Descri ption SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CE AND
MANUFACTURI NG METHOD THEREOF 5 Techni cal Field: . The
present invention relates generally to sem conduct or integrated
circuit devices and manuf acturing architectures of the sane. More 10
particularly but not exclusively, the invention relates to those

t echnol ogi es adaptable for use with sem conductor integrated circuit
devi ces havi ng dynam ¢ random access nenory ("DRAM') nodul es. 15
Background of the Invention: Currently avail abl e DRAMs are
typical ly designed to include an array of rows and col ums of nenory
cells as disposed in a matrix fornpggc2iptisgi pal surface of a

sem conductive substrate at those cross 20 points or "intersections"
between a plurality of word lines and a plurality of bit |ines,

wherei n each of

the nenory cells consists essentially of a capacitive

el ement for accunuSBMIOONDRECTOROINEEGRATEDJC AROBIAI DEVICE ANBuUl at or
sem conductor field effect transistor 25 (M SFET) for use in selecting a

single menory cell
5

MANUFACTURING METHOD THEREOF

Technical Field:

The present invention relates generally to

semiconductor integrated circuit devices and

manufacturing architectures of the same. More

10 particularly but not exclusively, the invention

relates to those technologies adaptable for use with

semiconductor integrated circuit devices having

dynamic random access memory ("DRAM") modules.

15 Background of the Invention:

Currently available DRAMs are typically designed

to include an array of rows and columns of memory

cells as disposed in a matrix form on a principal

surface of a semiconductive substrate at those cross

20 points or "intersections" between a plurality of word

lines and a plurality of bit lines, wherein each of

the memory cells consists essentially of a capacitive

element for accumulation of information and a metal

insulator semiconductor field effect transistor

25 (MISFET) for use in selecting a single memory cell,



which is serially connected to the capacitive el enent. The nenory
cell selecting MSFET is formed in an active region of-the

sem conductor substrate which is surrounded at its periphery by an
el ement separation 5 or isolation region. The M SFET is generally
desi gned to consist of a gate oxide filmand a gate el ectrode
integral with a corresponding one of the word |ines ' plus a pair of
sem conductor active regions for use as a source and drain of the
transistor. A bit lineis 10 disposed to overlie the nenory cel

sel ecting M SFET in a manner such that it is electrically connected
to onewhfichhgésseerdelapdcdnaenteti ¢b theconpeoliyisbaekdment. by two
menory cell selection M SFETs. The infornmation accurrul ati on
capacitive elfbeememosyl gedloselettanglBISFEGcasi farmedr iyi ag the menory
cell select M SFET and is electrically coupled to the renmining one
of the a§§&ﬂ€er&ﬁé°6r9ﬁnthe SemlcondUAtBRAWPHEPFééemwhhcbhésnennry
cell structure of gn dISC osed in Published

Unexani ned §6‘rr°}}88§ﬂe§§ "ete kRS ihRgrey S eBERE 35 RARA IR,
publ i cat Lons Theoferury gebls,of fhe %‘%@ i, genefiPR) Os8gh dherei n are

desi gned”so t |nes are imereased § fat" in

active regi ogg conSlsetBe seghe@sok&d@aﬁﬁlmfaﬂﬁlsh atéoéﬁeetesdéerves as
25 the gate electrode of a"nenory cell select NI%

- 2- integral with a correspondlng one of the word llnes
plus a pair of semiconductor active regions for use as
a source and drain of the transistor. A bit line is
10 disposed to overlie the memory cell selecting MISFET
in a manner such that it is electrically connected to
one of the source and drain which is commonly shared
by two memory cell selection MISFETs. The information
accumulation capacitive element is laid out at a
15 location overlying the memory cell select MISFET and
is electrically coupled to the remaining one of the
source and drain.
A DRAM device with the memory cell structure of
this type has been disclosed in Published Unexamined
20 Japanese Patent Laid-Open No. 5-291532 and other
publications. The memory cells of the DRAM as
disclosed therein are designed so that word lines are
increased in width or made "fat" in.active regions
(the regions in each of which a word line serves as

25 the gate electrode of a memory cell select MISFET) and



reduced in wwdth or "thinned" in the renmaining regions in order to

retain the required gate | ength when m ni aturizing or *“downsi zi ng"
the nenory cell select M SFETs while at the same tinme mnimzing the
pitch of 5 word I|ines. In addition, the DRAM nenory cells as
taught by t he Japanese Application above is arranged so that the

bit lines are partly fattened to extend up to those portions
overlying the active regions and that a 10 pl anar pattern of such active
regions is designed into a gull-wing shape with part of it being bent
t owar d the bit line side in order to achi eve successful

el ectrical cesdyeblonnolrid@heothagh9Agea®NtACthBOkBmainingf PEgUERsI N
connecti ng between one of the source and 15 drain of a nmenory cel

sel ect M SFEInangldetrsto retadnr thepoeduhgelli yatenkengehatherl y associ at ed

therew t h. Regrettably the DRAM nenory cells taught by the

above JapaneménApphirdatingnoks "flavediving"atpeobewarnsce2d selechn inability
to provide any excell ent si ze/ di mensi on accuracy when partl

i ncreasi ng tHéSFETS W%Fé?hétthﬁoFémPiﬁé@eaﬁénbmﬂzﬂﬂﬁeBhGrP%E%h %%ploying

t he gul | wi ng-shaped _planar pattern of the active regi ons due to the
fact tha prggéﬁtﬁ§n§§ailable 25  photolithography techni ques suffer from
difficulties In addition, the DRAM memory cells as taught by

the Japanese Application above is arranged so that the
bit lines are partly fattened to extend up to those
portions overlying the active regions and that a

10 planar pattern of such active regions is designed into
a gull-wing shape with part of it being bent toward
the bit line side in order to achieve successful
electrical conduction of more than one contact hole
for use in connecting between one of the source and

15 drain of a memory cell select MISFET and its
corresponding bit line operatively associated
therewith.

