according to a first embodiment, with (a) showing a planar view and
(b) showing a cross-sectional view at the line A-A' in (a); FIG. 30 is a drawing
explaining an exemplary production process of the semiconductor device according to a first
embodiment, with (a) showing a planar view and (R} showing a cross-sectional view at the line
A-A'in (a); 25FIG. 31 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)

showing a cross-sggiipngbview at faeJine ALY 47 exemphlP: FodadidiaWiBtss of the
explaining an exemplary production process of the semiconductor device according to a first
embodinsemicovithidi@) seoining e plaratovaciivsird o)l shawingth Grosssacgiansbriewietvthedlite
A-A'in (@); . FIG. 33 is a drawing explaining an exemplary production process of the

Ssemicof %ié'iﬂ&gésﬁ.%@?ﬁi]i!’{éew% f‘%%b%iﬁ‘?e(ﬁlé with (a) showing a planar view and
(b) showing a Crosﬁ%fc%”%V'a?wd%&g?‘%“réﬁﬁﬁﬁliﬁﬁ @) ex_empﬁx?' flotﬁl@tiGFP"}S'{&eﬁép@ﬁ”Hﬂg

an exemplary production process of the Semiconductor device according to a firs
emhbbdinenicovith (@) sboistng e plagaoviclivsareh tojishawingta Grossesectiandhriewialthedife
A-A'in (a); 10FIG. 35 is a drawing explaining an exemplary production process of the
semicontitftORERGTEES HeEBPaM § ifoVtites BAsdbEImEr®)with (a) showing a planar view and (b)

showing a cross-sqaionglVigw gt {1g g AMUMAY an exeliifar POISAAANINAAIBGh
an exemplary production process of the Semiconductor device'accor Ing to a first

embodinsentcwvithd@) gbowing @ piapatielivsarehtoll lashowito(a) clesshseatisingdrieywaindh €b)
line A-A"in (a); FIG. 37 is a drawing explaining an exemplary production process of the
semicongferbrebeiess seedrai yivvative Bastbeiméde)with (a) showing a planar view and (b)

shqying a cross-sqgfionglview at e ine ANIBIEY oy o, EIR 3858 drawing xplaiging,
an exemplary produc 10N Process OlTﬂﬁyle %OS icon UC?OI’ ():few%e gC ording ?O atirst
embodimgemtcavidind@} gbeeing Rl ieNysaRehbBiiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
FIG. 36 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
15 showing a cross-sectional view at the line A-A’ in (a);
FIG. 37 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
FIG. 38 is a drawing explaining an exemplary production process of the
20 semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
FIG. 39 is a drawing explaining an exemplary production process of the
semiconductor device according to a first embodiment, with (a) showing a planar view and (b)
showing a cross-sectional view at the line A-A’ in (a);
25 FIG. 40 is a drawing explaining an exemplary production process of the

semiconductor device according to a first embodiment, with (a) showing a planar view and (b)

showing a cross-sectional view at the line A-A’ in (a);



showing a cross-sectional view at the line A-A' in (a); FIG. 39 is a drawing explaining an
exemplary production process of the semiconductor device according to a first embodiment,
with (a) showing a planar view and (b) showing a cross-sectional view at the line A-A' in (a);
25FIG. 40 is a drawing explaining an exemplary prpguction process of the semiconductor
device according to a first embodiment, with (a) showing a planar view and (b) showing a
cross-sectional view at the line A-A' in (a); 14 FIG. 41 is a drawing explaining an

exemplary productiggpragess of tigsapiconsimaias dayicaaspidingdriacticy emhegimenthe
with (a) showing a planar view and (b) showing a cross-sectional view at the line A-A"in (a);
FIG. 42 ssmigpadintpespraininerendiagdmpliryt srobbtiontprodess) chhel Bz erlaandderonnd (b)

device according to a first embodiment, with (a) showing a planar view and (b) showing a
cross-sectionapvie’ %ﬁﬁ(étlﬁﬁgp R E%S;hne %%I@@Z% is a drawing explaining an exemplary

production processrgf;tha seiconguaing devjsiRagordingiohih st SRRRAIMENhYIRs(3dr the
showing a planar view and (b) showing a cross-sectional view at the line A-A' in (a); 10FIG. 44
is a Hravigiexpladhingewice asnmpiang pradiictiempedoesst oivite(spshicoinduepdevidey and (b)
according to a first embodiment, and srl?% S a cross-sectional view at the line B-B' in the

planar vigWO' ERET4%: Secm’“&l@?%@ﬁ \ﬁ"@rééé‘-s@c@&nal view showing the upper part of the

columnar silicon layeg; in gsemigoneiaiar d&\é‘&%ﬁfgcoéﬁi”&é%?l&‘}‘“%@%@ﬂo%x%slﬁ'ﬂ%e

45B is a cross-sectional view showing the upper part of the columnar silicon layer in a
semiconsiuctamdevice destor dicrgidirg cormpasisanbedanuple with (aFBwi6A asphapdarveewiewd (b)
around the columnar silicon layer of a semiconductor device according to a first embodiment;

FIG. 46@%@”&‘%&3@%@&?@%" 'é’W‘%ﬁﬁE‘?dE‘ﬁé‘?"ﬁér%@he columnar silicon layer of a
20ggmiconductor dfqﬂ(.:eﬁ@fcclgrddn%mgrsé%mggngnt;exemplary production process of the

semiconductor device according to a first embodiment, and shows a cross-sectional view at the
tine B-B’ in the planar view of FIG. 43,
FIG. 45A is a cross-sectional view showing the upper part of the columnar silicon
layer in a semiconductor device according to a comparison example;
15 FIG. 45B is a cross-sectional view showing the upper part of the columnar silicon
layer in a semiconductor device according to a comparison example;
FIG. 46A is a plane view around the columnar silicon layer of a semiconductor
device according to a first embodiment;
FIG. 46B is a cross-sectional view of the upper part of the columnar silicon layer of a
20 semiconductor device according to a first embodiment;
FIG. 46C is a cross-sectional view of the upper part of the columnar silicon layer of a
variation of the semiconductor device according to a first embodiment;
FIG. 47A is a plane view around the columnar silicon layer of a variation of the
semiconductor device according to a first embodiment;
25 FIG. 47B is a cross-sectional view showing the shape of the upper part of the
columnar silicon layer of a variation of the semiconductor device according to a first

embodiment;



FIG. 46C is a cross-sectional view of the upper part of the columnar silicon layer of a variation
of the semiconductor device according to a first embodiment; FIG. 47A is a plane view
around the columnar silicon layer of a variation of the semiconductor device according to a
first embodiment; 25FIG. 47B is a cross-sectional \jigw showing the shape of the upper part of
the columnar silicon layer of a variation of the semiconductor device according to a first
embodiment; 15 FIG. 48A is a cross-sectional view showing the shape of the upper

part of the columnarigjlicalayer efRsamicanduaiar devisesaaeoiing toramethepanadisnant
of the present invention; FIG. 48B is a cross-sectional view showing the shape of the upper

part of tHe Bsgamyiiediliéanayiep ol senvesidutavice evieediegoilineptbearrstfediment of the

embodiment; a[md FIG. 48C is a cross-sectional view showing the shape of the upper part of
resént.invention . . ) ;

the colufiriar silicon ayer of a semiconductor device according to another embodiment.

DETAILED DESCRIRT g [Q0241, 654G sdbdisnal dvasing shawingeathV @B RS Tp8tA part of the

semiconductor device according to a 10first embodiment of, with part (a) showing a planar
views anc:plairnpy sheoieyer ofosseréeishalvidar wio e dndingitdinmolieatinbodimel; FIG. 44 is

-sectional vj | the cut line B:-B' in the planar, view (a). An NMOS SGT of a
ioulesdpbelilyot it ekl BRI R e e A B
to FIGS. 43 an 44id00R5H plananalisen averdt2 baliaihe planat.semiconduetor layer is

formed on a 15silicon substrate 110 that is the substrate. A columnar silicon layer 113 that is
the columnar semiconductor layer is FOHIBSIDE NS PBORIBTHON layer 112. A source diffusion
layer Zoiﬂifi%f‘ﬁrmed in the Igyve[ part of the columnar silicon layer 113 and in the planar silicon

layer 11 rafn dif S ShaaVer S T Rirs MNP S G bt 2 SEm 6P RHECEY dRYES ARG it
1130A bady 300-sfanmed be Ihensihes diHsionlauaE 207 @@ﬁb@aﬂ@%@&%&{bmer

201. A gate 20insulating film 124 is formed around the columnar silicon layer 113. Furthet
more, a gate along the cut line A-A’ in part (a). FIG. 44 is a cross-sectional view along the cut line B-B’
in the planar view (a). An NMOS SGT of a semiconductor device according to the first

embodiment is described hereafter with reference to FIGS. 43 and 44.
[0025] A planar silicon layer 112 that is the planar semiconductor layer is formed on a
15  silicon substrate 110 that is the substrate. A columnar silicon layer 113 that is the columnar
semiconductor layer is formed on the planar silicon layer 112. A source diffusion layer 200 is
formed in the lower part of the columnar silicon layer 113 and in the planar silicon layer 112, A
drain diffusion layer 201 is formed in the upper part of the columnar silicon layer 113. A body
309 is formed between the source diffusion layer 200 and the drain diffusion layer 201. A gate
20 insulating film 124 is formed around the columnar silicon layer 113. Furthermore, a gate
electrode 141a is formed on the gate insulating film 124 so as to surround the columnar silicon
layer 113. A gate wire 141b extends from the gate electrode 141a. The gate electrode 141a
comprises a part of an amorphous silicon film 141 surrounding the columnar silicon layer 113
and a part of a metal-silicon compound layer 151. In addition, the gate wire 141b comprises
25 another part of the amorphous silicon film 141 and another part of the metal-silicon compound

layer 151.



