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Heretofore, the high integration of a sem conductor nmenory device has been
.achi eved by reducing the deviice size, however, the anount of charge which
gan bé stored in a capacitor as information is reduced because the area of
the capacitor is reduced for mniaturization. As a result, as signal to
noise ratio is deteriorated and reliability is deteriorated because a
probl em such as the signal reversal caused by the incidence of al pha rays
occurs, it is indispensable and the greatest task of a sem conductor nenory
device to secure the suffici ePIcaralcatymE@ @t o keep reliability:
The amount of charge stored in a capacitor is determ ned by the product of

the capaci tng{céA@&%Qaaeag£¥aﬂgvf@£'A:&ﬂ oLkageu-t B YaRAM thetbot he

capacitor is proportional he area of the capacitor and the dielectric
constant of the dielectric fil % harcapaghtor and is i nversely
proportional to the thickness o capaC|tor dielectric film Therefore,

a stacked-type The present invention relates to a semiconductor memory
device and a rﬁanufacturing method thereof, in detail rel‘ates to
a sem;i.conductcr memory device which can b-e miniaturized and its
manufacturing methlod in which such a semico_nductor memory device

. can be manufactured readily and precisely.

BACKGROUND ART

A sen\;conductor memory device used in great volume fo:.:' a
personal computer, a workstation, a main'fra'.me computer and others -
is a dynamic-.;:'andgm access memory. (hereiq;fter ¢alled DRAM)-
consisting of one transistor which functions as a switch and one
capacitor as the smallest unit. This DRAM has been heretofore
enha;.nc'ed'in the ratio of four times in three years.in the degree
§f intégration and at present,. tﬁ'e' mass production of a 64-megabit
DRAM which is to be manufactu:.c'-ed using nd.cro—.'fabrication technology
in the next generation and the minimum fe_atp;'e size of which i's
O.35Ip.m is being developed.

Heretofore, the high integration of a s.enL"Lconductor memory
device has been achievea by reducing the device size, however, the
amount of charge which can be stored in a capacitor as information '
is reduced because the area of the capacitor is reduced for

"miniaturization. As a result, as signal to noise ratio is
deteriorated and reliability is deteriorated because a problem such

as the signal reversal caused by the incidence of alpha rays occurs,

it is indispensable and the g;'e_aLtest task of a semiconductor memory
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capacitor wherein a part of a capacitor is formed on the sw tching
transistor and an oxide filmfor devi ce isolation and a trench-type _
cdpaci tor wherein a deep trench is forned on a senmiconductor substrate and
the side wall of the trench is utilized as a capacitor are used in a nenory
device (hereinafter called a nmenory cell) of a 4- or -nore-negabit DRAM so
as to prevent storage capacity from being reduced by the reduction of the
area of a capacitor caused by micromihiaturization. A 64- nmegabit DRAM can
be real i zedidwi cesitBgsacereattid Gurst thestiCdraiedieharge vy g, kekpn t he
area of a nmenory cell is reduced in the ratio of 1/3 of the previous
generation magerdiagyto a trend, even a renory cell using a stereoscopic
capacitor such as the stacked-type capacitor and trench-type capacitor
cannot conpensat erHehempedticti change ttteoradein of capreidmradstantegodprét® y and
it is difficult to secure required capacity. To solve such a problem a
charge st ordgepcaguct taff thel ¢arhad tyr QWFﬂeyﬁepfrl%l‘iﬂroaﬁée%EP]:FtﬁdgvﬁB%ﬁﬁ¢ ype
capacitor is a stereoscopic one utilizing the inner and outer walls of a
concave (crivn<eppe}tel PetthedeaRIcRAvt s REFPYTEPRRd FReRE &CFOBE BI° the

capacitor and the diélectric constant of the dielectric film of

the capacitor and is inversely proportional to the thickness of

the capacitor dielectric film. Therefore , a stacked-type

capacitor wherein a part of a capacitor is formed on the switching

transistor and an oxide film for device isolation and a trench-type

capacitor wherein a deep trench is forxﬁed on a semiconductor

substrate and the side wall of the trench is utilized as a capacitor

are used in a memory'device (hereinafter called a memory cell) of

a 4- or more-megabit DRAM so as to prevent storage capacity from
being reduced by the reduction of the area of a capacitor caused

by microminiaturization. A 64~ megabit DRAM can be realized by

Using a capacitor with such structure.

However, when the area of a memory cell is reduced in the

ratio of 1/3 of the previous generation according to a trend, even

a memory cell uéing a stereoscopic capacitor such as the

stacked-type capacitor and trench-type capacitor cannot compensate

the reduction of the area of the capacitor completely and it is

difficult to secure required capacity.

To solve such a problem, a charge storage capacitor called

. a crown type is proposed. This crown-type capacitor is a

stereoscopic one utilizing the inner and outer walls of a concave

(crown-type) electrode 19 shown in Fig. 2 as the electrode of the
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- 2- capacitor. Referring to Fig. 2, a reference nunber 1 denotes a

sem conductor substrate, 2 denotes an oxide filmfor device isolation, 3
dénotes the gate oxide filmof a transistor, 4 denotes the gate el éctrode
of the swi'tching transistor, 5 and 5 denote a diffused region different
fromthe substrate in a conductivity type, 6 denotes-.an interl ayer
dielectric film 7 denotes a bit line connected to the diffused region 5",
8 denotes an interlayer dielectric film 13 denotes netal for connecting

the diffusedd.eqicgr. 5 @i iRy Q¥eFi £l oCt Loderofedcd ARAILON, addodanyf es
the | ower el ectrode of the capacitor, 20 denotes a capacitordielectric

film 21 denglieenauptét es@iAtiattede2 Odeddtes apAckiae, £28m d10Ryiaa
interlayer dielectric film 23 denotes wiring connected to the diffused

regi on of tiwisthshl & GenddesleRatRteddxidd €LladE adirainetstbe, i dendtrg 25

denotes the uppernost wiring. Storage capacity can be increased by adopting

structure the gate electrode of the switching transistor, 5 and 5' denote
a diffused region differen£ from the substrate in a conductivity
type, 6 denotes an interlayer dielectric filr‘n, 7 denotes a bit line
connected to the diffused region 5', 8 denotes an interléye:
diglectric film, 13 denotes metal for connecting the diffused

b region 5 and the lower electrode of a capacitor, 19 denotes the
lower electrode of the capacitor, 20 denotes a capaci_tor-‘d::l.electric
film, 21 denotes a plate electrode of the capacitor, 22 denotes
an interlayer dielectric £ilm, 23 denotes wiring connected to the
.diffused region of the substrate, 24 denotes an interlayer
dielectric film and 25 denotes the uppermost wiring.

Storage capacity can be increased by adopting structure
using such a crown-type capacitor.electrode 19 for the capacitor
of a DRAM, however, ﬁot only an extrémély complicated éroeess is
required to realize such structure, but there exists a prob.].em that
there is great step height.

That is, as showg in Fig. 2, great step height is caused by
the crown-type electrode 19 between a memory cell (a left section
in Fig. 2) and a transistor (a right section in Fig. 2} in the
vicinity and as a result, it is difficult to form wiring 23 on this
step height. As the depfh of the focus of a used reduction
projection aligner is shallow and the tolerance of the focus (depth
of focus) is small in optical lithography used for forming wiring

23 with a predetermined pattern, this is because it is difficult
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usi ng such a crown-type capacitor electrode 19 for the capacitor of a DRAM
however, not only an extrenely conplicated process is required to realize
such structure, but there exists a problemthat there is great step height.
That is, as shown in Fig. 2, great step height is caused by the crown-type
el ectrode 19 between a nmenory cell (a left section in Fig. 2) and a
transistor (a right sectionin Fig. 2) in the vicinity and as a.result, it
is difficult to formwring 23 on this step height. As the depth of the

focus of agisedchedieidth PhOI§iPdOnal 1 GREr Joi-+3BAL! oW afd skhg Aol glance
of the focus (depth of focus) is small in optical |ithography used Tor

formng w rdaga3yW tih acaiedst erfli sedk pakbhats tHdlsfal fePGRUEEndrsiich
difficult -3- to focus on both the upper and | ower portions of the step

hei ght sui tegbh\patteradis | itha, shdliler SePaf AESLodde iSNBNd QF rddtfe dhnidron of
a pattern is, the smaller depth of focus is and a range in which
a focus is suitably adjusted is further smaller.

To solQe such a problem in forming a wiring pattern caused -
by step height, a method of planarizing the surface of a substrate
by a chemical mechanical polishing (CMP) method is proposed and
is already applied to planarizing the interlayer dielectric film

of the multilayer interconnection of a logic large sca:le integrated
.circuit (LSI) .

However, it is difficult because of the following reasons
to apply this CMP method to a substrate wherein the crown-type
electrode 19 approximately 1 pm in height is already formed. The
first reason is that when meéhanical polishiné by applying
mechanical force is applied to a capacitor wherein a very thin
capacitor dielect;ic.film is formed, possibility that a pinhole
or a crack is made on the capacitor dielectric £ilm and as a._result,
failure of electric isolation occurs is high. The second reason
is large the internal stress of a thick oxide film is caused because
an oxide film with at least double thickness of step height ié
required so as to bury a capacitor with large step height in the
oxide film and thus failure of electric insulation of the cépa_citor
dielectric £ilm is caused by this large internal stress as described
in the first reason.

A method of lowering tﬁe surface of a siiicon substrate in
a memory cell array in an initial process is proposed in Japanese

published unexamined patent application No. Sho 63-266866,



a focus is suitably adjusted is further smaller. To solve such a problemin
formng a wiring pattern caused by step height, a nethod of planarizing the
surfacé of a substrate by a chenical nechanical polishing (CW) nethod is-
proposed and is already applied to planarizing the interlayer dielectric
filmof the multilayer interconnection of a logic |arge scale integrated
circuit (LSI). However, it is difficult. because of the foll ow ng reasons to
apply this CWP nmethod to a substrate wherein the crown-type el ectrode 19
appr oxi mat elowelelrerif Btep Haighlhtid sangé pathy hotherlis HiEfhicnit gteagply i S

t hat when nechani cal polishing by applying nechanical force is applied to a
capaci tor wher ei ra anareiry thlh mepaiddowitthetbet ¢rami-typel sapacitesk is
possibility that a pinhole or a crack is made on the capacitor dielectric
filmand aslesarédeltin Fapingse pibhi fuid wnexaulred pateoteapplicatiiqus Ndhe
second reason is large the internal stress of a thick oxide filmis caused
because an hd6Pec4BPEM and Nt Shegst1g81dfe. t Figkné3sshrvssitbs RERDAL i s
required so as to bury a capacitor with large step height in the oxide film
and thus f@#taangepenE|aictriTMERLEY el bRnG Fidre7¢ @Ft‘%}e section viewed

along a line X-X' in Fig. 73 and the section of the main part of
peripheral circuits. The structure of the sectipn shown in Fig.
75 is a prior embodiment utilizing the internal face of a storage

i electrode in a trench as a capacitor. This structure has an
advantage that it is easier in manufacturing than a crown-type
.capacitor.- - - - -

Referring to Figs. 73, 74 and 75, a reference number 101
denotes a silicon substrate, 102 denotes a field oxide film, 103,
104 and 105 denote highly concentrated impurity regions which are
a source or a drain, ;06 and 107 denote gate electrodes,' 111 denotes
a storage electrode, 112 denotes the dielectric £film of a capacitor,
113 denctes 5 piate electrode, 114 denotes a silicon oxide film,
127 denotes an active area, 128 denotes a word line, 1305denotes
a data line, 129 denotes a contact hole and 131 denotes a connecting
hole. As shownin Figs. 74 and 75, these conventional semiconductor
memories wherein a capacitor is formed on a silicon substrate have
"large step height between a memory cell and its peripheral circuits.

In a tfench capacitor cell wherein a capacitor is formed
inside a substrate, large step height is not formed on the substrate.
As storage capacity can be increased by deepening a trench formed
on a substra;:e ;, it can be prevented from being reduced the capacity -

of the storage capacitoi' by reducing the area of a cell.
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dielectric filmis caused by this large internal stress as described in the
first reason. A nethod of lowering the surface of a silicon substrate in a
menory cell array in an initial process is proposed in Japanese published
unexam ned patent application No. Sho 63-266866, -4- however, if step
height is large, the nethod is difficult to apply. A.nmenory- cell provided
with the crown-type capacitor is described in Japanese published unexam ned
pat ent applicati ons No. Sho62-48062 and No. Sho62-1281268. Fig. 73 shows

the plane arrange@haivedf ashire SEXOLY HhtefDH WHiGh o/ dreh@V\eah Be HBGON
viewed along a line X-X in Fig. 73 and the section of the main part of

peripheral igi LEni téd, BareheHCthd Gaspfedth@atest bONISEINM s Bpptdkinktely a
prior enbodinment utilizing the internal face of a storage electrode In a
trench as aocaphciHieh. idhéxtremelietdssp And ﬁﬂrfxﬁh/aliht afeth hat ré&ui.ﬁecﬁ&:‘&l er in
manuf acturi ng than a crown-type
be formed. Further, there are many problems in a process such as
an electrodg of a capacitor buried J':n a substrate and the diffused
region of a switching transistor are required to be connected in
the substrate and practical use is difficult.

If material with a large dielectric constant, for example
leaci zirconate titanate (PZT) which is a ferr’oelectri.c substance
and others are used for a capacitor dielectric film, large storage
capacity can be realized without the complicated shépe pf a
capacitor.

However, a film consisting of noble metal such as platinum
is required to be used for the. electrode of a capacitor so as to
use PZT with a large dielectric constant for a capacitor dielectric
film. Noble metal such as platinum is a source of contamination
for silicon ana not only deteriorates the charat'..:tez:isftics of an
element but it is difficulf to pr.oc'ess noble metal by conventional
photo-etching so that it is in a predetermined shape.

Further, there are many probleins that an dielectric film
itself consisting of the PZT or others cannot be proof against heat
treatment of approximately 400 °C or more and long-term reliability
is unclear and there is no prospect of practical use. )

Fig. 91 shows a conventional memory cell provided with a
crown'-type capacitor on a d_ata line and a metal oxide silicon

field-effect transistor (MOSFET) in its adjacent peripheral

circuits area. As shown'in Fig. 91, a MOSFET in a memory cell area
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capacitor. Referring to Figs. 73, 74 and 75, a reference nunber 101 denotes
a silicon substrate, 102 denotes a field oxide film 103, 104 and 105
denotethi ghly concentrated inpurity regions which are a source or a drain,
106 and 107 denote gate el ectrodes, 111 denotes a storage el ectrode, 112
denotes the dielectric filmof a capacitor, 113 denotes a plate el ectrode,
114 denotes a silicon oxide film 127 denotes an active area, 128 denotes a
word line, 130 denotes a data line, 129 denotes a contact hole and 131
denotes a cNBeRktNguH 8y AYatBMLlidttrigstilhd3a8] F Fatkhas-trodeesnd onal
sem conductor nenories wherein a capacitor is formed on a silicon substrate
have | ar ge &iepidietddtisigt nvegpeainpority seeds 306 aris302/ iapHerled storagr t s.

In a trench capacitor cell wherein a capacitor is fornmed inside a
substrate, dlxqgeoskeplhedfd drownotypercmphatarheopabsting eof As st or age
capacity can be increased by deepening a trench formed on a substrate, it
can be prevsrysaystehlbee v liedndedcohrectashtp tohist M@W%t’é?a&j‘é%ﬂ‘b’dﬁ t or

by reducing the area of a cell.
formed on the high- dens:Lty N-type impurity area 307 in clearance

between a word line (the gate electrode 304) and a data line (a
wiring electrode 310). Further, a capacitor dielectric film 318

is formed on this storage electrode 317 and a plate electrode 319

3 is provided on it.

The storage electrode 317 is cylindrical and the effective
area of the capacitor ié increased utilizing not only a flat portion
but the inner face and the ou.te'r..fl wall of a vertical -portion. The
effective area of the capécitor can be maximized by providing the
storage electrode on the data line and further, the static
capacitance of the capacitor caﬁ be readily increased by extending
the héight‘ of the vertical region, that is, arranging the
cylindrical storage electrode in a higher positioﬁ.

A method of manufacturing a semiconciuctor memory device
provided with such a crown-type or a cylinder-type capacitor will
be briefly described bélow. First, a field oxide film 302 for
insulating between elements is grown on a single
crystalline silicon substrate 301 and the gate oxide film 303 of
a MOSFET is formed. Next, a polycrystalline silicon film
containing impurities in high density is formed as the gate
electrode 304 and after patterning in a éredetermined shape,
high-density N-type impurity regions 306, 307 and 308 which are

to function as the source and the drain regions of the MOSFET are
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However, as the size of an area in which a trench can be fornmed is |limted,
a trench the aspect ratio of which-is approximately 40 and which is
extrenely deep and narrow in width is required to be forned. Further,
there are many problens in a process such as an el ectrode of a capacitor
buried in a substrate and the diffused region of a swtching transistor are
required to be connected in the substrate and practical use is difficult.

If material with a large di'electric constant, for exanple |lead zirconate

titanate (E%L%newnﬁht%él%;.ri 4 QeLeELi 1 fnsUSliaNGe sARdePLte 013G Wegd for a

capaci tor electric ti arge“storage capacity can be realized w thout

the conpli cafAd$3RPEN N et RPRLI drientOVRYSE , a2 tbil ANse008LS UxadeOfi 11D €
nmetal such as platinumis required to be used for the el ectrode of a

capaci t or sfpoagst foMss P4k ¥pdriingy hat IhdlirtheCtdied oRStihibRF-deneaPACi t OF
dielectric film Noble netal such as platinumis a source of contam nation
for silicom-argpBoimsutityalegibAl FE DL BReCHOSEET dini at masoxyf cabledwsent but
it is difficult to process noble netal by conventi onal

apolycrystalline silicon £ilm including impurities in high density

and a tungsten silicide film are formed in order as the data line
310 and are patterned in a predetermined shape. Next, after the
silicon oxide film 311 is formed, an opening is formed oﬁ the

. I high-density N-type impurity region 307 which is the source or the
drain of the MOSFET in the memory cell area, a polycrystalline
silicon film and a silicon oxide film are foﬁned in order, after
they are patterhed in a 'predete_i-mined shape, a polycrystalline
silicon film is' further formed, and the polycrystalline silicon
film is left on the side wall of the silicon oxide film by removing
the polycrystalline silicon lfilm exposed in the flat portion by
applying anisotropic dry etching to be thé crown-type storage
electro;'le 517. Next, after the capacitor dielectric film 318 is
formed,- a polycrystalline silicon £ilm which is to function as the
plate electrode 319 is further formed and is patterned so that it

is in a predetermined shape. At last, a silicon oxide £ilm 316 which

is an interlayer dielectric £film and aluminum wiring which is metal

wiring 315 are formed, and the MOSFET and the memory cell of

peripheral circuits are manufactured.

As described above, to further enhance the degree of
integration of a DRAM, it is difficult to enhance the degree of

integration of a DRAM consisting of the conventional stereoscopic .

cell and a semiconductor memory device which can sclve the problem
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photo-etching so that it is in a predeterm ned shape. Further, there are
many problens that an dielectric filmitself consisting of the PZT or
othersfcannot be proof against heat treatnent of approxinmately 400 [err]C
or nore and long-termreliability is unclear and there is no prospect of
practical use. Fig. 91 shows a conventional nenory cell provided with a
crown-type capacitor on a data line and a netal oxide silicon field-effect
transi stor (MOSFET) in its adjacent peripheral circuits area: As shown in

Fig. 91, a Mp@gg@ngm yaaOB Ly, cell area -6- is constituted by a gate
dielectric film30 a gate el ectrode 304 and high-density N-type inpurity

areas 306 and 307rh&BentdfrSdrif1a88Ae i 8CAL Qe rEl/ i AT B LM BEp&ARRCT T OF
consisting of polycrystalline silicon is connected to this MOSFET via an

openi ng f org@d iehetihGndk gilirteN Gl Vi & tidiel ERpil EX t8s8 NS0 EhbB5Ch BegSNCE

between a word line (the gate electrode 304) and a data line (a
and Japanese published unexamined patent applications No.
Sho56-58253, No. Sho56-58254, I:Io. Sho56~ 58255, No. Sho57-1120686,
No. Sho59-231351, No. Sho62-128168, No. Sho63-293967, No.
Sho59-231851, No. H1-137666, No. Hl~ 179.449, No. H3-214670, No.
H5-291526, No. Sho59-82761 and No. Sho62-213273.

_ i In this specification, as shown in, for example Fig. 91, a
capacitor wherein the section of a storage el'ectrode is c'onc'ave
upward, and a. capacitor dielectric film and a plate electrode are
f<_>rmed on the inner and outer faces of such a storage electrode
is called a crown-type capacitor and a éapaci.tor wherein a storage

electrode, a capacitor dielectric £film and a plate electrode are

formed on the inner face of a trench is called a trench capacitor.

DISCLOSURE OF THE INVENTION

The object of the present invention is to solve the problems

of the conventional stereoscopic memory cell and to provide a
' furthe:r..' minuter semiconductor memo.i'y device and its manufacturing

method. |

Another object of the present invention is to provide a
semiconductor memory device provided with a capacitor which can
secure sufficiently large storage capacity and its manufacturing
method.

Further another obj ect of the present invention is.t'o proyide

a semiconductor memory device which can obtain sufficiently large
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wiring electrode 310). Further, a capacitor dielectric film318 is forned
on this storage el ectrode 317 and a plate electrode 319 is provided on it.
The stdrage el ectrode 317 is cylindrical and the effective area of the
capacitor is increased utilizing not only a flat portion but the inner face
and the outer wall of a vertical portion. The effective area of the
capacitor can be nmaxi m zed by providing the storage el ectrode on the data
line and further, the static capacitance of the capacitor can be readily

| ncr eased g}éo‘e.éé%in% itl%ewﬁ%g%nﬁfngt he t¥ehthCah 4 CliMMtrakhabndSits

arranging the c ricall storage el éctrode in a higher position. A met hod

of nanufac;ghhggcéhfgﬁ?<mg&933§or menory device provided with such a
crown-type or a cylinder-type capacitor will be briefly described bel ow

First, a field oxhdeothédinodI2chobs i fifdllpiiesaa thehvasti ol @EeBb Spravigieddn on a

single crystalline silicon substrate 301 and the gate oxide film 303 of a

MOSFET i s kemiiBondiNetdr mampoy \awideapkowtded Wiithnlitdanstontge ntaygpcity

impurities in high density is forned as the gate el ectrode 304 and aftet

patt er ni ngwheraipredekegai st bhiget exists between a memory cell and its
peripheral circuits and its manufacturing method.

To achieve the objects, according to the present invention,
a trench which passes through a plurality of dielectrié films

laminated on a substrate is formed and a capacitor is formed using '
this trench.

Further another plural dielectric films are provided under
the plural .dielectric films and:plural wiring layers are formed
on these another plural dielectric films. Further another
dielectric film is formed on the capacitor and another wiring iayer
is formed on it. Wiring which is not required to be pulled out on
the dielectric film of the uppermost layer is formed in the plural
wiring layers formed under the capacitor and oniy required.minimﬁ.m
wiring is pulled out from each wiring layer under the capacitor
onto the dielectric f£ilm of the uppermost layer via a conductive
plug for interconnection which passes through the plural dielectric
films. Therefore, as wiring can be formed without minute
processing and the density of wiring may be low, the formation of
wiring is extremely easy.

Referring to Fig. 1, the present invention will be described
further in detail below. As shown in Fig. 1, a metal oxide

semiconductor field-effect transistor (MOSFET) which functions as

the switching transistor of a memory cell is connected with a word
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hi gh-density N-type inpurity regions 306, 307 and 308 which are to function
as the source and the drain regions of the MOSFET are formed on the
singl € crystalline silicon substrate 301 by ion i npl antation in
self-alignment. Next, after a silicon oxide film309 is forned, an opening
not shown is fornmed on the high-density N- type inpurity region 306 of the
MOSFET in a menory cell area, a polycrystalline silicon filmincluding
impurities in high density and a tungsten silicide filmare formed in order
as the datgidd ne 3@ gadeaéfecpatoher Bedehd Mod¥rdehBuThNede SgRe 7 Mext,

after the silicon oxide film311 is fornmed, an opening is fornmed on the

hi gh- densi sypdtitRe ahBPesking [RY eRasgd iohd Ofbrinfedt BA SOMERRcHauchBxdr ai n of
the MOSFET in the nmenory cell area, a polycrystalline silicon filmand a
silicon oxsasstirddta a| erdrheRdplurdll dekledtipd fiey &) @ ,padl ernedsima
predet erm ned shape, a polycrystalline silicon filmis further fornmed, and
the pol ycrasd ald iare 3ahisdted idnd thel shifaded heresifdetwahédof the silicon
.oxide filmby renoving

A trench is formed through the dielectric films 14, 16 and
18 and a capacitor constituted by a lower electrode 19, a capacitor

dielectric £ilm 20 and a plate electrode 21 is formed inside this

trench. .

.yer

If a thick dielectric film is formed on the word line 4 and
the bit line 7, electric connection to the word line 4 and the bit
line 7 is required to be made via a plug for interconnection which
passes through this thick dielec:tzjic film and it is difficult to
form a contact hole and to e.mbed_ metal. However, according to the
present invention, plural layers of wiring 9 and 11 are provided
among the lower electrode 19 of the trench capacitor, thé word line
4 and the bit line 7 and are used for a global word line for selecting
a wc;rd iine and a selector line for selectingabit line. Therefore,
wiring which is not required to be connected to the uppermosgt layer
may be left buried as described above and a plug for interconnection
which passes ﬁhrough the thick dielectric film is not required.

As the capacitor is provided over the plural layers of wiring
9 and 11 and heat treatment at approximately 800 °C is performed,
it is desirable that for thematerial of the wiring 9 and 11, tungsten
and silicide which are proof against such heat-treatment are used.
Copper is desirable in that it has small resistance, however, the
temperature oi_:_' heat treatment against which it can be proof is 500

°C oxr ' less. If a dielectric film with a high dielectric constant



t he pol ycrystalline silicon filmexposed in the flat portion by applying
anisotropic dry etching to be the crown-type storage el ectrode 317. Next,
after the capacitor dielectric film318 is formed, a polycrystalline
silicon filmwhich is to function as the plate electrode 319 is further
formed and is patterned so that it is in a predeterm.ned shape. At last, a
silicon oxide film316 which is an interlayer dielectric filmand al um num
wiring which is metal wiring 315 are fornmed, and the MOSFET and t he nenory
cel | of persugheifiBSTIdrRUPET iar esedhifotac capedi tés diederitbid faboy esorper
further enhance the degree of integration of a DRAM it is difficult to
enhance t heatdege assesf fiomt eiprig ortefial Didddusenshst tenpafatiire abrdeiwhi onal
stereoscopic cell and a sem conductor nenory device which can solve the
problem  a sapacbhop \itdedifr éd. fdireed disv 00 P adr DRAM.i s described in, for
exanpl e Japanese published unexam ned utility nodel application No.
Sho55- 178894 Referring to Fig. 1, the several wirings 9, 11 buried in an

oxide are also used for a part of the wiring of a transistor in

the peripheral circuits in addition to thé word line 4 and the bit

line 7 in the memory cell. Diffused regions 5 and 5! and wiring

9' are connected via wiring 7' ‘in the same layer as the bit line
. 7, however, the wi.ring 9' may be directly connected to the diffused

r'e_gions 5 and 5'. However, in that case, a part of the wiring 9!