Regrettably the DRAM memory cells taught by the

above Japanese Application is faced with a problem as

20 to an inability to provide any excellent
size/dimension accuracy when partly increasing the
widths of word lines and bit lines or when employing
the gullwing-shaped planar pattern of the active
regions due to the fact that presently available

25 photolithography techniques suffer from difficulties



in accurately achieving ultra-fine resolution of curved-line patterns
and/or folded-line patterns in cases where the mnimal- fabricatabl e
si ze becones at or near a limt of resolution in photolithography 5
processes as a result of further progressing in m crof abri cation or

m niaturization of such nenory cells. Another problemfaced with the
prior art DRAM device is that as a through-going hole for use in
connecting between the | ower-side electrode of an 10 i nformation
accurul ati on capacitive elenent and the remai ni ng one of the source
and drain of its associ ated nenory cell select MSFET is inherently

di sposed betMeeitcuritely R i Pidl tdneginamdsplution ot teni ng the bit
lines makes it difficult to attain 15 t he i ntended t hrough-hol e openi ng
mar gi n, whi cdurtvessisl ine patttenne gpabids tfolefedadsiure patalermisndini on of

unwant ed el ectrical short-circuiting between the | ower-side

el ectrode wiqadfigs aharridhehaiaimad ifabrisadahdte v zendecomes @t t he bit

lines. 20 It is therefore an object of the present i nvention
to provide LSRRG %%‘Bﬁni%e‘e’f%’rl%ﬁé;d}ilﬁ‘g Photolidhodd®dnt of further

m ni aturd zed menor cells o%aa t of W ressi Theiforegoing and
ot her o§j ectRF TP IR it ¥ & 52'51 N ea"ﬁ%Ag’ls oPTAFES N in wi 11 becone
nore appareffjcrofabrication or miniaturization of such memory

cells. Another problem faced with the prior art DRAM

device is that as a through-going hole for use in

connecting between the lower-side electrode of an

10 information accumulation capacitive element and the
remaining one of the source and drain of its
associated memory cell select MISFET is inherently
disposed between a bit line and a bit line, partly
fattening the bit lines makes it difficult to attain

15 the intended through-hole opening margin, which leads
to incapability of assuring elimination of unwanted
electrical short-circuiting between the lower-side
electrode within a though-hole and its associative one
of the bit lines.

20 It is therefore an object of the present
invention to provide a specific technique for enabling
achievement of further miniaturized memory cells of a
DRAM.

The foregoing and other objects and inventive

25 features of this invention will become more apparent



-4- in the follow ng description and acconpanyi ng

dr awi ngs. Di scl osure of the Invention: 5 Soire
representative ones of the inventions as di scl osed herein will be
expl ained in brief bel ow (1) A sem conductor integrated circuit

devi ce i ncorporating the principles of the invention is

arranged to a sem conductor integrated circuit device 10 conprising a
plurality of word lines extending in a first direction on a principal
surface of a sem conductive substrate, a plurality of bit |ines
extending in a second direction at right angles to the first

direction, apdtae FolapwihgneeBeyigelibs @hdaactbmpabiRAlgas di sposed at
cross points of said word lines and said bit |Iines, each said nenory

cell includdrgwadngs. serial conbination of a nenory cell selecting M SFET
with a gate electrode as integrally forned with a correspondi ng one
of said word lines and a capacitive 20 el enment for information
accurrul ati on,, wherein said plurality of word lines are arranged to
linearly Discdepurg Pk the £RV&PtdPPéction on the principal surface

O 72 32T SOk BHRELARRE Y Do LIPD Thvenc sonk €40 2 vherel

disclosed herein will be explained in brief below.
(1) A semiconductor integrated circuit device
incorporating the principles of the invention is
arranged to a semiconductor integrated circuit device

10 comprising a plurality of word lines extending in a
first direction on a principal surface of a
semiconductive substrate, a plurality 6f bit lines
extending in a second direction at right angles to the
first direction, and an array of memory cells of a

15 DRAM as disposed at cross points of said word lines
and said bit lines, each said memory cell including a
serial combination of a memory cell selecting MISFET
with a gate electrode as integrally formed with a
corresponding one of said word lines and a capacitive

20 element for information accumulation, wherein said
plurality of word lines are arranged to linearly
extend in the first direction on the principal surface
of said semiconductive substrate with an identical
width, and wherein a distance between adjacent ones of

25 said word lines is less than said width.



25 said word lines is |less than said w dth.

-5- (2) The sem conductor integrated circuit device of
the invention is such that the distance between the adj acent ones of
said gate electrodes is set at a m nimal size as determ nable by a
resolution limt of 5 phot ol i t hogr aphy. (3) The sem conduct or
integrated circuit device of the invention is such that said word

| ines and the gate el ectrode of said nenory cell selecting M SFET as
integrally formed with a corresponding one of said 10 word lines are
conprised of a conductive filmat | east partially including a

metal lic fil e} hergensemicondfcod hinsedt 2oed ucivruintdey bdedLircuit

devi ce of the invention is such that said sem conductive

substrat e hashenineentveon ef$ osuoh t bhahi theedisyanet |bethdeen sthecti ng M SFET
formed therein and being arranged to have an island-1ike pattern

ext endi ng i nr€hecerEPRes of sd e tOrcbeCirRAF i FHEiTRt Zurdace of said
sem conductive substrate whi surrounded by

havi j t i ph .
an el ement iBHFEP? nsjré‘ai?)ﬁ.éee"?%%}‘”l’?g?ie'sﬂf‘geél %‘%‘ﬂ%ﬁ?rbrlﬁ‘l?ﬂteg‘?ét ed

circuit 96Vigﬁoeélitho %ﬁ&Yinvention is such that the elenment isolation
regi on surroundr ng LN ve region is formed of an

(3) The semiconductor integrated circuit device of
the invention is such that said word lines and the
gate electrode of said memory cell selecting MISFET as
integrally formed with a corresponding one of said

10 word lines are comprised of a conductive film at least
partially including a metallic film therein.