electrode 141a is formed on the gate insulating film 124 so as to surround the columnar
silicon layer 113. A gate wire 141b extends from the gate electrode 141a. The gate electrode
141a comprises a part of an amorphous silicon film 141 surrounding the columnar silicon layer
113 and a part of a metal-silicon compound layer }g1. In addition, the gate wire 141b
comprises 25another part of the amorphous silicon film 141 and another part of the
metal-silicon compound layer 151. 16 [0026] A first insulating film 303 is formed between the

gate elegiorly 1Ala-andsihainpuics SUFUSIRRIRY R0l thedifstirsiiriing: fnnddBdsangexide

film thicker than the gate insulating film 124. By forming the first insulating film 303, which is
an oxidediffnsinickeet240.tHhg &rst imsulatimg (Hiin3 4D is, doeiwide fi thaéhdelter dhevtiotigatidinsuiationg

gate wire 141b extending. from the gate 5electrode 141a and the sourcge diffusion layer 200,
parasiic it oe BN HE Gt B o A1 4 B AR R e e

diffusion;laye200iean e redneadnlofed Ledisidngyipting I sirenal @Ghpine dbn)dsdde

formed. The first insulating film sidewall 134 is an insulating film in the form of a sidewal | on
the Gpperisitedallddhthelcbismnae giifemlalgre12® apdtasitithepropersurtaeecoftisagate
electrode 141a, Furthermore, a second 10insulating film sidewall 133 is formed. The second

insulatin§'#iPdribdiairidgat rmidi Ry Himshiifrdibini ot LsaddberaPtHeiertvalls of the
gate eleghipse 14l -andarteWiRlddWhendoadirskinesiating Him SiHeWal 13 iRing fim

composed of an oxide film, the condition tor etching a contact stopper film 135 is preferably
set to yislidavhlgih3dateatiib katig iddnwiaahetfiemaitasidsiegpen thnupstr calepaided the adtitmder
film and the first insulating film sidewall 134 15composed of an oxide film in the

below-dedé SIS YB o HfiHBPa yRfc Hole ﬁﬁt%eﬂﬁetﬂ'g%fééﬂaﬁgw'ff%mﬁ éeﬁ%%r
gt AR A o el ey Tl
compouridntaiyiethd s is dornsiidwaithm tap pachaflthe deurae aélinsion141a and gate wire 141b.
When the first insulating film sidewall 134 is composed of an oxide film, the condition for
etching a contact stopper film 135 is preferably set to yield a high selectivity ratio between the
contact stopper film 135 composed of a nitride film and the first insulating film sidewall 134
15 composed of an oxide film in the below-described process of forming a contact hole for a first
contact layer 173 on the upper part of the columnar silicon layer 113. Accordingly, over-etching
of the first insulating film sidewall 134 during the formation of the contact hole can be prevented.
[0028] A metal-silicon compound layer 153 is formed in the top part of the source ditfusion
layer 200. A metal-silicon compound layer 152 is formed in the top part of the drain diffusion
20 layer 201.
[0029] A second contact layer 174 is formed on the metal-silicon compound layer 153
provided in the top part of the source diffusion layer 200. A first contact layer 173 is formed on
the metal-silicon compound layer 152 provided in top part of the drain diffusion layer 201. A
third contact layer 172 is formed on the top surface of the gate wire 141b extending from the
25  gate electrode 141a. The shape of the first contact layer 173 formed on the columnar silicon
layer 113 will be described later.

[0030] The source diffusion layer 200 is connected to a ground potential (GND potential)



layer 200. A metal-silicon compound layer 152 is formed in the top part of the drain diffusion
20layer 201. [0029]A second contact layer 174 is formed on the metal-silicon compound layer
153 provided in the top part of the source diffusion layer 200. A first contact layer 173 is
formed on the metal-silicon compound layer 152 pigvided in top part of the drain diffusion
layer 201. A third contact layer 172 is formed on the top surface of the gate wire 141b
extending from the 25gate electrode 141a. The shape of the first contact layer 173 formed on

the columnamsitican yesidA Jaydl T desariRer dates. VRO361dMasasyep sl eI pdaven 2Hdre

connected to a ground potential (GND potential) 17 and the drain diffusion layer 201 is
connectedngs af\betwyrsteditiall Bocap piyisgaghuterdial i ahthedrige dithistovelarr Grantioper oathe
gate electrode 141a, the SGT of this embodiment operate as a transistor. [0031] Here, the
diffusiont%%'?tl%'rmed in the upper part of the columnar silicon layer113 may 5serve as a

source djffysien iayer apditredifusiandayen fﬁ%ﬁﬁ‘@ﬁgjﬁ&*}%ﬂp&!ﬁﬁé)@ﬁuﬁﬁﬁ%ﬁ%\mﬁﬁ’&?i‘ﬂ?%y
layer 113 may serve as a drain diffusion layer. [0032]An exemplary method for producing the
SGTwhiginis @& semissntl ictordeymest tor difig todHeyirdbensdddithe iivaf thtprederilumnar
application, is described hereafter with reference to FIGS. Ito 43. In the figures, the same

compondHECRrBYerd AL aes B?Yﬂéssaaﬁﬁ@r}élfé%%lﬂﬂumbers. FIGS. Ito 43 show an
exemplagyERthod for RIeAMEHH R R &%%%gﬁé’lﬁbﬁ“'%ﬁﬁﬂ% E{‘yzﬁﬁf&ﬂdﬁ@@@&g\rt@ure’

part (a) is a plane view and part (b) is a cross-sectional view along a cut line A-A'.

according to the first embodiment of the present application is described hereafter with reference
to FIGS. 1 to 43. In the figures, the same components are referred to by the same reference

10 numbers. FIGS. I to 43 show an exemplary method for producing the SGT according to the
present invention. In each figure, part (a) is a plane view and part (b) is a cross-sectional view
along a cut line A-A’.
[0033] Referring to FIG. 1, a pad oxide film 121 is formed on a silicon substrate 110,
[0034] Referring to FIG. 2, a first nitride film 130 is formed on the pad oxide film 121 and a

15 first amorphous silicon film 140 is formed on the first nitride film 130. The first amorphous
silicon film may also be a film composed of polysilicon, for example.
[0035] Referring to FIG. 3, a resist is applied to the first amorphous silicon film 140 and
patterned using lithography techniques to form a resist pattern 301 corresponding to the area
where the columnar silicon layer 113 is to be formed in a later step.

20 [0036] Referring to FIG. 4, the first amorphous silicon film 140 and the first nitride film 130
are etched with the first resist pattern 301 to form a first hard mask. Then, the pad oxide film
121 is etched using the first hard mask.
[0037] Referring to FIG. 5, the first resist pattern 301 is removed.
[0038] Referring to FIG. 6, a columnar silicon fayer 113 is formed by dry-etching the silicon

25  substrate 110 using the first hard mask as a mask. The first hard mask is composed of the first
nitride film 130 and the first amorphous silicon film 140. During the dry-etching step, the first

amorphous silicon film 140 is also etched. After the first amorphous silicon film 140 is



[0033]Referring to FIG. |, a pad oxide film 121 is formed on a silicon substrate 110.
[0034]Referring to FIG. 2, a first nitride film 130 is formed on the pad oxide film 121 and a
15first amorphous silicon film 140 is formed on the first nitride film 130. The first amorphous
silicon film may also be a film composed of polysiligon, for example. [0035]Referring to FIG. 3,
a resist is applied to the first amorphous silicon film 140 and patterned using lithography
techniques to form a resist pattern 301 corresponding to the area where the columnar silicon

layer 11&iagrbs faumed it 3 laieh SteRs iR [NAIRIR IQUInG oIk K fe b fir eRMOPHIRMSed.

silicon film 140 and the first nitride film 130 are etched with the first resist pattern 301 to form
a first hdrterafask. thheishing gratbokitiearibsmdeRtis! drc Hegatisin theheh finge firatiernkasiia emission

[00371Referring to FIG,.5, the first resist pattern 301 is removed, [0038] Referring ta FIG. 6, a
i e R e e e AR e R

hard magkas,anaskeddiaiBsihatdmaskds composed of the first nitride film 130 and the first
amorphous silicon film 140. During the dry-etching step, the first amorphous silicon film 140 is

alsé etc HEBIAfteT ohdefirstppipthhobsvsiticd pdilmdeddtis n ifcdom pdetebypetched it éh plasisreo
emission intensity detectable in a dry-etching device, is changed. Therefore, the etching end

point calfMbaMR: HirorfdehgPrdehatiieltatonadihs solnavasittendaycTaldoiartal,
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dependerit on the etching rate. 5[0039] In order to apply the above end point detection
method [@0dtis proBes&srietthitkhésthotth@mal fleatidusiliconifitonldkplitd dadhditermation
of the columnar silicon layer 113 through dry-etching must be smaller than the height of the

columnat Sifih 1By arerssti st RERIHTAGUETE sAotite shrraidedibh this dBlumAamatcls side
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and remving: ihewsilidotarbon and like is implanted during the dry-etching step.
[0041] Referring to FIG. 8, a resist is applied to the resultant structure of the above step, and
patterned by lithography techniques to form a resist pattern 150 corresponding to the area where
a planar stlicon fayer 112 is to be formed. Here, the sacrificial oxide film 123 formed in the
15  surface of the columnar silicon layer 113 and silicon substrate 110 protects the silicon surface
from contaminants such as byproducts of the subsequent dry-etching step.
[0042] Referring to FIG. 9, the silicon substrate 110 is dry-etched with the resist pattern 150
to form a planar silicon layer 112.
[0043] Referring to FIG. 10, the resist pattern 150 is removed.
20 [0044] Referring to FIG. 11, a filler oxide film 120 is deposited so as to cover the resultant
structure of the above steps, and planarized.
[0045] Referring to FIG. 12, the planarized filler oxide film 120 is etched to expose the
surface of the planar silicon layer 112.
[0046] Referring to FIG. 13, an offset spacer 307 is formed on the side surface of the columnar

25  silicon layer 113. The offset spacer 307 is composed of electrically conductive material such as

silicon oxide. The offset spacer 307 prevents dopants from being implanted into the columnar




surface

in which carbon and like is implanted during the dry-etching step. [0041]Referring to

FIG. 8, a resist is applied to the resultant structure of the above step, and patterned by
lithography techniques to form a resist pattern 150 corresponding to the area where a planar
silicon layer 112 is to be formed. Here, the sacrificigl oxide film 123 formed in the 15surface of
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mnar silicon layer 113 and silicon substrate 110 protects the silicon surface from
nants such as byproducts of the subsequent dry-etching step. [0042]Referring to FIG.
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spacer 307 is composed of electrically conductive material such as silicon oxide. The offset
spacer 30licprelapatd thpahts tfhom dveirglisnplamted 12to the columnar 19 silicon layer 113
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the sidewall of the columnar silicon layer.113 during the implantation of dopants in the
F;0048] In the above step, the first nitrige ﬁi]'m 130 for%eg on tI"Pe cofumnar sf;i(ljco%atayer 113

prevents dopants from being implanted into the upper part of the columnar silicon layer 113. As
described above, the implantation of dopants into the source diffusion layer 200 formed in the
planar silicon layer 112 and the implantation of dopants into the drain diffusion layer 201 formed
in the upper part of the columnar silicon layer 113 are separately performed. This allows the
conditions of the implantation to be easily optimized separately. Therefore, it is possible to
prevent short channel effect and leak current effectively.