_is required to be barrier metal so as to prevent reaction between

the diffused regions 5 and 5' arid the wiring 9' respectively.

The capacitor is substantially formed only in the trench.

The reason is to simplify a process of forming a capacitor. The
lower electrode 19 of the capacitor consists of a polycrystalline
silicon film including impurities in high density and is connected
to tﬁe diffused region 5 of the MOSFET via polycrystalline film
13 for interconnection.

For the capacitor dielectric £ilm 20, well-known various
dielectric films such as a laminated film consisting of a silicon
oxide film and a silicon nitride f£ilm, a laminated film consisting
of a silicon oxide film and a tantalum pentoxide film, a stacked
film consisting of a silicon nitride £ilm and a tantalum pentoxide
film, a stacked £film consisting of a silicon oxide film, a silicon
nitride film and a tantalum pentoxide film and a ferroelectric £film

such as BST and PZT may be used. However, when BST and PZT are used,

noble metal such as platinum is required to be used for the lower



and Japanese published unexam ned patent applications No. Sho56-58253, No.
Sho56- 58254, No. Sho56- 58255, No. Sho57-112066, No. Sho59-231351, No.
Sh062-'128168, No. Sho63-293967, No. Sho59-231851, No. HI1-137666, No. Hi-
179449, No. H3-214670, No. H5-291526, No. Sho59-82761 and No. Sho62-213273.
In this specification, as shown in, for exanple Fig.- 91, a-capacitor
wherein the section of a storage el ectrode is concave upward, and a
capacitor dielectric filmand a plate el ectrode are forned on the inner and
outer faceslezftrodehia shdrige paheet eDeletriec 2l ediaranarityps Bapass t or
and a capacitor wherein a storage electrode, a capacitor dielectric film
and a pl atfpmiledc bnotiee asurffagrened tie threvemedepctacde Of9 o Hegchass i | ed a
trench capacitor. DI SCLOSURE OF THE | NVENTI ON The obj ect of the present

i nventi on surflageseked-t he probl ens of the conventional stereoscopic nenory
cell and to provide a further m nuter sem conductor nenory device and its
manuf act uri ng netthdd desisehie thatdére deptner fhestrrnemie aPPEAXiB2 kY Yor ovi de

a sem conductor nenory device provided with a capacitor which can:
2 um, however, when the trench is deep, the distance between the

buried wiring 9 and 11 and wiring 23 in the uppermost layer
respectively is long and it is difficult to form a plug for
interconnection for connecting both because a connecting hole with.
L extremely large as;'>ect ratio is required to be formed and such a
connecting hole is required to be filled with metal.
- However, according to the present invention, as shown in Fig.
1, the trench is formed through:not a thick dielectric film but
stacked plural dielectric films 14, 16 and 18. Therefore, when each
dielectric f£film 14, 16 and 18 is formed, each connecting hole can
be formed and can be filled with metal for connection. Hereby,
métal 13 for connectiﬁg the lower éléctrode 19 and the diffused
region 5 can be readily formed without fo:r.;ming the donneci:fi.ng hole
with extremely large aspect ratio and filling it with metal
especially. In ad_dition, as described aboye , as the number of
wiring which is required to be connected to the uppermost wiring
layer is not many, high patterning accuracy is not réquired for
the plug for interconnection used for pulling out wiring to the _
uppermost layer. This is one of the advantages of the present
invention obtained by forming buried wiring.
Referring to Fig. 1, a réference number 1 denotes a
semiconductor substrate, 2 denotes an element separating oxide

£ilm, 3 denotes the gate oxide f£ilm of a MOSFET, 4 denotes the gate



secure sufficiently |large storage capacity and its manufacturing nethod.
Further another object of the present invention is to provide a '

sém cohductor nenory devi ce which can-obtain sufficiently |arge st orage
capacity with formng a trench on a substrate and its nmanufacturing nethod.
The ot her object of the present invention is to provide a sem conductor
menory device provided with | arge storage capacity wherein no |arge step
hei ght exi sts between a nenory cell and its peripheral circuits and its

renuf actur g et hon To SEARSASANG, SlLeel 5. 36Eoln L6 L sgD!
rench. Fubther RSt oy Sorsrs PR fEEeR SRR OF ol WOAEH] Yo R
plural dielgelfig {i}dP ARt &l el RILAYELS LAt QEABY 7' denotes
an interlayer for connecting the diffused region of a peripheral
MOSFET and its wiring, 8, 10, 12, 16, 18 and 22 denote an interlayer
" dielectric film, 9 and 11 denote buried wiring, 14 denotes an

dielectric £ilm, 15, 17 and 23 denote a plug for interconnection

and 24 denotes wiring in the uppermost layer.

gt

Thé step height can be prevented from being made effectively
by the following methed. That is, as schematically shown in Fig.
23, a stereoscopic capacitor 33 formed in a memory cell area and
a ﬁiring layer 34 in a peripher.é-l circuit area arc respectively
provided on an dielectric film 32 formed on a silicon substrat_é
31 on which a MOSFET is formed or so that th-e upper face of the
dielectric film 32 is in contact with the side portion of the
capacitor 33. These wiring layer 34‘émc.1 capacitor 33 are covered
by an dielectric film 35,and wiring 36 in a memory cell array and
wiring 37 in peripheral circuit are provided on the dielectric film
35.

As hereby the wiring layer 34 of the peripheral circuit is
formed on the dielectric film 32 in which a lower portion of the
high stereoscopic capacitor 33 is formed, steb height made by a
capacitor 33 in a memory cell is reduced by the wiring layer 34.
Therefore, even if the dielectric film '35.the surface of which is
flat is formed and covers the capacitor 33 and the wiring layer
34, a through hole and a contact hole are not deepened in the

peripheral circuit é.nd the minute wiring 36 and 37 can be readily



on these another plural dielectric filnms. Further another dielectric film
I's formed on the capacitor and another wiring layer is fornmed on it. Wring
which is not required to be pulled out on the dielectric filmof the
uppernost layer is fornmed in the plural wiring |ayers formed under the
capacitor and only required mninumwring is pulled-out fromeach wring

| ayer under the capacitor onto the dielectric filmof the uppernost |ayer
via a conductive plug for interconnection which passes through the plural

di el eCt I C dduhitl o NGIPLOL foc 85 JUeL LAGE 3 cABul UTRAHLLEA Y ing hg s |

processi ng and the density of wring may | ow, the rmatT on

extrenel y 63skneReh6GINhdIX Bnd: the LHStiYEIRAk.invention will be
described further in detail below. As shown in Fig. 1, a netal oxide

sen conduct or fi eduithklkecicddisigst® tneNRiFehe M- ERefdH1CLIARS ngSL 428
switching transistor of a nmenory cell is connected with a word -10-

' consisting of a first conductive film in the peripheral circuit
area is provided on a first dielectric film and a second dielectric
film can be further provided on it. A crown-type capacitor is

formed in a concavée portion formed by removing the predetermined
portion of the first and second dielectric films. In this case,
as shown in, for example Fig. 76, the upper face of a plate electrode

219 can be flattened and voltage can be applied to the plate

electrode 219 from the top.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing a semiconductor memory
device according to the present invention;

Fig. 2 is a sectional view showing a conventional
semiconductor memory device; -

Fig. 3 shows a process of manufacturing a semiconductor
memory device according to the present invention;

Fig. 4 shows a'process of manufacturing a semiconductor
memory device according to the presen£ invention; |

Fig. 5 shows a process of manufacturing a semiconductor
memory device according to the present invention;

Fig. 6 shows a process of manufacturihg a semiconduétor
memory device according to the present invention;

Fig. 7 shows a process of manufactu;ing a semiconductor

memory device according to the present invention;



line 4 (the gate el ectrode of the MOSFET) and a bit line 7 for supplying
and taking out charge are formed on a sem conductor substrate 1, further
pIuraI dielectric filnms 6, 8, 10, 12, 14, 16 and 18 are |am nated and the
surfaces are flattened. A trench is f or med t hrough the dielectric filnms 14,
16 and 18 and a capacitor constituted by a |lower el ectrode 19, a capacitor
dielectric film20 and a plate electrode 21 is forned inside this trench.
If a thick dielectric filmis forned on the word line 4 and the bit |ine 7,

el ect ri c connect Ifq.:; tg LQ@WM %IJOCQQS O@%A&Jylﬂgﬁ.h ughS?IﬁJ.COT}%EL%ItE%d to be

made via a plug for interconnecCtion which passes

di el ect i C pfenlolya88vi de il hgUEd dHa lfp%meatceméﬁa[m' e and to enbed

nmetal . However, “according to thé present invention ural layers of wiring

9 and 11 are prowigedsaghegs theroewsk sf%trrm%dﬂ%lat; L hgerdi RIMclbcEBpACi tor,
the word line 4 and the bit line 7 and are used for a global word Iine for

sel ecting mewdid dévicanitcdraehgCtOrttd peebantSehesiing a bit |ine.
Therefore, wiring which is not required to be connected to the uppernost
| ayer may be | ef Fibur Ledskhewsles probeds ahb \kearaifdcaupli g £ OfeniriopuGeBELCt i 0N
memory device according to the present invention;
Fig. 11 shows a process of manufacturing a sémiconductor

memory device according to the present invention;

Fig. 12 shows a process of manufacturing a semiconductor

et

memory device according to the present invention;

Fig. 13 shows a process of manufacturing a semiconductor
memory device according to the ﬁresent invention;

Fig. 14 shows a process of manufacturing a semiconductor
memory device according to the present invéntion;

Fig. 15 shows a process of manufacturing a semiconductor
memoiy device according to the present inveﬁtion;

Fig. 16 shows a process of manufacturing a‘semiCOnductér
memory device according to the present invention;

Fig. 17 is a conceptual drawing for explaining a second
embodimenf according to the present invention;

Fig.'la is a pattern layout drawing shoﬁing the second
embodimeﬁt according to the present .invention;

Fig. 19 is a conceptual drawing for explaining a third
embodiment according to the present invention;

Fig. 20 is a pattérn layout drawing showing the third
embodiment according to the present invention;

Fig. 21 is a conceptual drawing for explaining a fourth



whi ch passes through the thick dielectric filmis not required. As the
capacitor is provided over the plural layers of wwring 9 and 11 and heat
treatnent at approximately 800 [err]C is performed, it is desirable that
for the material of the wiring 9 and 11, tungsten and silicide which are
proof against such heat treatnent are used. Copper is desirable in that it
has small resistance, however, the tenperature of heat treatnent against
which it can be proof is 500 [err]C or less. If a dielectric filmwith a

hi gh di el eQbogs fheREtAordingleh ase BYbsand PEZ¥entittsed for a capacitor
dielectric film copper can be used for wiring material because the

tenperature at Wrigh 82copafigaterhSkhiout drawing ishodDhg [ ehe |fouatth| ess.
Referring to Fig. 1, the several wirings 9, 11 buried in an oxide are al so
used for admbbHinént ecadrding 6b thd mansiesttoinvanthenperi pheral circuits in
addition to the word line 4 and the bit line 7 in the nenory cell. Diffused
regions 5 and 5' Figd @Brisp Bechienednwiev otbw iexpliaihhgg 7constittivdionme
| ayer as the bit line '
according to the present invention;
Fig. 24 is a plan showing a fifth embodiment according to
the present invention;
Fig. 25 is a sectional view showing the fifth embodiment
according to the present invention;
Fig. 26 is a process drawing showing the fifth embodiment
according to the present invention;
Fig. 27 is a process drawing showing the fifth eﬁbodiment
according to the present invention;
Fig. 28 is a process dr%wing showing the fifth embodiment
according to the present invention;
Fig. 29 is a process drawing showing the fifth embodiment
according to the present invention;
Fig. 30 is a process drawing showing the fifth embodiment
according to the present invention:;
Fig. 31 is a proceés drawing showing the fifth embodiment
according to the present invention;
Fig. 32 is a process drawing showing the fifth embodiment
according to the present invention;
Fig. 33 is a process drawing ghowing the fifth embodiment
according to the present invention; |

Fig. 34 is a process drawing showing the fifth embodiment

acéording to the present invention;



7, however, the wiring 9° may be directly connected to the diffused regions
5 and 5' . However, in that case, a part of the wiring 9' is required to be
barriet metal so as to prevent reaction between the diffused regions 5 and
5" and the wiring 9° respectively. The capacitor is substantially forned
only in the trench. The reason is to sinplify a process of formng a
capacitor. The lower electrode 19 of the capacitor consists of a

pol ycrystalline silicon filmincluding inpurities in high density and is
connect ed to thepdif f yseds r£AURMRi5nal 1w MBRRERGY ke ol #of Wt nage fi | M
13 for interconnection. For the capacitor dielectric film 20, well-known

vari ous di akeetaikgftd Nhespebsast aidvasHtldned fil m consisting of a silicon
oxide filmand a silicon nitride film a lam nated fil.mconsisting of a
silicon oxide filmgandéais antstdativpant exéwlesHdwify &het ALk drblodainensi sti ng
of a silicon nitride filmand a tantalum pentoxide film a stacked film
consi st i ngactording i worthex pdesént mnwergiilongcon nitride filmand a tantal um
pentoxide filmand a ferroelectric filmsuch as BST and PZT nay be used.
However, when BSFignd3PZs & sagtddnahoplevw mdtcalinguthe afiftmtembodiment
required to be used for the |ower . '
according to the present invention;
Fig. 38 is a sectional view showing a sixth embodiment
according to the present invention; .
Fig. 39 is a process drawing showing the sixth embodiment
according to the present invention;
Fig. 40 is a process drawing showing the sixth embodiment
according to the present invention;
Fig. 41 is a process drawing showing the sixth embodiment
according to the present invention;
Fig. 42 is a process drawing showing the sixth embodiment
according to the present invention;
Fig. 43 is a process drawing showing the sixth embodiment
according to the present invéntion;
Fig. 44 is a process drawing showing the sixth embodiment
according to the present invention;
Fig. 45 is a process drawing showing the sixth embodiment
.according to the present invention;
Fig. 46 is a process drawing showing the sixth embodiment
according to the present invention;
Fig. 47 is a process drawing showing the sixth embodiment

according to the present invention;

Fig. 48 is a sectional view showing a seventh embodiment

— 18 —



- 12 - el ectrode 19 and the plate electrode 21. Irregularities may be
formed on the surface of the lower electrode 19 to increase its surface
area. [t is desirable that the depth of the trench is approxi mtely 2
[err]m however, when the trench is deep, the distance between the buried
wiring 9 and 11 and wiring 23 in the uppernost |ayer-respectively is |ong
and it is difficult to forma plug for interconnection for connecting both
because a connecting hole with extrenmely |arge aspect ratio is required to
be forned argosdihgate direepreagnhalreverstircaqui red to be filled with netal .
However, according to the present invention, as shown in Fig. 1, the trench
is for rre_d t hr ougrignods & st hipsgiecese | brwing $h¢wﬁfmlthstmhp¢mbmiment
dielectric films 14, 16 and 18. Therefore, when each dielectric film 14, 16
“and 18 is ?GPREéln@ak91ﬁh§nP§e§Pne imtentdanibe formed and can be filled with

nmetal for connection._ Hereby,
Fig. 50 is a process drawing showing the seventh embodiment

according to the present invention;

Fig. 51 is a process d;awing showing the seventh embodiment
according to the present invention;

Fig. 52 is a process drawing showing the seventh embodiment
according to the present invention;

Fig. 53 is a process drawing showing the seventh embodiment
according to the present invention;: |

"Fig. 54 is a process drawing showing a seventh embodiment
according to the present invention;

Fig. 55 is a process. drawing showing the seventh embodiment
according to ﬁhe present invention;

FJ.g 56 is a process drawing showing 'the seventh embodiment
according to the present in&enfion;

Fig. 57 is a sectional view showing an eighth embgdiment
according to the present invention;

Fig. 58 is a sectional view showing the eighth embodiment
~according to the present invention;

Fig. 59 is a sectional view showing the eighth embodiment
according to the present invention;

Fig. 60 is a sectional view showing the eighth embodiment
according to the pfesent invention;

Fig. 61 is a sectional view showing the eighth embodiment

according to the present invention;



metal 13 for connecting the |ower electrode 19 and the diffused region 5
can be readily fornmed without form ng the connecting hole with extrenely
| arge aspect ratio and filling it with metal especially. In addition, as
descri bed above, as the nunber of wiring which is required to be connected
to the uppernost wiring layer is not many, high patterning accuracy is not
required for the plug for interconnection used for pulling out wiring to
t he upperm)st layer. This is one of the advant ages of the present invention
obt ai ned by fornimg.bezied aniseichgonRefelidv BBoWdngi the loighthebfb&iitptunber
1 denotes a sem conductor substrate, 2 denotes an el enent separating oxide
film 3 dergicesdihg 'gattezeopiréeehtlmﬁntaéMDSFET, 4 denotes the gate - 13-
el ectrode of the MOSFET which functions as a word line in a nenory cell, 5
and 5' denote th&idiffBset ¥ sgcshenal iy MESFElg thalarightd arbadifmenitayer
dielectric film 7 denotes a bit line, 7' denotes

according to the present invention;

Fig. 64 is a sectional view showing the eighth embodiment

according to the present invention;
Fig.'65 is a sectional view showing the eighth embodiment
according to the presenﬁ inventioh;
[ Fig. 66 is a sectiona; view showing a ninth embodiment
according to the present‘invehtion;
Fig. 67 is a process drawing showing the ninth embodiment

according to the present invention;‘

Fig. 68 is a process drawing showing the ninth embodiment
according to the present invention;

Fig. 69 is a process drawing showing the ninth embodiment
according to the present invention; |

Fig. 70 is a process drawing showing the ninth embodiment

according to the present invention;

Fig. 71 is a process drawing showing the ninth embodiment

according to the present invention;

Fig. 72 is a process drawing showing the ninth embodiment
according to the present invention;

Fig. 73 is a'élan showing a conventional semiconductor
integrated circuit;

Fig. 74 is a sectional view showing the convenfional

semiconductor integrated circuit;

Fig. 75 is a sectional view showing a conventional

— 20—



~an interlayer for connecting the diffused region of a peripheral MOSFET and
Its wiring, 8, 10, 12, 16, 18 and 22 denote an interlayer dielectric film
9'and 11 denote buried wiring, 14 denotes an dielectric film 15, 17 and 23
denote a plug for interconnection and 24 denotes wiring in the uppernost

| ayer. The step height can be prevented from being made effectively by the
follow ng method. That is, as schematically shown in Fig. 23, a '
st ereoscopi ¢ capacitor 33 fornmed in a nenory cell area and a wiring |ayer
34 in a periguicionkduetse Uintesymdedr eir@sipecti vely provided on an dielectric
film32 formed on a silicon substrate 31 on which a MOSFET is formed or so
that the upper fatiay.of76 he di séeitianad Viem Sowind = denthcembpdiparte si de
portion of the capacitor 33. These wiring |ayer 34 and capacitor 33 are
cover ed by agrcdiddingctei th¢ inras@ptahuivenrtiany 36 in a nenory cell array and
wiring 37 in peripheral circuit are provided on the dielectric film35. As
hereby the wiringFigydi B3 agplamehperngHdeaFerth @PedigerARSeTGhne He
dielectric film32 in which a | ower portion of the high stereoscopic
capacitor 339 PESEREJINEERPTNEI ght nade by a

Fig. 78 is a process drawing showing the tenth embodiment
according to the present invention;
Fig. 79 is a process drawing showing the tenth embodiment
according to_the present invention;
Fig. 80 is a process drawing showing the tenth embodiment
- acecording to the present invention}
Fig. 81 is a process drawing showing the tenth embodiment
according to the présent invention;
Fig. 82 is a process drawing showing the tenth embodimept
according to the present invention;
| Fig. 83 is a process drawing showing the tenth embodiment
acéording to the présegt invention{
Fig. 84 is a process drawing showing the tenth embodiment
according to the present invention;
Fig. 85 is.a process drawing showing the tenth embodiment
according to the present invention:;
Fig. 86 is a process drawing showing the tenth embodiment
according to the present invention;
Fig. 87 is a process drawing showing the tenth embodiment
according to the present invention;
Fig. 88 is a process drawing showinhg the tenth embodiment

according to the present invention;



capacitor 33 in a nmenory cell is reduced by the wiring |layer 34. Therefore,
even if the dielectric film35 the surface of which is flat is formed and
covers'the capacitor 33 and the wiring |layer 34, a through hole and a
contact hole are not deepened in the peripheral circuit and the mnute
wiring 36 and 37 can be readily - 14 - formed on the dielectric film35
W t hout di sconnecting the wiring in the through hole and the contact hole.
Further, according to the present invention, a wiring |layer consisting of- a.

first conductive '{-g&.mdd“ i%hg %%l{iggg&%i Cl Gl ndr €8 1is provi ded an g first
e &

dielectric filmand a secon ectii C T11"m canobe furtner provi on it.

A crown-typg-£aRdGid ¥o Eﬁef€£g§£kérl&%éﬂﬁi'ﬂ¥e portion formed by renoving
the predeterm ned portion of the first and second dielectric films. In this

case, as shown inpi§org®%adml @ekklondP vidlf SHRAR fgcgwgif,fé-; F&n%to%.iﬁleﬂgt rode
219 can be flattened and vol tage can be applied tg the plate
according to the present invention;
Fig. 91 is a sectional view showing'a conventional
semiconductor memory device; an_d

Fig. 92 is a sectional view showing a thirteenth embodiment

according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

<F;'Lrst Embodiment>

First, as shown in Fig. 3,.an element isolating oxide film
2 for separating a MOSFET is formeéd on the surface of a semiconductor
substrate 1 using a well-known device isolation technology.

Next, after the surface of the se__micondt._zctor substrate 1 is
cle_a'ned, a gate oxide f£ilm 3 with the thickness of 7 nm is formed
at the temperature for.oxidation of 800 °C bl.r well-known .thermal
oxidation. A polycrystalline silicon film 4 with the thic]g.ness of
100 nm including high—;lensity impurities is formed by well-known
CVD and further, after a metal .film 4' with the thickness of 100
nm consisting of a stacked film constituted by a tungsten f£film and
a barrier metal film is formed on the polycrystalline silicon film
4 so as to reduce resistance, a word line and a gate electrode 4
are formed by .well-known dry etching so that t};ey are in a
predetermined._shape , arsenic apprqximateiy 5 x 1034 /em? is
implanted as impurity ion with a conductive type reverse to the

substrate 1 using this gate electrode 4 as a mask and, the implanted

— 99 —



el ectrode 219 fromthe top. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
sectional view show ng a sem conductor nenory device according to the
present invention; Fig. 2 is a sectional view showi ng a conventi onal

sem conductor nenory device; Fig. 3 shows a process of manufacturing a

sem conductor nenory device according to the present-invention; Fig. 4
shows a process of manufacturing a sem conductor nmenory device according to
the present invention; Fig. 5 shows a process of manufacturing a '

sem conduct@keHBEUIY ad@Y i §€edBYOLGhdI iy hBEHY eSAPE - AMANLE Y0 b Gox0
shows a process of manufacturing a sem conductor nenory device according to

the presentioi sgestdorto begdiFfduViediphsCRHhd b ' NaMHaudhtDEy f ion

sem conductor nenory device according to the present invention; - 15 -
implanted into a switching transistor in memory cell and an N-
type MOSFET in periphe'ral circuit is equalized and the same quantity
of boronis implantéd into a P-type MOSFET in the peripheral circuit.

After a silicon oxide film 6 with the thickness of 0.5 pm
is formed overall, the surface is flattened by well-known CMP
technique so that the silicon oxide film 6 on the gate.,electrode

E 4 is approximately 0.15 pm thick.

Next, as shown in Fig. 4, a contact hole is forméd in a
predetermined portion of the silicon oxide film 6 to form a bit
line 7 connected to the diffused;region 5'. For this bit line 7,
a so-called polycide bit-line in which a tungéten silicide film
100 nm thick is stacked on the polycrystalline silicon film
approximately 100 nm thick doped with high-density impurities.

In Fig. 4 showing a memory cell area, two bits are shown as
a unit and therefore, one bit line contact is formed between two
word lines.

As shown in Fig. 4, a film with the polycide structure is
also used as an interlayer for eléctri cally connecting the diffused
region of an N-type MOSFET with wiring in the uppermost portion
in the peripheral circuit. By this interlayer, the contact of the
MOSFET is prevented fronlbeing'deepenéd, however, a semiconductor
memory device according to this embodiment can be realized without
providing such an interlayer. Nof only a polycide f.;i.lm used in this
embodiment but another film such as a stacked film consisting of

tungsten, barrier metal and polycrystalline silicon also can be



Fig. 8 shows a process of manufacturing a sem conductor nenory device
according to the present invention; Fig. 9 shows a process of nanufacturing
a semi conduct or menory device according to the present invention; Fig. 10
shows a process of manufacturing a sem conductor nenory device according to
the present invention; Fig. 11 shows a process of manufacturing a

sem conductor nenory device according to the present invention; Fig. 12
shows a process of manufacturing a sem conductor nenory device according to.

the presentisedvEnri gre woird. 11ge strwbeauped oisss thk hibuliet Ui rarther,
sem conduct or nenory device according to the present invention; Fig. 14
shows a prd¢egsten wrahbrartin dhgeatiedinconttrtbmifbnbhy ddfused amgirdi ng to
the present_invention; Fig. 15 shows a process of manufacturing a
seni conduct®r VABBRYT RN MEE2dc kb FaPHY Ui neheopreseskallinensidhcori g. 16
shows a process of nmanuf acl_E urin g,seng cor%ciuctor _rrf_rmry d(f,‘\clll ct(_a.ftccsor_dl ng to
the present inve 6.n;assown1 ig. 5, after a silicorn oxide film 8 is
fc'>rmed overall, the surface is flattened by using CMP. After a
contact hole reaching the bit line. 7 is formed, an intermediate
film 9' consisting of a titanium nitride film is formed by CVD and
further, first buried wiring 9 consisting of a tungsten film 0.2
H ' pm thick which is proof against heat treatment at the temperature
of 800 °C or more is formed.

‘As shown in Fig. 5, the buried wiring 9 is connected to the
diffused region of the MOSFET constituting the peripheral circuit
via the interlayer 9', however, the first buried wiring 9 consisting
tungsten may be directly in contaét with the diffused region via
barrier metal-. As a tungsten film can be formed by CVD, tungsten
can be buried in a contact hole with relatively high aspect ratio
in high step coverage. At that time, as tungsten is also deposited
on the surface of the oxide film, the buried portion in the hole
(a plug for interconnection) and wiring can be simul taneously
formed. In this embodiment, a titanium nitride £ilm formed by CVD
is used for the barrier metal.

The buried wiring 9 formed in this process is used as a global
word line for selecting a specific word line in a memory cell. In
the peripheral circuit, the buried wiring is used not only for
interlayer wiring for connecting to wiring in the upper layer but

for wiring for connecting MOSFETs with each other.