(4) The semiconductor integrated circuit device of
the invention is such that said semiconductive
substrate has an active region with said memory cell

15 selecting MISFET formed therein and being arranged to
have an island-like pattern extending in the second
direction on the principal surface of said
semiconductive substrate while having its periphery as
surrounded by an element isolation region.

20 (5) The semiconductor integrated circuit device of
the invention is such that the element isolation
region surrounding said active region is formed of an
element separation groove having a dielectric film
embedded therein as defined in the principal surface

25 of said semiconductive substrate.

-6 -



el ement separation groove having a dielectric film enbedded t herein
as defined in the principal surface 25 of said sem conductive substrate.
- 6- (6) The sem conductor integrated circuit device of
the invention is such that said bit lines are forned overlying said
menory cell selecting M SFET with an insulative filmlaid there

bet ween, wherein a contact 5 hol e for electrical connection between one
of a source and drain of said nmenory cell selecting M SFET and a
correspondi ng one of said bit lines is formed in self- alignment with
the gate el ectrode of said nenory cell selecting M SFET. 10 (7)
The sem condug)t orrhentsegriatoediueitorui intdepatedfcircuit tdewicevertti on i s such
that said information accurrul ati on capacitive elenent is forned to
overlie thesdind emdrimry icelsucde|tdat sp i SEET liines are fouimed ve
filmlaid therebetween, wherein a contact. hole for 15 el ectrical

connecti on SIS N & GchEEIH Y Ke ldofedecting MISTES MifttofBsai d nenory

col | el ect A M SR 910015 g e SE4GE5 oSl R
gate s glacl rade ofe il d e &80 SSlagIng MSERT, 2rcd(8)  The
present T nvention al so provi dés a sem conductor integratéd circuit
device conprdi Mk An of said memory cell selecting MISFET and a
corresponding one of said bit lines is formed in self-
alignment with the gate electrode of said memory cell
selecting MISFET.
10 (7) The semiconductor intégrated circuit device of
the invention is such that said information
accumulation capacitive element is formed to overlie
said memory cell selecting MISFET with an insulative
film laid therebetween, wherein a contact hole for
15 electrical connection between the other of the source
and drain of said memory cell selecting MISFET and one
electrode of said information accumulation capacitive
element is formed in self-alignment with the gate
electrode of said memory cell selecting MISFET.
20 (8) The present invention also provides a
semiconductor integrated circuit device comprising a
plurality of word lines extending in a first direction
on a principal surface of a semicondﬁctive substrate,
a plurality of bit lines extending in a second

25 direction at right angles to the first direction, and



plurality of word lines extending in a first direction on a princi pal

surface of a sem conductive substrate, a plurality of bit |ines
extending in a second 25 direction at right angles to the first
direction, and -7- an
array of DRAM nenory cells as di sposed at i ntersections of said word
| ines and said bit |ines, each said nenory cell including a serial
conbi nati on of a nmenory cell selecting MSFET with a gate 5

el ectrode as integrally fornmed with a correspondi ng one of said word
| ines and a capacitive el enent for i nformati on accunul ati on, wherein

said bit |ingparray of rzghtren edEl I 4 isgewed @it ection on the
princi pal surface of said sem conductive substrate 10 with an identica

wi dt h and whertsrsectdicaisande deeitdveerd linesadjrarexaidomas dfinsmi,d bit |ines
is greater than said wi dt h. (9) The sem conductor integrated

circuit deviexclpfsaid memdry gRldntinnludingich seaxitalt leomeinatieh each sai d
bit 15 line is equal ta or less than a mniml size det erm nabl e

by a resol ut%r? BRI HfCeLL Selrﬁf&lérq CHogTpMAtE @ 9atelo) The

sem conduct or eqrat ed CI device o t he i nvent on is such that
said bit ||ﬁ%g gﬁ odd'ay i1 gra 1y formeé with a correspond

one of said word lines and a capacitive element for
information accumulation, wherein said bit lines
straightly extend in the second direction on the
principal surface of said semiconductive substrate

10 with an identical width and wherein a distance between
adjacent ones of said bit lines is greater than said
width.
(9) The semiconductor integrated circuit device of
the invention is such that the width of each said bit

15 line is equal to or less'than a minimal size
determinable by a resolution limit of
photolithography.
(10) The semiconductor integrated circuit device of
the invention is such that said bit lines are

20 comprised of a conductive film at least partially
containing a metallic film.
(11) The invention further provides.a semiconductor
integrated circuit device comprising a plurality of
word lines extending in a first direction on a

25 principal surface of a semiconductive substrate, a



20 conprised of a conductive filmat |east partially containing a

nmetallic film (11) The invention further provides a sem conduct or
integrated circuit device conprising a plurality of word |ines
extending in a first direction on a 25 princi pal surface of a

sem conductive substrate, a - 8-
plurality of bit lines extending in a second direction at right
angles to the first direction, and an array of DRAM nenory cells as
di sposed at intersections of said word lines and said bit |ines, each
said menory 5 cell including a serial conbination of a nenory cel

sel ecting 54§f§¥éﬂi£9 SrUBL € PiRELTOLERGiINGI ER Al d¥cond dif&EtBRShW th a
correspondi ng one of " said word |Iines and a capacitive elenent for
information agcypyhatapgles to tMBEfer8tadipettienf eghdnami dfrspi d nenory
cell 10 selecting MSFET fornmed therein is arranged to have an

i sl and- | i ke pfit bRAVM memenyli nglls aétiedseposeddatetdtensectionmnof he
princi pal surface of said sem conductive substrate while having its

peri phery assaidrvondelings and saigdebéhehinesol @@¢ns3EQ)iBRNCHher ei n sai d

plurality of 15 _word_lines extend along the first direction on the
princi pa su??é&elﬁ?igﬁ?ﬁgs%n?ﬁﬁhﬂ c??WEg%ﬁB%??a?é a memogwt$p%£ i denti cal

width at a dLéié@Efn8€ﬁ¥§ﬁﬁTa9£€ﬁthgate electrode as integrally

formed with a corresponding one of said word lines and
a capacitive element for information accumulation,
wherein an active region with said memory cell