[0049] Referring to FIG. 15, the offset spacer 307 is etched to be removed.

[0050] Referring to FIG. 16, an insulating film 303a such as an oxide film is formed. The
insulating film 303a is formed thickly on the lower part of the columnar silicon fayer 113, on the
source diffusion layer 200, and on the top of the columnar silicon layer 113 and the insulating
film 303a is formed thinly on the sidewall of the columnar silicon layer 113.

[0051] Referring to FIG. 17, the insulating film 303a on the sidewall of the columnar silicon
layer 113 is etched. Preferably, the etching is performed isotropically. As described above, the
insulating film 303a is formed thickly at the bottom of the columnar silicon layer 113, above the
source diffusion layer 200 and above the top of the columnar silicon layer 113 and is formed
thinly around the sidewall of the columnar silicon layer 113. Consequently, even after etching
the insulating film 303a around the sidewall of the columnar silicon layer 113, part of the
insulating film 303a remains at the bottom of the columnar silicon layer113, above the source
diffusion layer 200 and above the top of the columnar silicon layer 113 so as to form an
insulating film 303b at the bottom of the columnar silicon layer 113 and above the source

diffusion layer 200 and form an insulating film 306 above the top of the columnar silicon layer



[0047]Referring to FIG. 14, a dopant such as arsenic or phosphorus is implanted in the
planar silicon layer 112 to form a source diffusion layer 200 in the lower part of the columnar
5silicon layer 113 and in the planar silicon layer 112. [0048]In the above step, the first nitride
film 130 formed on the columnar silicon layer 113 gievents dopants from being implanted into
the upper part of the columnar silicon layer 113. As described above, the implantation of
dopants into the source diffusion layer 200 formed in the planar silicon layer 112 and the

implantaficy) of,d@pans[pteIMeodRis diffHsianlaves 20t lrmnaskiadning MRPeiB LN the,

columnar silicon layer 113 are separately performed. This allows the conditions of the
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columnar silicon layer 113, on the source diffusion layer 200, and on the top of the columnar
silichn lay&ngias layet 808.insulating film 303a is formed thinly on the sidewall of the columnar
silicon Ia?ggr 113.[Q SJQ]Re_fe%lf%g to FIG, 17, the insulating film 303a on thE sidewall of the
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silicon layer 113, above the source diffusion layer 200 and above the top of the columnar
silicon ldyenddBydhdrisgifpamieduainly BroundtiieditiewaliohiheiBodurayar Elicdhatayerskhd.
Consequently, even after etching the insulating film 303a around the sidewall of the columnar
silicon | ﬁglg?c&dft of the insulating film 303a remains at the bottom of the columnar silicon
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layer 113 so as to form an insulating film 303b at the bottom of the columnar silicon layer 113
and aboveythieidofitaeidiBuiamhoayer 2@Osartdctosfitiantismaiingl itbn RPeradve the top of the
columnar silicon layer 20 113. The insulating film 303b is arranged between the gate
electrode 141a angﬁ%q&i% @E&H?VAWEFP&S@%OB@RS%%@%@ Mokt that dogdedimdisHve
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141a anglgaiBoies Fdiocangdhel sopitesilicon.

15 [0054] Referring to FIG. 20, the second amorphous silicon film 141 is polished by chemical
mechanical polishing (CMP) method to flatten the top surface thereof. Using the nitride film 130
that is the first hard mask as the stopper in the CMP, the amount of amorphous silicon polished
by CMP can be controlled in a well reproducible manner,

[0055] Referring to FIG. 21, the second amorphous silicon film 141 that is the gate

20 conductive film is etched back to determine the gate length.

[0056] Referring to FIG. 22, a first oxide film 125 is formed on the resultant structure of the
above steps and a second nifride film 131a is formed on the first oxide film 125. The first oxide
film 125 protects the top surface of the gate electrode 141a from wet or dry treatments performed
in later steps, therefore it possible to prevent fluctuation in the gate length, variation in the gate

25 length and damage to the gate insulating film 124 from the top surface of the gate electrode
141a.

[0057] Referring to FIG. 23, the second nitride film 131a is etched back to form a third




5diffusion layer 200. [0052]The first insulating film 303 that is formed so as to be arranged
between the gate electrode 141a and gate wire 141b and the planar silicon layer 112 in a later
step may also be formed by forming an insulating film to embed the columnar silicon layer
113, flattening and etching back it. 10[0053]Referring to FIG. 18, a gate insulating film 124
such as an oxide film and silicon oxynitride film is formed on the side surface of the columnar
silicon layer 113. Referring to FIG. 19, a second amorphous silicon film 141 that is a

gate CO“%QF&‘{@Qﬁﬂﬂ%f&%&%@ﬁl@l?’ﬁ%?tﬁé%?&'%ﬂ@ﬁ BHiEs iLaM%_étJ:ﬁe&r hensQRRAAess of the
amorphous silicon film 141 may also be a film composed of polysilicon. 15[0054]Referring to

FIG. 20, theddesdaidngfibrplidaisadiliddreditraspdidistp diistheck bss s h e thécgdtendettamiedHpalishing
(CMP) method to flatten the top surface thereof. Using tha nitride film 130 that is the Erst hard
mask as tHESREpLPRIHRE EMP AR BTRT B LG BHD HESEHEGH SBRShRY 1Y EMBBEN be

controllegl i gwelkiapiaycinig MeANG AW IRIRKIRIENY [ dFoklnihig,second amorphous

silicon film 141 that is the gate 20conductive film is etched back to determine the gate length.
[0056]R¢fBFH)g ReRlGn2 Ry Blfktdpxidepfbmsi2h ds fonsphdron (e s@spltauntdsinubtusecafidhe
above steps and a second nitride film 131a is formed on the first oxide film 125. The first oxide

film 125 HROWLERUHIRRR Siimdeatorandugtie Sutditle analthendhs Wutlar eyl araiiiaidvated
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in the gate 25length and damage to the gate insulating tilm 124 frofn the top surface of the

gate electuadiant 4ttact{0007 RefbovagitpFdtal 2sthidssegoied, nitdde-dilin pdiandéiched back to
form a third 21 insulating film sidewall 131. Here, the first oxide film 125 is also etched. The
thicknesSWraeRHing fadhsmitsumef Sasnisidaecyhis poisdetEPimediickiresstanlepmed by
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141 are etched using the resist pattern 160 as a mask to form the gate electrode 141a and the gate
wire 141b.
[0061) Referring to FI1G. 27, part of the insulating film 303b is removed by dry or wet
15  etching to expose the surface of the source diffusion layer 200 and form the first insulating film
303.
[0062] Referring to FIG. 28, the resist pattern 160 and the BARC layer 161 are removed. Next,
a fourth oxide film 305 is formed on the exposed surface of the gate electrode 141a and gate wire
141b. The fourth oxide film 305 can protect the gate electrode during a later step of removing
20 the first nitride film 130 and the third insulating film sidewall 131. ‘
[0063] Referring to FIG. 29, the first nitride film 130 and the third insulating film sidewall
131 on the columnar silicon layer 113 are removed by dry or wet etching.
[0064] Referring to FIG. 30, the pad oxide film 121, the first oxide film 125, and the fourth
oxide film 305 are removed by dry or wet etching to expose the source diffusion layer 200.
25 [0065] Referring to FIG. 31, a third insulating film 132 is formed on the resulfant structure

of the above steps.



amorphous silicon film (gate conductive film) 141, and then the implanted dopant is activated.
[0059] Referring to FIG. 25, an antireflection coating (BARC) layer 161 is formed on the
resultant structure of the above steps and a resist is applied, and a resist pattern 160
corresponding to the pattern of the gate wiring whieh is to be formed in a later step is formed
by 10patterning this resist using lithography techniques. [0060]Referring to FIG. 26, the BARC
layer 161 and the second amorphous silicon film 141 are etched using the resist pattern 160

as a maghgesiormetopigate elertroded dla and e gateiae il 4khel00R L IBeigrsiRa e IS 27,

part of the insulating film 303b is removed by dry or wet 15etching to expose the surface of
the soursurtitRislidhelageice d0anigidawetR8Xirat ihsuknisy filn 0B [pberpRetbendpisHE.

28, the resist pattern 160 and the, BARC layer 161 are removed. Next, a fourth gxide, film 305
o formed I aeB 5 B CURREHH 11 Sate ekt Ratal CHATGRE Qe StiBourth
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film 130 and the third insulating film sidewall 131. [0063]Referring to FIG. 29, the first nitride
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on the resultant structure of the above steps. 22 [0066] Referring to FIG. 32, the third
insulatinépfitml 132 Asd thesk backi towdapastlitheitep slitf3t ecpfitiies she ppee difusinke e 260
and the top surface of the columnar silicon layer 113. In this step, the third insulatin%’film 132
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semiconductor compounds formed in subsequent steps can be prevented. And, short circuit
between the gate electrode 141a and gate wire 141b and the drain diffusion layer 201 due to
metal-silicon compounds formed in subsequent steps can be also prevented. The upper sidewall
of the columnar silicon layer 113 is covered with the first insulating film sidewall 134, thereby it
15  is possible to prevent the formation of metal-silicon compounds in the sidewall of the columnar
silicon layer 113.
[0067] Referring to FIG. 33, a dopant such as P or As is implanted into the upper part of the
columnar silicon layer 113 by a common method of dopant implantation to form a drain
diffusion layer 201. A body 309 is formed between the source diffusion layer 200 and the drain
20  diffusion layer 201.
[0068] Referring to FIG. 34, a first metal film is formed on the resultant structure of the above
steps by sputtering metal such as Ni or Co. Then, the substrate is treated with heat to produce a
metal-semiconductor compound on the surfaces of the source diffusion layer 200 and drain
diffusion layer 201. Any un-reacted metal film is removed to form a metal-semiconductor
25  compound layer 152 on the drain diffusion layer 201 and a metal-semiconductor compound layer

153 on the source diffusion layer 200. In this step, a metal-silicon compound layer 151 is also



5form a first insulating film sidewall 134 and a second insulating film sidewall 133. The first
insulating film sidewall 134 separates the gate electrode 141a and gate wire 141b from the
drain diffusion layer 201 which is to be formed later in the upper part of the first columnar
silicon layer 113. And, the second insulating film sigewall 133 separates the gate electrode
141a and gate wire 141b from the source diffusion layer 200. Therefore, short circuit between
the gate 10electrode 141a and gate wire 14115 and the source diffusion layer 200 due to

rr_leta_l- S%WE%WG@EMHRQHF‘% frnaeitad tiﬁ@ﬁ_l URALSIERS LA ﬂ?sﬁfﬁ}{_ﬁi&‘iﬁg RN SR
circuit between the gate electrode 141a and gate wire 141b and the drain diffusion layer 201

due to métabsiligen tbinpounds formed in subsequent steps can be also prevented. The
upper sidewall of the c'é)lumnzlr sjlicon layer 1{]{13 is cqyered Wi%h the first insulating film sigi\{vall
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As is implanted into the upper part of thé  columnar silicon layer 113 by a common method of
dopant imydlamrethtion to form a drain diffusion layer 201. A body 309 is formed between the
source diffusion layer 200 and the drain 20diffusion layer 201. 100681 Referring to FIG. 34, a

first metdPRiMis foftfiEr 8 IR Hestiaht QRIERIRPRIT tHEmabby ¥ Shep 2 B ttbR iy Tiged Stich
as Nior 919-rg_s}ﬁﬁgnﬁtiﬁu%ﬂ%t&'{”i‘ﬁé%%%tﬁ%a\é"ith heat to produce a metal-semiconductor

compound on the surfaces of the source diffusion layer 200 and drain diffusion layer 201. Any
un-react¢@adimigtal filefisriegw\VElditGdptncatnteialesaprctnddcosiheampoidd fiyers Ibimed so
the drain diffusion layer 201 and a metal-semiconductor compound layer 153 on the source
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corresponding to the area where a contact layer is to be formed on the top of the columnar silicon

layer 113.