Next, as shown in Fig-. 6, after an interlayer oxide film 10



Fig. 17 is a conceptual drémﬁng for explaining a second enbodi nent
according to the present invention; Fig. 18 is a pattern |ayout draw ng
show ng the second enbodi nent according to the present invention; Fig.

i's a conceptual
invention; Fig. 20 is a pattern |layout drawi ng show ng the thi

pr esent

enbodi ment according to the present invention; Fig. 21 is a conceptuyal
drawi ng for explaining a fourth - 16 - enbodi ment according to the

pr esent

enbodi nent according to the present invention;, Fig. 23 is a sectional
for expl ai nintgreonséctidn olmodc sbeennrdrzitsitdngr efeat tungaten dalmbpnd 24 is
a plan showing a fifth enbodi ment according to

second buried wiring 11 are formed as the first buried wiring 9,

further an interlayer oxide film 12 is formed and the surface is

19

drawing for explaining a third enbodi nent according to the

rd
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flattened as described above. The interlayer oxide films 10 and -

12 are both formed by plasma-assisted chemical vapor deposition
(2CVD) because buriecl metal is tungsten. This secondburied wiring
11 is a selector line for selecting a specific bit line in a memory
cell and is used not only as .interléyer wiring for connecting to
wiring in the upper layer but as wiring for connecting MOéFETs with
each other in the ‘peripheral circuit. In this embodiment, the
second buried wiring 11 is not directly in contact with the diffused
region but is in contact with the diffused ré.gion of the MOSFET
via the first buried wiring 9. '

Next , as shown in Fig. 7, a contact hole approximately 1.5
pm deep which is not in contact with the word line 4, the bit line
7, the first and sécond buried wiring 9 and 11 is fox"med and this
contact hole is filled with polycrystalline silicon 13. This
polycrystalline silicon 13 is used for connecting the lower
electrode of a capacito:& with the diffused region 5.

As the diameter of the contact hole is approximately 0.2 pm
in a. memory in the gigabit range, its éspect ratio is approximately

7 and large. However, as this contact hole is formed only in a

memory cell and the depth is equal, it can be formed by conventional

anisot‘eric dry etching.

In forming the bit line 7, if polycrystalline silicon is

beforehand buried in a i:ortion at which the diffused_ region and '



the present invention; Fig. 25 is a sectional view showing the fifth

enbodi nent according to the present invention; Fig. 26 is a process draw ng
showing the fifth enbodi nent according to the present invention; Fig. 27 is
a process drawi ng showing the fifth enbodi nent according to the present
invention; Fig. 28 is a process drawi ng show ng the fifth enbodi nent
according to the present invention; Fig. 29 is a process draw ng show ng
the fifth enbodi ment according to t he present invention; Fig. 30 is a
process dr athiengapaciteony lidverf ee¢dtrenlieod:esimt captactlj rijpet aspdrt prosernt
invention; Fig. 31 is a process drawi ng showing the fifth enbodi nent
accor di ng tthe [rengretehele rmasnbieomedfeed. 32 is a process drawi ng show ng
the fifth enbodi ment according to the present invention, Fig. 33 is a
process drawi ng S¥rstngst#rewn LpFidvbh8di 2EnRT aecm*%ﬁn%@mea Pl £ddmnkd

I nventi on;
is formed overall, contact holes respectively reaching the buried

wiring 9 and 11 are formed. A trench is formed through this

interlaygr oxide film 14 and a trench capacitor is fémed on the
inner wall, however, the depth of this trench, that is, the total
thickness of interlayer oxide films 10, 12 and 14 is required to

be approximately 2 pum in the case of a memeory in the gigabit range..

.

If the total thickness is thick as described above, it is
-not easy to form a contact with wiring in the uppermost layer, -
however, as the number of wiring connected to the buried wiring.
9 and 11 is extremely small as described above in the present
invention, the diame_ter of the contact hole may be considerably
larger than the minimum processing dimension. For example, in this
embodiment in-which a memory in the gigabit range is formed, the
minimum dimension is 0.2 pum or less, however, as the <.iiameter of
the contact hole in this process is 0.5 um and large and th? aspect-
ratio is not large so much, it is easy to form the contact hole.

Next, as shown in Fig. 9, a tungsten £ilm 15 with the thickness
of approximately 0.3 pm is formed by CVD and the contact hglé is
filled with tungsten.

As shown in Fig. 10, the tungsten deposited on the interlayer
oxide film 14 is removed by well-known CMP using slurry containing
hydrogen peroxide as p.olisﬁing slurry and the tungsten 15 is left
only in the contact hole. As the CMP can remove tungsten at the

selectivity of 50 times or more for the oxide film 14 under it,
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Fig. 34 is a process drawing showing the fifth enbodi ment according to the
present invention; - 17 - ~ Fig. 35 is a sectional view showing the fifth
enbodi nent according to the present invention; Fig. 36 is a sectional view
showi ng the fifth enbodi nent according to the present invention; Fig. 37 is
a sectional view showng the fifth enbodi ment according to t-he present
I nvention; Fig. 38 is a sectional view show ng a sixth enbodi nent accordi ng
to the present invention; Fig.” 39 is a process drawi ng showi ng the sixth
enbodi ment BELGEEENY5t Cari Be PSESATA WOVRAIE FRdubifg tHE: thiakpsaregstik aw ng
showi ng the sixth enbodi nent according to the present invention; Fig. 41 is
a process deaiMdeFidhonidngottmectsi xt h enbodi nent
As shown in Fig. 11, after an interlayer oxide film 16 with
the thickness of approximately 1 pm and a tungsten plug 17 with
the diameter of 0.5 um are formed similarly, silicon oxide film
18 is formed overall to cover the upper face of the tungsten plug
17.
As the total thickness of the interlayer oxide films 14 and
16 is approximately 2 um ahd the diaméter of the contact hole is
approximately 0.5 pum, aspect ratio is approximately 4 and a plug
can be formed by embedding tungsten once and the number of processes
can be reduced.
Next, as shown in Fig. 12, a trench which passes through the
interlayer oxide films 14, 16 and 18 and exposes the upper end of
the polycrystalline silicon 13 is formed. As this trench is formed
only in a memory cell area and in addition, the diameter and depth
of each trench are equal, the depth of etching can be readily
controlled and the surface of the polycrystalline silicon 13 can
be exposed only by controlling etching time.
As the aspeét ratio of this trench is approximately 7, such
a trench can be reédily'fomed by conventional dry etching. If a
nitride film is formed under the interlayer oxide film 14 as an
etching stopper film, the controllability of forming a trench is
enhanced.
As shown in Fig. 13, a polycrystalline silicon £ilm 19 with

the thickness of 50 nm which functions as the lower electrode of

a capacitor is formed overall. This polycrystalline silicon film |
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according to the present invention; Fig. 42 s a process draw ng show ng
the sixth enbodi nent according to the present invention, Fig. 43 is a-
process draw ng showi ng the sixth enbodi ment according to the present
invention; Fig. 44 is a process drawi ng show ng the sixth enbodi ment
according to the present invention; Fig. 45 is a process draw ng show ng
the sixth enmbodi ment according to the present invention; Fig. 46 is a
process drawi ng show ng the sixth enbodi ment according to the present
i nvention; 1Bi gs elledtrizaplpcRameditadi 6§ tHaOui Nfusde relgibh S izodiMESHET
according to the present invention; Fig. 48 is a sectional view showing a
sevent h enitvddi khatpelykirystallaveosiliingprt d3t.he present invention;
Irregularities are formed on the surface of this
polycrystalline silicon £ilm 19. The surface area can be doubled
or more by forming irregularities on the surface and storage
capacity can be increased. For the lower electrode (storage
electrode) 19 of a capacitor, tungsten, titaniumnitride and others
can be used in addition to polycrystalline silicon and further,
if a high dielectric film and a ferroelectric film such as BST and
PZT are used as a capacitor dielectric film, noble metal such as
platinum is used.
Next, as shown in Fig. 14, CMP is applied so as to left the
"polycrystalline silicon £film 19 only in the trench and the capacitor
lower electrode 19 is formed with it separated every memory cell.
As shown in Fig. 15, a capacitor dielectric £ilm 20 and a
plate electrode 21 are stacked on the capacltor lower electrode
19. In thls embodiment, a stacked film cons:Lst:Lng of a tantalum
pentoxide £film and a silicon oxide film is used for the capacitor
dielectric film 20 and a capacitor dielectric £ilm 3 nm thick is
realized in terms of the thickness of the silicon oxide film. A
capacitor dielectric film is not limited to this, a stacked film
used heretofore consisting of a silicon oxide film and a silicon
nitride film can be used and if a lower electrode consisting of
noble metal such as platinum is used, a ferroelectric film can be
also used as a capacitor dielectric film. For the plate electrode

21, a variety of well-known conductive material can be also used,

however, in this embodiment, a titanium nitride film is used. If



Fig. 49 is a process drawi ng show ng the seventh enbodi nent according to
the present invention; Fig. 50 is a process drawing show ng the seventh
enbodi ment according to the present invention; Fig. 51 is a process draw ng
showi ng the seventh enbodi ment according to the present invention; Fig. 52
Is a process drawi ng showi ng the seventh enbodi nent according to the
present invention; Fig. 53 is a process drawi ng show ng the seventh

enbodi nent according to the present invention; Fig. 54 is a process draw ng.

showi ng a sevwenihe8MbOodh BRIMs186605 bNG @15 BBnPELSEN L iRy @REI HN8ilRicen 55 s
a process draw ng show ng the seventh embodi nent according to the present
i nvention; Eitgid86£i bm ai PRORES Fodr addphdow Ajel betsiy efiflim, eabodi nent
according to the present invention; Fig. 57 is a sectional view show ng an
ei ght h enbgdiigealys8arDikk ng. lieohhei i esenbei nyedt amdh;ifFjagfedBoelectric
sectional view show ng the ‘ei ghth enbodi nent
film is used, platinum can be used.
Next, as shown in Fig. 16, after an interlayer oxide film
22 is formed overall, a contact hole is formed through this
interlayer oxide film 22 and the plate electrode 21 and the upper
"end of the tungsten plug.17 are exposed. After this .contact hole
. ~ is filled wit_h metal to form a plug 23, wiring 24 in the uppermost
layer is formed by a well-known xﬁethod and a semiconductor memory
device equivalent to this embodiment is completed. As the density
of the wiring in the uppermost layer is extremely small, the
dimension may be extremely long and as a relaxed design rule can
be used, the wiring in the uppermost layer can be readily formed.
<Second Embodiment>
Fig. 17 is a conceptual drawing showing a memory érray
equivalent to a second embodiment according to .the present
invention. As showninFig. 17, word lines WL1 toWL16 are regularly
arranged vertically and bit lines BLla, BLlb, BLZa_t and BL2b are
connected to sense amplifiers 1 and 2 with BLla and BLlb forming
a group and BL2a and BL2b forming a group.
One bit line contact Bcl (O) is shared by storage mode
contacts CCl and CC2 (@) connected to two memory cells.
As shown in Fig. 17, a straight line showing the active area
‘of the MOSFET of a switching transisto:;: between two storage mode
contacts @ via the bit line contact O is arranged slantwise for

the word lines WL1 to WL6 and the bit lines BLla to BL2b. Inaddition,
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according to the present invention; Fig. 59 is a sectional view show ng the
ei ghth enbodi ment according to the present invention; Fig. 60 is a
sectional view showi.ng the eighth enmbodinent according to the present
invention; Fig. 61 is a sectional view showi ng the eighth enbodi nent
according to the present invention; -19- Fig. 62 is a sectional view
showi ng the eighth enbodi nent according to the present invention; Fig. 63

is a sectional

vi ew showi ng the ei ghth enbodi nent according to the present .

i nvention; triegdi fdetiSorios atlel @radieritels Sh@fengnt e taeghtad jerbodimemwicy
according to the present invention; Fig. 65 is a sectional view show ng the

ei ght h enbodiiment meaerdirag éack heopageanide p¥anstOMGCL and cc2 (@) can

be respectively formed in clearance between the word lines WL1 to
WL6 and the bit lines BLla and BL2b.

In this embodiment, buried wiring is arranged' above the word
lines WLl to WL6 and the bit lines BLla to BL2b and in addition,
to secure a place where a storage mode contact is made, global word
lines W12, W34 and W56 shown by a dotted line are arranged in the
ratio of one to two word lines WL1 and WL2, WL3 and WL4, and WLS
apd.WLG between which the bit line contact BCl is put as shown in
Fig. 17.

Selector lines S1 to S4 for selecting the bit lines BLla to
BL2b are arranged so that they respectively overlap with the bit
lines BLla to BL2b. As these global word liﬁes W1l to W14 and the
selector iines S1 to sS4 do not require a contact area in a memory
cell, each wiring pattern has only to be arranged. The ratio to
a wofd 1ine and a bit line is not limited to this embodiment and
can be arbitrarily set.

Fig. 18 is a layout drawing shown so that the layout shown
in Fig. 17 looks more realistic. Howéver, to facilitate
understanding, patterns for a storage capacity electrode, a plate
electrode, wiring, peripheral circuit and others is not shown in
Fig. 18.

In fig. 18, an active area is arranged at an angle of 45
degrees to the bit lines BLla to BL2b and the word lines WLl to
WLG,'however, the angle is not limited to 45 degrees and may be

other degrees.
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Fig. 66 is a sectional view showing a ninth enbodi nent according to the
present I nvention; Fig. 67 is a process drawi ng showi ng the ninth
erbodi frent  accor di ng to the present invention; Fig. 68 is a process draw ng
showi ng the ninth enbodi nent according to the present invention; Fig. 69 is
a process drawi ng showi ng the ninth enbodi nent according to the present
I nvention; Fig. 70 is a process drawi ng showi ng the ninth enbodi nent
according to the present invention; Fig. 71 is a process draw ng show ng
the ninth enbodi Aentheiebdiingord lihespibeeM34i pnd M3 OrreFrespettively
process draw ng show ng the ninth enbodi ment according to the present
i nventi on; aFFgnIFs J-lnst’ae FlaA ospbwnegta teonverd ildnes aesiesonibed gbove,
i nt egrat ed circui t; ga 74 is _a sectional view show ng the conventional

e

seni conductBe ‘H‘ﬂ"ébﬁt FhdaAL ?’°F¢gl.i"F§_ 325 €L (5¥haF IPRAPETRNAY a

conventional . . .
twice as wide as that of the word lines WL1 to WL6 and a rough layout

rule may be adopted. .In adaition, as no contact area exists in a
memory cell as described above, wiring has only to be arranged.

In the’ meantime, the selector lines S1, S2, S3 and S4 and
the bit lines BLla and BL2b are set so that the aimensipn of them
is equal. In addition, as these selector lines 81, $2, S3 and 84
have no contact area in a memory cell as the global word lines W12,
W34 and W56, they do not require an area in which the width of a
line is widened as the b;'Lt lines. / Therefore, a regular pattern can
be arranged for the glcbal word lines W12, W34 and W56 and the
selecteor lines S1, S2, S3 and S4, and pattern formation.b'y
lphotolithograpll'xy is easy.

Further, as the regularity of a pattern is high, it is also
easy té apply minute processing technology'.suciu as photolithography
method using phase shift by which a pattern smaller f:hap the
wavelength of light can. be formed.

| <Third Embodiment>

In this embodiment, as shown in Fig. 19, two storage mode
contacts CCl and CC2 in a memoz"y cell sharing one bit line contact
BCl are arranged so that they are symmetrical on a mirror based
upon each global word line W12, W34 and W56. This embodiment is
different from the second embodiment in this, however, basic memory
operation is similar, the layocut of a global word line and a selector

line which are buried wiring, which characterizes the present
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- 20 - sem conductor integrated circuit; Fig. 76 is a sectional view
showi ng a tenth enbodi ment according to the present invention; Fig. 77 is a
plan showi ng the tenth enbodi nent according to the present invention; Fig. -
78 is a process draw ng showi ng the tenth embodi nent according to the
present invention; Fig. 79 is a process draw ng showi.ng the.tenth

enbodi nent according to the present invention; Fig. 80 is a process draw ng
showi ng the tenth enbodi ment according to the present invention;, Fig. 81 is

a process di ayéAw HI0NE NG dd181 hENL SNDsliTRR FACCOBULRD the Jhf BEESSR!
invention; Fig. 82 i's a process draw ng showi ng the tenth embodi ment
according tastie fHec$RBbnHNUHYEdidENt can be obtained.

<Fourth Embodiment>

A memory cell in this embodiment is different from that in
the second and third embodiments in pattern layout as shown in F:Lg
21. However, a manufacturing method is the same as that in the
second and third embodiments and a memory cell can be formed by
the same method aé in the first embodiment.

_A% Pattern layout in this embodiment is characterized in.that
a word line is arranged between storage mode contacts of adjacent
memory cells as described in Japanese published unexamined pat_el.;'zt
application No. H3—2i4670. In the second and third embodiments,
two word lines are arranged between adjacent storage mode contacts.
Therefore, extra area exists in a memory cell and this is a cause
for which the area of a memory cell is prevented from being reduced.

However, according to pattern layout shown in Fig. 21, the
area required for arranging two word lines-is not requifed; only
the area for arranging one word line is required and the area can
be reduced by approximately 20%.

As similar memory operation is disabled in the prior -bit line
layout when such pattern layout is adopted, the two bit lines BL2a
and BLlb are crossed and respectively connected to each sense
amplifier .1 and 2 as shown in Fig. 21 although a pair of the two
bit lines is connected to one sense amplifier in Japanese published
unexamined pateht application H3;214670 and the first to third
embodiments.

The area of a memory cell can be reduced ‘by such layout,



Fig. 83 is a process drawi ng show ng the tenth enbodi nent according to the
present invention; Fig. 84 is a process drawing showing the tenth
enbodi ment according to the present invention; Fig. 85 is a process draw ng
showi ng the tenth enbodi nent according to the present invention; Fig. 86 is
a process drawi ng showi ng the tenth enbodi nent according to the present
invention; Fig. 87 is a process drawi ng showi ng the tenth enbodi nent
according to the present invention; Fig. 88 is a process drawi ng show ng .
t he tenth esbederentheagtobdl ngotd liimespWibsetd WIW entraoged-irRkthe ratkFeg. 89
Is a sectional view show ng an el eventh enbodi nent according to the present
i nvent i on; oFi gne 9P itsroaworedt Lomes in dhves Abwshgta thigld ehbedirrti tre@ire
required to be arranged according to the same design rule as word
lines W1 to W7 as shown in Fig. 22. However, they can be readily
formed by the same method as in the first embodiment and there is
no problem in relation to practical use.
<Fifth Embodiment>
This embodiment is an example in which the present invention
i is applied to a DRAM and will be described below referring to Figs.
24 to 38.
‘Fig. 24 is a plan showing a memory cell equivalent to this
embodiment and the sectional structure viewed along a line X-X'
and the sectional stri:cturé of a MOSFET in peripheral circuit are
shown in Fig. 25. The laybut of a memory cell is similar to the
prior 'one, a word line 58 is provided vertically, a data line 60
is provided horizontally and a trench-type capaci"l'..or is formed
above these word line and data line.
The trench-type capacitor consists of a storage el.ectrode
52, a capacitor dielectric film 53 and a plate electrode 54. The
storage electrode 52 is connected to the active area 57 of a
switching transistor in clearance between the word lines 58 and
the data lines 60 and the plate electrode 54 is fixed to
predetermined potential outside a memory cell. Further, the
trench-shaped storage electrode 52 is formed on the inner side walls
and at the bottom of a deep trench formed through an dielectric

film 49 on which the metal wiring 50 of the peripheral circuit is

formed and é.n dielectric £ilm 51 stacked on the dielectric £ilm.



according to the present invention; Fig. 91 is a sectional view show ng a
conventional sem conductor nenory device; and Fig. 92 is a sectional view:
showi ng a thirteenth enbodi nent according to the present invention. BEST
MODE FOR CARRYI NG OQUT THE 1 NVENTI ON <Fi rst Enbodi nent> First, as shown in
Fig. 3, an elenent isolating oxide film2 for separating a MOSFET is forned
on the surface of a sem conductor substrate 1 using a well-known devi.ce

i sol ati on technol ogy. Next, after the surface of the seniconductor
substrate 1.is clestpd nethaticod nmicktor3ngi 4 IPRAY eghivkbersts tof thiam i s
formed at the tenperature for oxidation of 800 [err]C by well-known thernal
oxi dat i on. edbpdinerty gi 3l [hendesirikerh rfeiflegring tch Fibe - t30 &end8s FErE00 nm

i ncludi ng high-density inpurities is forned by well-known CVD and further,
after a neealshbwhinFig 2R, tafderty E4abd oxbfle FIGmPY £k SevirRd solakiskacked
filmconstituted by a tungsten filmand a_barrier nmetal filmis formed on
the pol ycr 8t £0Imesk oy pj EdhiFeR uPsEgase B PR RIS ECPE: SALES Y Sword | ne

and a gate el ectrode 4 -
oxidation, a MOSFET is formed by a well- known method. A MOSFET

provided with high concentration impurity doped regions 40 and 41,
a gate electrode 43 and a gate dielectric film not shown is formed
in a memory cell and a MOSFET provided with a high conc;entration
impurity doped region 42 ,- a gate electrode 44 and a gate dielectric
film not shown is formed in peripheral circuit. The gate electrodel
.43 shared by the memory.cell and the adjacent .cell functions as
a word line 58 shown in Fig. 24. The polarity of such MOSFET may
be N— channel or P-channel.
As shown in Fig. 27, a silicon' oxide film 45 including boron
and' phosphorus is formed by well-known CVD and the surface is
- f-lat_:tened by annealing at the temperature of approximately 800 °C.
For the silicon oxide film 45, an undoped silicon oxide film may
be used in place of the one including boron and phosphorus.
| Ne.xt, an openiﬁg 59 shown in Fig. 24 is formed on the silicon
oxid;e film 45 by well-known photolithography and dry etching and
wiring 46 with the thickness of approximately 100 nm which functions
as tbe data line 60 shown in Fig. 24 is formed by a well-known method.
For the material of the wiring 46, a refractory metal film such
as tuhgsten film is desirable, however, a compound film consisting
of the silicide film of refractory metal such as tungsten and a
polycrystalline silicon £ilm may be aiso used. If refractory metal

such as tungsten is used, it is desirable that a barrier metal film -



are formed by well-known dry etching so that they are in a predeternined
shape, arsenic approximately 5 x 10[err]/cnferr] is inplanted as inpurity
ion with a conductive type reverse to the substrate 1 using this gate

el ectrode 4 as a mask and, the inplanted -22- arsenic is activated by
anneal ing at the tenperature of 950 [err]C for 10 seconds to be diffused
regions 5 and 5. The quantity of ion inplanted into a swtching

transistor in nmenory cell and an N- type MOSFET in peripheral circuit is .
equal i zed aREntEr sedms GHADEde #1190 P oS dblRIndRathd Féfra tBry Y alVOSFET
in the peripheral circuit. After a silicon oxide film®6 with the thickness
of 0.5 pm ifg1fos8Rt @vepidlent Baastidrmaponstiié alildwed Sybsteidteknomn iGVP
technique so that the silicon oxide film6 on the gate electrode 4 is

appr oxi mat el1%c0dd&i 451 rhhbi &k unkieped ssliskowexidefigm Forgprevrradnghol e
is formed in a predeterm ned portion of the silicon oxide film®6 to forma
Cbit © impurities from being diffused is formed under the silicon oxide

film 45.
As shown in Fig. 28, a silicon oxide £ilm 47 with the thickness
of approximatély 200 nm is formed by well-known CVD using -

tetraethoxysilane (TEOS) gas at the temperature of approximately

400 °C. Next, a predetermined portion of the silicon oxide films

Yl

45 and 47 on the high concentration impurity doped region 40 which
- functions as the source or drain of a swi tchiﬁg transistor is removed
to form an opening 51 shown in Fig. 24. After a 'polycrystalline
silicon fiim- approximately 200 nm thick including impurities at
high concentration is formed by well- known low—preséure chg.mical
vapor de'ﬁo'sition (LPCVD) , the polycrystalline silicon filmis left
only in the opening 51 and the other portion is rexﬁoved by etchback
employing anisotropic dry-etching wit.hout mask so that a silicon
plug 48 for filling the opening 51 is formed. 1In this embodiment,
the silicon plug 48 is directly _formed on the high concentration
impurity region 40, however, if a well-known pad of a
polycrystalline silicon film is used, the gate eléctfode 43 and"
the silicon plug 48 can be insulated by self—alignmen‘t:. and the method
is effective to reduce the area of a memory cell. .
As shown in Fig. 29, asilicon oxide film 49 with the thickness
of approxiﬁ\ately 200 nm is formed by CVD usihg well- known TEOS
gas at the temperature of approximately 400 .°C and a contact hole

through the silicon oxide films 45, 47 and 49 is formed by a



line 7 connected to the diffused region 5. For this bit line 7, a
so-cal l ed polycide bit-line in which a tungsten silicide film 100 nmthick
i $ stacked on the polycrystalline silicon filmapproximately 100 nmt hick
doped with high-density inpurities. In Fig. 4 showng a nenory cell area,
two bits are showmn as a unit and therefore, one bit |-ine contact is forned
between two word lines. As shown in Fig. 4, a filmwth the polycide
structure is also used as an interlayer for electrically connecting the .
di ff used r eggldn-kobwanmékhad enNOBRE Bwiflalcensei a tionekhese e FB5E20raf on in
the peripheral circuit. By this interlayer,the contact of the MOSFET is -
prevent ed fthemhiabdy deepentethtedohmperity zagiionoddudt okheRATPhEED ce
according to this enbodi nent can be realized w thout providing such an

i nt er | ayer . cihgRuidn| Wextholay SRS FER nf iide @ %00 Ph R ShblctifPemednhY Yt her
filmsuch as a stacked fil mconsisting of tungsten, barrier netal and
pol ycryst al k1918 SPPLESFLRT &F &YR pRd-igpatterned so that it is in a

predetermined shape so as to form the metal wiring 50 of the
peripheral circuit. The surface of the silicon oxide film 49 may
be flattened by well-known CMP and in this case, a plug for filling
the contact hole may be used. In this embodiment, tungsten is used
for the material qf the metal wiring 50, however, refractory metal
such as titanium niﬁride may be also used. Further, if a capacitor
is manufactured.at low temperature, not only refractory metal but .
low resistivity metal such as a}uminum can be used.

As shown in Fig. 30, a silicon oxide £film 51_ with the thickne'ss.
of approximately 0.5 to 1 £ m is formed by CVD.using well-known
TEOS gas at the témperature of approximately 400
°C and tﬁe surface is flattened.by'ﬁell—known CMP. Next, a trench
{opening) 62 reaching the silicon plug 4é is formed through the
silicon films 49 and 51 by well-known photolithography ?nd dry
etching. At this time, if an dielectric film such as a silicon
nit;ide film slower than a silicon oxidé film in an etching rate
is formed under the silicon oxide film 49 as an etching stopper,
the trench can be extremely readily formed.