10 selecting MISFET formed therein is arranged to have an
island-like pattern extending in the second direction
on the principal surface of said semiconductive
substrate while having its periphery as surrounded by
an element isolation region, wherein said plurality of

15 word lines extend along the first direction on the
principal surface of said semiconductive substrate
with an identical width at a distance between adjacent
ones thereof, wherein certain one of said bit lines as
formed overlying said element isolation region with a

20 first insulative film laid therebetween extends in the
second direction on the principal surface of said
semiconductive substrate with an identical width at a
regular distance, and wherein a first contact hole for
electrical connection between one of a source and

25 drain of said memory cell selecting MISFET as formed



ones thereof, wherein certain one of said bit lines as f or med
overlying said elenent isolation region with a 20 first insulative film

| ai d t herebetween extends in the second direction on the principal
surface of said sem conductive substrate with an identical width at a
regul ar distance, and wherein a first contact hole for el ectrical
connection between one of a source and 25 drain of said nenory cel

sel ecting M SFET as forned - 9-

in said active region and its associative one of said bit lines as
formed overlying said el enment isolation region has a dianeter in the

first directipnsgi®adctive regid@nand ite seserthiivedi®nmddidart
t her eof 5 arranged to extend to overlie said elenent isolation

regi on. bif 12indheas eioxmedl uster 1y ivt @ gsatddelement tishehd tceomof t he
invention is such that said first contact hole includes a
poncrystaJII?@i@ﬂIhiﬁnﬁf¢i¢ﬂ%ﬁﬁ¢cﬁﬁmﬁhe]Iﬂrstrﬂ#E#QtlQMmﬂﬁﬁ%F%%jd

pol ycrystalline sjlicon filmis d with a chosen inpurity equal in
conduct i vi t ythan 1niibe ??F?WE&%%Eﬁ%ﬁ%%ﬁmﬁ%ﬁ%u?ﬁ?ﬁ Eﬁﬁ%?%%nnry cel

sel ecti M SFET. he senlc nducto ated circuit device of
15 S hed| naRERIRed £2 AT R hETREFTE AR PSS e fa LM

region.
(12) The semiconductor integrated circuit device of
the invention is such that said first contact hole
includes a polycrystalline silicon film as formed

10 therein, wherein said polycrystalline silicon film is
doped with a chosen impurity equal in conductivity
type to the source and drain of said memory cell
selecting MISFET.
(13) The semiconductor integrated circuit device of

15 the invention is such that the corresponding one of
said bit lines and said one of the source and drain of
said memory cell selecting MISFET are electrically
connected together via a first through-hole as formed
in a second insulative film sandwiched between said

20 bit lines and said first insulative film.
(14) The semiconductor integrated circuit device of
the invention is such that the width of said bit lines
is less than a diameter of said firét through-hole.
(15) The semiconductor integrated circuit device of

25 the invention is such that said first contact hole has

- 10 -



said bit lines and said one of the source and drain of said nmenory

cell selecting MSFET are electrically connected together via a first
t hrough- hol e as forned in a second insulative filmsandw ched between
said 20 bit lines and said first insulative film (14) The

sem conductor integrated circuit device of the invention is such that
the width of said bit |ines is less than a dianeter of said first

t hr ough- hol e. (15) The sem conductor integrated circuit device of 25
the invention is such that said first contact hole has

- 10 - a dianeter in the first direction greater than in
the segofdamiéteEt ioMmhaheiest Phrétoiowfgidetewniiai olthe

consists essentially of a first region extending to overlie said

el ement i sol s¢cond régrent doml, aisecena postion eyf crhascdmraed Hekeat h said
first region to have a diameter in the first direction and a dianeter
in the ceRebIES d@$%@ﬂ'\'—l—ﬁ113dél @ %u%sx%mw%swn eRptBnd Heg D,

wherein said flrst e js formed overlyin y cel

sel ecting M SFER Ple Al d qkgnart, enfittor et 91%@@%&&8%%%” devi ce of
the inventiop is suc tio capacitive
el enent e§1$ f%?%o ov€r££‘§’%‘%§abgnég%l tégl}% Pll{/\ﬂ it raAﬁhés‘g ative film
laid diameter in the first direction and a diameter in the

second direction being substantially equal thereto,
wherein said first region is formed overlying said
memory cell selecting MISFET.

10 (16) The semiconductor integrated circuit device of
the invention is such that said information
accumulation capacitive element is formed over said
bit lines with a third insulative film laid
therebetween and is electrically connected to a

15 remaining one of the source and drain of said memory
cell selecting MISFET via a second through-hole formed
in said third insulative film and a second contact
hole as formed in said first insulative film at a
location underlying said second through-hole.

20 (17) The semiconductor integrated circuit device of
the invention is such that said second contact hole
includes a polycrystalline silicon film being embedded
therein and doped with an impurity équal in
conductivity type to the source and drain of said

25 memory cell selecting MISFET.

- 11 -



t herebetween and is electrically connected to a 15 remai ni ng one of the

source and drain of said nenory cell selecting M SFET via a second

t hr ough- hol e forned in said third insulative filmand a second

cont act hole as formed in said first insulative filmat a

| ocation underlying said second through-hole. 20 (17) The sem conduct or
integrated circuit device of the invention is such that said second

contact hol e i ncludes a polycrystalline silicon film being enbedded

therein and doped with an inpurity equal in conductivity type to the

source and drain of said 25 menory cell selecting M SFET.