[0073] Referring to FIG. 38, the contact interlayer film 126 is etched using the first pattern

15 180 to form a first contact hole 181 for a contact layer (first contact layer) on the columnar
silicon layer 113. The shape of the first contact hole 181 will be described later. By using the
etching condition with a high selectivity ratio between the contact interlayer film 126 that is an
oxide film and the contact stopper film 135 that is a nitride film, it is possible to stop etching at
the contact stopper film 135.

20 [0074] Referring to FIG. 39, a second resist is applied to the resultant structure of the above
steps. Then, the applied second resist is patterned using lithography to form a second pattern 182
corresponding to the area where the contact layer (second contact layer) is to be formed on the
planar silicon layer and the area where the contact layer (third contact layer) is to be formed on
the gate wire 141b.

25 [0075] Referring to FIG. 40, the contact interlayer film 126 is etched using the second

pattern 182 to form a second contact hole 183 for a contact layer (second contact layer) on the

source diffusion layer 200 of the planar silicon layer 112 and a third contact hole 184 for a



5reduced. [0070]Referring to FIG. 35, a contact stopper film 135 such as a nitride film is
formed on the resultant structure of the above steps. [0071]Referring to FIG. 36, a contact
interlayer film 126 such as an oxide film is formed so as to immerse the resultant structure of
the above steps, and then is flattened by CMP. 10[Q072]Referring to FIG. 37, the first resist is
applied to the top of the contact interlayer film 126. Then, the applied first resist is patterned
using lithography to form a first pattern 180 corresponding to the area where a contact layer is

to be forpadanihe tanotihe.cohyanansiicondaves 148 [0073]Refering.te K6 B85 tha 184

contact interlayer film 126 is etched using the first pattern 15180 to form a first contact hole
181 for acomtdaniages (first cositketddy eepdpn phposl isrnatodiicevbrisey 11EB tihdeeprspeotatie
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126 is etched using the second pattern 182 to form a second contact hole 183 for a contact
layer (sefisndoaautdatitalf bantibheobounae diftusitiydayes, 200 sot the planar isiicdf3apnahd 12
and a third contact hole 184 for a 24 contact layer (third contact layer) on the gate wire 141b.

Here, if eSS ARSIy 162040 the planarsolichiarcad b Rabéhsitisnataediple 184 on the
perﬂfndicatﬂ%%ﬁ%m %!%s;éﬁ'{gv%% tt&%hq %% contact hole 183 can reliably be opened for
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the contdct layer on the source sion 0 in the planar silicon layer 112, and the
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with a high selectivity ratio between the contact interlayer film 126 and

nitride (TaN) is formed by applying a barrier metal {n the contact holes 181, 183 and 184, and
then a metal film 170 is formed by sputtering or plating a metal as copper (Cu). And, a third
contact layer 172 is formed on the gate wire 141b, a first contact layer 173 is formed on the

15 columnar silicon layer 113 and a second contact layer 174 is formed on the source diffusion layer
200 of the planar silicon layer 112 by CMP. The barrier metal can be titanium (1) or titanium
nitride (TiN) or even tungsten {W). Alternatively, a copper-containing alloy can be used as the
barrier metal,
[0078] Referring to FIGS. 43 and 44, a resist {(not shown) is applied. And, the applied resist

20 is patterned using lithography to form a pattern cotresponding to the area where the first layer
wires 177, 178, and 179 are to be formed. Then, a barrier metal layer 175 and a metal layer 176
are formed using this pattern. Through this step, the first layer wires 177, 178 and 179 are
formed.
[0079] In the above production method, the third contact hole 184 on the gate wire 141b is

25  formed in the same step as the second contact hole 183 on the planar silicon 112, but the contact

hole 184 on the gate wire 141b may be formed in the same step as the contact hole 181 on the

columnar silicon layer 112,



the contact stopper film 135, it is possible to stop etching at the contact stopper film 135.
[0076]Referring to FIG. 41, the contact stopper film 135 remaining at the bottoms of the first
contact hole 181 on the columnar silicon layer 113, the second contact hole 183 on the source
diffusion layer 200 of the planar silicon layer 112, and the third contact hole 184 on the 10gate
wire 141b are removed by etching, respectively. [0077] Referring to FIG. 42, a barrier metal
layer 171 such as tantalum (Ta) and tantalum nitride (TaN) is formed by applying a barrier

metal inftis@ontaetbhlesiiGh.id 8RapadeiBdsame thena melal Tdonlie wlkarmadibyapluiering
or platin? a metal as copper (Cu). And, a third contact layer 172 is formed on the gate wire
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FIGS. 43 and 44, a resist (not shown) is applied. And, the applied resist 20is patterned using
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25formed in the same step as the second contact hole 183 on the planar silicon 112, but the
contact Heleth8mmnther gatesmwaldelsdad Meseisinidpridd hoithe sdithe stefpedayrs EBhtactkole

181 on the col 112. 25 [0080] The relationsh tween th
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layiey 11t the present embodiment will be described in detail hereafter. In an SGT as used
in the present embodiment, short channel effect can be prevented more effectively as the
columndfésidon Iayi€r. #3 Risrshdaleshdvecovslirghtictig views around the upper part of the columnar

silicon layer 113 after the contact interlayer film 126 is etched. FIGS. 45A and 45B show
comparison examples of the semiconductor device according to the first embodiment and the
production method thereof in order to explain the semiconductor device of the first embodiment

15 and production method thereof.
{0082] As shown in FIG. 45A, the bottom of the first contact hole 181 is larger in size than
the top surface of the contact stopper film 135 formed on the top part and side surface of the
columnar silicon layer 113. In this comparison example, the first contact hole 181 on the
columnar silicon layer 113 reaches the surface of the gate wire 141b after etching the contact

20 stopper film 135 as shown in FIG. 45B. That leads to a short circuit between the first contact
layer 173 and the gate wire 141b. Therefore, in order to prevent short circuit between the gate
wire 141b and the first contact layer 173 on the columnar silicon layer 113, the bottom of the
first contact layer 173 must be smaller in size than the top surface of the contact stopper film 135
formed on the top part and upper sidewall of the columnar silicon layer 113.

25 [0083] FIGS. 46A to 48C are enlarged views around the upper part of the columnar silicon
layer 113 after the contact interlayer film 135 is etched. FIGS. 46A and 47A are plane schematic

diagrams. FIGS. 46B and 46C are enlarged cross-sectional views around the upper part of the




5columnar silicon layer 113 is patterned with a mostly minimum size by lithography. The
columnar silicon layer 113 is then reduced in size in dimensional shrinkage during etching and
sacrificial oxidation. Consequently, the final size of the columnar silicon layer 113 is smaller
than the minimum patternable size. Accordingly, thg bottom of the contact layer 173 on the
columnar silicon layer 113 is often larger in size than the upper part of the columnar silicon
layer 10113. [0081]FIG. 45 A and 45B show cross-sectional views around the upper part of
the CO'“W%%H@ﬂc@V%y&lﬁgf&% & cantretinierayesfilpal 26 isseiehe diAd G ARG RdC
45B show comparison examples of the semiconductor device according to the first
embodinentdangdtherpsodediion imethodrthe bt inpprd eritooé il airl the seniconkyetdl d eliog
of the first embodiment 15and production method thereof. [0082]As shown in FIG. 45A, the

bottom JPfHR'IIEERtabt histe 18} i€ Kb eiPm WeeH AL SMREH Of HEEBh RSB

film 135 formed on BsoRRath 3Re sideguiagaefdhecglumnar silicon layer 113. In this
comparison example, the first contact hole 181 on the columnar silicon layer 113 reaches the

surface ¢#dR4] gateliMire. 24Anadté6 B toking tseaconthdtcAQstopper dilnhcl@Buamshalicomlle.
45B. That leads to a short circuit between the first contact layer 173 and the gate wire 141b.

ThereforblIngradhePpiareit fss e ke nemasidn 1RL samallrrdmsies By thidon stearralihe
layer 173 on.the coluniar sibcamiay g 1S dhe ettometine st cantaetiays i3 BiRbhe

smaller in size than the top surface of the contact stopper film 135 formed on the top part and
upper sidtewiall1af theactnarogiidon 18yarot iz RB{OOSIHE S A iict 48al-atdanlb8gedr the
views around the upper part of the columnar silicon |layer 113 after the contact interlayer film

135 is etdffbaonreidaves A7dniorhesubsrakicl 8 mishin thagienalerracs 1858 of theauoj ested

enlgrge s-secti i raynd.t r lumnar, silj 1 13
o a S T ek ek A ML I SRR A Tss
cross-sefdinirdl ofekés:ay auitacthen d pppéadt of the ol ralstice silRyardykes1aBnh ihes cudte,
line A-A' in FIG. 47A. FIGS. 46A and 47A are planar schematic diagrams, but hatching is
applied itheHbthiskiess ofther weneeriontatd imel dddahiskaosahe mtis dgacting len bre

views around th per part of th lympar silicon layer 113 when the bottom r1]‘ac of.th
sl i S T MR et e gas e Aot il

on the topsuEfaggenneBuppemsidewall ohtha sebpanamsisondaytekdg sditalist the @eiesaton
181a of the bottom surface of the first contact hole 181 for the first contact layer 173 onto the

subgtrateitiam igxenAis flechsentinfe ranbecigBhcof e propidreld 19brdirdpskanrituit does

stopper gl)rpe%g:?y%ggm%g%e%%af % %&t%'e ergz%'c(): enaﬂlsatr?cp R\%rﬁfll'lsrpc%gtgclts layer 173 even if almost

100% over-etching occurs. Accordingly, the first contact hole 181 is formed so that the

projection of the first contact hole 181 onto the substrate 110 is within the circumference of the

projected profile onto the substrate 110 of the contact stopper film 135 formed on the top surface
20 and upper sidewall of the columnar semiconductor layer 113.