~ As shown in Fig. 31, a polycrystalline silicon film 63 with
the £hickness of 50 nm doped with high-density impurities is formed
by well-known LPCVD. At this time, the silicon plug 48 and the
polycrystalline silicon film 63 are connected at the low part of

the trench.
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used for the word line may be used for the bit line 7. Further, tungsten
may be also directly in contact wwth the diffused region 5 via barrier
met al wi thout using polycrystalline silicon. Next, as shown in Fig. 5,

after a silicon oxide film8 is formed overall, the surface is flattened by
using CMP. After a contact hole reaching the bit line 7 is formed, an
internediate film9 consisting of a titaniumnitride filmis formed by CVD
and further, first buried wiring 9 consisting of a tungsten filmoO0.2 [err]m
thi ck.whi ch is pneak,ageidish preaioreseat NEm apptdreinangler Bt ume tbiclBAs
[err]C or nore is formed. As shown in Fig. 5 the buried wiring 9 is
connect ed tappilieddivdnadad tlegipbrtofesimt MACHE Ladbneniy dni e thenpe@nsher al
circuit via the interlayer 9', however, the first buried wiring 9
consi sti ng thatgshethemthss sorbien yis rerovedcby weehhark Bif PRSIREI®RTiN vi a
barrier netal. As a tungsten filmcan be forned by CVD, tungsten can be
buried in axyostgbindole with relatively high aspect ratio in high step

coverage. At that tinme, as tungsten is al so deposited on.the surface_of the
oxide film the H‘tfriséewbo%‘t‘i%’rﬁgi FnEhRopelyerystalline LSS AR

formed on a portion other than in the trench is removed by dry etching
using the photoresist 64 as a mask and as a result, the storage
electrode 52 of the capacitor is forﬁed on the inner wall of the
trehch.
As shown in Fig. 33, after the photoresist 64 is removed,
a capacitor dielectric film 53 consisting of tantalum pentoxide -
(Ta,0s) is formed by CVD. It ié;desirable that the thickness 6f
_this capacitor dielectric film 53 in terms of a silicon oxide film
is 3 nm or less in the case of a dynamic RAM in the gigabit range.
In this embodiment, a polycrystalline silicon £ilm is used for the
storage electrode 52, however, a refractory metal film such as
tungsten and a i:itanium nitride'fiim may be also used. In this case '
as a natural oxide £ilm is not formed on the surface of the ref: ractory
metal film as a polycrystalline silicon £ilm, the equivalent oxide
thickness can be thinned. For the material of the capacitor
dielectric film, a film consisting of SrTioO3, a well-known high
dieléctric dielectric film such as (Ba, Sr) TiO3 and a well-known
ferroelectrics dielectric film such as a PZT film can be also used
in addition to an dielectric film consisting of silicon nitride.
As shown in Fig. 34, a plate electrode 54 consisting of a
tungsten film approximately 56 nm thick is formed by CVD which is

excellent in step coverage.



(a plug for interconnection) and wiring can be simultaneously formed. In
this enbodinent, a titaniumnitride filmfornmed by CVD is used for the
barrier nmetal. The buried wiring 9 forned in this process is used as a
gl obal word line for selecting a specific word line in a nmenory cell. In
the peripheral circuit, the buried wiring is used not only for interlayer
wring for connecting to wiring in the upper |ayer but for wiring for
connecting MOSFETs with each other. Next, as shown in Fig. 6, after an
interlayer oxide $ildil0 a 2€1icon dxidbOETeRl Sy ShAl @Rdchigcsdd age is
flattened by CMP, a pldg for interconnection (not shown) consisting of a
tungsten fildn.aRdmaeePdsdied sWebihe lls ane iheepedyas diaekibst Hig ed
wiring 9, further an interlayer oxide film12 is fornmed and the surface is
flattened asndggedd hathrabghholthis Ebimed BMLougitHE ifteFEa)dr andidZtsie bot h
formed by plasma-assi sted chem cal vapor deposition

film 55 on the metal wiring 50 of the peripheral circuit, metal

wiring 56 is formed by a well-known methed and a selmiconductor
integrated circuit shown in Fig. 25 'is completed. For the metal
wiring 56, low-resistance metal such as aluminum is desirable and
as the metal wiring can be used as wiring in a memory cell array

shown in Fig. 35, it can be used as a signal line connected to a

N B
. o

data line and a main word line. As the surface of the interlayer
dielectric £ilm 55 is flattened when the metal wiring 56 is formed,
well- known plug technology and: CMP can be applied.

Fig. 35 shows an example in which the trench is deepened more
than that in Fig. 25 and the capacity of the capaéitor is increased.
In this case, the metal wiring 50 is twice a.s thick as that in Fig.
25, however, if the silicon qxide £film 51 formed on it is thickened,
the trench can be also deepened £wice and as a résult , the height
of a storage electrode and the quantity of stored charge are also
approximatelyh | doubled.

As shown in Figs. 25 to 35, the surface of the silicon oxide
film 49 which functions as an interlayer dielectric film and on
which'the metal wiring 50 is formed is flattened, however, as shown
in Fig. 36, the metal wiring 50 may be also formed on a silicon
oxide £ilm 65 the surface of which is not flat. Also in this case,
as s}'lxown in Fig. 36, as.- the upper face of the silicon oxide filxﬁ
65 is é.xtended to a position in which a capacitor is formed and

is in contact with the side of the storage electrode 52, the same



(PCVD) becauseburiednetalis tungsten. This secondburiedwiring 11 is a
selector line for selecting a specific bit line in a nmenory cell and is
used nmot only as interlayer wiring for connecting to wiring-in the upper

| ayer .but as wiring for connecting -MOSFETs with each other in the
peripheral circuit. In this enbodinent, the second buried wiring 11 i s not
directly in contact with the diffused region but is in contact wth the

di ffused region of the MOSFET via the first buried wiring 9. Next, as shown.
in Fig 7, SeeRitafpdebeadhdd ayidi@dsd ¥ndw ihafig.mslespnahahe Surielcd N -
contact with the word |ine 4, the bit line 7, the first and second buri ed
wiring 9 ang iﬂe|s$.lf1QBH'B§L:1&iijii\hQQC&DTW&QEhm{eBméGai iWi@dgVBd s formed
polycrystalline silicon 13. This polycrystalline silicon 13 is used for
connecti ng gheihevwer el ectrode of a capacitor with the diffused region 5.
As the dianeter of the contact hole is approximately 0.2 [err]min a menory
in the gigabit rangeheit, sthepedtalr atring SGPpr thentdedty wirand layge.in
However, as this contact hole is formed only in a nmenory cell and the depth
i s equal, ithecgrrbphévaked dopitenhewrviemalasashewt ropifiadr p7et e¥e mptal

wirings 66 and 67 may be also stacked and a wiring layer may be
also further formed on them.

As the upper face of plural wiring layers can be extended

to the position of a capacitor according to this embodiment, a trench
can be deepened extremely and a trénch-type capacitor the area of
the electrode of ‘which is extremely large can be formed.

In this embodiment, the metal wiring 50 is a signal line
connected to the source or the drain of a MOSFET in the peripheral
circuit, however, it may be also a power line for 'suppiying fixed
potential and may be also floating as a dummy pattern for reducing
step height between a memory cell array area and a peripheral circuit
area.. |

As cléar from the description, according to this embodiment,
a capacitor with high stereoscopic structure can be formed and as
nﬁ.nute wiring can be respectively formed in each area and an area
including both areas even if large step height exists bet;ween the
memory cell array area and the peripheral circuit area, a
semiconductor integrated circuit the degree of integration of which
is high can be formed.

<Sixth Embodiment>
This embodiment is an example using material which cannot

be etched such as copper as metal wiring material in the fifth



I'n forming the bit line 7, if polycrystalline silicon is beforehand buried
in a portion at which the diffused region and - 25 - the capacitor | ower
el ectrode are in contact, the aspect ratio of the contact hole can be
reduced. Next, as shown in Fig. 8, after an interlayer oxide film14 is

fornmed overal |, contact holes respectively reaching-the buried wiring 9 and
11 are formed. Atrench is fornmed through this interlayer oxide film 14 and
a trench capacitor is forned on the inner "wall, however, the depth of this

trench, thghrbSimdrdte ahat alii M lHagssiBhal EAI FhbroXhgdecd idigs.19s 42 and
14 is required to be approximately 2 [err]min the case of a nmenory in the

gigabit ragge. If the total thickness is'thick as described above, it is
not easy to forma contact with wiring in the uppernost |ayer, however, as
the nunber of W rifg38HBGa el sectbendlsitedcvbid B DMesEEd LniSmendtenel y
smal | as described above in the present

cell and peripheral circuit in a DRAM equivalent to this embodiment.

As shown in Fig. 38, metal wiring 71 is connected to a metallic

plug 68 formed on a highlyfconcentrated impurity doped region 42

and buried in a si_licon oxide £ilm 70.

A DRAM with such structure is formed as follows:

First, structure shown in Fig. 39 is formed by the same method

ey

as the one shown in Figs .. 26 to28in rel#tion to the £fifth embodiment.
Next, as shown in Fig. 40, after a silicon oxide £ilm 69 is formed,-
a connecting hole through the silicon oxide films 45, 47 and 69 -
is formed by a well-known method and as a. result, the surface of
the highly copcentrated impurity doped region 42 is exposed. After:
a tungsten film is formed overall ; only the portion formed in the
connecting hole of the tungsten film is left and the other portion
is removed by aniso;trop:i;c d:ry-etching without mask to form the
metallic plug 68 consisting of tungsten.

As shown in Fig. 41, a silicon oxide £ilm 70 with the thickness
of 400 nm is formed and an cpening is formed through the silicon
oxide film 70 by well-known photolithography and anisotropic dry.
etching. If a silicon nitride film formed at low temperature is
arranged under the silicon oxide.film 70 as an etching stopper £ilm
in the anisotropic dry etching, the tolerance of etching is
increased and the connecting hole can be formed with high precision.

Next, after a copper £film 500 nm thick is formed, the surface

- of the copper film is polished by CMP to flatten it until the surface
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i nvention, the dianmeter of the contact hole may be considerably |arger than
t he m ni mum processi ng di nension. For exanple, in this enbodi ment in which
a nmenory in the gigabit range is fornmed, the mni mumdinension is Q2 pmor
| ess, however, as the dianmeter of the contact hole in this process is 0.5.
pm and | arge and the aspect ratio is not large so mueh, it is easy to form
the contact hole. Next, as shown in Fig. 9, a tungsten film15 with the . ,
t hi ckness of approximately 0.3 pmis fornmed by CVD and the contact hole is -

filled with h h
by LA ERo A0 G ebllqddi LU REER0:ARRS o s e
cont ai ni ng ohﬁg,[]gggg%é;?g%ﬁ%eaﬁdpﬂ i 5 *}le%qlﬁl ey 20d:dihie ot YAOSE £6h ke S

left only in can renove tungsten at the

(sel ectiVit o odbenOedidihy 06 SREfed Oh ua@ 94308 ohBuddeimleno kb, formdf .-
tungsten 15 n be polished w thout reducing the thickness of the -
For a method of forming the copper film, CVD which is- excellent
iﬁ covering step height is used.

Next, as shown in Fig. 42, a silicon oxide film 72 with the
thickness of 100 nm is formed by well-known CVD, a trench 74 reaching
the silicon plug 48 through the silicon oxide films 69, 70 énd 72

¥ is formed by well-known photolithography and anisotropic dry
etching.

‘Processing 'is performed in a process shown in Figs. 43 to
47, however, as this process is the same as in the fifth embodiment
shown in Figs. 31 to .'.35, detailed description is omitted. However,
in this embodiment, the surface of aplate electrode 73 is flattened
and this embodiment is different from the fifth embodiment in this
point.

As low-resistance co.pper is gsed for the wiring layer of the
peripheral circuit formed on the side of a capacitqr according to
this embodiment, high-speed operation is enabled. The wiringlayer
of a logical circuit can be formed in the position of an dielectric
£ilm on which the capacitor is formed by applying this emquiment
to an on-chip logiq LSI embedded with memory.

<Seventh Embodiment>

This embodiment is an example in which the metal wiring ip
fhe DRAM equivalént to the fifth or sixtﬁ embodiment is further
thickened and will be.descri{bed below referring to Figs. 48 to 56.

Fig. 48 is a sectional structural drawing showing a MOSFET in a -
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oxide film-14 so nmuch. As shown in Fig. 11, after an interlayer oxide film
16 with the thickness of approximately 1 [err]mand a tungsten plug 17 with
the diameter of 0.5 [err]mare forned simlarly, silicon oxide film18 is
formed overall to cover the upper face of the tungsten plug 17. As the
total thickness of the interlayer oxide filnms 14 and-16 is approximately 2
[err]mand the dianeter of the contact hole is approximately 0.5 [err]m
aspect ratio is approxinmately 4 and a plug can be formed by enbeddi ng

t ungsten once and fMt;I C%H el %hte%r ch#s:f_e ;£330 ke ﬁﬁgugﬁﬁvggifk £8S ’i"@ in

Fig. 12, a T9&€nchS d55€ Fou int érrayer e 1

and 18 and o%iﬁznkhe AP RRbuAY ”A% pﬂl. xa&xsgmaiéa[ BRnd!, I iy

formed. As I's trench orne i N a nenory ce aréa and in

addi tion, tped aueigs ﬁmltieew ailfé%al;ngeﬁg hard e/segaaluhet hgpdepidedf
etching can be readily controlled and the surface of the polycrystalline

silicon 13 £ARKRGEREAIOHEE: A I7H i)é/hﬁﬁﬂéf A eh&tuphRlerdd BE-a Asphbetaspect
ratio of this trench is approximte , such

A method of manufacturing such a DRAM will be described below
referring to Figs. 49 to 56. First, processing is performed as
shown in Figs. 39 and 40 in relation to the sixth embodiment to
form structure shown in Fig. 49;

1 Next, as shown in Fig. 50,'a silicon oxide film 75 with the

thickness of 300 nm is formed.and.a:trench 78 through silicon oxide

. films 69 and 75 is formeéd by well-known photolithography and dfy
~etching to expose the upper face of the silicon plug 48.

A capacitor is formed in a process shown is'Figs. 51 to 54,
howexf;er, as this process is the same as the process shown in Figs.
31 to 34 in relation to the fifth embodiment, detailed description
is omitted.

Next, as shown in Fié. 55, after a silicon oxide film 79 wi-th
the thickness of 400 nm is formed, an opening reaching a.qetallic
plug 68 is formed through the silicon oxide films 75 and 79 by -
photolithography and dry etching. After a film consisting of
metallic material such . as tungsten, aluminum or copper is formed
overall, the metal wiring 80 of the peripheral circuit is formed
by leaving the metal film only in the opening and removing the metal
£film from the other portion by well-known etchback by anisotropic
etching.

Finally, as shown in Fig. 56, after an interlayer dielectric .

film 55, for example consisting of a silicon oxide film
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a trench can be readily fornmed by conventional dry etching. If a nitride
filmis fornmed under the interlayer oxide film 14 as an etching stopper
film ‘the controllability of forming a trench is enhanced. As shown in Fig.
13, a polycrystalline silicon film19 with the thickness of 50 nm which
functions as the | ower electrode of a capacitor is forned overall. This
polycrystalline silicon film- 27 - 19 is electrically connected to the

di ffused region 5 of a MOSFET via the-polycrystallire silian i 3.
I larit] : t t hi | ihicon
rregul ari et og fab O 8% 008n Jg,gc gﬁ%ffgbgmg;, b a‘&ggﬁyﬂ SLLLOELS Itk

film19. Thé surtace drea can _ ‘more b ormng rrregularities
on the surfReeadBdost HaGRte@PALENg G 1Be rbPRES AFEGudROkRE NEnd B e

el ectrode (storage el ectrode) 19 of” a capacitor, tungsten, titaniumnitride
and ot hers gianeberuseshin s3ddi HhdxQ RAkYE' ¥SEald i5¥e 18l kbemdu aRd f urt her,
well-known méthod and a semiconductor integrated circuit is
compléted.
As the metal wiring of the pez;ipheral circuit can bg thickened
more ‘than the one in the fifth and sixth embodiments according to

this embodiment, the resistance value of the wiring of the

peripheral circuit can be reduced and operating speed is further

increased.
<Eighth Embodiment>

This embodiment is an example in which a capacitor providea'
with structure in which a stereoscopic crown-type capacitor and
a trench-type capacitor are combined is formed in a memory cell
of a DRAM and will be described below referring to Figs. 57 to 65.

Fig. 57 shows the sectional structure of a MOSFET in a memory
cell and peripheral ;:ir;:uit ina DﬁAM equivalent to this embodiment.
As shown in Fig. 57, metal wiring 86 formed in the peripheral_.circuit
isl buried in a silicon oxide £ilm 85, and the upper face of a ;ilicon
oxide film 81 formed under the silicon oxide film 85 is extended
from the peripheral circuit into a memory cell and is in contact
with the side of the capacitor.

Next, a manufacturing method accqrding te this embodiment
will be described referring to Figs. 58 to 65. First, structure
shown in Fig. 58 is formed, however, as the process is the same
as the cne shown up to Fig. 28 in relation to the fifth embodiment,

description is omitted.



if a high dielectric, filmand a ferroelectric filmsuch as BST and PZT are
used as a capacitor dielectric film noble metal such as platinumis used.
Next, as shown in Fig. 14, CMP is applied so as to left the pol ycrystal line
silicon film19 only in the trench and the capacitor |ower electrode 19 is

formed wwth it separated every nenory cell. As shown.in Fig. 15, a
capacitor dielectric film20 and a plate electrode 21 are stacked on the
capacitor lower electrode 19. |In this enbodinent, a stacked film

consi sting of a pansidwmipEng0siodeatitiernarngt B cdd deide OXifle1fild fMBined)sed
for the capacitor dielectric film20 and a capacitor dielectric film3 nm
thick is r@alcoppecting drale dhrohgh ttheclsidssonf okirte Hillimsonspxdeardd lsm A
capacitor dielectric filmis not limted tothis, a stacked filmused
her et of or e igofistmed #g efpesssithecorrndedeffa hinghhy corsidritramedi tnputd thi | m
can be used and if a |ower el ectrode consisting of noble netal such as
pl atinum i §egded 4%a fRtieRerdopgrtenifidmdant bemed gverall, asmedadapagiligr
dielectric film For the plate electrode 21, a variety of well-known
conduct i ve BfaPePFHT i obetHERFaTs 48, fomtRst b, 1eaving Shenbotgsken fidm
itaniumnitcide filmis used. |f
titaniu onE.y in t{'xe connect?.ng hole and removing it from the other portion
by etchback by overall anisotropic etching and a silicon oxide film
89 with the thickness of 400 nm is further formed overall., Asilicon
nitride film may be used in place of the silicon oxide film 81.

As shown in Fig. 60, a trench reaching a silicon plug 48 is

formed by well-known pPhotolithography and dry etching through the

. s8iliconoxide film 81 and 89 in an area in which the storage electrode
5 of the capacitor is formed and a polycrystalline silicon film
. 63 with the thickness of 50 nm into which impurities are doped at
high density is formed by well-known LPCVD. Hereby, the silicon
plug 48 is connected to the polycrystalline éilicon film 63 at the
bottom of the trench.

Next, as shown in Fig. 61, a silicon oxide film 90 including
boron and phosphorus is formed by well-known CVD, after annealing
treatment is applied, the silicon oxide film 90 is left only in
the trench and the film formed on the other portion is removed by
etchback by employing overall anisotropic dry etching. Further,
the exposed portion of the polycrystalline silicon film 63 is
removed by dry etchiﬁg using the silicon oxide f£ilm 90 as an etching
mask. As a result, the storage electrode 52 of the capacitor is

formed in the trench.

Next, as shown in Fig. 62, the silicon.oxide film 90 left '
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- 28 - a stacked filmconsisting of a silicon oxide filmand a silicon
nitride filmis used for a capacitor dielectric film a polycrystalline
silicon filmcan be used and if a ferroelectric filmis used, platinum can

be used. Next,
forned overa

a
B

s shown i.n Fig. 16, after an interlayer OXIde film22 is
a contact hole is formed through this inter|ayer oxide film

22 and the plate electrode 21 and the upper end of the tungsten plug 17 are
exposed. After this contact hole is filled with metal to forma plug 23,

wiring 24 il

sen1conductor
the densit 0
di mensi on nmay
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Enbodi nent >

silicon oxide film 90 buried in the trench includes boron and

phosphorus, the speed of etching the silicon oxide film in

hydrofluoric aqueocus solution is faster than that of etching the

silicon oxide £ilm 89 similarly using hydrofluoric aqueous solution.

Therefore, though the silicon oxide film 90 is thicker than the

silicon oxide film 89, silicon oxide film 90 formed in the trench

can be completely removed. To prevent overetching in wet etching,

it is desirable that an etching stopper film such as silicon nitride

film formed at low temperature is provided under the silicon oxide

film 89.

After predetermined cleaning, as shown in Fig. 63, a

capacitor dielectric film 83 consisting of a tantalum pentoxide

film is formed, then a tungsten film or a titanium nitride film

which is approximately 50 nm thick is formed and an unnecessary

portion is removed by photolithography and dry etching to form a

plate electrode 84.- Further, a thick silicon 6xide film B85 with

the thickness of 800 nm is formed and the surface is flattened.

Next, processing shown in Fig. 42 in relation to the sixth

embodiment is performed to form metal wiring 86 and as a result,

structure shown in Fig. 64 is formed.

Finally, an interlayer dielectric film 55 such as a silicon

oxide film approximately 400 nm thick is formed and after a through

hole is formed through the interl.ayer dielectric £ilm 55 on the

metal wiring 86 in the peripheral circuit, metal wiring 56 is formed
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Fig. 17 is a conceptual drawi ng showi ng a nenory array equivalent to a
second enbodi nent according to the present invention. AsshowninFig. 17,

word I'ines W.1 to W.16 are regularly arranged vertically and bit |ines

BLla, BL1b, BL2a and BL2b are connected to sense anplifiers 1 and 2 with
BL1a and BL1b form ng a group and BL2a and BL2b formng a group. One bit
line contact BCL (O is shared by storage nobde contacts CClL and CC2 ([err])
connected to two nenory cells. As shown in Fig. 17, a straight |ine show ng.

the active gre %%ﬁ@sn&@f%.ﬁﬁegrﬁ%&cﬁé&i r apsiat of RgfWegn;Lwo storage
node contacts [err| via the bit ne cont act I's arranged sl antw se for
the word |iggs\Welqto W6 and the bit lines BLla to BL2b. In addition, -

29 - the direction of the gradient is different between adjacent menory

cell's. Therefores eaehtoragada dMRe8qe ¥ 8fta dla AN rEdrndLin b m&mit e
respectively formed in clearance between the word lines W1 to

cell is a crown type ac;ording to this embodiment, both inner and
" outer walls can be utilized as a storage electrode, extremely 1argé
storage capacity can be obtained and a high integrated
semiconductor integ:ated circuit which is high and which is
excellent in resistance to a soft error can Be formed.
<Ninth Embodiment>
This embodiment is another example of a DRAM memory provided
~with a capacitor formed by combining -crown-type and -trench-type
capacitors. This embodiment will be described below referring to
Figs. 66 to 72.
| Fig. 66 shows the sectional structure of a MOSFET in a memory
cell and peripheral circuit of a DRAM of this embodiment. As shown
in Fig. 66, metal wiring 50 is formed in an opening formed through
a silicon oxi&e film 49. A trench type capacitor of a memory cell
is formed in a portion which is in contact with the silic?n oxide
films 49 and 92 aﬁd_a crown type capacitor is forﬁed'in.a portion
which is in contact with a silicon oxide film 55. Therefore, the
upper face of tﬁe silicon oxide film 49 on which the metal wiring
50 extends to a memory cell area and is in contact with the side
of the capacitor.
Next, a method of.manufacturing this DRAM cell will be
described referring to Figs. 67 to 72.
First, structure shown in Fig. 67 is formed in the same

process as the one shown up to Fig. 30 in relation to the fifth



W6 and the bit lines BLla and BL2b. In this enbodinment, buried wiring is
arranged above the word lines W.1 to W.6 and the bit lines BLl1la to BL2b and
inh addition, to secure a place where a storage node contact is made, gl obal
word |ines W2, WB4 and W6 shown by a dotted line are arranged in the
ratio of one to two word lines W.1 and W.2, W3 and W4, and W5 and W6
bet ween which the bit line contact BClL is put as shown in Fig. 17. Sel ector
“lines S1 to S4 for selecting the bit lines BLla to BL2b are arranged so

that they resBseihely RY¥QE! AR Mduh iMeiblted,| 8@31BbdA A BN 95 wilbRSE
gl obal word lines W1 to W4 and the seiéctor lines S1 to S4 do not require

a contact agga tHlcknEBBWY46®hh, iLA6 med BhaGfirirt i shasacnlky flathened
arranged. The ratio to a word line and a bit line is not limted to this
ermbodi ment  aRdwsEI-Ki>way aiMb| ad idrgnsht reddiingl 8 bslicémypduy d8ave Egrakdwn SO
that the layout shown in Fig. 17 | ooks nore realistic. However, to
facilitate wndeugh ottt g lipaht exitee ffilms 40orrd P2 dpae pyr‘eimtufoeré,ica
pl ate el ectrode, wiring, peripheral circuit .and others is not shown in
the storage electrode 93 of the capacitor is to be formed by
well-known photolithography and dry étching.

Next, a polycrystalline silicon f£ilm 63 with the thickness
of 50 nm into which impurities are doped at high density is formed
by well-known LPCVD. Hereby, the silicon plug 48 is connected to
the polycrystalline silicon f£film 63 at thé bottom of the trench.

Photoresist 1 £ m thick is applied, the photoresist 64 is
left only in 'l:he trench and it J.n the other portion is removed by
well-known overall anisctropic dry etching as shown in Fig. 69.

Next, the exposed portion of the polycrystalline silicon
film 63 is removed by dry etching using the photoresist 64 as a
mask and the storage electrode 52 of the capacitor is formed on
the inner wall ‘of the trench.

After the photbresist 64 is removed ‘and predetermined
cleaning is performed the silicon oxide film 92 is etched by 200
nm in thickness us:.ng hydreofluoric aqueous solution. Hereby, as
shown in Fig. 70, the upper part of the storage electrode 52 is
protruded upwazjd..

. As shown'in Fig. 71, a capacitor dielectric £ilm 93 consisting
of a dielectric with a larger dielectric constant than. that of
silicon dioxide (tantalum pentoxide in this embodiment) is formed

and a plate electrode 94 consisting of tungsten or titanium nitride

and others with the thickness of approximately 50 nm is formed by



Fig. 18. |
to. the bit

n Fig. 18, an active area is arranged at an angle of 45 degr
lines BLl1la to BL2b and the word lines W.1 to W.6, however,

angle ts not linmted to 45 degrees and may be other degrees. - 30 -
word lines W2, WB4 and Wh6 are respectively arranged in the

t he gl obal
ratio of o

ne to two word lines as descri bed above, the width of the gl

ees
t he
As

obal

word |lines W2, WB4 S56 is approximately twice as wide as.-that of the word
lines W.1 to W.6 and a rough | ayout- rule nmay be adopted. In addition,
ea exists in a nenory_cell as .described above, wirin has onIy to

be arranged® TSt HfEoHBaRE R tﬁ8rs%I%%W PEn&8TRING Fie SFPRGETEH and the

contact ar

bit |ines
addi ti on,
a nmenory c
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Finally, an inté;layér dielectric film 55 consisting of a
silicon oxide film approximately 400 nm thick is formed and after
a through hole is formed through the interlayer dielectric film

55 over the metal wiring 50 in the peripheral circuit, metal wiring

as no

ealn

56 is formed and a semiconductor integrated circuit according to

the present invention shown in Fig. 72 is completed.