(18) The senjr®ndisé ofen bRt €6l Cin€egtateyictraiit deviddied nvention is
such that said second through-hole is di sposed between nei ghbori ng
ones of sai dthetihvemtsion is sanchitshdorseld i sesstd -Bidgrterdioltenersew t h. 5
(19) A semiconductor integrated circuit device of the _present

i nvention codpspesed hetweemyneigheeniyg canes of saiddedt ikidlesli ng a serial
conbi nation of _a, M SFET for nepory cell selection having a source and
drain plus 2and ifEeFBediyafel brattyvirtidheresbdti tive el enent for 10

ot 5ok a0 1O D% LISl SECBELE FEL TS Tadice r YR SO
e comsens) BEeL R SmpentL4f ol EEHh EuBTuA Ry 06 Rl das of
each including a serial combination of a MISFET for
memory cell selection having a source and drain plus
insulated gate electrode and a capacitive element for
10 data storage having first and second electrodes with a
dielectric film laid therebetween; word lines
including first, second and third ones extending in a
first direction on a principal surface of a
semiconductive substrate and each having part used as
15 the gate electrode of its associated memory cell
selecting MISFET; and, bit lines including first and
second ones as disposed adjacent to each other to
extend in a second direction at right angles to the
first direction on the principal surface of the
20 semiconductive substrate, wherein the first to third
word lines are substantially identical in width to one
another, a distance between the first word line and
the second word line neighboring thereto is

substantially equal to a distance between the second

25 word line and the third word line next thereto, the

- 12 -



15 the gate electrode of its associated nenory cell sel ecting

M SFET; and, bit lines including first and second ones as di sposed
adj acent to each other to extend in a second direction at right
angles to the first direction on the principal surface of the 20
sem conductive substrate, wherein the first to third word |ines are
substantially identical in wdth to one anot her, a di stance between
the first word |line and t he second word |ine neighboring thereto is

substantially equal to a distance between the second 25 word |ine and
the third word |ine next thereto, the -

12 - distance is IdHsH am ithd essthar e Msi ind keddngst and
second bit lines are substantially the sane as each other in

wi dt h, whiclbits lgiress edrd substentwiadilly dfhe lsesee l@st each othexesin 5  (20)
The semi conductor integrated circuit device of this invention further
conpri ses awWidtgt, odriductisygreater |thayy Yheowiddd e wdase Bt irst and
second mord Ilnes for connecting the first bit line to either one of
t he OW¥¥®E and drain of the nenory-cell selecting MSFET 10 and a

second ondu | ayer Iald b tmeen t he second nd th|r word |ines
for con ectﬂ%d)tﬁg‘ inte fos‘t%csld:lfru@é:é% erof t he

menory-cel | éﬁi§“¥d4¥htlon further comprises a first conductive

layer provided between the first and second word lines
for connecting the first bit line to either one of the
source and drain of the memory-cell selecting MISFET

10 and a second conductive layer laid between the second
and third word lines for connecting the remaining one
of the source and drain of the memory-cell selecting
MISFET to the first electrode of the data storage
capacitive element, wherein the aforesaid one of the

15 source and drain of the memory-cell selecting MISFET
and the first conductive layer are in self-alignment
with the first word line and the second word line
whereas the remaining one of the source and drain of
the memory-cell selecting MISFET and the second

20 conductive layer are self-aligned with the second word
line and the third word line.
(21) The invention further provides a method for
manufacturing a semiconductor integfated circuit
device comprising a plurality of word lines extending

25 in a first direction on a principal surface of a

- 13 -



M SFET to the first electrode of the data storage capacitive el enent,
wherern the aforesaid one of the 15 source and drain of t-he nenory-cel
sel ecting M SFET and the first conductive layer are in self-alignnment
with the first word line and the second word |ine wher eas the
remai ni ng one of the source and drain of t he menory-cell selecting
M SFET and the second 20 conductive layer are self-aligned with the
second word line and the third word |ine. (21) The invention
further provides a nethod for manuf acturi ng a sem conduct or
integrated circuit _ device conprisin? a ﬁéurality_of word |ines
extendi ng 28emigen@uetive eMPeErabe, on BlpFahitpPL it akiney a
- 13 - . . sem con ugtive substrat g, aﬁggq{alit f bit Iines
ext endi ng i n®XtERALAG HPrR2cEFOMPA AT GREIAMR BT 1T RGeS g%
direction, a I [ S

poy é‘Hé&’tf%nDRﬁ%”EHDHr&g éfsﬁﬁ%ir{lerp?&sc?&:‘féj £

intersections of sard word {ines and sai gach said nenory

cel I includi8gsgosedi a4 intersé@“@?bﬂ@%?%&id%é&?@ﬁi’n&@'Anc?eéﬁfcii ng M SFET
| with a

with a gate electrode as integrally forne _ correspondi ng
one of swid pptdlinees eachasgoPatehdyre cell imdBEI®MgfHrsérfhy mation
accunul ati on, said nethod 10 conprising the steps of: (a)

form ng on tbempinatipal ofuafmemony csalll selecting MISFET with a
gate electrode as integrally formed with a
corresponding one of said word lines and a capacitive
element for information accumulation, said method

10 comprising the steps of:

(a) forming on the principal surface of said
semiconductive substrate of a first conductivity type
an element isolation region and an active region of
island-like pattern having its periphery surrounded by

15 said element isolation region and extending along the
second direction on the principal surface of said
semiconductive substrate;

(b) patterning a first conductive film formed
over the principal surface of said semiconductive

20 substrate to form word lines extending in the first
direction on the principal surface of said
semiconductive substrate to have a distance between
adjacent ones thereof being less than a width of each
said word line; and