A modification of this embodiment is shown in FIG. 46C. As shown in FIG. 46C, by
forming the first contact hole 181 so that the bottom surface is smaller than the top surface, it is
possible for the projection of the bottom surface of the first contact hole 181 onto the substrate
110 to be within the circumference of the projected profile onto the substrate 110 of the contact

25  stopper film 135 formed on the top surface and upper sidewall of the columnar semiconductor
layer 113.

According to this structure, it is possible to prevent short circuits between the first




formed on the top surface and upper side surface of the columnar silicon layer113. In this
case, the film thickness of the contact stopper film 135 is thicker in the vertical direction from
the surface of the gate electrode 141a to the bottom surface of the first contact hole 181 for
the first contact layer 173 than that of the contact sggpper film 135 from the top surface of the
columnar 15silicon layer 113 to the bottom surface of the first contact hole 181. Therefore,
short circuit does not easily occur between the gate electrode 141a and the first contact layer
173 eVef&&ﬁq@d&@Q.?)IelQ93/%HY%'&I«RMQ&%HE%&F&QWAQQMltf‘ﬂ§nﬁr tagt hrle:16M4 dsréermed
so that the projection of the first contact hole 181 onto the substrate 110 is within the
circumferemwel dhitve lprojecteth proflectmtie thelddbstrate 110 of the contact stopper film 135
formed on the top surface 20and upper \ggﬁewall of the columnar semiconductor Iayeé 113.

A modifid 288 of the'SHREIBRAEIGEIOLREM Rieesed e b RemRRE s &/ By TamiRct
the first caiagt Agle3Shsadhantie mt@maéuqe@agﬁe%mag%ﬁmﬁg@&%ﬁg&f&%ﬁﬁcmm

possible for the projection of the bottom surface of the first contact hole 181 onto the substrate
110 $o bdayatHibXbeuaitgasferepcarddidhe prdfecieshprafile BHto 4AB,subsighteridi@dofEhe etching
contact 25stopper film 135 formed on the top surface and upper sidewall of the columnar

semicondRIESHV IRy P18 loxrRbIRAEHS SO B HERS RO fthe pordamsiEiBasFdant Shuheditbsits
betweenct&lﬁafé&%tmﬁge&??ﬁ&@%?wowg%s%a 0i& fal %%%@iﬁ@%gmw@@%%}ﬁmﬁm gate

electrode 141a formed around the columnar semiconductor layer 113. 100851Another
modificatiom@fstieop ersentefiboditenfds: siewmiadk Kepga B khE3somiadustepperfiiedlaShe
formed on the top surface and upper sidewall of the columnar semiconductor 5layer 113

usually RS IE63RUHEREBHFaSE L8 SRRWHIHAFRS Tl B2hét Agtdarfietiisriiasetefiigotom
selggtivity [ala i kﬂ%@éﬁ@&'@&%@ é@Pi?H{L%%%@%ﬁ@Fa%§?%@ﬁ¥a%tﬂ9&%hféh%a%%%ﬂﬁeeﬁ‘gﬁélsct
Im1 t Im1

contact stopper iS‘composed of a nitride film and the contact ihterlayer film IS

composetbppaititxidssisamtaerciies e gharcantagipioppardilor b3z snaynirtiieobeagtehad add
the rounded top surface when the contact interlayer film 126 is etched. For this reason, the
bottom 10§l ormadiesttoiitseitedgiadaraadetiag s seaantien toptepytecspns

the contact sto il 35 f ed on the to rt.and upper sidewall of the,c nar silicon
ﬁowdl Erg E é répl,;—ia[nd gﬁ%‘[egﬁﬁresuﬁ 1819 gottt ms Rgce otl ntact ho#eqwms ?ﬂrengefﬁ é)I[]l

e C
layer 11§ andt Irst contac IS SG formed as 1o have a ot?om surface sma

the top suFaqe,als $howea B fiHe (i AvRdAViA s hirsulbihe Beitassswiasapkine wanastio

hole 181 is formed on a relatively flat area of the top surface of the contact stopper film 135,
so Bhighssditadtiedth aatisn ie ehtam defdskrwedhnHecorddbe pneaaldepper fike Hfidwinedheact

stopper féltc &1%50 ¢ rér}: %pa%t interlayer film 126. This leads to reducing the amount of the contact

stopper film 135 etched. According to this structure, it is possible to prevent short ciccuit
between the first contact layer 173 and the gate electrode 141a effectively. Such short circuit
can be prevented more effectively as the average inclination of the side surface of the first

20 contact hole 181 is increased. Particularly, when the bottom surface of the first contact hole 181
on the columnar silicon layer 113 is smaller in size than the first insulating film sidewall 134
formed on the upper sidewall of the columnar silicon layer 113, in other words when the
projection 181a of the first contact hole 181 onfo the substrate 110 is within the circumference
134a of the projected profile of the first insulating film sidewall 134 onto the substrate 110, the

25  bottom surface of the first contact holel81 is formed in an area where the contact stopper film
135 has a flat top surface. As a result, short circuit between the first contact layer 173 and the

gate electrode 141a does not easily occur.



etching of the contact interlayer film 126. This leads to reducing the amount of the contact
stopper film 135 etched. According to this structure, it is possible to prevent short circuit
between the first contact layer 173 and the gate electrode 141a effectively. Such short circuit
can be prevented more effectively as the average ixclination of the side surface of the first
20contact hole 181 is increased. Particularly, when the bottom surface of the first contact hole
181 on the columnar silicon layer 113 is smaller in size than the first insulating film sidewall
134 formpdsp thesmppetaidsvalofihe selupnamslicandanes dddadp el wards e ks,
projection 181a of the first contact hole 181 onto the substrate 110 is within the circumference
134a of theperojisotactpthfiteofttre 1t thewltating fitle sidpivalk 13 bmtosthésullaghale sbid|ahe
25 bottom surface of the first contact hole181 is formed in an area where the contact stopper

film 135 F28 L7RSH E5rheeauss of RS RIORIBOERFEin Bt BN AU UBSEERDE S and
the gate glapirodeddda doesNok eRS|IN OasH R [AQ86] MALS RISEIRE Yy EYED: AN AL BRkIS

made to form a contact hole having a side surface perpendicular to the substrate 110, the
contact lsale mdychavéha Hottoontsurfade Hibhtlyrgmatar thaavthegtopduridos dabausie efitfaee
property of etching, and thus the bottom surface becomes smaller as the contact hole is

deeper. Thitfeterendiseniaatibpind BiotRimed asde emiationsurians aeady remsrdiante fhet

contact hgle, 181 is larger than the average inclination of the side surface of the second
contact hole 183 so formed as to have a side surface nearly perpendicular to the substrate.
[0087]Ar0d88T EmbadineritikbcEmdBA to 48C illustrate the shape of the first contact hole 181
of a semiconductor 10device according to another embodiment of the present application.

Referring to FIGS. 6 168479, H{-dipraikitys sbanoeh thsr Wiartkstdiale 48kata smendyetor
t 81 | icular t bstrate 110.ang. f th -secti
CO;L‘@C RRE a%ééﬁﬁ'ofg%ééf%ﬁ%s{‘gh%’oé{ %n‘ﬁgfﬁ% SLCEent Ryglé%oﬁrﬁé@}g@géﬁ%cﬁéﬁfé%%?é‘

of the first contact as a tapered shape, respectively. In this em ment, t

cross-se4tiBaafeifadiesiosanigiethale A Bdnmaysidsaubrve dhashiepe shawndi FRE & 1BA0
48C. In these cases, when the angle B made 15between the line a-p and the perpendicular

line to theegkndicalar 1a thisrrsr U ALUFR! HTodecthy gedhesgciion it Biediegeancrhanisn 81 ts

side surface of a contact hole, itis sufficient that the ayerage inclination,of the side surface of
the frot AU E R T RS ALE T Th & BT A e ooy e S G fre o

second eRijatid e 183 Bafosmachas QA sidawalinardy REERERRiGUlR 40,18® subkrirate
110. 20[0088]Since the first contact hole 181 is shallower than the second contact hole 183

on the plkataesilibonitayeBiang, theaiskpens! sublr Hsegrermasubststopditindfl6tcHing Hiitlandr g is
resistancge values do not easily occur. Conseguently, by adjusting etchin %%%ductio S, itis
reatively L0 5 AfHas LSRG T 2 28 the Swlrs el tatN S b g
surface q{tagdirat sRniacbhale 481 45 facaer thamhe avaranadiginginaLhias sidg sprface of
the second contact
inclination of the side surface of the second contact hole 183 so formed as to have a sidewall
nearly perpendicular to the substrate 110.

20 [0088] Since the first contact hole 181 is shallower than the second contact hole 183 on the
planar silicon layer 112, problems such as premature stopping of etching and varied resistance
values do not easily occur. Consequently, by adjusting etching conductions, it is relatively easy
to form the first contact hole 181 so that the average inclination of the side surface of the first
contact hole 181 is larger than the average inclination of the side surface of the second contact

25  hole 183 that is so formed as to have a side surface nearly perpendicular to the substrate 110.