As shown in Fig. 72, the capacitor dielectric film 93 and
the plate electrode 94 are formed on not only the inner wall but
the outer wall of the upper porf:ion- of the storage electrode 52
of a capacitor formed in a memory cell according to this embodiment
and in this poi:'tion, a crown-type capacitor is formed. Therefore,
larger storage capacity than that of a trench-type capacitor using
only tﬁe inner wall of a_'trench as a capaciter can be obtained and
a semi_.conductor integrated circuit the degree of ir.utegration'of
which is high and which is excellent in soft error immunity is
formed.

<Tenth Embodiment>

An embodiment of a DRAM accerding to the present invention
will be described below referring to Figs. 76 to 88. Fig. 76 shows
the sectional structure of a MOSFET in a memory cell and peripheral
circuit equivalent to this embodiment on the same drawing and Fig.
77 shows the plane layout of the memory celi. Fig. 76 shows a part
of the section of the memory cell viewed along a line X-X' in Fig.

77.
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WB4 and Wb6, they do not require an area in which the wwdth of aline is

wi dened as the bit lines. Therefore, a regular pattern can be arranged for
the gl'obal word lines W2, WB4 and We6 and the selector lines S1, S2, S3
and S4, and pattern formation by photolithography is easy. Further, as the
regularity of a patternis high, it is also easy to apply m nute processing
t echnol ogy such as photolithography nethod using phase shift by which a
pattern snmaller than the wavel ength of |ight can be fornmed. <Third

Enbodi ment > I n t sS sRBRRGIATERY. 76, SMOBFESR Fii & mdRory WR1S! 06A0Es DU
contacts CCl and CC2 in a nenory cell sharing one bit |line contact BCl are

arranged sa yheé dilk@ycaiec DITWEL03 Cal gHEs 218LEFSde BRI &I PRGheatdhAlrghal
word |ine W2, WB4 and Ws6. This enbodinent is different fromthe second
enbodi nent N-typhiisnpulra g \sefeash2®é andE0 yhDfEaBe i r@i3pestsv8ly &he ddigdeayout
of a global word line and a selector Iine which are buried wring, which
char act eri assl gdh=ipr esdnd MOSFET in the peripheral circuit consists of the
gate dielectric film 203, a gate electrode 205 and a high-density
N-type impurity area 208 which is the source or drain. A wiring
. electrode 210 is connected to the high-density N-type impurity area
206 of the MOSFET in the memory cell as a data line and a crown-type
capacitof is further provided over the wiring electrode.

This crown-type capacitor is formed in an aréa in which
silicon oxide films 214 and 216 which are interlayer dielectric
films in which metal wiring 215;in a peripheral circuit area.is
formed are removed and a storagé electrode 217 is connected to the
high-density N-type iﬁpurity area 207 via a silicon plug 213. A
capacitor dielectric film 218 is formed on the storagé electrode

' 217, further the plate electrode 219 of the capacitor is buried
in an aréa f;:om which the silicon oxide films 214 an& 216 are removed
%nd the crown- type capacitor is formed.

Fig. 77 shows the layout of a plurality of memory cells to
explain the positional relationship among the adjacent memory cells.
In Fig. 77, a word line 223 is arranged longitudinally, a data line
225 is arranged horizontally and a crown-type capacitor 227 is
formed above these word line 223 and data line 225. Further, the
capacitor is connected to an active area 222 in clearance between
these word line 223 and data line 227 via an opening 226.

This embodiment will be described further in detail below

referring to Figs. 78 to 88. First, as shown in Fig. 78, after a



I nvention, is also simlar as shown in Fig. 20 and the sane effect as in
the second enbodi ment can be obtained. <Fourth Enbodi ment> A nmenory.cell in
this enbodinment is different fromthat in the second and third enbodinents
in pattern | ayout as shown in Fig. 21. However, a manufacturing nmethod is
the sanme as that in the second and third enbodi nents.and a nmenory cell can
be formed by the same nmethod as in the first enbodinent. Pattern layout in
this enbodinment is characterized in that a word line is arranged between
~storage node contacts of adjacent nenory cells as described in Japanese
publ i shed ufiesdahioxddepSitnt2¢hhis £2rmed M. 2 111262576 PF 3R DdcB¥d and

third enbodi nents, two word |ines are arranged between adja t orage
node c?ntaa;%%l‘ﬁﬂﬂﬂgfSFE?CEﬁﬁ?efﬁﬁqéélg?i§¥?§5§15§cﬁﬁﬁﬁPﬁ)Cé?ﬁig%aﬁ%ﬁfsgis a
cause for ich the area of a nenory cell is prevented fr bei.n ced.
However, acEPMfhg > Patet ﬁrﬁﬁyof%‘ ‘ﬁgﬂ‘%f.‘t 37 _h‘gﬁ%r?réeél' I?%%]}ﬁélj#ed

For arrangiEg %g¥%e ,r oLngg,ig; —Jhagggfiﬁgngfnyé& be also formed. To
reduce the deterioration of ah element caused by a hot cérfier,
well-known lightly doped drain (LDD) structuré may be also used.
Further, an dielectric film such as silicon nitride may be formed
on the side wall and on the ﬁpper face of the gate electrode 204

; to use a well-known self- hatching contact.

Next, after a silicon oxide film 209 including boron and
phosphorus is formed by well-known CVD, it is annealed at the
temperature of approximately 806 °C to smooth the surface of the
silicon oxide film 209. For a silicon oxide film, an undoped
silicon oxide film may be used in place of the silicon oxide film
209 which is doped by boron and phosphorus and it may'bé smoothed
by another method. Even if the surface of the silicon oxide £ilm
is not smoothed, there i§ no problem in a later process.

An opening 224 shown in Fig. 77 is formed through the silicon
oxide film 209 by photolithography and Ary etching and a wiring
electrode 210 with the thickness of approximately 100 nm which is
to function as the daﬁa line 225 shown in Fig. 77 is formed by
patterning so that the wiring electrode is in a predetermined shape
by’phoﬁolithography'and.dry etching. For material for the wiring
electrode 210, a compound film consisting of a silicide film of
.refractéry metal such as tungsten and a po;ycrysﬁalline silicon
film or a refractory metal film such as tungsten may be used. If

refractory metal such as tungsten is used, it is desirable that
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the area for arranging one word line is required and the area can be
reduced by approximately 20% As simlar nmenory operation is disabled in
the prior bit line layout when such pattern layout is adopted, the two bit
lines BL2a and BL1b are crossed and respectively connected to each sense
anplifier 1 and 2 as shown in Fig. 21 although a pair of the two bit lines
is connected to one sense anplifier in Japanese published unexam ned patent
application H3-214670 and the first to third énbodi nents. The area of a

enory cel 'a\/\%f“ fgeﬁ\ffge UGed;hy SY&h 4]sa3@qtﬁgnlmn331trlde hQWBYEY s add @irdlepbal

word |ines arranged 1nt rati1o of one to two word lines in the

first to thif ST&@%% %%ﬁrﬁﬂn%%é ed hevRRt a8 a8 aEdiang tiedhhe .

sane design rule as wo Ines WL to W "as shown in Fig. 22. However, they

tcﬁgr 2ei geacgulﬂétgg‘:gecj 1Vid he ssaimivebied s dduhAspéd rsS.h.:.SHde:h.HBrﬂllai’ld

for preventing impurities from being diffused is provided under
the silicon oxide filrﬁ 209.
A silicon oxide film 211 with the thickness of approximately
200 nm including'. boron and phosphorus is formed by CVD and the
surface is smoothed by annealing at thé temperature of
' approximately 800 °C. Next, a silicon nitride f£ilm 212 with the
thickness of approximately 100 mn.is formed by LPCVD, an opening
226 shown in Fig. 77 is fomed through the silicon nitride film
212 and the silicon oxide films 209 and 211 on the highly
concentrated impurity region 207 which is to function as the source
Eor drain of the MOSFET by well-known photolithography and dry
etching, a polycrystalline silicon £ilm ﬁpproximtely 200 nm thick
. into which impurities are doped at high density is formed by LPCVD
and the polycrystalline silicon film is left ;>nly in the opening
226 by etchback by ovel;.'all anisotropic 'dry etching so as..to form
| a silicon plug 213 as shown in Fig. 79. ‘In this embodiment, tﬁe
silicon nitride film 212 in a peripheral circuit area is removéd
by photolithography, however, the silicon nitride £ilm 212 may be
also left in the peripheral circuit area. In this embodiment, the
silicon plug 213 is directly formed on the highly concentrated
impurity region 219, however, if a pad consisting of a well-known
polycrystalline silicon film is useci, the gate electrode 204 the
silicon plug 213 can be also insulated by self-alignment and it

is effective in reducing the area of a memory cell.



no problemin relation to practical use. <Fifth Enbodi nent> This enbodi nent
I's an exanple in which the present invention is applied to a DRAM and wi | |
bé described belowreferring to Figs. 24 to 38. Fig. 24 is a plan showing a
menory cell equivalent to this enbodi nent and the sectional structure
viewed along a line X-X and the sectional structure .of a MIXSFET in
peripheral circuit are shown in Fig. 25. The layout of a nenory cell is
simlar to the prior one, a word line 58 is provided vertically, a data
line 60 is providegehoniszathval iy BRA 8ol LN LIDSxEARAEI DB 14 Suifer oRE
above these word line and data line. The trench-type capacitor consists of
a storage etRCduRER 62 appbroaBaatbDy 20i0ehfGld iferhbl B HIhaNterpdtati@e of

‘el ectrode 54. The storage el ectrode 52 is connected to the active area 57
of a swit chapgrdfidatesy0f00 Pc ByeRe BN O] BRBudiiRy MROS JalsN8sd ABernthd he
data lines ‘60 and the plate electrode 54 is fixed to predeterm ned
potenti al osikide axf@eDfilee|d09,Fail haid 2lde ohr ehehhidtalpecdontentgated
electrode 52 is fornmed on the inner side walls

impurity region 208 in the peripheral circuit are removed by etching
so as to form a contact hole. A tungsten film approxiinately 200
nm thick is formed by well-known sputtering or CVD and the metal

wiring 215 of the peripheral circuit is formed by well-known

photolithography and dry etching. The sﬁrf ace of the silicon oxide

an’

£film 214 may be flattened by well-known CMP. Iﬁ this case, a plug
may be formed in. the .contact .hole. In this embodiment, tungsten
is used for the material of the n'_t_etal wiring 215, however, in this
case it is desirable that a barriei’ metal film such as titanium
nitride is provided below. Further, if the later piocess for
manufacturing é capacitor is kept at low temperature, low-
resistance metal such as aluminum may be also used.

As shown in Fig. 81, a silicon oxide film 216 with the
thickness of 0.3 to 1 £ m is formed at the temperature .of
approximately 400 °C by CVD using TEOS gas .and ti-:e surface is
flattened by CMP.

Next, as shown in Fig. 82, a trénch 227 reaching the silicon
plug 213 is formed through the silicon oxide films 214 and 216 in
a portion in which .the storage electrode of a capacitor is to be
formed by well-known photolithography and dry etching. At this
time, it is desirable that a silicon nitride £ilm 212 is provided
under the silicon oxide f£ilm 214 as an etching stopper.

As shown in Fig. 83, a polycrystalline silicon £ilm 228 with



and at the bottom of a deep trench formed through an dielectric film49 on
which the netal wiring 50 of the peripheral circuit is fornmed and an

di'el ectric film51 stacked on the dielectric film - 33 - Next, a met hod
of manufacturing a DRAM equi valent to this enbodi ment will be described
referring to Figs. 26 to 35. First, as shown in Fig. 26, after a field
oxide film39 for device isolation is forned on a silicon substrate 38 by
wel | - known sel ective oxidation, a MOSFET is fornmed by a-well- known net hod.
A MOSFET pr eukdegh MiddlNio@h26 00 adbr Akl Hkd FRYEA! YmloRad dedkr@nsogtly ard 41,
a gate electrode 43 and a gate dielectric filmnot shown is forned in a
menory cell hagd aeMBRFE DEQ¢hd@tbWi ddr12Khiogh £660ENt hat kADs| €anM | tthedoped
region 42, a gate electrode 44 and a gate dielectric filmnot shown is
formed in peripBés ablied PAB andTERe G818, Alvathill DdRe 48 Siasredilly bhe amnory
cell and the adjacent cell functions as.a word |line 58 shown in Fig. 24.
The pol arit gofhested a¥OBhE& bdtityom of theé trench. Next, after a photoresist

£film 1 2 m thick is appl:'i.ed, the photoresist £ilm 229 is left only
in the trench and it in the other portion is removed by etchback
by overall anisotropic dry etching. The position 6f the upper face

of the photoresist film 229 left in the trench is controlled by

E controlling the dry etching so that the position is lower by
approximately 0.2 £ m than the upper face of the silicon oxide f£film
216.

Next, the exposed portio_n’ of the polycrystalline silicon
£film 228 is removed by dry etching using the photoresist £ilm 229
as a mask and as shown in Fig. 84, the storage electrode 17 of the
capacitor is formed on. the inner wall of the treﬁch.

After the pﬁotoresist film 229 is removed and predetermined
cle.aning is performed, the silicon oxide f:i.lm 216 and the silicon
oxide film 214 under it are etched using hydrofluoric aqueous
solution so as to éxpose the inner face and the side of the crown-type
storaée electrode 217 as shown in Fig'. 85. At this time, the silicon _
oxide films 216 and 214 formed in a memory cell array érea are etched
by phqtolithography and they £ oméd in the peripheral circuit area
are left without being etched. As at least the silicon nitride film
212 ié provided under the silicon oxide film 214 in the memory cell
array area, a portion under the silicon nitride film is not
overetched in the wet etching.

As shown in Fig. 86, a capacitor dielectric film 218 -



be N channel or P-channel. As shown in Fig. 27, a silicon oxide film45

i ncl udi ng boron and phosphorus is formed by well-known CVD and the surface
is flattened by annealing at the tenperature of approxinately 800 [err]C.
For the silicon oxide film 45, an undoped silicon oxide filmmy be used in
pl ace of the one including boron and phosphorus. Next, an opening 59 shown
in Fig. 24 is formed on the silicon oxide film45 by well-known

phot ol i t hography and dry etching and wiring 46 with the thickness of

appr oxi mat eé&ﬁé@%ﬁﬁg‘ Jhich; LHOGLIQNG; 85 o Derdat auileiaetbc hiperahe dfidy 24

is formed by a well~known nethod. For the material of the wiring 46, a

refractory J@tahehiddipehebxdaet tRQ6)ERNAH | thdtScdesidiahlben MEMRVELImA s
conpound filmconsisting of the silicide filmof refractory nmetal such as

tungsten anghrnelQl YESY strd oo s EbikoRy theraapayikeralisad ecsedlc fiflmzfa,act ory
metal such as tungsten is used, it is desirable that a barrier netal film -
34 - CVD which is excellent in covering step height is used. Further,
‘it is desirable that the thickness of the capacitor dielectric film
218 in terms of an silicon oxide film is 3 nmlor less in the case
of a mass DRAM in the gigabit range. In this embodiment, a
"polycrystalline silicon film is used for the storage eleqgtrode 217,
however, a refractory metal film such as tungsten and a titanium
nitride film may be used and as the effect of a natural oxide film
existing on the surface of the polycrystalline silicon film can
be removed in that case, the caPacitor dielectric film in terms
of a silicon oxide film can be thinned. For material for the
capacitor dielectric film, a film with a high dielectric constant
such as a SrTa03 film and a (Ba, Sr) Tao03 £ilm (BST f£ilm) and further,
a ferroelectrid film such as a PZT film may be also used in addition
" to a compound £ilm consisting of a silicon fx;i..tride film and a silicon
oxide film.

After a thick tungsten film approximately 300 nm thick is
formed overall, the surface is polished by éMP, the tungsten film
is left only in an area in which the silicon oxide films 214 and
216 are removed as shown in Fig. B7 so as to .form a plate electrode
219. 1In this embodiment, tﬁe plate electrode 219 is formed using
CMP; however, after the tungsten £ilm 219 is formed, a photoresist
film is also formed and overall dry etchback may be also performed.
For a method of forming.the plate electrode 219, CVD which is

excellent in covering Step height is desirable.



such as titaniumnitride filmis provided under the refractory netal film
So as to prevent reaction upon the silicon substrate. It is also desirable
t hat an undoped silicon oxide filmfor preventing inpurities from being

diffused is fornmed under the silicon oxide filma45. As shown in Fig. 28, a
silicon oxide film47 wth the thickness of approxinmately 200 nmis fornmed
by wel |l -known CVD using tetraethoxysilane (TEQS) gas at the tenperature of
approximately 400 [err]C. Next, a predeterm ned portion of the silicon

oxide filns 45 apd .47 _on the high centration, impurity doped.regi.on 40

whi ch functi onsagssl Fié:‘s?’c')‘u°rxéLec'?ré %‘é'} %% é’%vti‘nht% ft ggf?%%ﬁss j\‘cl)raf"gg?’éﬁrﬁ?/tg%& o form
an openi ng | | ' i I lic '

appr oxi mat %?%n%g%\@non‘ii%{%% "‘Fﬁ‘é‘tﬁéﬁgg‘f r?%ﬁrggh\%%gg%’ﬁhiaéﬁéaggs)éﬁéean?gﬁ%’]&%ﬂr? i's
formed by weld tnkgowd £hQvts &%ﬁﬁ%ﬁd@@qz&@klx Q2 ALBASHL AL HLPED)g the
polycrystalline silicon filmis left only in the opening 51 and the ot her
portion iszieuRviah BYrehicdiRACK;: £OMIOY kb 3HalLS Ghdhl giflieég-l 8b ¢ RishgoMhddrout

mask so that a silicon plug 48 for filling the opening is formed. In
thi s enbodbyanieli-Nensim neBRo@ laig A 8ehcshdi@tdrymémdEdeicd BBcBidihg
concentration

to the present invention shown in Fig. 88 is completed.

As clear owing to the description, for a method of

manufacturing a semiconductor memory device equivalent to this
! embodimenﬁ, after an dielectric film provided on the main surface
of a semiconductor substrate is flattened, a predetermined portion
- of the dielectric film in a memory array is selectively removed -
and the capacitor is formed in the removed portion.

For the metal wiring 221, low-resistance metal such as
aluminum is desirable and as low-resistance metal can be used as
wiring in the memory array as shown in Fig. 88, it can be used as
a signal line connected to the data line and a global word line.
To flatten an interlayer dielectric £ilm when the xﬁetal wiring 221
is formed, well-known plug technology and CMP may be also applied.

The metal -wiring 215 in this embodiment is a first wiring
layer of the peripheral circuit, however, the wiring electrode 210
used for the data line of a memory cell may be alsc used for the
first wiring layer of the peripheral circuit area.

Further, the s'urfa;ce area of the storage electrode 217 can
be increased and storage capacity can be further increased by making
the surface of the polycrystalline silicon film useci for the storage
elgctro_de 217 in this embodiment uneven.

As the plate electrode 219 is buried in an area in which the
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impurity region 40, however, if a well-known pad of a polycrystalline
silicon filmis used, the gate el ectrode 43 and the silicon plug 48 can be
i nsul ated by self-alignnment and the nmethod is effective to reduce the area
of a menory cell. As shown in Fig. 29, a silicon oxide film49 with the

t hi ckness of approximately 200 nmis fornmed by CVD using well- known TEGCS
gas at the tenperature of approximately 400 [err]C and a contact hol e
.through the silicon oxide filnms 45, 47 and 49 is forned by a - 35 -

vel | - known nBtihed apdabhes S Aaea88 856 tor&masRelhacssrdnns tof thhe highly
concentrated inpurity region 42 in the peripheral circuit. Next, a tungsten

film 200 nnaddddikehnt, f 24 ety paolbl i kReyFagtild {pRlocBgs Of o \D B thgi She
patterned so that it is-in a predeterm ned shape so as to formthe netal

Wi ring 50 gf1ddeepeetpdds @l19Cis Gttt redlitrediraindce DHAM hétsilangensbarage film
49 may be flattened by well-known CMP and in this case, a plug for filling
capacity can be obtained without increasing the number of masks.
In this embodiment, the metal wiring 221 is a signal line connected
to the source or drain of a MOSFET in the peripheral circuit, however,
the metal wiring may be also a power line for supplying fixed
potential and may be also floating as a dummy pattern for reducing
step height between the memory cell array area ghd the peripheral
circuit area.

<Eleventh Embodiment>

This embpdiment is an exan}ple in which a plurality of wiring
layers are formed in a peripher'al circuit area in the DRAM described
in the tenth embodiment. Fig. 89 is a sectional .vit_ew showing a
MOSFET. in a memory cell a-rray and a peripheral circuit area adjacent
to it of a DRAM equivalent to this embodiment.

As shown in Fig. 89, a siiicc;n oxide film 231 with the
thickness of approximateiy 0.3 £t m is formed on the meta_l wiring
215 of the peripheral circuit area as an interlayer dielectric film
a.nd metal wiring 232 with the thickness of approximately 0.3 u
m is formed further on it. This metal wiring 232 is connected to
;he metal wiring 215 via an opening formed through the silicon oxide
film 231. Further, a silicon oxide film 233 with the fhickness of
approximately 0.3 # m is formed on the metal wiiing 232 as an
interlayer dielectric film, a silicon oxide film 237 with the
thickness of approximately 200 nm is formed on it and metal wiring

238 formed on this silicon oxide film 237 is connected to the metal



the contact hole may be used. In this enbodi ment, tungsten is used for the
material of the metal wiring 50, however, refractory metal such as titanium
nitride may be al so used. Further, if a capacitor is manufactured at | ow
tenperature, not only refractory nmetal but low resistivity metal such as

al um num can be used. As shown in Fig. 30, a silicon.-oxide film51 with the
t hi ckness of approximately 0.5 to 1 [err] mis fornmed by CVD using
wel | - known TECS gas at the tenperature of approximtely 400 [err]C and the
surface is flattened by well-known

reachi ng t HEL=ing 234 ‘b"l%@%??’é”\gomﬁﬂ“?}hrtﬁgﬁa}%‘tégg%mcop‘?qr?sg%:ig PShd 51

by wel | -known photolith aph r tchi
di el ectric 331'm SuTHP 'gk%gpfl f% aocn1 ni tér(f’gae%el‘ﬁ% (%")J\'/\ile:}'I tsﬁghqu u{ fgzirl')ene oxi de

fil t chi f
elt Cm Ing SPO%B&" g ra :je.onS S @ggup <§v r%e t’_'(i'xleI Eg??ygﬁ“&lﬁ&é leam 49 24 2N

rench can y rea formed. As shown in

Fig. 31, a |y |1 | 4 GORef LI h
doped with "ﬁﬁgﬁ%gé%é?{ thgnp}ﬁérllg!th%egflé ﬁ%eﬁhﬁge%ﬁ&%%ﬁgﬁé%&%%ﬂm S

time, the sjli %'}o&kmgtéﬁy 3#‘% tNenBOhYSH Y i lehaepghté COredtirode6338r &
connected af"t l ow part™ o
the capacitor is buried in the_ concave portion.
According to this embodiment, the storage capac':ity'of a
capacitor for storing charge in the area of a memoxry cell of 0.15
& square rﬁicron can be increased up to approximatelir 50 fF and a
dynamic RAM with large SN ratio and high resistance to a soft error
which is excellent in the 'étabilify of operation can be obtained.
However, it need scarcely be said that according to this embodiment ’
the number of v;riring layers can be further increased, the cr‘ov.nn—type
storage electrode 234 can.be further heightened and storage
capacity can be further increased.
<Twelfth Embodiment>
Fig. 90 is a sectional view sl'.uowing a DRAM eqx;ivalent to this
embodiment. As shown in Fig. 90, the plate electrode 241 of a
crown-type capacitor covers any inne:r.: side and a part (the upper
part) of the outer side of a storage electrode 217. A method of
manufacturing a DRAM equivalent to this embodiment is characterized
‘in that when silicon ox:i;de films 214 and 216 in a memory cell array
area are removed in the process shown in Fig. 85 in relation to
the tenth embodiment, etching.a sili.con oxide £ilm 219 (239 in Fig.
90) is stopped halfway an& as shown in Fig. 90, a thinned silicon
“oxide film 239 is left outside the storage electrode 217. The other

points of the manufacturing method are the same as in the tenth

— 57 —



the trench. - 36 - Next, after a photoresist filmapproximately 1 [err]
mthick is applied overall, the photoresist 64 is left only in the trench
and tHat "in the other portion is renmoved by etchback by anisotropic dry
etching. As shown in Fig. 32, the polycrystalline silicon film®63 forned on
a portion other than in the trench is renoved by dry-etching using the

phot oresi st 64 as a mask and as a result, the storage el ectrode 52 of the
capaci tor is formed on the inner wall of the trench.- As shown in Fig. 33,
after the p tgﬁﬂg' gt 64 is renmoved, a capacitor dielectric fiim53
con5|st|ng 0 al'um pent oxi de (Ta[err]CIerr]) Is formed by CV/D. It is

desirable that thg thy %'eeaﬁgqtép@e% €2PRCId Qlotdi-ah8Lidd Grtenl B 5B1ddbd er s
of a silicon oxide filmis nm or less in the case of a.dynamc RAMin the

gigabit ranggide film is etched to form a concave portion according to this _
embodiment, the siliconnitride £ilm 212 shown inFig. 76 in relation
to the' tenth embodiment under the silicon oxide film 214 is not
required. |
<Thirteenth Embodiment> |

Fig. 92 is a sectional view showing a DRAM equivalen:t to this

Ly

gxnbodiment. As the plate electrode 219 of a crown-type capacitqr
is extended onto a silicon oxide film 216 in this embodiment, it

.. ¢can be connected to wiring --for- supplying potential to the plate
electrode 219 on the silicon oxide film 216. The plate electrode
219 is formed by pétternihg by photolithography and dry etching,
however, any edge of a pattern at this time is positionet{i on the
silicon oxide £ilm 216. .Ahy part of the platé electrode 219 j.s not
required to be buried in the concave portion, a silicon oxide film
220 used for an interlayer dielectric film is buried in the concave ‘
portion in which the capacitor is formed and the surfac__e is
flattened.

According t§ this embodiment, the plate electrode 219 and
wiring for supplying power can be connected in an arbitrary position,
the degree of freedom of design can be increased and the area of
a chip can be reduced.