25 (c) forming a source and a drain of said memory

- 14 -



sem conductive substrate of a first conductivity type an el enent

I sol ation region and an active region of I sland-1i ke pattern having
its periphery surrounded by 15 said el enent isolation region and
extendi ng al ong the second direction on the principal surface of said
sem conducti ve substrate; (b) patterning a first conductive film
f or med over the principal surface of said sem conductive 20
substrate to formword |ines extending in the first direction on the
princi pal surface of said sem conductive substrate to have a di stance

bet ween adj acent ones thereof being |less than a widfh of each
said word |ifellaselesting MISFQ%)bny?ﬁ?@“%%Lﬁ%éwlatiﬂr%ﬁ ® of said
menory cel

sel ecting M BREIH,CORIPSHEET Y EXP?r&Rﬁ?tSP%ﬁPE%DClPal TFRFE Sduct i vity

type into the pgig %P@$n§ﬁ%{f&§ bstrateSai d seniconductive substrate.
(22) In the sem conductor 1ntegrated circuit device 5 manuf acturing

met hod of tthPEefﬁ“ﬁhé“ﬁéﬁié&ﬁ@uéi@& integSRt & & B pdegevie f abri cat ed
so that the distance of adj acent ones thereof is set at a mnina
si ze 5 Of&stNacebl endymetiesobfittipe predént Ninventiqrhptite t hogr aphy.
gate electrodes are fabricated so that the distance of
adjacent ones thereof is set at a minimal size
determinable by a resolution limit in
photolithography.
10 (23) The semiconductor integrated circuit device
manufacturing method is arranged to include, after
said step (c¢), further process steps of:
(d) forming a first insulative film overlying
said memory cell selecting MISFET and then forming a
15 second insulative film overlying said first insulative
film and being different in etching rate from said
first insulative film;
(e) etching those portions of said second
insulative film overlying the source and drain of said
20 memory cell selecting MISFET under a condition that
the etching rate of said second insulative film with
respect to said first insulative film becomes greater
and then etching said first insulative film overlying
the source and drain of said memory cell selecting

25 MISFET to thereby form a first contact hole overlying

- 15 -~



10 (23) The sem conductor integrated circuit device manuf act uri ng
nmethod is arranged to include, after said step (c), further process
steps of: (d) forming a first insulative filmoverlying

said nmenory cell selecting MSFET and then formng a 15 second

insul ative filmoverlying said first insulative filmand being
different in etching rate fromsaid first insulative film

(e) etching those portions of said second i nsulative filmoverlying
the source and drain of said 20 menory cell selecting M SFET under a
condition that the etching rate of said second insulative filmwth
respect to senhe of rsdid nsmixte vand i dina tre cimese D el Bynment wiarhd t hen
etching said first insulative filmoverlying t he source and drain of
said nenory seid gsatecelegtrade toMiSPET a (didretedy :m)rtrh% firsst contact

hol e overlying
one of said @W%@%&W%ﬁ%l@%’él? %qmmtl%‘%fhe secon‘%al d gate
el ectrode to_ have a dla l%ﬂﬁléﬁ%greater than a

di aneter in $HES %‘é‘b%rhd” pa:a'; r%ﬁt?%‘g \A%Jtlf‘ﬁfpa‘??nto"‘fcrsaﬂ irst contact hole
5  extend ”%{%X‘ﬁ%rg%ﬁx?aﬂ eé?fcﬁ éf&kéﬁ{ O{'scgleagﬂl%h "ﬂ%cjnﬁle whil 1dormng a

second conta ying a remnal rce and drain
in self-alighgBfindVd hsecond contact hole overlying a remaining
one of the source and drain in self-alignment with
said gate electrode and having a diameter in the first
direction substantially the same as its diameter in
10 the second direction;

(f) after having embedded a conductive film in
said first contact hole and said second contact hole,
forming a third insulative film overlying said second
insulative film and then forming a first through-hole

15 in said third insulative film at a portion overlying a
specified region extending to said element isolation
region of said first contact hole; and

(g) patterning a second conductive film as
formed overlying said third insulative film to thereby

20 form bit lines extending along the second direction on
the principal surface of said semiconductive substrate
with an identical width at a distance between adjacent
ones of said bit lines being greater than said width,
and then electrically connecting together said first

25 contact hole and a corresponding one of said bit lines

- 16 -



said gate electrode and having a dianeter in the first

direction

substantially the sane as its dianmeter in 10 the second direction;

(f) after having enbedded a conductive filmin said first contact
hol e and said second contact hole, formng a third insulative film
overlying said second insulative filmand then formng a first
t hrough-hole 15 insaid third insulative filmat a portion overlying a
region of said

specified region extending to said el enent isolation
first contact hole; and

as formed overlying said third insulative filmto thereby 20

bit lines ex{eadsagdarongtt berseeprboller &st fomed in saidhehprd nci pal

surface of said sem conductive substrate with an identical

wi dt h at

di stance bet iwenlatjiveefilm. ones of said bit lines being greater than
said wi dth, and then electrically connecting together said first
contact hol e(2Ad BheofrBipeondn@gobnénbegsatedbrirfuiksdevice

5 bit tine e equal i nsi on

less than a minimal size determinable by a

photolithography resolution limit.

16 - ) viahsgid first t rougﬁ-hol as %
third  PABBFAFFUELPAIAREROA is(5uShihBateRPeoRitthort i fi |
circuit eV|gngl%gFﬁggggﬁg%%gélgg HE;Q%?%%513“§E¥%R%;OBh@g“égth of said

ormed in said

i AEtYr at ed

(25) The semiconductor integrated circuit device

manufacturing method is arranged to include, after

10 said step (g), further steps of:

(h) forming a fourth insulative film overlying

said bit lines and then forming a fifth insulative

film overlying said fourth insulative film at an

etching rate different from that of said fourth

15 insulative film;

(i) after having etched said fifth insulative

film at a portion overlying said second contact hole

under a condition that the etching rate of said fifth

insulative film relative to said fourth insulative

20 film is greater, etching said fourth insulative film

at a portion overlying said second contact hole to

thereby form a second through-hole overlying said

second contact hole in self-alignment with a

corresponding one of said bit lines; and

25 (j) patterning a third conductive film as formed

- 17 -
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(g) patterning a second conductive film
form

a



| ess than a m nimal size determ nable by a phot ol i t hogr aphy

resolution limt.