{0089] In another modification, the same effect as the above can be obtained by forming the

first contact hole 181 on the columnar silicon layer 113 to have a side surface perpendicular to



25 hole 183 that is so formed as to have a side surface nearly perpendicular to the substrate
110. [0089] In another modification, the same effect as the above can be obtained by forming
the first contact hole 181 on the columnar silicon layer 113 to have a side surface
perpendicular to 29 the substrate 110 and have agmall bottom surface, instead of forming
the first contact hole 181 so that the average inclination of the side surface of the first contact
hole 181 is larger than the average inclination of the side surface of the second contact hole
183 thatti%e%ﬁlﬁ&(ﬁﬂ@@l@@Mh\%@é@%uﬂéﬁ%ﬁ&ﬁ%ﬁ@&wgeﬁ@mm IR ISMLAN hole 181
perpendicular to the substrate 110. As in 5the above embodiment, particularly when the
bottom surfaeetiof herdigstindmtaldvholeht8ideonutiece olummanssilicoactdyde 18 Biislagralibairiisize

than the circumference of the first insulating, film sidewall 134 formed on the upper sjdewall of
the coluMfrErasiie H'Pég?@wffh? mdsmgf%i% ﬁf‘éﬁftﬂé%lf&fé@f?&@ﬂﬁ@%&&%ﬁﬂ#&ﬁﬁégt6 She

first contagt layelcd 68 ADQIDGIUPEIRIR l%@;ﬁé’ﬂé'ﬁﬁ%‘ﬁ@&ﬁ%’éﬂf&f £ ABRRR ARERD in

profile of the first insulating film sidewall 134 on the 10substrate 110, the bottom surface of the
first tontactabole EBbadifocmephiniahaaealwhére thecovostatistoppefiibcd@schasla Fit dophe
surface, so short circuit between the first contact layer 173 and the gate electrode 141a does

not easil§PUEBOR &fiRas frxchithisrimat fdresizsiiung the drmssnshieb el neylativg SiBwer
than the gecond LoNEaEl hele ér?e%,g tm?dé&uff:@fﬂlg usiamiaven 280 ol e Planasriices.javer

112, it is easy to pattern the first contact hole 181 smaller 15than the other deeper contacts.
Here, a svhalleicopnjacidayembanduepaiighoe d fijiddimioshaadaject Tledayerefibstia6: abl thin
as possible. [0090] As described above, the first contact layer 173 on the columnar silicon

layer 1134@1&11%%@%{3%%% %%fésﬁaom_éémyépim Bmﬁ%ﬁ%%ftgefwﬁﬁa%‘ﬁ%ﬁr‘ 200hH
the, glangy,si L%%”]z'gé’é‘?ﬁé&&%‘%%%ﬁ%%%f%‘%ﬂé ﬁ&%%)étta%tf RO 1fag U %ﬁfﬁéﬁ% LIAYR! Wh%rf the

Consequently, a table contact resistance can be obtained even Iif the first contact layer

173 is smaltdex sizppdonilha 33hek hdand dpeseresh castasik tajitichvdeisiie apa cthar the dirsy3
contact layer 173 on the columnar silicon layer 113. Therefore, the bottom of the second

contact Rijbihe Zatpslestde drhbit doprerptivessycsiircontse tha shoonigpl irdesbitked Hiffusion

layer 20,9f the lanay, sicon a¥eL 112, . fpmed n 2 apered Sfape) CONSGANEIIY, girrusion
Inconveniences such as the second contact ayer having a high resistance an

variancelip s Ret NRS|SIMAES ReFOMIBOIIBT O I8 sk ©GEer Aid s Ireasats RerdNshioREact
hole 183 on the planar silicon layer 112 is preferably formed to have a side surface nearly

perdendibatdherther aeraramties,; didtaHerelllaheohgblay cBOaUptapwtaies o thensagond
contact holet 183 is‘lmai.n inggS In gddition, a.éirst contact hole 181 on the columnar silicon
layer 1150048H RSBV I R IIBIES RS ltace than that of the second contact hole 183.

Accordinggeosuch EIEHEHrEL dVIS MeFREISIRRIGHRIUIBAN AEctiis RRINGRELIRfEST poRfact
layer 173 on the columnar silicon layer 113 and the gate electrode 141a and gate

shallower than the second contact layer 174 on the source diffusion layer 200 in the planar
silicon layer 112 and therefore it is easy to form the first contact layer 173. Consequently, a

20  stable contact resistance can be obtained even if the first contact layer 173 is small in size. On
the other hand, the second contact layer 174 is deeper than the first contact layer 173 on the
columnar silicon layer 113. Therefore, the bottom of the second contact layer 174 becomes
small when the second contact layer 174 on the source diffusion layer 200 of the planar silicon
tayer 112 is formed in a tapered shape. Consequently, inconveniences such as the second contact

25  layer 174 having a high resistance and variance in contact resistance becoming large easily
occur. For this reason, a second contact hole 183 on the planar silicon layer 112 is preferably

formed to have a side surface nearly perpendicular to the substrate 110, and thereby the bottom



5wire 141b and to obtain stable resistance of the second contact layer 174 on the source
diffusion layer 200 of the planar silicon layer 112. [0091] When the first insulating film sidewall
134 is composed of an oxide film, not only short circuit between the first contact layer 173 on
the columnar silicon layer 113 and the gate electrgge 141a but also etching of the sidewall of
the columnar silicon layer 113 can be 10prevented. When the first insulating film sidewall 134
is composed of a nitride film, excess etching may occur in the upper sidewall of the columnar

silicon layganddd-0ar e QauRaRtRES IR TrshinssiRiNG Ty RigR VYA 4 3415 6aMROBCA!

an oxide film, excess etching on the upper sidewall of the columnar silicon 113 can be
preventélet loy lusing stivditibrystylé s doentvid odwlectivitya Hatibdienveeriaittic fiai bid sxdded
films durin etchingcléhe contact stopper film 15135, which is a nitride film, [0092] In the above

embodirfSHRS! B dBitalCrmteis i Hf £ 564E U SIaBHi &1 Rty S it SEBPEPHiNF 135
' a nirile, HyJb 58199, 00PPLG Hhat e AP AL AN BHaY o Jlms1RE imeuRiRTRIang

such as a low-k film. In this case, the contact stopper film 135 may be another insulating
for whichviaehid hbsidctivibyaiati ideavsitéhle: ad e st thednsutatingykim 20oo thpsising théfusion
contact stopper film 135 such as a low-k film. [0093]In the above embodiment, a planar

semilcor{ﬁlwtap(Pa‘iféPiE@‘?grfﬁ'Hﬁ%lBY?fHé%ubstrate 110. It is obvious to a person of ordinary
skillin ﬂfﬁﬁg‘flid Rkt iﬁeﬂﬁéﬂ%%%u%m.ﬁ RN SPIRIRORANCIONIBYEE BOANER S YRS LRI G

one or more layers formed on the substrate. The planar semiconductor layer, for example,

may be foumeteonean ihstlatioghtayelaasrangea die 2blinamubiicatelasachiduadtbQasubstrate
which has an insulating film on a substrate. [0094]In the above embodiments, the materials

and shaglectppandlarbubabiersighiag @kt silserall abthnsalumpetstbicandese likdearbse

m9 _iﬁe‘fn%%e%?@c{ ORYIRIE ﬂ%lfﬂ%?%%]}ﬂa"i‘%rﬁég%l‘ﬁ?e% 102 13 ‘H'Hé&({@ EthQFaplﬁ%FdQ'ﬁﬁn?‘é%iéss

applicatlon by reference to one or more preferred embodiments, it should be apparent that the

preferregt@inpagineciermayderprditieddn arapgemeanianicaetailavitheutdapading: tiand, the
principles disclosed herein and that it is intended that the application be construed as
including/égndhieirrcasmtattienilarddsvatifdns segutascdofimaprisin 8Witrrserchingsndhe

Scope Of e SR h DAl L s e el 13 AR A O B IR IR D B TR A9 2 g

selectivity ratio between nitride films and oxide films during etching the contact stopper film

15 135, which is a nitride film.
[0092] In the above embodiments, the contact interlayer film 126 is an oxide film and the
contact stopper film 135 is a nitride film. It is also possible that the contact interlayer film 126 is
another insulating film such as a low-k film. In this case, the contact stopper film 135 may be
another insulating film for which a high selectivity ratio is available against the insulating film

20 comprising the contact stopper film 135 such as a low-k film.
[0093] In the above embodiment, a planar semiconductor layer 112 is formed on the
substrate 110. It is obvious to a person of ordinary skill in the field that it is possible to form a
planar semiconductor layer above a substrate via one or mote layers formed on the substrate.
The planar semiconductor layer, for example, may be formed on an insulating layer arranged on

25  the substrate, such as an SOI substrate which has an insulating film on a substrate,
[0094] In the above embodiments, the materials and shape of parts are arbitrary, and the

specific detailed structure and the like can be modified as appropriate.




110 silicon substrate 112 planar silicon layer 10113 columnar silicon layer 120 filler oxide film
121 pad oxide film 123 sacrificial oxide film 124 gate insulating film 15125 first oxide film 126
contact interlayer film 130 first nitride film 131a second nitride film 131 third insulating film
sidewall 20132 third insulating Film 133 second ingylating film sidewall 134 first insulating film
sidewall (oxide film) 135 contact stopper film 135a circumference of projected profile of
contact stopper film on substrate 25140 first amorphous silicon film 141 second amorphous

silicon fifgpégpte ingwlatinaditfbed and illustrated the principles of this application by reference to one
or more preferred embodiments, it should be apparent that the preferred embodiments 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
5  variations insofar as they come within the spirit and scope of the subject matter disclosed herein.

[Explanation of Reference Numerals]
[0096]
110 silicon substrate
112 planar silicon layer

10 113 columnar silicon layer
120 filler oxide film
121 pad oxide film
123 sacrificial oxide film
124 gate insulating film

15 125 first oxide film
126 contact interlayer film
130 first nitride film
131a second nitride film
131 third insulating film sidewall

20 132 third insulating film
133 second insulating film sidewall
134 first insulating film sidewall (oxide film)
135 contact stopper film
135a circumference of projected profile of contact stopper film on substrate

25 140 first amorphous silicon film
141 second amorphous silicon film (gate insulating film)

141a gate electrode




141a gate electrode 32 141b gate wire 150, 160, 301resist pattern 151-153metal-silicon
compound layer 161 antireflection coating (BARC) layer 5170 metal film 171 barrier metal |
layer 172 third contact layer 173 first contact layer 174 second contact layer 10175 barrier |
metal layer 176 metal layer 177, 178, 179first layegyire 180 first pattern 181 first contact hole
15181a projection of bottom surface of first contact hole onto substrate 182 second pattern

141b gate wire
150, 160, 301  resist pattern
151-153  metal-silicon compound layer
161 antireflection coating (BARC) layer
5 170 metal film
171 barrier metal layer
172 third contact layer
173 first contact layer
174 second contact layer
10 175 barrier metal layer
176 metal layer
177, 178, 179 first layer wire
180 first pattern
181 first contact hole
15 181a projection of bottom surface of first contact hole onto substrate
182 second pattern
183 second contact hole
184 third contact hole
200 source diffusion layer
20 201 drain diffusion layer
303 first insulating film
303a, 303b, 306 insulating film
305 fourth oxide film
307 offset spacer
25 309 body