In the-described embodiments, a film with a larger
dielectric constant than that of éil_icon oxide is used for an
interlayer dielectric £film between metal wirings, however, a film. _

with a smaller dielectric constant than that of a silicon oxide



In this enbodi nent, a polycrystalline silicon filmis used for the storage
el ectrode 52, however, a refractory metal film such as

t ungst'enandati tani umitri defi| mmaybeal soused. In this case, as a natural
oxide filmis not forned on the surface of the refractory netal filmas a
polycrystalline silicon film the equivalent oxide thickness can be
thinned. For the material of the capacitor dielectric film a film
consisting of SrTiG3, a well-known high dielectric dielectric filmsuch as

(Ba; Sr) Tisf3mandy deVgldo zean foyf EH@'&!@JJdiﬁl%nq.é,eltﬁ'g_ EhSe fp'rL:%éH& Rsds @ PZT
filmcan be also used in addition to an dielectric filmconsisting of .
si | i con .ni tar blewnAsyhand a rrkngh- Hpeacipat etal LeEr @l ridbeaonidvidvierg of a
tungsten filmapproximately 50 nmthick is forned by CVD which is excellent
in step covbisgenbodif@nt can Heé abéd wpplhied ltbcoBapxd it xf with E'Eeﬁ&détdph&_
t hi ckness of approximately 400 nmis fornmed as an interlayer dielectric
film structure such as a thick film capacitor in which a storage electrode
is thickened and a capacitor dielectric £ilm and a plate electrode
are formed on the ;torage eleéctrode and its side wall.

The embodiments are examples in which_the preseqt.invention

is applied to a DRAM, however, the present invention can be also
applied to a static RAM provided with a capacitor in a memory cell,
a static RAM in which a poly;:rystalline thin film transistor (TFT)
is used for the load element of a memory cell and further, a memory
using a ferroelectric substance;for a capécitor dieleqtric fi;m.
The present invention can be also applied to a capacitor with large
capacitance used for a switched capacitor, a path condenser and
a regulator generally used in digital and analog circuits..

Further, the wiring layer of a'logical circuit can be also
formed in the position of aﬁ dielectric film on which a capacitor
is formed by applying the présent invention to an on~chip LSI wherein
a memory aﬁd a logical circuit exist together. Further, according
to the present;invention, low- resistance metallic material such
as copper can be used for the wiring layer of peripherai circuit
formed in the position of a capacitor and a semiconductor memory
device wherein high-spéed operation is enabled can'be obtained.

.According to the present invention, any storage capacity can
be also realized in principle by changing the depth of a trench.

In addition, as the plane area of a portion in which a trench is -

formed can be increased differently from a conventional trench



and after a through hole is formed through the interlayer dielectric film
55 on the netal wiring 50 of the peripheral circuit, nmetal wiring 56 is
fbrned by a wel | -known net hod and a semi conductor integrated circuit shown °
in Fig. 25 is conpleted. For the netal wiring 56, |owresistance netal such
as alumnumis desirable and as the netal wiring can.-be used as wiring in a
menory cell array shown in Fig. 35, it can be used as a signal |ine
connected to a data line and a main word line. As the surface of the

interlayer g;pegkcq%&' Seiftl Wilraid tyea%q%eéomomes&@aw riHya

formed, wel nown ug technol ogy and CMP can be applied. Fig. 3 shoms

an exa”p' e Lo Micghehd e AdRIC s Sotd 02RRASHANEE &d haBrbhséd idhd het Smypnd
the capacity of the capacitorisincreased. In this case, the nmetal wiring 50

is twice astididkpae hhabpidhtddca’Sbe NoUEYEIy fidrmele silicon oxide film 51
formed on it is thlckenedp the trench can be al so deepened twi ce and as a

result, the hei ghtusthex,Sher 8ge €t@niged@dacantdosidcofuaniaphyidbr séaxt & char ge
are al so approxi mately doubled. As shown in Figs. 25 to 35, the surface of
thg Si | i conexadida chillin déhnduted €aorbiel dhsfasecmeghbrrdiaparosiitghnsisterfilm
ane on via a plug for interconnection formed under the capacitor, one of ’
the most serious problems of the conventional trench capacitor cell
can be solved. As the aspect ratio of a trench is not large, an
f ' dielectric film except a silicon oxide film and'a.silicon nitride.
film can be also used for a capacitor dielectric film.

As a wiring layer is provided under a capacitor, the number
of wirings which should be pulled up to the uppermost layer ié
reduced greatly, as a result, the design rule of wiring'éulled.up
is extremely rough and the design rule of approximately 0.5 um
which is ﬁhe rule of a 1l6-megabit memory can correspond to that
~of a memory in the gigabit range sufficiently.

Further, as an interlaye-r oxide film canbe readily flattenec'l,
a minute pattern can be readily formed by lithography.

When a trench is deepened, the aspect ratio is increased,
however, as a trench is formed over a substrate according to‘the
present invention, the area of an area in which a trench is formed
can be by far increased, compared with a conventional trench
capacitor céll wherein a trench is formed on .a substrate and the
aspect ratio of the trench is by far smaller thaq that of a
cdnventional one. The storage electrode of a capacitor can be

automatically in contact with a diffused region electrically via

a plug consisting of polycrystalline silicon and hereby, the



which the nmetal wiring 50 is fornmed is flattened, however, as shown in #ig.
36, the netal wiring 50 may be also forned on a silicon oxide film®65 the
surface of which is not flat. Also in this case, as showmn in Fig. 36, as
the upper face of the silicon oxide film#65 is extended to a position in
which a capacitor is fornmed and is in contact wth the side of the storage
el ectrode 52, the same -38 - effect can be obtained as a case shown in
Fig. 35:in which the surface of the silicon oxide film49 on which the
netal W ringefilbusspkeblied ¢85 fHeatconFenthenal ttheenwht ghparitery B3l §st he
first wiring layer in the peripheral circuit, however, as shown in Fig. 37,
two netal wssliwgs 66 and 67 nmay be al so stacked and a wiring | ayer nmay be
al so further formed on them As the upper face of plural wiring |ayers can
be extended to thas posidiledscstia ElmExceptagcstH Ry tids &4 fent, a

trench
silicon nitride film can be used for a capacitor dielectric film,

a dielectric with a high dielectric constant can be used for a
capacitor dielectric film and a trench capacitor with small aspect
ratio tﬁough its capacity is 1a£ge can be realized.

If a trench is formed over a substrate, distance required

to pull up wiring to the uppermost layer is increased, however,

lagmed

according to the present invention, a wiring layeris provided under
a capacitor and the number of wirings which are required to be pulled
up to the uppermost layer is gr__eatly reduced. As a result, the
design rule of wiring pulledup is extremely rough and the dimension
of approximately 0.5 £ m which is the fule of a 16-megabit memory
may be applied to a memory in the giga.b;i.t ranlge. Therefore, wiring
can be manufactured extremély readily.

Further, as. the surface of each interlayer filmcanbe readily
flattened, a minute pattern can be readily formed by -lithography
and the present invention is extremely profitable to form a minute
pattern the focal tolerance of which is small.

Further, step height between a memory cell array area and
a peripheral circuit area is greatly reduced and as minute wiring
can be formed in each area and a portion including both areas, a
semiconductor integrated cirqﬁit the degree of integration of which
is high with high resistance to a soft error and high reliability
can be formed.

As there is no large step height between a memory cell area



can be deepened extrenely and a trench-type capacitor the area of the
el ectrode of which is extrenely |large can be forned. In this enbodi nent,
the netal wiring 50 is a signal |ine connected to the source or the drain
of a MOSFET in the peripheral circuit, however, it may be also a power |ine
for supplying fixed potential and may be also floating as a. dummy pattern
for reducing step hei ght between a nmenory cell array area and a peri pheral
circuit area. As clear fromthe description, according to this enbodi nent,
a capacitor with high stereoscopic structure can be_ f rmsddaﬁd {;}s m,nut e
wiring can ¥ fPe8 eHRt PIFSPheFERR: S TEr B 1870 %h PEr ERAEI TFTRE bot h
areas even jf J.af08-<3t 8Ra MEnaBE Wil Schipbwesty bien NBREYcfebl Aadaayy ar ea
and the peripheral circuit area, a sem conductor integrated circuit the
degree of ifdamgedti on of which is high can be fornmed. <Sixth Enbodi nent>
Thi s enbodi nent is an exanpl ' r jch cannot be etched such as
copper as netal wring mﬁpﬁgﬁﬁgt@rﬁ#ﬁ?#mw -

As above described, the present invention is suitable for

DRAM’s having very high integration density.




embodi ment and will be described bel ow referri ng to Figs. 38 to 47. Fig. 38
shows the sectional structure of a MOSFET in a nenory cell and peripheral

circuit

wiring 71 is connected to a netallic plug 68 forned on

in a DRAM equi val ent to this enbodi nent. As shcmll“mm““" "m]!”

concentrated inpurity doped region 42 and buried in a si¥i¢ontoxtdes

70. A DRAMw th such structure is forned as follows: First, structure

in Fig. 39 is formed by the sanme nethod as the one shown in Figs.

in relation to whgsrfiétdrembedrgent. Next, as shown in Fig. 40, aft_er
silicon oxide film®69 is fornmed,- a connecting hole through the silicon

oxide filnms 45, 47 amn fthiiconbBQetSE flihctyakl1 KEOWLHBRGdgand as a result,
the surface of the highly concentratedinpurity dopedregi OI’]ZZ.I sexposed.
After a tungstenaf iskmiécsondwstioad saetaate; only the portion formed in the
connecting hole of the tungsten filmis left and the other portion

plural dielectric films stacked on the main surface of said
semiconductor substrate;

a memory cell area in which a field-effect transistor
provided with a high diffusion area the conductive.typé of which
is reverse to that of said semiconductor substrate ; agateelectrode,
and a gate insulating f£ilm and a capacitor are formed; and

-a peripheral circuit érea, wherein:

said capacitor is formed in an area formed by removing the
desired portion of said plural gielectric films; and

the upper faée of desired said dielectric film is extended
from said.peripherai circuit area to said memory cell area and is
in contact with the side of said capacitor.

2. .A semiconductor memory device according to Claim 1,
wherein: |

the storage electrode, the capacitor dielectric film and the
plate electrode of said capacitor are formed on éhe inner face of

a trench formed by removing the desired portion of said dielectric

films.

3. A semiconducto; memory device according to Claim 2,
wherein:

éaid trench is formed through at least two said dielectric
films.

4. A semiconductor memory device according to Cléim 2,
wherein: | |

I

t al
1m
shown

26 to 28

a



I's renmoved by anisotraopic dry-etching without mask to formthe netallic
pl ug 68 consisting of tungsten. As shown in Fig. 41, a silicon oxide film
70 with the thickness of 400 nmis formed and an opening is formed through
the silicon oxide film70 by well-known photolithography and ani sotropic
dry etching. If a-silicon nitride filmformed at |owtenperature is
arranged under the silicon oxide film 70 as an etching stopper filmin the
ani-sotropic dry etching, the tol erance of etching is increased and the

connecting hole can. be , d{,#}-;ﬁ_ '};:;%tiegﬁff% ?#JS.QIIS Iélg)ét$r?f t(Fed ge% %ed by

film 500 nmthick®7s forne e surrace e mi1s poll

Cw to flat g:[ldléa e%'ltt '%ségf‘f%%még duct@z{ glﬂestggkgcon oxide film70 is

exposed, the cop eft on he opening and as a result,

the structure in wﬁgttmﬁ@pp@ge%&ﬂgdussa%raleeciéa%r&@efﬁm i£@9r:9éade

film70 is formed. For a nethod of formng the copper fil S
excellent  yith it separated from said capacitor; and

a second wiring layer is formed on said dielectric £ilm formed
on said capacitor.

5. A semiconductor memory device according to Claim 4,
wherein: _ .

} said first.wiring layer includes a word line connected to
the gate electrode of said field-effect transistor, a bit line or
wiring for selecting-desiréd said field-effect transistor; and

said second wiring layer is wiring for feeding to the plate
eleétrode of said capacitor, a power line, a grounding conductor
or a signal conductor.

6. A seﬁiconductor.memory device according to Claim 4,
wherein:

said first wiring layer consists of one of a polycrystaliine
silicon film containing high-~concentration impurities, aﬂstacked
film consisting of polycrystalline silicon and silicide, a stacked
film consisting of tungsten, barrier metal and polycrystalline
silic;n, a stacked film consisting of tungsten and barrier metal,
a tungsten film and a copper f£ilm.

7. A semiconductor memory device according to Claim 2,
wherein:

irreqularities are formed on the surface of said storage
electrode.

8. A semiconductor memery device according to Claim 2,



in covering step height is used. Next, as shown in Fig. 42, a silicon oxide
film72 with the thickness of 100 nmis formed by well-known CVD, a trench
74 reathing the silicon plug 48 through the silicon—oxide—films 69, 70 and
72 is formed by well-known photolithography and anis '

0 ic dry etching.
Processing is perforned in a process shown in Figs.! jmml“mwmﬂml as
this process is the sane as in the fifth enbodi nent; to
35, detailed description is onmtted. . However, in this enbodi nEnt$ the

surface of ghglaie el ectrode 73 is flattened and this enbodi nent is

different fromthe fifth enbodinent in this point. As | owresistance copper

is used for the worli : e} [ | : I de
of o capaci tor aconr 3R roRsgl st Boad CLLINELALy & o) ey BT PInP 11 I

enabl ed. Thes W rdRGai YR Qfpudkslt2dCatl 1HighCUbhcSAENE JnObEBY e rhBory
position of an dielectriC filmon which tthe capacitor is fornmed by applying

this enbodi gepiy tian on-chip logic LSl enbedded with nmenory.  <Seventh
Enbodi nent > _
9. A semiconductor memory device according to Claim 2,

wherein:

said capacitor dielectric film consists of one of a stacked
film consisting of an oxide film and a nitride £ilm, a stacked fiim'

b consisting of an oxide film and a tantalum pentoxide film, a stacked

film consisting of a nitride film and a tantalum pentoxide film,
a stacked film consisting of an oxide film, a nitride film and a.
tantalum pentoxide film, a BST film and a PZT film.

10. A semiconductof memory device according to Claim 2,
wherein: |

said plate electrode consists of a polycrystalline silicon
film containing high-concentration impurities or a refractory
"metal f£ilm.

11. A semiconductor memoxry device according to Claim 2,
ﬁherein:

said storage electrode is electrically connected to the
diffused region of said field effect MOS transistor formed in said
memory cell area wvia a conductor formed through said plural
dielectric films provided between said capacitor and said
semiconductor substrate.

12. A éemiconductor memory device according to Claim 2,
whereinf

said pléte electrode is an electrically connected to said
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This enbodinment is an exanple in which the netal wiring in the DRAM

equi valent to the fifth or sixth enbodinent is further thickened and w ||
be destribed below referring to Figs. 48 to 56. Fig. iﬁ?????rﬁﬁaﬂﬁ4uuﬂ
structural drawing showing a MOSFET in a -41 -

peripheral circuit in a DRAM equivalent to this enbog[ﬂ" /i{ ﬁ”lm’

Fig. 48, in this enbodinent, nmetal wiring 77 is burted*lnc3| ‘L
films 75 and 76 and the upper face of the netal wiring 77 is hlgher t'han
the upper end of ,a capacitor. A nethod of manufacturing such a DRAMw || be
descri bed b§f8°n? SFE gaYSrFlgs 49 to 56. First, processing is performed

as shown in Figs 9 an h X n
structure shown |n§F|qk'q;f'§LOL kgdégéas 5%‘%% Eestéé é{ﬁéygﬁa? E?c%n£OX|de film
75 with the, Lgf Skpess of 300 nmis forned and a trench 78 through silicon

oxide filns and 75 is formed by well-known. photolithography and dry
a MOSFET is formed in said peripheral circuit area; and

the diffused region of said MOSFET is electrically connected
to said second wiring layer via a conductor formed through said
plural dielectric films.

14. A semiconductor memory devicé according te Claim 2,
ﬁherein:

said first wiring layer i; electrically connected to said
secona wiring layer via a conductor formed.through said plural
dielectric films.

"15. A semiconductor memory device according to Claim 1,
wherein:

the upper face of said dielectric £ilm with which.the lower
face of a wiring layer formed in said peripheral circuit area is
in contact is exten;:led into said memory cell area and i.s ir; contact
with the side or bottom of .said capacitor.

16. A semiconductor memory dévice according to Claim 15,
wherein: |

the storage electrode of said capacitor is provided with a
concave sectional shgpe; and

said capacitor dielectric film and the plate electrode are
extended outside from the inner face of said storage electrode.

17. A semiconductor membry device according to Claim 15,
wherein:

said capacitor is formed in a trench formed by removing the

— 66 —



etching to expose the upper face of the silicon plug 48. A capacitor is
formed in a process shown in Figs. 51 to 54, however, as this process—is
the same as the process shown in Figs. 31 to 34 inr ' (fth
embodi ment, detail ed description is omitted. Next, at’mmmm'"”ngMS
after a silicon oxide film79 with the thickness of 400 fimu S sl Ols Y an
opening reaching a netallic plug 68 is fornmed through the silicon oxide
films 75 and 79 by photolithography and dry etching. After a film

consi sti ng fdfsiFakabbi€i s isahdSpoliras didleskence £ Lk nhum or copper is
formed overall, the netal wiring 80 of the peripheral circuit is fornmed by

| eavi ng the netalid.i | A1 sahiedndutlior apaidRg calrd ce cadydrdirigheonelaim fis,m from
the other portion by well-known etchback by anisotropic etching. Finally, -
as shown i wHeir@in56, after an interlayer dielectric filmb55, for exanple

consisting of a silicon oxide film- 42 - _
the storage electrode of said capacitor is protruded upward

from the inner face of a trench formed by removing the desired
portion of said dielectric films; and
said capacitor dielectric film and the plate electrode are

extended outside the protruded portion of said storage electrode

TrnaTr

from the inside of said trench.

19. A semiconductor memory device according to Claim 15,
wherein: . . -

| a word line for selecting desired said field- effect

transistor and a data line for supplying charge to said capacitor
are formed under said capacitor. |

20. A semiconductor memory device according to Claim 15,
wherein:

the second wiring layer is formed over said capécitor via
said dielectric film.

21. A semiconductor meméry device according to Claim 20,
wherein:

said second wiring layer is a signal conductor connected to
said data line.

22. A semiconductor memory device according to Claim 20,
wherein: |

said second wiring layé.r is a word line foi:'. selecting a MOSFET
formed in said peripheral circuit area.

23. A semiconductor memory device, comprising:
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approxi mately 400 nmthick—s—formed, a through hol e reaching the surface
of the metal wiring 80 is forned through t he |nterlayer dielectric film55.
Furthér, metal wring 56 |s““llmn mu) known net hod and a

seni conduct or i nt egrated ci r{bm‘!’ﬂlud As t he he
peripheral circuit can be t hi ckéned ré than the ong i

si xth enbodi nents according to this enbodi nent, the reg??g%ggg’gﬂ
wiring of the peripheral circui-t can be reduced and dpers Y-V RN B
further increased. sgkigbtdadyBrodiuBBREztdNi s enbodi ment is an exanple in

whi ch a capacitor provided with structure in which a stereoscopic
crown-type capacph@eadidheldoteiehsimpe feapasi drofithal fa Do Ehirifedei of fsaiged in
a menory cell of a DRAMand will be described below referring to Figs. 57
to 65. Figsehicshdystdhaeumetiratanl structure of a MOSFET in a nenory cell
and peripheral circuit in a DRAM equivalent to this enbodi nent. As shown in
Fig. 57, metal wiarinagoB8y éellrecteianinhehiah iplfdedd-effegt ttransistor

provided with a low-resistance diffused region the conductive type
of which is reverse to that of a said semiconductor substrate, a
gate dielectric film and a gate electrode and a capacitor are formed;

and .

a peripheral circuit area in which plural wiring layers are

et

formed, whérein:

said capacitor consists of a storage electrode the sectional
siuape of which is concave, a capacitor dielectric £ilm and a plate

- electrode formed on the exposed inner and outer faces of said storage

elecgrode;

a first wiring layer is formed on the first dielectric film;
and |

said éto:}age electrode is formed in a concave portion formed
by removing a predetermined portion of said first dielectric film
and the second dielectric film stacked on said first 'die:lectric
film.

24. A semiconductor memory device according to Claim 23,
wherein:

said concave is filled with said plate electrode formed on
said capacitor dielectric film.

25. A semiconductor memory device according to Claim 24,

wherein:

the upper face of said plate electrode is flat.

— 68 — heet Has Been R laced

T



Is buried in a silicon oxide film 85, and the upper face of a silicon oxide
film8l1 formed under the silicon oxide film85 is extended fromthe )
peripheral circuit into a nmenory cell and is in conta
t he capacitor. Next, a manufacturing method according mmﬂmnm mﬁt
will be described referring to Figs. 58 to 65. First, urems own I n
Fig. 58 is fornmed, however, as the process is the sane as the one shown up
to Fig. 28 inrelation to the fifth enbodi nent, description is omtted. -
43 - As- shown La Fig. i i rged, a
connecting hole t%?'oug’fhst &Fl(g%onli g‘)%lmgﬁ %Sa%%ﬁ‘%a 8g° Clis?tl?‘oggrred to
expose the fﬂé aGe of a hlghly concentrat-ed inpurity region. 42 After a
tungsten filmis formed overall, a metallic plug 82 consisting of tungsten
is formed by |eavipg ﬁé‘fngﬁJBQSEﬁQ hpddP Gk bR Egﬁcﬁ%%ﬂ@gtbga@ and
removing it fromthe other portion

substantially equal to that of said second dielectric film.

27; A semiconductor memory'aevice according to Claim 23,
wherein:
the potential of saidplate electrode is supplied to the upper
face of said plate electrode. .
} 28. A semiconductor memory device accordiﬁg.to Claim 23,
wherein:
said storage electrode is electrically connected to the
high—concentra.tion diffuséd regil._'on of said field-effect transistor
via a conductor £ilm formed through an dielectric £film formed under
said storage electrode.
29. .A semiconductor memory device according to Claim 23,
wherein:
a éecoﬁd field-effect transistor is forméd in said
peripheral circuit area; and .
a second wiring layer formed over said plural dielectric
films is electrically connected to the diffused regipn of said
second field-effect transistor via.a connecting hole through said
plural dielectric films.
30. A semiconductor memory device according to Claim 23,
wherein:
a second field-effect transistor is formed in éaid
pe;ipheral circuit area; and |

said first wiring layer formed on said first dielectric £film



by etchback by overall anisotropic etching and a silicon oxide film89 wth
the thickness of 400 nmis further formed overall. A.silicon nitride film
may be used in place of the silicon oxide film8l1l. As shown in Fig. 60, a

trench reaching a silicon plug 48 is fornmed by well-kn phy
and dry etching through the silicon oxide film 81 andﬁmm“ﬂmmlumﬁm
which the storage el ectrode 5 of the capacitor is forme8l ahda " ° ~
pol ycrystalline silicon film63 with the thickness of 50 nminto which

impurities ate.qonsd ah1)l Shngensid Yol End WiBddas webl sknomnkBCYR.o4dr eby,

the silicon plug 48 is cOnnected to the polycrystalline silicon film®63 at

the bottom pfeideAfeRRChramiidtordsi §NOWnhRcEL 8y ihe @nsbhdic YR iaXEdes£i |l M
90 including boron and phosphorus is forned by well-known CVD, after .

anneal i ng taeaidetid FidRPhh®thn [1Q18ELECONEON AR rielNMuifet Ssdirf teigBkYy in
the trench and the filmformed on the other portion is renoved by etchback

by enpl oyi ngienesttdile &#nimaotropi c dry etching. Further, the exposed portion
of the polycrystalline silicon film®63 is renoved by dry etching using the
silicon oxide filB190rasemicetdintoy maskry devixe esubtdindiesCdrnage23,
el ectrode 52 of the capacitor is

whergin;

said second wiring layer formed over said plural dielectric

films is electrically connected to said first wiring layer formed
'f, under said second wiring layer via andielectric £filmvia a conductor
provided betweén said first wiring layer and said second wiring

- layer.

32. A method of manuf actu;ﬁing a semicondﬁctor memory device,
comprising.steps of:

a step for respectively forming a first field-effect
transistor and a second field-effect transistor respectively
provided with a low-resistance di"ffused regi;m the conductive type
of whici_'x is reverse to that of semiconductor subétrate, a gate
dielectric film and a gate electrode in the memory cell area and
the peripheral circuit area of the semiconductor substrate;

a step fo.r forming a bit line connected to de'sired said
diffused region through a first dielectric f£ilm after forming the
first dielectric £ilm covering said memory cell area and peripheral
circuit area;

a step for forming plural dielectric films betwe;en which a-
wiring layer with a predetermined shape is respectively formed on

‘said first dielectric £ilm;

a step for forming a conductor film electrically connected

70 —



formed in the trench. Next, as shown in Fig. 62, the silicon oxide film90

left - 44 - in the trench and the silicon oxide film89 on the netallic
plug 82 are renoved by wet etching using diluted hydrofl | _ nﬂ“Ln
water to expose the surface of the netallic plug 82. As”“u m“nlmm ;
film90 buried in the trench includes boron and phosphorus, ‘thé sbeell of

etching the silicon oxide filmin hydrofluoric aqueous solution is faster
than that of etching the silicon oxide film89 simlarly using hydrofluoric

aqUeoUs 501 Ll gllo e JHETRIQr G AeGUIN LIS, Pl §8010K] B8, (44n 03 L cher

than the silicon oxide n oxi de forned rn the trench

can be conpl Y s EEMMUEL RO V. K ' E Iy el J i, 1S
desirabl e tﬁgtraﬁ%%s%t chi ng 505’%%‘? ﬁgsﬁ\éﬁgggggkg‘?ﬁ{}on nldftrs%ggr?ﬁfn%]? or med
at low tenpgiaiuberis @ng.ded under the silicon oxide film 89.

a step for forming second plural dielectric films over said
plural dielectric films;

a 'step for forming'a plug for inte;connection electrically
connected to the desired portion of said wiring layer formed in
said pgripheral circuit area through said plural dielectric films

3 and said second plural dielectric films;
a step for forming a trench by removing a predetermined
. -portioﬁ of -said second plural dielectric £films formed in said mgmofy
cell area; and

astepf or £ orming a storage electrode, a capacitor électrode
and a plate electrode in.said trench.

33. Amethod of manufacturing a semiconductor memory device
according to Claim 32, wherein:

.thé following step are aaded:

a step for forming a second dielectric film after_forming
said plate electrode;

a step for forming a second plug for interconnection

. electrically connected to said plate electrode and said plug for
interconnection through said second dielectric film; and |

a step for forming an upper wiring layer electrically
connected to said second plug for interconnection on said second
dielectric film.

34. A method of manufacturing a semiconductor memory device

according teo Claim 32, wherein:



After predeterm ned cleaning, as shown in Fig. 63, a capacitor dielectric
film83 consisting of a tantalum pentoxide filmis fornmed, then a tungsten
filmor a titaniumnitride filmwhich is approxi mately [ '
formed and an unnecessary portion is renoved by photoliammnmmﬂmm
etching to forma plate electrode 84. Further, a thick siticontoxfdesfilm
85 with the thickness of 800 nmis fornmed and the surface is flattened.
Next, processing shown in Fig. 42 in reI ation to the sixth enbodinent is

performed to form FFE%lu\g fé:“ﬂn?@r@&% Qn 3% fgx%mﬁdsﬂ%g%%ﬁg £0Q niiF?Fi g.