(25) The sem conductor integrated cistcuit device

manuf acturing nmethod is arranged to include, after 10 said step (9),

further steps of:

(h) forming a fourth insulative filmoverlying

said bit lines and then forming a fifth insulative filmoverlying

said fourth insulative
said fourth 15 i nsu
fifth insulative

under a condition that

filmat an etching rate different fromthat of

ative film (i) after having etched said
filmat a portion overlying said second contact hol e
the etching rate of said fifth insulative film

relative to said gy tdaidsulfadh ilmswQtivid |F01inS t& Giral a Qlowdeirig sai d

fourth insulative film

at a portion overlying said second contact

hole to s idehexladnyt fomtemad. ssec dmdt drimaduighn lealcamaM ertlipinng sai d

second contact hole in

self-alignment with a correspondi ng one of

said bit |imapacitdve®lement a5 )elgshnigadilyy connectedcdedsedidve fil m as

f or med

, o, - 17 -
overlying saSFIMF PHERGH fhfe i3 RAS FGRRE (TORough-hole g e ¢l ectrode
of an information accunul ati on capacitive element as electrically

connected to said

Brief Description of the Drawings:

Fig. 1

is a diagram depicting eguivalent

circuitry of a DRAM device in accordance with

Embodiment 1 of the present invention.

10 Fig. 2

is a diagram schematically showing a plan

view of major part of a memory array of the DRAM in

accordance with the Embodiment 1 of this invention.

- Fig. 3

is a diagram showing an enlarged plan view

of a portion of the Fig. 2.

15 Fig. 4

is a diagram showing a sectional view of a

semiconductor substrate along both line A-A' line and

B-B' of Fig. 3.

Figs. 5 to 7 are each a diagram illustrating, in

cross-section, main part of the semiconductor

20 substrate at a process step in the manufacture of

memory cells of the DRAM of the Embodiment 1 of the

invention.

Fig. 8

is a diagram depicting a plan view of the

main part of the semiconductor substrate at the step

25 during manufacture of the DRAM memory cells of

- 18 -~



second contact hole via said second through-hole. 5 Bri ef

Description of the Draw ngs: Fig. 1 is a diagram-depicting

equi val ent circuitry of a DRAM device in accordance with

Enbodi nent 1 of the present invention. 10 Fig. 2 is a diagram
schematically showi ng a plan view of major part of a nenory array of
the DRAM i n accordance wth the Enbodinent 1 of this invention.

Fig. 3 is a diagram showi ng an enlarged plan view of a portion of the
Fig. 2. 15 Fig. 4 is a diagramshowi ng a sectional view of a

sem conductor substrate along both line A-A" |ine and B-B" of Fig. 3.
Figs. 5 to Emed BRcht a1 dAag e indastist) ng, In cross-section, main

part of the sem conductor 20 substrate at a process step in the
manuf act ure of Figs medmand cH) |arefeddie DRAMfart hbegEndtoidigreint 1 of t he

I nventi on. Fig. 8 is a diagramdepicting a plan view of the
mai n part ofCYeRs-seeftiPRIURR Tt BRstehtEhaitSemcAFrt RS sukAkLake

manuf acture of the DRAM nenory cells of -

18 - at a step dupippdidriniactyye (e the SRAYGmemory cells

5 of Embodiment 1 of the invention.

Fig. 11 is a diagram showing in plan view main
part of the semiconductor substrate at the step during
manufacture of the DRAM memory cells of Embodiment 1
of the invention.

10 Figs. 12 to 14 are each a diagram showing in
cross-section main part of the semiconductor substrate
at a process step during manufacture of the DRAM
memory cells of Embodiment 1 of the invention.

Fig. 15 is a diagram showing, in plan view, main

15 part of the semiconductor substrate at the step during
manufacture of the DRAM memory cells of Embodiment 1
of the invention.

Figs. 16 and 17 are each a diagram showing in
cross-section main part of the semiconductor substrate

20 at a step during manufacture of the DRAM memory cells
of Embodiment 1 of the invention.

Fig. 18 is a diagram depicting, in plan view,
main part of the semiconductor substrate at the step
during manufacture of the DRAM memory cells of

25 Embodiment 1 of the invention.
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Figs. 9 and 10 are each a diagramdepicting in Cross-section main
part of the sem conductor substrate at a step during manufacture of
the DRAM nenory cells 5 of Enbodi ment 1 of the invention.

Fig. 11 is a diagramshowing in plan view main part of the

sem conductor substrate at the step during manuf acture of the DRAM
menory cells of Enbodi nent 1 of the invention. 10 Figs. 12 to
14 are each a diagram showing in cross-section nmain part of the

sem conductor substrate at a process step during nmanufacture of the
DRAM menory cells of Enbodi ment 1 of the invention. Fi g.
15 is a di agram sy neg ig\gﬂdﬂhg&gmmsﬂﬁuihgjfh cidd-gddctitm sem conduct or
substrate at the step during manuf acture of the DRAM nenory cells of
Enbodi nent Imain paxf dhethenvsemiconductor substiEtys.atl® atepl7 are each a
di agram showi ng in cross-section main part of the sem conductor
substrate 2iuring marwi@rire f ke fRRAN merdr elBrAfrenory cel l's

of Enbodinment 1 of the jnvention, ) Fig. 18 is a diagram

depi cting, iHRRESReW ©f the JRYERAQNof the seni conductor substrate at
the sten, —  dyclng Jpnufactyy e ofy te DR P TN SRS fin 2°

part of the semiconductor substrate at the step during

19 -

manufacture of the DRAM memory cell of Embodiment 1 of
the invention.

Figs. 21 to 24 are each a diagram showing in

10 cross-section main part of the semiconductor substrate
at a step during manufacture of the DRAM memory cell
of Embodiment 1 of the invention.

Fig. 25 is a diagram showing a plan view of the
main part of the semiconductor substrate at the step

15 during manufacture of the DRAM memory cell of
Embodiment 1 of the invention.

Figs. 26 to 30 are each a diagram showing in
cross-section main part of the semiconductor substrate
at a step during manufacture of the DRAM memory cell

20 of Embodiment 1 of the invention.