183 second contact hole 184 third contact hole 200 source diffusion layer 20 201 drain diffusion layer
303 first insulating film 303a, 303b, 306 insulating film 305 fourth oxide film 307 offset spacer 25 309
body 33 Claims 1. A method of producing a semiconductor device comprising:  a step of preparing
a structure provided with a substrate, a planar semg3nductor layer formed above the substrate, and a
columnar semiconductor layer formed on the planar semiconductor layer;  a step of forming a first
source or gﬂ%m]gegion in a lower part of the columnar semiconductor layer and in the planar
semiconductor layer; a step of forming a gate insulating film around the columnar semiconductor
layer; a step of forming a gate electrode on the gate insulating film so as to surround the columnar
semiconductor Iai/er; a second drajn or source region forming step of forming a second drain or

source region in anAPHEPPAAT B AHABAATREY SR SAIRRISEISYRIPT S - contact stopper film forming
step of forming a,LQaiR HGRAR IS BB E S I ARURIPAHELRSIPA S G9AHA iR BEsANER region

forming step;  a step of forming a contact interlayer film on the contact stopper film so as to embed a
resultant playsnonedelorribe subsisaiefiandiaealngeae peampndugeniaestiRiyeedomihsy step of
forming a fiist contact Ia&er on}the second drain or source region, wherein the contact layer forming

step includgg & Sem"éoﬂa %tronr 8¥r%ring step of forming a first pattern corresponding to a region where

the first contact laypsgosatreduted fiesbeotatmed deintheyramitact| swer puardilthe columnarcontact hole
forming step of etching the contact interlayer film_up to the contact stopper film by using the first

pattern so ®EYSIRHFRHRAE AL FiS BRI eSO Qs AFEr: and

astep of forming a gate insulating film around the columnar semiconductor layer;
a step of forming a gate electrode on the gate insulating film so as to surround the
columnar semiconductor layer;
a second drain or source region forming step of forming a second drain or source
region in an upper part of the columnar semiconductor layer;
a contact stopper film forming step of forming a contact stopper film on aresultant
product of the second drain or source region forming step;
astep of forming a contact interlayer film on the contact stopper film so asto
embed aresultant product of the contact stopper film forming step; and
acontact layer forming step of forming afirst contact layer on the second drain or
source region,
wherein the contact layer forming step includes
apattern forming step of forming afirst pattern corresponding to aregion
where the first contact layer is scheduled to be formed, on the contact interlayer film;
acontact hole forming step of etching the contact interlayer film up to the
contact stopper film by using the first pattern so asto form afirst contact hole for the first
contact layer; and
a contact stopper film removing step of removing the contact stopper film
remaining on a bottom of the first contact hole through etching, and
wherein a projection plane of a bottom surface of the first contact hole onto the
substrate is located within an outer circumference of a projection shape of the contact

stopper film which is formed on an upper surface of the columnar semiconductor layer



a contact stopper film removing step of removing the contact stopper film remaining on a bottom of the
first contact hole through etching, and  wherein a projection plane of a bottom surface of the first
contact hole onto the substrate is located within an outer circumference of a projection shape of the
contact stopper film which is formed on an upper s@4ace of the columnar semiconductor layer 34 and
an upper side surface of the columnar semiconductor layer, onto the substrate. 2. The method of

producing §§$U§§8PQ@§%%‘E@8&H8%%T Fﬂﬁz&%ﬁ%ﬁdd@ﬁg | %%O{Etégﬁéé%%fefmmi”g step

further includes a Step of forming a second con ayer o rst source or drain region,  wherein
the step of forming the second contact layer includes a step of forming a second pattern corresponding
to a region where the second contact layer is scheduled to be formed, on the contact interlayer film, a

step of etching the dOIRRENINLALPEPHRNGINE $HEEBRTLCIX OpYSE ARPH MR RGBSk cond pattern so
as to form a secQgLRIRiRR! dHPIRIOLLRE RPFFAY SaPTRFIHEYIRL Gst & S8 P FERMAY ASIEgontact

stopper film remaining on a bottom of the second contact hole through etching, ~wherein the second
contact hotenaRblayel eubhethest aosicke sudeate €Othe, second contact hole is perpendicular to the
substrate, and ng%rre]itrﬁ éh firg,[t Fo?mﬁ](:t tkrll%Ie iS f%{rr(l)%g sH%h thIaHCﬂE] average &1“(5‘ c())rf 3 side surface of
the first contact hole’iS grea BrHvAN AN a\geragsee%ﬁpo R Sie SUrace og &868ond Contiethole. 3.
The methagaharpausimgdinessendicotductegi devicerachergicuntircolabe layer iwberiedol trtgoatact layer
forming step further includes a step of forming a second contact layer on the first source or drain

region, anfCHREpBF G AANGE third Bkt 2rR AT £RtRATe teRURGHRS e YRk ectrode,
wherein the,steROH YSHG fh%ﬁ%ﬁ&&ﬁgc%t%dﬁé( SRS sASIE RS DR SrERgfRBHE N

corresponding to a region where the second contact layer is scheduled to be formed, on the contact
interlayer fihe secerelcofiieathaygrtand arstegointemaydilhe opntedtrstoppetddnsteppinifigroby using the
second patern so;fﬁto form a seco&ldgﬁé)ﬁtgact hole for the second contact layer, and a step of

i

removing %tt(o,ghf) Et%sgq ﬁﬂﬂt?g 0&9'& gfg{ggn of the second contact hole through etching,
wherein the step\ohépsmime Saeotirebpaitiacs Riolntddaesatnie R QbEsR R thislpadiarn

corresponding to a region where the third contact layer is scheduled to be formed, on the contact
interlayer PPRIRIHES 63 BeEPRRE Bt Nt SiErAiGeaim up to 35 the contact stopper film by using

the third pattern gg.ax{o Y4 %ﬁ%@&Bﬁ%ﬂ%ﬁH&?&?&?ﬁ?@@tﬁﬂr of"%@j e Lbgmoving

the contact stopper film remaining on a bottom of contact rough etching,  wherein
the secondhedintsictdmtdet isdierra grbatec thtiredrassidagatiia ob asitheessdeoa dfdbetseciohdleoistarpendicular
to the substrate,  wherein the third contact hole is formed such that a side surface of the third
contact hol®'§ perpendicular to the substrate, and

3. The method of producing the semiconductor device according to claim 1,

wherein the contact layer forming step further includes a step of forming a second
contact layer on the first source or drain region, and a step of forming athird contact layer
on a gate wire extending from the gate electrode,

wherein the step of forming the second contact layer includes a step of forming a
second pattern corresponding to aregion where the second contact layer is scheduled to be
formed, on the contact interlayer film, a step of etching the contact interlayer film up to
the contact stopper film by using the second pattern so as to form a second contact hole for
the second contact layer, and a step of removing the contact stopper film remaining on a
bottom of the second contact hole through etching,

wherein the step of forming the third contact layer includes a step of forming a
third pattern corresponding to aregion where the third contact layer is scheduled to be

formed, on the contact interlayer film, a step of etching the contact interlayer film up to



wherein the first contact hole is formed such that an average tilt of a side surface of the first contact
hole is greater than an average tilt of a side surface of the second contact hole. 4. The method of
producing the semiconductor device according to claim 1,  wherein the contact layer forming step
further includes a step of forming a second contact3gayer on the first source or drain region, and a step
of forming a third contact layer on a gate wire extending from the gate electrode, = wherein the step

of formingtﬂ‘eeﬁt:sﬁ%%‘t‘%@gém é@ﬁﬂ&ﬁgﬂ%ﬁﬁ r%‘fé%%ﬁgée&%g%afgi?ﬁ%’?ﬁi RESH ! ;?{iSFeSf%‘?'Eﬂgé"g toa

region where the secon ayer IS schedu rmed, on the contact interlayer tilm, a step

of etching thiedocomitect |ayeriayel diktepiof tethey centiaststoap stdiperfyl usiagdrergsaoadgtadtarn so as to
form a second contact hole for the second contact layer, and a step of removing the contact stopper

film remaifth"® X b ERBAT I IR FEBMIGct hole through etching,  wherein the step of forming
the third contact {aiginghilas shateshRidaeNng R ikikd RATRMHCNBSRAAEIGIAHR Leaipn where the
third contact layer is scheduled to be formed, on the contact interlayer film, a step of etching the
contact inte@Riget e igpespensicorata te pyestiéi®s by using the third pattern so as to form a third
contact hole for the third contact layer, and a step of removing the contact st filsn_remaining on a
bottom of the tita g o S S S R R L
that a sidergilsirgseqiditctacadiroaibstelens perpendicular to the substrate, wherein the first
contact hole is formed such that an average tilt of a side surface of 36 the first contact hole is greater

than an average WRSPR §igd 158 #R0E6 IR st med SHERD AP, AysePoe il dR S ReE@ntact hole
' formed sHefGalAbaiRas geabaniien lace ol e hliteanepinbsassaiidian the
average tilt of the side surface ot the second contact hole. 5. The method of producing the
semiconduretier device according to claim 1, wherein the contact layer forming step further includes a
step of forming a second contact layer on the first source or drain region,  wherein the step of
forming the second contact layer includes a step of applying a second resist on the contact interlayer
film and patterning theesae®iod 5 PEsdcivng itk daauEHRIN B G icfastoraingaonsapatiern
corresponding to a region where the second contact layer is scheduled to be formed, and a step of

etching the conta¥breEMHIREATIACL RYStHE BHId St tHp per FHHECE@sHRY Ofd YERBRRS8EM so as to
f et kel i Ste.
a third cor B e o ) e O e o B e

the patterrofoargaig\stepexddndingekizhi thematie d ectriue,contact interlayer film and the first resist is
patterned using lithography such that the first patterp is formed so as to correspond to a region where
the frst contact 1468 0 LEH ARG L0 BU G el ST U P TR A R e
scheduledde-heyfpaitted corrdhiGiiRg 1d BRGORIAHAOIALETHRY SiafctngepryachdaltEdyehdIm is

etched up to the contact stopper film by using the first pattern so as to form the first contact hole and a

third contal@Msd 3t Rcontact brHea@/eléhn, a derpbieichiaeSirgentagdptarve B MovmP step is
formed i le, | ' | formed,
pertorme tﬁg%ﬁtﬁg@@gg@ﬁwﬁg%ﬁ&%&b%&i}ﬁfggﬁ@8 S?Pd%r%et DEPELACLR A &6, forme

wherein, in the co ving step, ontact stopper film remaining on respective
bottoms oftileesdomtc oontatit hayjer, thel sestep dfoenteciryiscaodttice Sowper dittactimal aiiggremoved through

etching, wherein the second contact hole is formed such that a side surface of the second
bottom of the second contact hole through etching,

wherein the step of forming the third contact layer includes a step of forming a
third pattern corresponding to aregion where the third contact layer is scheduled to be
formed, on the contact interlayer film, a step of etching the contact interlayer film up to
the contact stopper film by using the third pattern so asto form athird contact hole for the
third contact layer, and a step of removing the contact stopper film remaining on a bottom
of the third contact hole through etching,

wherein the second contact hole is formed such that a side surface of the second
contact holeis perpendicular to the substrate,

wherein the first contact hole is formed such that an averagetilt of a side surface of