64 is forned. F|na Interlayer die ectrlc suc con

oxide filma 593.%&%%%1 o AEULNGE Q&';Qkado%hfe‘}rﬁ@ﬁf@é& al&Ein %thQJ’: %Hg - B

formed through the interlayer dielectric film>55 on the netal wiring

the peri phegahgcdddtd plﬂﬁiﬁldl\@'l&begléthﬁsfQ{cfr%q_lléﬁg said 8PB6nfhg with
sem conductor integrated circuit shown in Fig. 65

a conductor.

35. A method of manuf a’cturing a semiconductor memory device
according to Claim 32, wherein:

said plug for interconnecti§n is formed by respectively
forming an opening after forming each dielectric £ilm constituting

) said second plural dielectric films and filling said opening with
a conductor.

36. Amethod of manufacturing a semiconductor memory device,
comprising steps of:

a step for respectively forming a first field-effect
transistor and a second field-effect transistor respectively
provided with a low-resistance diffused region the conductive type
of which is reverse to that of a ;emiconduétor substrate, a gate
dielect?ic film and a gate electrode in th.e méfnory cell area and
the peripheral circuit area of the semiconductor substr.ate;

a step for forming a conductor £ilm electrically connected
to desired‘ said diffused region of said first field- effect
transistor through first plural dielectric films after forming said
first plural dielectric films covering said memory cell area and
peripheral circuit area;

a step for forming a first dielectric film over said first

" plural dielectric films;
a step for forming a fiﬁst wiring layer electrically

connected to said diffused region of said second field-effect



conpl eted. As the storage electrode 52 of a capacitor formed in a nmenory
cell is a crown type according to this enbodi ment, bottrTmmer and outer '
walls tan be utilized as a storage el ectrode, extremnel

capacity can be obtained and a high integrated sem conEﬂﬂ@@ﬂl‘Hﬁﬂm
circuit which is high and which is excellent in resista c #SOflst ™ error
can be fornmed. <N nth Enbodi nent> This enbodi nent is another exanple of a
DRAM nenory provided with a capacitor formed by conbining crown-type

and-trench- ttxaﬁsgép&ciéh%ro%mgmefm BRALaW i e PE-OSCHiRd DeL oMo

referring to Figs. 66 t Fig. 66 shows the sectional structure of a
MOSFET in aefegpryiLaldeakdepeh sheddla ¢ikeu §iofededRAMOh; t hi s ,
enbodi mrent. As shown in Fig. 66, nmetal wiring 50 is formed in an opening
formed through a si&t&OFoexiskmind 0 hond Hi81EHEANDEiCARRL ShidfcigsenOry
cell is fornmed in a portion which is in contact wwth the silicon oxide
films 49 andi@Reétithia fnapn type capacitor is formed in a portion which is
in contact with a silicon oxide film55. Therefore, the o

a step for forming a concave by removing a predetermined

portion of said second dielectric £ilm and said first dielectric
film in said memory cell area and exposing the upper part of said.
conductor f£ilm; and
¥ 'a step for forming at least a storage electrode, a capacitor
dielectric film and a plate electrode on the inner face of said
- =~ .- .. -concave.
37. Amethod of manuf actu_ring a semiconductor memory device
according to Claim 36,' wherein:
the fellowing step are added af tef said step for forming said
plate electrode:
" a sfep for forming a third dielectric film on said second
dielectric film and planarizing the surfacé; and
a step for forming a second wiring ‘layer electri_cally
connected to _said_ first wiring layer through said third dielectric
film and said second dielectric £ilm on said thi?d dielectric £ilm.
38. A method of manufacturing a semiconductor x;xexqory device
according to Claim 37, wherein:
| said step for planarizing the surface of said third
dielectric film is executed by fluidization by heat treaﬁment,
overall etching or cfxemical or meéh#nical polishing.
39. Amethodof manuf acturing a- semiconductor mé.mory device,

comprising steps of:



upper face of the silicon oxide film49 on which the netal wiring 50
extends to a nmenory cell area and is in contact with the side of the

capaci t-or. Next, a nethod of manufacturing this DRAM c ' i bed
referring to Figs. 67-to 72. First, structure shown i nf"'l“ﬂ"‘ﬂ’lnmlmf din
the sane process as the one shown up to Fig. 30 in rel ati oh to thesfifth -
46 - enbodi nent. Next, as shown in Fig. 68, a silicon oxide film92 with
t he- thi ckness of 400 nmis forned and after the surface is flattened by
wel | -known CWP, agf seBphrégacdigutravaili £0Mnild'd 48rss Fodi@drrdaceugh the
silicon oxide films 49 and 92 in a portion in which the storage el ectrode
93 of the capaskidtor Sard Deckorarseh dna-wHtecknevanphvicdl iebpgeaphenand dry
etching. Next, a polycrystalline silicon film®63 with the thickness of 50
nm i nt o whi peoiriped iWiithsa abe-tdefidt aicehd it éyidrs therldoRductive type

of which is reverse to that of a semiconductor substrate , a gate
dielectric f£film and a gate electrode in the memory cell area and
thé peripheral circuit area of the semiconductor substrate;

a step for forming a first wiring layer electrically
connected to said diffused region of said secoﬁd field-effect

) transistor via a connecting holé throu.gh a first dielectric film

after forming the first dielectric £ilm covering said.mgmory cell

e area and peiipheral cirguit area on said first dielectrie £ilm in
said peripheral circuit area;

a step for forming a second dielectric £ilm overall;

a step for forming an opening through a predetermined portion
of said first dielectric i_:'ilm.and said second dielectric film in
said memory cell area; |

a stgp for forming a conductor £ilm on the inner face of said
opening;

a step for forming a storage electrode the section of which
is in a concave shape by selectively removing said first dielectric
filﬁ' formed in said memory cell area at least by predetermined
thickness; and

a step for forming a capacitor dielectric film and a plate
electrode in order on the inner and cuter faces on which said storage
electrode is exposed.

40. Amethod of manufacturing a semiconductor memory device

accoxrding to Claim 39, wherein:

THIS SHEET HAS BEEN
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by wel | -known LPCVD. Hereby, the silicon plug 48 is-connected ta the

pol ycrystalline silicon film63 at the bottom of the trench. Photoresist 1
[err] mthick is applied, the photoresist 64 is |eft H"l"uumsl"‘ﬁllg h and
it in the other portion is renoved by well-known over

etching as shown in Fig. 69. Next, the exposed portion” of° t e
polycrystalline silicon film 63 is renmoved by dry etching using the

phot oresi st 64 as a nask and the storage el ectrode 52 of the capacitor is

formed on LN - QMoo Ot ol N iS00k ALLEE LD AR B0 2 ba@dylsa bgmoved

and predet erm ned gﬁeanl IS per t he s I con oOXl e TrIm92 1s
etched by ZQQmB%hg sfy:féa@%aémyﬁé@@pmr of bHOLL £ AUIRAIS asQL &Lion: sigheby,

as shown in Fig. 7 t'he upper part” of the storage electrode 52 is
protruded URWAr £ rAS d&gg&&ﬂ&mm?ﬁesp“e&a%@ytﬁm@cehﬁcgarupm&h&fy Q311
consisting of a dielectric with a larger dielectric constant than that of
silicon di oxirda badtadiig.pentoxide in this enbodinent) is fornmed and a
pl ate el ectrode 94 consisting of tungsten or titaniumnitride and others
with the thicknestiof mpptbad BEinelnufadtnfing af Seniptbridyictor memory device

according to Claim 39, wherein:

said step for forming said élate electrode is executed by

removing a conductive film formed in a portion except said concave
) " after forming said conductive film overall.

42. A method of manufacturing a semiconductor memory device
according to Claim 39, wherein:

the following steps are added after said step for forming
said plate e;ectrode: |

a step for forming a third dielectric film overall; and

a step for forming a second wiring layer electrically
connected teo said first wiring layer via a connecting hole thfough
sai‘d third dielectric f£ilm and said se;::onc-l diélectric film on said
third dielectric film.

43. A Semiconductor memory device comprisirig:

a memory cell. area having a.t-least one switching transistor
and a crown-type capacitor which is formed at a position higher
than that of the main surface of a semiconductor substrate, and

a peripheral area in which p-lural wiring 'films includir_lg'
at least a first conduét:i_.ve £ilm is disposed,

wherein said first conductive film is disposed on a.first
dielectric £film,

aseconddielectric filmis disposed on said first conductive



- 47- a wel | -known method. For a nethod of formng the capacitor
dlelectrlcflln93andthep|ateelectrode94 CVD whi chi sexcettent—Tn covering
step height is used. Finally, an interlayer dielect sting
of a silicon oxide film approximately 400 nmthick “i Im&@ er a

t hrough hole is forned through the interlayer dlele over the
nmetal wiring 50 in the peripheral circuit, nmetal wiring 56 is fornmed and a
sem conduct or integrated circuit according to the present invention shown

inFig 721 r%a:tﬁ ’% 1 84 dé%g AR J\:J:bg a Leeohd% %%%%%&%Qfﬁlme'ﬁ-]&x EQ film:

93 and the p ectro are ormed on not only the Tnner wal ut the

outer wal l Qﬂei@@tﬂﬂP%ﬁl&P%ﬁhOQ Eﬂ;ﬁd“%dﬁhﬁ&@ﬂ@eefﬁﬁﬁrOde 52 of a capacitor
formed in a nenory cell according to this enbodi ment’ and in this portion, a

crown-type capaci tfq isai OB cohbteei Eﬁlllnﬁﬁ.gealgégéganceﬁélqa&r)tlbhan
that of a trench-type capacitor using

formed by removing desired portion of said first dielectric film

- and second dielectric film.

—
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only the inner wall of a trench as a capacitor can be obtained and a

sem conductor integrated circuit the degree of integration of which is high
and which is excellent in soft error immunity is formed. <Tenth Enbodi nent >
An enbodi nent of a DRAM according to the present invention will be
described below referring to Figs. 76 to 88. Fig. 76 shows t.he secti onal
structure of a MOSFET in a nenory cell and peripheral circuit equivalent to
t his enbodi mrent on the same drawing and Fig. 77 shows the plane |ayout of

the nmenory c Fi 7 #%&t of the section of the nenory cell
vi ewed al ong%é’lfrfphdggy? QH?EBISQ%&) . -48- As shown in Fig. 76, a MOSFET

204" ana i ghe dend TR ae PREaFri0P arone 08 ERe S0 whR e £ o0
respect i Vel_éfé;g;@iwa&@lectric £ilm (20) and a plate electrode (21) is formed
in a trench formed through dielectric films (6, 8, 10 and 12) stacked
on a semiconductor substrate (1) and buried wiring layers (9 and
11) are formed under the capacitor. As the capacitor is formed not
in the seniicorlxductor substrate but over it, there is room in area
in which the capacitor' can be formed and the difficulty .of forming
. \ ) wiring is reduced by using the wiring layers (9 and 11) for a global
word line and a selector line.
. As 'thé. upper’ face of an dielectric film (32) which is in
contact with the lower face of wiring (34) in a peripheral circuit
area is extended into a memory cell area and is in contact with

the side of the capacitor (33), step height between the peripheral

circuit area and the memory cell area is remarkably reduced.
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and drain, and a MOSFET in the peripheral circuit consists of the gate
dielectric’film203, a gate electrode 205 and a high-density N-type

i mpurity. area 208 which i.s the-source or drain. Awring electrode 210 is
connectieg to the high-densjty N-type inpurity area 206 of the MOSFET in the
menory g€l I” as a data }ine-ghd” a crown:type capacitor. is further provided
over the& wiring el ectriode: ‘This cr0wm-14%é capacitor is formed in an area
in which silicon oxide filnms 214 and 216 which are interlayer dielectric
films in which netal wiring 215 in a peripheral circuit area is forned are
renoved and a storage electrode 217 is connected to the high-density N-type
I mpurity area 207 via a silicon plug 21§: A qapgcihpr dielectric film218

is formed on the storage electr 217, further the plate el ectrode 219 of
the capacitor is. buried inl3 om whi ch the silicon oxide fil 214
and 216 are renoved and the cro YIRS ot O ,Eormaanglg,/7gﬁ£homs
the |ayout of a plurality of nmenory VRS 'xpE%fﬁﬂ he BEA%EHT ona
rel ati onship a f e QL/V' %07 A d—t 22e 223
s arranged | ondl t udi WAL ALdA A 27 A p?“ nj-ai1By ,and a
crown-type capiﬂ GERan S § : X X
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formed above these word |ine 223 and data |ine 225. Further, the capacitor
is connected to an active area 222 in cl earance between these word |ine 223

and:data: |l ine 227 via an opening 226. This enbodi ment will be described
further in detail below referring to Figs. 78 to 88. First, as shown in
Fig. 78, after a -49 - field oxide film?202 is formed on a silicon

substrate 201 by wel | -known sel ective Sdlat i on (LOCCS technique), a MOSFET
is formed on an active area. In this enbodi ment, an N- channel MOSFET is
formed, however, a P-channel MOSFET may be al so fornmed. To reduce the
deterioration of an el ement caused by a hot carrier, well-known |ightly
doped drain (LDD) structure may be al so used. Further, an dielectric film
such as silicon nitride may be formeg op e sige wall and on the upper
face of the gate electrpde 204 to use a well-known self- matching contact.

Next , -after a silicon oXi .é?ﬁgzg%f//ﬁmé
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phosphorus is fornmed by well-known CVD, it ‘is annealed at the tenperature
of approximately 800 [err]C to snooth the surface of the silicon oxide film
209, For;a silicon oxide film an undoped silicon oxide filmmay be used in
pl ace of the silicon oxide film 209 which is doped by boron and phosphorus
and it may be snoot hed by another nethgd, Even if the surface of the '
silicon oxide filmis not snoothed, t hd/86i s no problemin a | ater process.
"An opening 224 shown in Fig. 77 is formed through the silicon oxide film
209 by photolithography and dry etching and a wiring electrode 210 with the.
. thickness of approximately 100 nmwhich is to function as the data |ine 225
shown in Fig. 77 is forned by patterning so that the wiring electrode is in
a predeterm ned shape by photolithqgrqphg,qnd-ﬂry etching. For material for
the wiring el ectrode 210, a conpound filmconsisting of a silicide film of
refractory netal suc tungsten ang-a—f8l ycrystalline silicon filmor a
refractory netal film sujh of ractory netal

such as tungsten is“uS-ed. MWW
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a barrier netal filmsuch as titaniumnitride is provided under
therefractorynetal fil nsoast opreventreacti onagai nstasilicon substrate. It is
al so desirable that an undoped silicon oxide filmfor preventing inpurities
frombeing diffused is provided under the silicon oxide film209. A silicon
oxide film211 with the thickness of agﬁéﬁginately 200 nm i ncl udi ng boron
and phosphorus is forned by CVD and th face i s snoothed by annealing at
the tenperature of approximately 800 [err]C. Next, a silicon nitride film
212 with the thickness of approximately 100 nmis forned by LPCVD, an
openi ng 226 shown in Fig. 77 is Qgrned throqghcihe silicon nitride film 212

t

and the silicon oxide filns 209 d 219 6n |ghly concentrated inpurity
regi on 207 which is to fupet Hrprp ol yyhe MOSFET by
wel | - known phot ol i t H8gT ap QIR ! qﬁlcon film
approxi mately 200 nmthi ck A N:IX P density -
is formed by LPCVD and thg PEN iy 1pn|y in the
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226 by etchback by overall anisotropic dry etching so as to forma silicon.
plug 213 as shown in Fig. 79. In this enbodinent, the silicon nitride film
212 in a peripheral circuit area is renoved by photolithography, however,
the silicon nitride film212 may be also left in the peripheral circuit
area. In this enbodinent, the silicon g}ug 213 is directly formed on the

hi ghly concentrated inpurity region 21 owever, if a pad consisting of a
wel | - known pol ycrystalline silicon filmis used, the gate el ectrode 204 the
silicon plug 213 can be also insulated by self-alignment and it is
effective in reducing the area of a nenory cell. - 51- Next, as shown in
Fig. 80, a silicon oxide film214 wth the thickness of approxinmately 200
nmis forned at the tenperature of approxinmately 400 [err]C by wel |l -known
CVD using TECS gas and then the silicon oxide filns 209, 211 and 214 on the

hi ghly concentrated inpurity reglon 208 in th peri pheral circuit are
renoved by etchlng i -
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so as to forma contact hole. A tungsten filmapproximately 200 nmthick is
formed by well-known sputtering or CVD and the netal wiring 215 of the
perirpheral circuit is fornmed by well-known photolithography and dry
etching. The surface of the silicon oxide film214 may be flattened by
wel | -known CMP. In this case, a pluglﬁa? e formed in.the contact hole. In
this enbodi nent, tungsten is used for @8mterial of the netal W ring 215,
however, in this case it is desirable that a barrier nmetal filmsuch as
titaniumnitride is provided bel ow Further, if the |later process for

manuf acturing a capacitor is kept at |ow tenperature, |ow resistance netal
such as alum num may be al so used. As shown in Fig. 81, a silicon oxide
film216 with the thickness of 0.3 to 1 [err] mis forned at the
tenperature of approximately 400 [err]C by CVD using TECS gas and the
surface is flattened by CMP. Next,Fasi skown ih Bg. 82, a trench 227
reaching the silicon plug 213 is forned through the silicon oxide filns 214
and 216 in a portion in which the sto e el ectrode of a capacitor is to be

formed by well-kn P b-i-t-1a e et chi ng. At/LﬂL?g
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time, it is desirable that a silicon nitride film212 is provided under the
silicon oxide film214 as an etching stopper. As shown in Fig. 83, a

pol ycrystalline silicon film228 with - 52 - the thickness of 20 to 100
nminto which inpurities are doped at high density is forned by well-known
LPCVD. At this time, the silicon plug %}E and the polycrystalline silicon
film228 are connected at the bottom of/%ke trench. Next, after a
photoresist film1 [err] mthick is applied, the photoresist film229 is
left only in the trench and it in the qthgr porfignh is renpved by etchback
by overall anisotropic dry etching. The position of the upper face of the
photoresist film229 left in the trench is controlled by controlling the
dry etching so that the positi 8%12s | SM84 by WPProxi mately 0.2 [err] mthan
t he upper face of the silicon o;i?e filp1216. Next, t he exposed portion of

t he polycrystalline silicon : el
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film228 is renmoved by dry etching using the photoresist film 229 as a nmask
and as shown in Fig. 84, the storage electrode 17 of the capacitor is
formed on the inner wall of the trench. After the photoresist film229 is
removed and predeterm ned cleaning is perforned, the silicon oxide film 216
and the silicon oxide film 214 under it are etched using hydrofluoric
agueous sol ution so as to expose thei&ﬂ%ﬁ face and the side of the
crown-type storage el ectrode 217 as shown in Fig. 85. At this tine, the
silicon oxide films 216 and 214 fornmed in a nenory cell array area are
etched by photolithography and they formed in the peripheral circuit area
are left without being etched. AS dt Peast ¥h@®silicon nitride film212 is
provi ded under the silicon oxide film214 in the nenory cell array area, a
portion under the silicon nitWt fi Wi84s ndlNS6veretched in the wet

etching. As shown in Fig. 86] a ¢apagitoti diplectric film218 - 53 -
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consisting of a dielectric with a |larger dielectric constant such as
tantal um pentoxide (Ta[err](err]) than that of a silicon oxide filmis
fornmed., For a nethod of formng the capacitor dielectric film 218, CVD
which is excellent in covering step height is used. Further, it is
desirabl e that the thickness of the cagac'tor dielectric film218 in terns
of an silicon oxide filmis 3 nmor | n the case of a mass DRAM in the
gigabit range. In this enbodi nent, a polycrystalline silicon filmis used
for the storage el ectrode 217, hgwevelg -a r&frhctory netal filmsuch as
tungsten and a titaniumnitride fllmmay be used and as the effect of a

" natural oxide filmexistin on t he M ﬂeothe polycrystalline silicon
filmcan be renmoved i n \Wat é—’asw t @%%1 rWi el ectric filmin terns of

a silicon oxide film can be For} matjeri gl for the capacitor
dielectric film a filmmth dlelectrlc qonstant such asaSrTaG3 film
anda (Ba, Sr) Ta®3 fghm|(BST ndf urthgr, g ferg tric filmsuch as
a PZT fil m may Bkial so usedT O {0 g Cconpoun (l/Im consisting of a

silicon nitride film and a\s oxTele i.j\lm After |{a t Sbnsejrﬁgnplﬁierﬂ | m
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formed overall, the surface is polished by CVMP, the tungsten filmis left
only in an area in which the silicon oxide filns 214 and 216 are renbved as
shgqwn in Fig. 87 so as to forma plate electrode 219. In this enbodi nent,
the plate electrode 219 is forned using CWP, however, after the tungsten
film219 is forned, a photoresist filmis also forned and overall dry

et chback may be al so perforned. For a 10¢6od of formng the plate el ectrode
219, CVD which is excellent in covering step height is desirable. -54 -

A silicon oxide film220 with the thickness of approximately 200 nmis
formed as an interlayer dielectric filmand after a through hol e through
the silicon oxide filnms 216 and 220 on the netal wring 215 of the
peripheral circuit is forned, nmetal wiring 221 is forned by a well- known
met hod and a sem conductor nenory device according to the present invention
shown in Fig. 88 is conpleted. As clear owng to the description, for a
met hod of :
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manuf acturi ng a sem conduct or nmenory devi ce equivalent to this enbodi nent,
after an dielectric filmprovided on the main surface of a sem conductor
substrate is flattened, a predeterm ned portion of the dielectric filmin a
menory array is selectively renoved and the capacitor is forned in the
removed portion. For the netal wiring 221, |lowresistance netal such as
alum numis desirable and as | owresi st®¥%® netal can be used as wiring in
the nenory array as shown in Fig. 88, it can be used as a signal |ine
connected to the data line and a global word Iine. To flatten an interl ayer
dielectric filmwhen the netal- wiring 221 is forned, well-known plug
technol ogy and CMP may be al so applied. The netal wiring 215 in this
enbodiment is a first wiring |ayer of the peripheral circuit, however, the
wiring electrode 210 used for the data |ine of a nenory cell nay be al so
used for the first wiring | ayer of the peripheral circuit area. Further,
the surface area of the storage electrode 217 can be increased and storage
capacity can be further increased by making the surface of the
polycrystalline silicon filmused for the storage electrode 217 in this
enbodi nent uneven.
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As the plate electrode 219 is buried in an area in which the - 55 -.
silicon oxide filnms 214 and 216 are renoved according to this enbodi nent,
an,extra photolithographic process for formng the plate electrode 219 is
not required and a DRAMw th | arge storage capacity can be obtai ned w thout
i ncreasi ng the nunber of masks. In this enbodinent, the netal wiring 221 is
a signal line connected to the sourcel8/48rain of a MOSFET in the
peripheral circuit, however, the netal wiring may be also a power line for
supplying fixed potential and may be also floating as a dunmy pattern for
reduci ng step height between the nenory cell array area and the peripheral
circuit area. <Eleventh Enbodi nent> This enbodi nent is an exanple in which
a plurality of wiring layers are forned in a peripheral circuit area in the
DRAM described in the tenth enbodinent. Fig. 89 is a sectional view show ng
a
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MOSFET in a nenory cell array and a peripheral circuit area adjacent to it
of a DRAM equivalent to this enbodinent. As shown in Fig. 89, a silicon
oxi,de film 231 with the thickness of approximately 0.3 [err] mis forned on
the metal wiring 215 of the peripheral circuit area as an interlayer
dielectric filmand netal wring 232 w'ayz’the t hi ckness of approxi mately
0.3 [err] mis fornmed further on it. 746net al wring 232 is connected to
the netal wiring 215 via an opening forned through the silicon oxide film
231. Further, a silicon oxide film233 wth the thickness of approximtely
0.3 [err] mis forned on the netal wingg32 az a interlayer dielectric
film a silicon oxide film 7vmt he t hi cknes a oxumtely 200 nm
is formed on it and netal vvizg g:ﬁt“formed on taegpllqrglo RUbXi de” fil m 237
is connected to the netal - B@JION  wiring 232 vRBIWA openi ng through the

silicon oxide filns mmmry cell is

formed in a deep
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concave portion fornmed by renoving the silicon oxide filns 214, 231 and
233, the height of a crown-shaped storage el ectrode 234 is approximately 1
[err] m.and high, and the plate electrode 236 of the capacitor is buried in
t he concave portion. According to this enbodi nent, the storage capacity of -
a capacitor for storing charge in the ng of a menory cell of 0.15 square
m cron can be increased up to approxi %& 50 fF and a dynamc RAM wi th
large SN ratio and high resistance to a soft error which is excellent in
the stability of operation can be obtained. However, it need scarcely be
said that according to this enbodFent . @the BufBer of wiring layers can be
further increased, the crown-typgstorage el ectrode 234 can be further

hei ght ened and storage capaC|ty can be further increased. <Twelfth

Enbodi ment> Fig. 90 is a s nal vie ,anno this
enbodi ment. As shown in Fi ta\ ), fhe pl LT O AN AL QRR- t ype
capaci tor covers any inner pShN¥ and a [ ulelalS N, Jysdy t heYout er
side of a storage el ect r od¢/’ 1. A net ﬁ%;&’ ﬁg RRANY
equival ent to this WASOSH,
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in that when silicon oxide filnms 214 and 216 in a nmenory cell array area
are renoved in the process shown in Fig. 85 in relation to the tenth
embodi nent, etching a silicon oxide film219 (239 in Fig. 90) is stopped
hal fway and as shown in Fig. 90, a thinned silicon oxide film239 is left
outside the storage el ectrode 217. The other points of the manufacturing
method are the sanme as in the tenth -15746 enmbodi ment. As an et ching
stopper filmis not required when a silicon oxide filmis etched to forma
concave portion according to this enbodinment, the silicon nitride film 212
shown in Fig. 76 in relation to the tenth enbodi nent under the silicon
oxide film214 is not required. <Thirteenth Enbodinent> Fig. 92 is a

sectional view showing a DRAM equi valent to this enbodinment. As the plate
el ectrode 219 of a crown-type capacitor

Fig. 33
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I s extended onto a silicon oxide film216 in this enbodinent, it can be
connected to wiring for-supplying potential to the plate el ectrode 219 on
the sili,con oxide film 216. The plate el ectrode 219 is fornmed by patterning
by photolithography and dry etching, however, any edge of a pattern at this
time is positioned on the silicon oxide film216. Any part of the plate

el ectrode 219 is not required to be bdb/éé i n the concave portion, a
silicon oxide film 220 used for an interlayer dielectric filmis buried in
t he concave portion in which the capacitor is formed and the surface is
flattened. According to this enbodinment, the plate el ectrode 219 and wiring
for supplyingpower can be connected in an arbitrary position, the degree of
freedom of design can be increased and the area of a chip can be reduced.
In the-described enbodinments, a filmwith a larger dielectric constant than
that of silicon oxide is used for an interlayer dielectric film between

metal wrings, however, a filmwth a smaller dielectric constant than that
of a silicon oxide - 58-
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filmmy be also used. In the enbodinents, the case provided with a
crowm-type and a trench- type capacitors is described, however, this

enhodi ment can be al so applied to a capacitor with stereoscopic structure
such as a thick filmcapacitor in which a storage electrode is thickened
and a capacitor dielectric filmand a plate electrode are fornmed on the
storage electrode and its side wall. MH&bbrmbodi ment s are exanpl es in which
the present invention is applied to a DRAM however, the present invention
can be also applied to a static RAM_ provided with a capacitor in a nenory
cell, a static RAMin which a pofyclys®atlim ®hin filmtransistor (TFT) is

used for the | oad el ene of a5 cell,, and 65ur teper q1a nenory using a
ferroelectric subst ancen$1)r£3 i t Zlectfic %?I D The present
i nvention can be alsE i Ed P IEAFSCHTUR RSN THr e capaci t ance used
for a switched capdQrearii g CARdARS Bl L a-yeyullat or general |y used
in digital and analfe® LA Ao AN (A | ogi cal
circuit can be al sg 10
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formed in the position of an dielectric filmon which a capacitor is forned
by applying the present invention to an on-chip LSI wherein a nenory and a
| ogical .circuit exist together. Further, according to the present

i nvention, |low resistance netallic material such as copper can be used for
the wiring | ayer of peripheral circuit formed in the position of a

capaci tor and a sem conductor nenory d8vikée wherein hi gh- speed operation is
enabl ed can be obtained. According to the present invention, any storage
capacity can be also realized in principle by changing the depth of a
trench. In addition, as the plane area of a portion in which a trench is
formed can be increased differently froma conventional trench - 59 -
capacitor cell wherein a trench is forned on a substrate, the aspect ratio
of the trench is not required to be increased and not only trench but a
capacitor can be readily formed. Further, as the storage el ectrode of a
capacitor can be
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electrically connected to the diffused region of a MOS transistor via a
plug for interconnection fornmed under the capacitor, one of the npst
serious problenms of the conventional trench capacitor cell can be sol ved.
As the aspect ratio of a trench is not large, an dielectric filmexcept a
silicon oxide filmand a silicon nitride filmcan be .also used for a
capacitor dielectric film As a wriny9¥&6er is provided under a capacitor,
the nunmber of wirings which should be pulled up to the uppernost |ayer is
reduced greatly, as a result, the design rule of wiring pulled up is
extrenely rough and the de5|gn rule of approximately 0.5 [err] mwhich is
the rule of a 16-negabit nmenory can correspond to that of a nenory in the
gi gabit range sufficiently. Furtreri, @s. ansinﬁerlayer oxi de filmcan be
readily flattened, a mnute pattern can be regg d .by lithography.
When a trench is deepenedMemeYaGelbct ratio i eﬂd\eéé 5B Uhowever, as a
trench is fornmed over a stgmrnte according t emenpresent |nvent|on, t he
area of an area |n<mhrch—a—%reﬁchﬁﬂ?4Hmﬂﬁﬁ#1ﬁﬁrfmrbv—+ar—rntreased
conpared with a conveggional fgench capacitgg qg | wherein a trench is
formed on a substrate{and the
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aspect ratio of the trench is by far smaller than that of a conventi onal
one. The storage el ectrode of a capacitor can be automatically in contact
wit.h a diffused region electrically via a plug consisting of
pol ycrystalline silicon and hereby, the -60- serious problemof the
conventional trench capacitor cell is_solved. As an dielectric film except
a silicon oxide filmand a silicon ni207/4é filmcan be used for a capacitor
dielectric film a dielectric with a high dielectric constant can be used
for a capacitor dielectric filmand a trench capacitor with small aspect
ratio though its capacity is large_can be realized. If a trench is fornmed
over a substrate, distance r_?gui r? to Putl Fri ng,d t he upper nost

t19 %

| ayer is increased, ho ccofding to the prdlen ention, a wiring
| ayer is provided under{a c%it r andptF ' vhi ch are
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up to the uppethst | ayer is

greatly reduced. As a result, the design rule

of wiring pulled up is extrenely rough and the di nensi on of approxi mately

0.5:[err] mwhich is the rul
menory in the gigabit range.
extrenely readily. Further,

readily flattened, a mnute
and the present invention is

e of a 16-negabit nmenory nay be applied to a
Therefore, wiring can be manufactured

as the surface of each interlayer filmcan be

pattern calMgh readily formed by |ithography
extrenely profitable to forma mnute pattern

t he focal

tol erance of which

is small.

Furt her,

menory cell

step hei ght between a
ea is greatly reduced and

ar eas,

a seni conduct or

array area and a peripheral circut%
as mnute wiring can be forned in ebchi a®a arl

a portion including both

integrated 8Brcuit the degree of

i ntegration of

which is high with highr efto iald ity can
be formed. As there is no tdp h | L HWyea - 61
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and a peripheral circuit area, mnute wiring can be readily fornmed in each
area and mnute wiring connecting both areas can be readily formwed.

| NDUSTRI AL APPLI CABI LI TY As above described, the present invention is
suitable for DRAM s having very high integration density. - 62 - WHAT | S
CLAIMED IS: 1. A sem conductor nennré dz I ce, conprising: a sem conductor
substrate; plural dielectric filns st 28 on the main surface of said

sem conductor substrate; a nenory cell area in which a field-effect

transi stor provided with a high diffusion area the conductive type of which
I's reverse to that of said sem conductor substrate, a gate el ectrode,
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and a gate insulating filmand a capac
circuit area, wherein: said capacitor
repoving the desired portion of said p
face of desired said dielectric filmi
circuit area to said nenory cell area
said capacitor. 2. A sem conductor mé

itor are fornmed; and a peri pheral
is formed in an area forned by
lural dielectric filns; and the upper
s extended from said peripheral
nd is in contact with the side of
devi ce according to daim1,

t he storage el ectrode,

wher ei n: the capacitor dielectric filmand the plate
el ectrode of said capacitor are fornmed on the inner face of a trench forned

by renoving the desired portion of sai

sem conductor nenory device according tp g ai ma, sgherein:

d dielectric filns. 3. A

said trench is

formed through at least two said dielectric filnms, 4 ‘Ad§eniconductor
menory devi ce according to CMemoty Gelerein: Penpheral ircuit
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- 63 -

capacitor and said sem conductor substrate;

said dielectric filmis formed with it separated from said capacitor;
second wiring |ayer

5.

capaci tor.

sonme of said plural

is forned
A semn conduct or

dielectric filnms are provided between said
a first wiring layer buried in
and a
on said dielectric filmfornmed on said

menory devi ce according to C-aim4, wherein

said first wiring |ayer includes a wo28/bne connected to the gate

el ectrode of said field-effect transistor,

a bit

selecting-desired said field-effect transistor;

line or wiring for
and said second wiring

| ayer is wiring for feeding to thgpliate ele
power |ine, a grounding conductor or'a €igna

rode of said capacitor,

a

cBnduct or.

6. A sem conductor

menory device according to C aim 4, G2
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wher ei n:

silicon filmcontaining high-concentration inpurities,

consi sting of polycrystalline silicon and silicide,

consi sting of tungsten,

stacked fil mconsisting of tungsten and barrier

barri er

net al

a
and pol ycryst al
net al.,

said first wiring |ayer consists of one of a polycrystalline

a stacked film
stacked film

ine silicon, a

a tungsten film and

a copper film 7. A sem conductor nendbyblevice according to Claim 2,

wher ei n:
el ectrode.
wher ei n:

8. A sem conduct or

irregularities are forned on the surface of said storage
menory device according to aim?2
sai d storage el ectrode consists of apolycrystalline silicon film

64-

containing inpurities at high concentration or a refractory
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metal film 9. A sem conductor nenory device according to Claim 2,
wherein: said capacitor dielectric filmconsists of one of a stacked film
consi sting of an oxide filmand a nitride film a stacked filmconsisting -
of an oxide filmand a tantalum pentoxide film a stacked film consisting
of a nitride filmand a tantal um pen )9(@ film a stacked filmconsisting
of an oxide film a nitride film and % ntal um pentoxide film a BST film
and a PZT film 10. A sem conductor nenory device according to Caim 2,
wherein: said plate el ectrode consists of a polycrystalline silicon film
cont ai ni ng hi gh-concentration inpurities or a refractory netal film 11. A
sem conduct or nenory device according to Caim?2, wherein: said storage

el ectrode is electrically connected to the diffused region of said field .
effect MOS transistor forned in said nenory cell area via a conductor
formed through said plural
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dielectric films provided between said capacitor and said sem conduct or
substrate. 12. A sem conductor nenory device according to Cl aim2, wherein:
said plate electrode is an electrically connected to said - 65 - second-
wiring layer. 13. A sem conductor nenory device according to Claim 2,
wherein: a MOSFET is forned in said peripheral circui.t area;- and the

di ffused region of said MOSFET is el e2?/#6ally connected to said second
wiring layer via a conductor formed through said plural dielectric filns.
14. A sem conductor .nenory device according to Caim?2, wherein: said first
wiring layer is electrically connected to said
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second wiring |ayer via a conductor forned-through said plural dielectric
films. 15. A sem conductor nenory device according to Caim1l, wherein: the
upper face of said dielectric filmwth which the |ower face of 'a wiring

| ayer formed in said peripheral circuit area is in contact is extended into
said nmenory cell area and is in contact with the side or bottom of said
capacitor. 16. A sem conductor rrermryzﬂe’#-iﬁce according to C ai m 15,

wherein: the storage el ectrode of said capacitor is provided with a concave
sectional shape; and said capacitor deelecyyi.c fegl m and the plate el ectrode
are extended outside frorgot he _i-)zmer fgpce of said %orage el ectrode. 17. A
sem conduct or nenory device acgording to Claim 157 wherein: said capacitor
is formed in a trench [ ' -
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desired portion.of said plural
devi ce according to Claim15, wherein

capaci t or

dielectric fil nms.

18. A sem conduct or
the storage el ectrode of said
is protruded upward fromthe inner face of a trench forned by
renoving the desired portion of said dielectric filns;

menory

and sai d capacitor

dielectric filmand the plate el ectrode are extended .outside the protruded
portion of said storage el ectrode frod9vk6 inside of said trench. 19. A

menory devi ce according to Caim 15, wherein
selecting desired said field- effect transistor and a data line for

sen conduct or

suppl yi ng charge to said capacitor are fornmed under said capacitor.

sem conduct or
wiring |ayer

menory device according to C aim15, wherein
is formed over said capacitor via

a word line for

20. A
t he second
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said dielectric film 21. A sem conductor nmenory device according to Caim
20, wherein: said second wiring layer is a signal conductor connected to
sai,d data line. 22. A sem conductor nenory device according to C aim 20,
wherein: said second wiring layer is a word line for selecting a MOSFET
formed in said peripheral circuit area. 23. A sem conductor -nenory devi ce,
conprising: - 67 - a seniconduct or384b6trate; plural dielectric filns
formed on"'the main surface of said sem conductor substrate; a nenory cel
area in which a field-effect transistor provided with a | owresistance

di ffused region the conductive type
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of which is reverse to that of a said sem conductor substrate, a gate
dielectric filmand a gate electrode and a capacitor are forned; and a

peri pheral circuit area in which plural wiring |ayers are formed, wherein
sai d capacitor consists of a storage el ectrode the sectional shape of which
IS concave, a capacitor dielectric filmand a plate electrode fornmed on the
exposed i nner face of said storage el hdde; a first wring layer is
formed on the first dielectric fi ;and saig; orage el ectrode is forned
in a concave portion forned by renDV|nj;d'prede erm ned portion of said

first dielectric filmand t MemeryoQell di el ectri Pefiphrabt@iggid on said first

dielectric film 24. A seniéhmﬁmmtor menory dewy rpccording to Caim 23,
wherein: said concaVE*Ts—f+++1thWTﬁ—sa+d—p+ate£§@%tfffmkr+fﬁﬂed on said

capaci tor dielectric film ;g A0
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25. A sem conductor nenory device according to Caim 24, wherein: the upper
face of said plate electrode is flat. - 68 - 26. A sem conductor nenory
devi ce according to C aim25, wherein: the height of the upper face of said
pl ate el ectrode is substantially equal to that of said second dielectric
film 27. A sem conductor nenory device according to C aim 23, wherein:
the potential of said plate el ectrode 32/&bpplied to the upper face of said
pl ate el ectrode. 28. A sem conductor nenory device according to Cl aim 23,
wherein: said storage electrode is electrically connected to the

hi gh-concentration diffused region of said field-effect transistor
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via a conductor filmformed through an dielectric filmformed under said
storage el ectrode. 29. A sem conductor nenory device according to Caim 23,
wherein: a second field-effect transistor is formed in said peripheral
circuit area; and a second wiring |ayer forned over said plural dielectric
films is electrically connected to thS ffused region of said second
field-effect transistor via a connect 5@1 b e t hrough sai d plural
dielectric filnms. 30. A sem conductor nenory device according to Caim 23,
wherein: a second field-effect transistor is forned in said peripheral
circuit area; and said first wiring layer formed on said first dielectric
film- 69 - :
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is electrically connected to the diffused region of said second
field-effect transistor via a connecting hole through said first dielectric
filmand an dielectric filmforned under said first dielectric film 31. A
sem conductor nenory device according to Caim23, wherein: said second
wiring layer formed over said plural gngECtriC films is electrically
connected to said first wiring | ayer under said second wiring | ayer
via an dielectric filmvia a conductor provided between said first wiring

| ayer and said second wiring |layer. 32. A nethod of manufacturing a

sem conductor nenory device, conprising steps of: a step for respectively
formng a first field-effect transistor and a second fiel d-effect

transi stor respectively provided with a | owresistance diffused region the
conductive type of which is reverse to that of sem conductor substrate, a
gate dielectric filmand a gate electrode in the nmenory cell area and the
peripheral circuit area of the sem conductor substrate;

Fig. 73
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a step for formng a bit

| ine connected to desired said diffused region

through a first dielectric filmafter formng the first dielectric film

covering said nenory cel
form ng plural
predeterm ned shape is respectively fgor

step for form ng a conduct or film el e3brilk |1y connected - 70 -

area and peri pheral
dielectric filnms between which a wiring layer with a

circuit area; a step for

on said first dielectric film a
to

anot her said diffused region of said first field- effect transistor through

said first dielectric filmand said plural
form ng second plural
step for formng a plug for

dielectric films over said plural

dielectric filnms; a step for

dielectric films; a

I nterconnection electrically connected to the

desired portion of said wiring layer formed in
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said peripheral circuit area through said plural dielectric filns and said
second plural dielectric filnms; a step for formng a trench by renoving a
predet erm ned portion of said second plural dielectric filnms fornmed in said
menory cell area; and a step for formng a storage el ectrode, a capacitor

el ectrode and a plate electrode in said trench. 33. A nethodof manufacturing
asem conduct or nenory devi ce accordingaﬁfhﬁzﬂrn32, wherein: the follow ng
step are added: a step for formng a second dielectric filmafter form ng
said plate electrode; a step for formng a second plug for interconnection
electrically connected to said plate el ectrode and said plug for

I nt erconnection through said second dielectric film and a step for formng
an upper wiring layer electrically connected to said second plug for

i nterconnection on said second dielectric film 34. A nethod of

manuf acturi ng a sem conduct or menory device
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according to Caim32, wherein: - 71 - said plug for interconnection is
formed by form ng an openi ng exposing the surface of said another diffused
region after formng said second plural dielectric filnms and filling said
opening with a conductor. 35. A nethod of manuf acturing a sem conduct or
menory device according to Caim 32, wherein: said plug for interconnection
Is formed by respectively form ng an o%@ﬁiﬁg after formng each dielectric
filmconstituting said second plural dielectric filnms and filling said
opening with a conductor. 36.

Amet hodof manuf act uri ngasem conduct or menor ydevi ce, conprising steps of: a
step for respectively formng a first field-effect transistor and a second
field-effect transistor respectively
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provided with a | owresistance diffused region the conductive type of which
Is reverse to that of a sem conductor substrate, a gate dielectric film and
a gate electrode in the nenory cell area and the peripheral circuit area of
t he sem conductor substrate; a step for formng a conductor film

el ectrically connected to desired said g?ffused region of sai-d first field-
effect transistor through first pIuraI3 'éﬁectric films after formng said
first plural dielectric filnms covering said nmenory cell area and peri pheral
circuit area; a step for formng a first dielectric filmover said first
plural dielectric filnms; a step for formng a first wiring |ayer
electrically connected to said di&Lused regi gn of said second field-effect

- 72 - transi stor through saidfi r'stgpl'urz Felectric filns and said
first dielectric filmon saimeﬁ]'bfysbé“i el ectric beﬂbheraI Circuit
Region Region
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a step for formng a second dielectric filmover said first dielectric
film a step for form ng a concave by renoving a predeterm ned portion of
said second dielectric filmand said first dielectric filmin said nenory
cell area and exposing the upper part of said conductor film and a step
for formng at |east a storage electrqde, a capacitor dielectric filmand a
pl ate el ectrode on the inner face of sHlh&oncave. 37. A

met hodof manuf act uri ng asem conduct or renory devi ce according to Cl ai m 36,
wherein: the followi ng step are added after said step for formng said
plate electrode: a step for formng a third dielectric filmon said second
dielectric filmand planarizing the surface; and a step for formng a
second wiring |ayer electrically connected to said first wiring |ayer
through said third dielectric filmand said sgcogd dielectric filmon said
third dielectric film 38. A nefﬁod'ofgndhufacturing a sem conduct or menory
devi ce
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according to Caim37, wherein: said step for planarizing the surface of
said third dielectric filmis executed by fluidization by heat treatnent,
overal |, etching or chem cal or nmechanical polishing. 39. :

Anet hodof manuf act uri ngasem conduct or nenor ydevi ce, conprising steps of: - 73
- a step for respectively formng a first field-effect transistor and a
second field-effect transistor respechiydlly provided with a | owresistance
di ffused region the conductive type of which is reverse to that of a

sem conductor substrate, a gate dielectric filmand a gate electrode in the
menory cell area and the peripheral circuit area of the sem conductor
substrate; a step for formng a first wiring |layer electrically connected
to said diffused region of said second field-effect transistor via a
connecting hole through a first di eI|L;3_ct.ricgf_iIrg3 3
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after formng the first dielectric filmcovering said nenory cell area and
peripheral circuit area on said first dielectric filmin said peripheral
circuit, area; a step for formng a second dielectric filmoverall; a step
for formng an opening through a predeterm ned portion of said first
dielectric filmand said second dielectric filmin said nenery cell area; a
step for form ng a conductor filmon 4h46 nner face of said opening; a step
for form ng a storage el ectrode the section of which is in a concave shape
by sel ectively renoving said second dielectric filmfornmed in said nenory
cell area at |east by predeterm ned thickness; and a step for formng a
capacitor dielectric filmand a plate electrode in order on the inner and
outer faces on which said storage electrode is exposed. 40. A nethod of
manuf acturi ng a sem conduct or nmenory device according to Caim 39, wherein
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said step for formng said storage el ectrode is executed by renoving a
predeterm ned portion of said second dielectric filmand first dielectric
filmrespectively forned in said nenory cell area by etching. 41. A

nmet hodof manuf act uri ng asem conduct ormenory devi ce according to Caim 39,
wherein: said step for formng said plate electrode is executed by renpving
a conductive filmfornmed in a portlonQ%/ t said concave after form ng
said conductive filmoverall. 42. Amet hodof manufacturi ng

asenm conduct ornenory devi ce according to Caim39, wherein: the follow ng
steps are added after said step for formng said plate el ectrode: a step
for formng a third dielectric filmoverall; and a step for formng a
second wiring | ayer electrlcally gFonnecged tQ3sg4d first wiring layer via a
connecting hol e t hrough
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said third dielectric filmand said second dielectric filmon said third
dielectric film 43. A Seniconductor nmenory device conprising: a nenory
cel-l area having at | east one switching transistor and a crown-type
capacitor which is fornmed at a position higher than that of the main
surface of a sem conductor substrate, and a peripheral area in which plural
wiring films including at | east a fir&8/dénductive filmis di sposed,
wherein said first conductive filmis disposed on a first dielectric film
a second dielectric filmis disposed on said first conductive - 75 -

film said capacitor consists of a second conductive film a third
dielectric filmand a third conductive film and said third conductive film
is disposed in the portion forned by renoving desired portion of said first
dielectric film
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and second dielectric film 44.(added) A sem conductor integrated circuit
devi ce, conprising: a sem conductor substrate; a nmenory cell area having a
first ,field-effect transistor and a capacitor; a circuit area having a
second field-effect transistor; and plural dielectric filnms stacked above
said first and second field-effect tranagstor wherei.n, said capacitor is
di sposed in the hole fornmed by renovi rt of said plural dielectric
films, each of said plural dielectric fllns has at | east one plug forned
through the corresponding dielectric film and one plug is contact with
anot her plug. 45.(added) A sem conductor device, conpri-sing: a

sem conduct or body; a first and second field-effect transistor formed on
sai d sem conductor body; and a capacitor formed over said sem conductor
body; and first and second dielectric filnms fornmed over said sem conductor
body; a first plug fornmed through said first dielectric film and
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a second plug is formed through said second dielectric filmwherein, said
first field-effect transistor and said capacitor disposed in a nenory cel
area, said second field-effect transistor and said first and second pl ugs
di sposed in a peripheral circuit area, said capacitor is disposed in the
portion formed by renoving desired portion of said first and-second
dielectric filns, said second diel ectr42/46I mis disposed on said first
dielectric film and said first plug is touch with said second plug. -76-
REPLACEMENT SHEET 46. (added) A sem conductor device according to claim45,
further conprising: a first conductive |ayer disposed over said

sem conduct or body and under said first dielectric film a second
conductive | ayer disposed over said second dielectric film a first wiring
formed in said first conductive |ayer; and second and third wiring forned
in said second conductive |ayer;

Fig. 91
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wherein, said capacitor consists of a storage el ectrode, a capacitor
dielectric filmand a plate el ectrode which are stacked in order, said
fisstsplug is electrically connected to said first wiring, said second plug
is electrically connected to said second wiring, and said plate el ectrode
Is electrically connected to said thiLg ﬁﬁring via a.third plug fornmed on
said plate electrode. - 77 - /46 '
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a semiconductor substrate;

plural dielectric films formed on t';he main surface of said
semiconductor substrate;

a memory cell area in which a field~effect transistor
provided with a low-resistance diffused region the conductive type
of which is reverse to that of a said semiconductor substrate, a
‘gate dielectric film and a gate electrode and a capacitor are formed;
and

a peripheral circuit a'rea.in which plural w'iring layers are
formed, wherein:

said capacitor consists of a storage electrode the sectional
shape of which is concave, a capacitor- dielect.:ric film and a plate

electrode formed on the exposed inner face of said storage

_electrode;

a fi.rst wiring layer is formed on the first dielectric film;
and

said 'stqz-:a'ge elect:;’ode is formed in a concave portion formed
by removing a predetermi-ne.d_portion of said first dielectric £film
and the second dielectric fiim stacked on said first dielectric
£film.

24. A semiconductor memory device according to'Claim 23,
wherein:

said concave is filled with said plate electrode formed on
said capacitor dielectric film.

25. A semiconductor memory device accofding t§ Claim 24,
Qherein:

the upper face of said plate electrode is flat.
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a step for respectively forming a first field-effect

transistor and a second field-effect transistor respectively
provided with a low-resistance diffused region the conductive type
of which is reverse to that of a semiconductor substrate, a gate
dielectric film and a gate electrode in the memory cell area and
the peripheral circuit area of the semiconductor substrate:;

a step for forming a first wiring layer electrically
connected to said diffused region of said :sec;:nd fiel_d—éffect
transistor via a connectihg hole throu.gh a first dielectric film
after fdrming the first dielectric film covering said memory cell
area and peripheral circuit area on said first dielectrie film in
said peripheral circuit area;

a step for forming a sécond dielectric £ilm overall;

a step for forming an opening througﬁ a predetermined portion
of said first dielectric film and said second dielectric film in
said memory IceI_Ll é.rea; '

a step for forming a conductor £ilm on the inner face of said
opening; |

a step for forming a storage electrode the section of which
isina conc#ve sha..pe by selectively removing said $e€<_>nd dieleptric
film formed in saici memory cell area at least by predetermined
'thickness; and

a step for forming a capacitor dielectric £ilm and a plate
electrode in order on the inner and outer faces on which said storage |
electrode is exposed.

40. A method of m;nuf acturing a semiconducto.;: memory device

according te Claim 39, wherein:
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film, said‘capacitor-conSists of a second conductive f£ilm, a third

dielectric film and a third conductive film,
and said third conductive film is disposed in the portion

formed by removing desired portion of said first dielectric film

and second dielectric £ilm.

_44.(added) A semiconductor integrated circuit device, comprising:
a semiconductor substrate;

a memory ce]l area having a ﬁrst field-effect transistor and a
capacitor;

a drcuit area having a second field-effect transistor; and

plural dielectric films:stacked above said first and second field-effect
transistor; : . '

wherein, said capacitor is disposed in the bole fo::mecl by removing
part of said plural dielectric films, each of said plural dielectxic films has at

least one plug formed through the corxesponding dielectric flm, and one
plug is contact with another plug. |

45.(added) A semiconductor device, comprising:

a semiconductar body;

a first and second ﬁeld-eﬁect tranﬂstor formed on sald semiconductor
body, and

a capacitor formed over said semiconductor body; and

first and second dielectric films formed over said semiconductor body;

a first plug formed through said first dielectric film; and

a second plug is.formed through said second dielectrie film

~ wherein, said fixrst field-effect transistor and said capacitor disposed in -

-a memory cell area, said second field-effect transistor and said first and
" .. second plugs disposedin a peziphéz'al circuit area, said capacitor is disposed
in the portion formed by removing desired p.ortion of said first and second
dielectric films, said second dielectric film is disposed on said first dielectric
film, and said first plug is touch with said second plﬁg.
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46.(added) A semiconductor device according to claim 45, further

comprising:

a fixst conductive layer disposed over said semiconductor body and
under said first dielectric film;

a second conductive layer disposed over said second dislectric film;

a first wiring formed in said fixst conductive layer; and |

second and third wiring formed in said second conductive layer;

wherein, said capacitor consists of a storage electrode, a capacitor
dielectric film and a plate electrode which are stacked in order, said first
plug is electrically conmnected to said first wiring, said second plug is
electrically connected to said second wiring, and said plate electrode is
electrically connected to said third wiring via a third plug formed on said
plate elactroda. '
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ABSTRACT OF THE DISCLOSURE

A capacitor consisting of a storage electrode (19), a
capacitor dielectric £ilm (20) and a plate electrode (21) is formed
in a trench formed through dielectric films (6, 8, 10 and 12) stacked
on a semiconductoer substrate (1) and buried wiring layers (9 and
11) are formed under the capacitor. As the capacitor is formed not
in the semiconductqr substrate but over it, there is room in area
in which the capacitor can be formed and the difficulty.of forming
wiring is reduced by using the wiring layers (9 _gnd 11) for a global
word line and a selector line. .

As the upper’ face of an dielectric £film (32) which is in
contact with the lower face of wiring (34) in a peripheral circuit
ﬁrea is extended into a memory cell area and is in contact with
the side of the capacitor (33), -sf:ep height between the peripheral

circuit area and the memory cell area is remarkably reduced.
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