37 contact hole is perpendicular to the substrate,  wherein the first contact hole is formed such that
an average tilt of a side surface of the first contact hole is greater than an average tilt of a side surface
of the second contact hole, and  wherein the third contact hole is formed such that an average tilt of
a side surface of the third contact hole is greater thaé the average tilt of the side surface of the second
contact hole. 6. The method of producing the semiconductor device according to claim 1,  wherein

the contac formi | S hj e ' p of
forming a sﬁi%ﬁ?l% g%@%gtﬁé%ﬁlgﬁ%% ?ﬁéﬁdg%lﬁ:éegégg r%ﬁpf%é%ér?slﬁ% %?&n%%%ﬁ%%%%\%@t layer on a
gate wire éxtienemog from the gate electrode,  wherein the second and third contact layers forming

step includes a step of applying a second resist on the contact interlayer film and patterning the

second resist by \YSRTG NtHIEGPAhSPRRd R Sr PSS 3IGE Bk anAeie8 HOHiAF S SFE8REN where the
second cop{aRk kRS derteRashied B darferaeth@RseRiRIIRLIMABEJE SRS ePRaEtRYRYr IS scheduled

to be formed, and a step of etching the contact interlayer film up to the contact stopper film by using
the secon®@aa&rnos® as to form a second contact hole for the second contact layer and a third contact
hole for the third contact layer,  wherein, in the pattern forming step, a first resist is applied on the
contact interlayer film and the first resist is patterned using lithography so as to form the first pattern

corresponding tos Megienetiberef rediisineahtasinayendacschadu eobtedre feymedam Mvherein the
contact stopper film removing step is performed after the first contact hole, the second contact hole,

and the third contd&"REIENEePRiRRdayer foUmERe Rl el I RIREHESRSHTER ﬂmpranme%, the
contact St%%ﬂ%{cm%yé?mﬁﬁmr&%ﬁﬁ&e&ﬂéffai s of the first contact hole, the second contact hole

and the third contact hole is removed through etching,  wherein the second contact hole is formed
such that a side suhé@e tiebesettordnbamthesbalsdspaast ayieulac! usleha siebsit aeplywheg@in the third

contact hole is formed su hthatagid? 1urfa<%e$of th§ t%d contgf?t 38 hole isl%tygf}arpendicular to the
substrate, > WAL HIL PSSR ROR TS HOTHAY BeR HAg HIF SUAGEHT SP“S0Y surface of the
first contagitheleashgrententiamaa sxerrbs-titrafasEasidiase of ilpoprnak tantachhple, and

wherein the first contact hole is formed such that an average tilt of a side surface of the first contact

hole is greGRBIAHARYShI B FEnERd Fhiag KHESliRaEE siehel dirh BaMeconke! interiayenlliMetPod of
producing 4 ehSEHELR oL FRHIGS, AW IHRLE G TAer FHENA! EFEIEIEI8%ond contact hole

for the second contact layer,

wherein, in the contact layer forming step, athird contact layer is further formed on
agate wire extending from the gate electrode,

wherein, in the pattern forming step, afirst resist is applied on the contact
interlayer film and the first resist is patterned using lithography such that the first pattern
isformed so as to correspond to aregion where the first contact layer is scheduled to be
formed and aregion where the third contact layer is scheduled to be formed,

wherein, in the contact hole forming step, the contact interlayer film is etched up to
the contact stopper film by using the first pattern so asto form the first contact hole and a
third contact hole for the third contact layer,

wherein the contact stopper film removing step is performed after the first contact
hole, the second contact hole, and the third contact hole are formed,

wherein, in the contact stopper film removing step, the contact stopper film
remaining on respective bottoms of the first contact hole, the second contact hole and the
third contact hole is removed through etching,

wherein the second contact hole is formed such that a side surface of the second



an oxide film forming step of forming an oxide film in a sidewall shape on the upper side surface of the
columnar semiconductor layer after the gate electrode is formed and before the second drain or
source region is formed, wherein the contact stopper film is a silicon nitride film. 8. A
semiconductor device comprising: a substrate; a pl@har semiconductor layer formed on the substrate;
a columnar semiconductor layer formed on the planar semiconductor layer; a first source or drain

region forrggﬁ{{%[g ﬁOFboI% : fg&tg\%mgﬂqm%rsagg}j& nductor layer;  a second drain or source region

formed in an upper pa e columnar semiconductor layer; a gate insulating film formed around the

columnar semiconbeeiarttayférst cortaatokiestardedasink thandh evgedge tisubh agdd sus ecato
surround the columnar semiconductor layer; a first contact layer formed gn the second drain or source

region: a SEEJHF CORtaCk MRlRISErFRLR] BIRA0 AVSr QR Hoh ASHER SIS Olhg Seerd comiastt layer

formed ongygatgyvire extending from the gate electrode, wherein a side surface of the second contact
layer is perpendicular to the substrate, 39 and  wherein an average tilt of a side surface of the first

contact layer is gréwrernitbethimcbsentagbhitertdasimedsaithdbad brhavsagsitdtcirassiesydece. The

semicondlglgr devige ATCAAIRG (O LI for iNGIeIn an AFTROS Hl ol Asld qurlace of the third
contact layeris greatér than the average tilt of the side’surface of the second contact layer.

contact hole.

6. The method of producing the semiconductor device according to claim 1,

wherein the contact layer forming step further includes a second and third contact
layers forming step of forming a second contact layer on the first source or drain region
and forming athird contact layer on a gate wire extending from the gate electrode,

wherein the second and third contact layers forming step includes a step of
applying a second resist on the contact interlayer film and patterning the second resist by
using lithography so as to form a second pattern corresponding to aregion where the
second contact layer is scheduled to be formed and a region where the third contact layer
is scheduled to be formed, and a step of etching the contact interlayer film up to the
contact stopper film by using the second pattern so as to form a second contact hole for the
second contact layer and athird contact hole for the third contact layer,

wherein, in the pattern forming step, afirst resist is applied on the contact
interlayer film and the first resist is patterned using lithography so as to form the first
pattern corresponding to aregion where the first contact layer is scheduled to be formed,

wherein the contact stopper film removing step is performed after the first contact
hole, the second contact hole, and the third contact hole are formed,

wherein, in the contact stopper film removing step, the contact stopper film
remaining on respective bottoms of the first contact hole, the second contact hole and the
third contact hole is removed through etching,

wherein the second contact hole is formed such that a side surface of the second
contact holeis perpendicular to the substrate,

wherein the third contact hole is formed such that a side surface of the third contact



10. The semiconductor device according to claim 8, wherein a side surface of the third contact layer is
perpendicular to the substrate, and  wherein an average tilt of the side surface of the first contact
layer is greater than an average tilt of a side surface of the third contact layer. 11. A semiconductor
device comprising: a substrate; a columnar semicoBgluctor layer formed over the substrate; a first
source or drain region formed on a bottom of the columnar semiconductor layer;  a second drain or

source re%gmﬁ%wi%ulm%g%% I columnar semiconductor layer; a gate insulating film
formed around the columnar semicon

uctor' layer;  a gate electrode formed on the gate insulating

film so as to surradneceihehedivsnoamtaerhislend totoetbsh théirsheavetage kilyef sideduiatbefsecond
drain or source region; a second contact layer formed on the first squrce or drain region; a third

contact lay8F {HFhERNBIL g & dhratextbAy e RO (e SRs sHtRee Al dng feepy Qtﬁ‘?b film

sidewall forggdyag an upper side surface of the columnar semiconductor layer, wherein a projection
plane of a bottom surface of the first contact layer onto the 40 substrate is located within an outer

circumference ofvehereijedhief rshapaast ieistarrmerhaud ing sriavestoeritd oha sidlesisiece of
the first contact hole is greater than an average tilt of a side surface of the third contact

hole.

7. The method of producing the semiconductor device according to claim 1,
further comprising:

an oxide film forming step of forming an oxide film in a sidewall shape on the
upper side surface of the columnar semiconductor layer after the gate el ectrode is formed
and before the second drain or source region is formed,

wherein the contact stopper film isasilicon nitride film.

8. A semiconductor device comprising:

asubstrate;

aplanar semiconductor layer formed on the substrate;

a columnar semiconductor layer formed on the planar semiconductor layer;

afirst source or drain region formed on a bottom of the columnar semiconductor
layer;

a second drain or source region formed in an upper part of the columnar
semiconductor layer;

agate insulating film formed around the columnar semiconductor layer;

agate electrode formed on the gate insulating film so as to surround the columnar
semiconductor layer;

afirst contact layer formed on the second drain or source region;

a second contact layer formed on the first source or drain region; and

athird contact layer formed on a gate wire extending from the gate electrode,

wherein a side surface of the second contact layer is perpendicular to the substrate,



12. The semiconductor device according to claim 11, further comprising: a contact stopper film formed
on the first insulating film sidewall, wherein the first insulating film sidewall is a silicon oxide film, and
wherein the contact stopper film is a silicon nitride film.

39

and
wherein an averagetilt of aside surface of thefirst contact layer is greater than an

averagetilt of aside surface of the second contact layer.

9. The semiconductor device according to clam 8,
wherein an averagetilt of aside surface of the third contact layer is greater than the

averaget tilt of the side surface of the second contact layer.

10. The semiconductor device according to claim 8,

wherein a side surface of the third contact layer is perpendicular to the substrate,
and

wherein an averagetilt of the side surface of the first contact layer is greater than

an average tilt of aside surface of the third contact layer.

11. A semiconductor device comprising:

asubstrate;

a columnar semiconductor layer formed over the substrate;

afirst source or drain region formed on a bottom of the columnar semiconductor
layer;

a second drain or source region formed in an upper part of the columnar
semiconductor layer;

agate insulating film formed around the columnar semiconductor layer;

a gate electrode formed on the gate insulating film so as to surround the columnar
semiconductor layer;

afirst contact layer formed on the second drain or source region;

a second contact layer formed on the first source or drain region;

athird contact layer formed on a gate wire extending from the gate el ectrode; and

afirst insulating film sidewall formed on an upper side surface of the columnar
semiconductor layer,

wherein a projection plane of a bottom surface of the first contact layer onto the



40

substrate is located within an outer circumference of a projection shape of the first

insulating film sidewall onto the substrate.

12. The semiconductor device according to claim 11, further comprising:
a contact stopper film formed on the first insulating film sidewall,
wherein the first insulating film sidewall is a silicon oxide film, and

wherein the contact stopper film isasilicon nitride film.