Fig. 31 is a diagram showing a plan view of the
main part of a semiconductor substrate at a step in
the manufacture of a memory cell of a DRAM of
Embodiment 2 of the invention.

25 Fig. 32 is a diagram showing in cross-section

- 20 -



Fig. 19 is a diagramshowi ng in cross-section main part of the

sem conduct or substrate at a step during manufacture of the DRAM
menory cells of Enbodi ment 1 of the invention. 5 Fig. 20 is
a di agram showi ng in plan view nmain part of the sem conduct or
substrate at the step during manuf acture of the DRAM nenory cell of
Enbodi nent 1 of the i nvention. Figs. 21 to 24 are each a
di agram showing in 10 cross-section nain part of the sem conductor
substrate at a step during manufacture of the DRAM nenory cel

of Enbodi ment 1 of the invention. Fig. 25 is a diagramshow ng a
pl an view ofmd e part offaine padmidcdndietGeBusHthicdoratsubstegi e at the step
15 during manufacture of the DRAM nenory cell of Enbodi ment 1 of
the inventi acduring manufacthims.oR6he FRAMmemagh celdi agr am showi ng in
cross-section main part of the sem conductor substrate at a step

duri ng nanuf%thﬁkaﬁttQKPQI#hﬁrﬂﬂﬁﬁ%ﬁ¥9ﬂ4 20 of Enbodinment 1 of the

i nvention. Fig a di agram showi ng a plan view of the

main part of a se"‘rﬁ%on%ﬁc%%ra Taf SeRIG R R prlarged Rlafhnuf act ure

of a me ry ceII odi nent tg]sub tlon 25

Fig. 3217s ?%rﬁa}%&w% pahrtf:roo% E':rij‘)ecstF'TH(l)lnconducto

- 20 - at a step during manufacture of the DRAM memory cell
of Embodiment 2 of the invention.

Figs. 34 to 36 are each a diagram showing in
cross-section main part of the semiconductor substrate

10 at a step during manufacture of the DRAM memory cell
of Embodiment 2 of the invention.

Fig. 37 is a diagram showing plan view of the
main part of the semiconductor substrate at a process
step during manufacture of the DRAM memory cell of

15 Embodiment 3 of the invention.

Figs. 38 to 42 are each a diagram showing in
cross-section main part of the semiconductor substrate
at a process step during manufacture of the DRAM
memory cell of Embodiment 3 of the invention.

20
Best Mode for Carrying Out the Invention:

Several preferred embodiments of the present
invention will be described in detail with reference
to the accompanying drawings below. Note that in the

25 following description, like reference characters are
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main part of the sem conductor substrate at a step during manuf acture
of the DRAM nenory cell of Enbodi nent 2 of the inventi-on.
Fig. 33 is a diagram depicting an enlarged pl an 5 view of the nmain part
of the sem conductor substrate at a step during manufacture of the
DRAM nenory cel | of Enbodi ment 2 of the invention. Fi gs.
34 to 36 are each a diagram showi ng in cross-section main part of the
sem conductor substrate 10 at a step during manufacture of the DRAM
menory cel | of Enbodi ment 2 of the invention. Fig. 37 is a
di agram showi ng plan view of the mai n part of the sem conductor
substrate atusedraceissignate Stidp hadts) ommdnprinent sofwitdhe DRAM nmenory
cell of 15 Enbodi ment 3 of the invention. Figs. 38 to 42 are
each a di agraimslon fupdtionalitigpand ety orepedi it e texgflanadion
sem conductor  substrate |, at a process step during manufacture of the
DRAM ehbY P& 1 ip¥natfsh df e RuLPsTes IRL idRRsHtiYon. 20 Best
Mode for Carrying Oyt the |Invention: Several preferred
enbodi ment's of th@“tb Bt 1) invention will be described in detail with
referen t0. t he, ag Yy | EgesAVY) at inthe 25

Ge rol%.n?l ﬁi%%% %@;ﬂ%ﬁ@lf‘g}lﬁﬁéﬂ

foll ow ng descriptl ence ar act er
- 21 - eguivalent circuitry of a dynamic random access memory

(DRAM) device in accordance with one embodiment of the
present invention. As shown herein, the DRAM chip
includes a memory array (MARY) that is configured from

10 a plurality of memory cells (MC) organized into a
matrix form at those intersections between a plurality
of word lines WL (WLn-1, WLn, WLn+l-) and a plurality
of bit lines BL. A single memory cell for storing
therein a 1-bit information or data is comprised of a

15 serial combination of a capacitive element C for
information accumulation and a metal insulator
semiconductor field effect transistor (MISFET) Qs for
memory cell selection. The memory-cell selecting
MISFET Qs has its source and drain, one of which is

20 electrically connected to the information accumulation
capacitive element C and the other of which is
electrically coupled to a corresponding one of the bit
lines BL. The word lines WL are conhected at certain
ends thereof to a word driver circuit WD whereas the

25 bit lines BL are coupled at their selected ends to

- 22 -



used to designate |ike parts or conponents with simlar

functionalities and any repetitive explanation wll be elimnated for
pur poses of brevity. (Enmbodi nent 1) 5 Fig. 1is a
diagramillustrating el ectrical equi valent circuitry of a dynamc
random access nenory (DRAM device in accordance with one enbodi nent
of the present invention. As shown herein, the DRAM chip

i ncludes a nmenory array (MARY) that is configured from 10 a plurality of
menory cells (MJ) organized into a matrix format those intersections
between a plurality of word lines W (W.n-1, W.n, W.n+1 ) and a
plurality sensefakplikiBescBecuftsi 68 6p€”§_§’@ﬂ‘e$$| bsEocigteqi ng

therein a 1-bit information or data is conprised of a 15 seri al

conbi nati on ehegewapncitive element C for i nformation accunul ati on
and a netal insulator sem conductor field effect transistor (M SFET)
Q& for menoFjgcek| isehediagnamThehapabigatey| despietinggan M SFET

X has its source and drain, one of whichis 20 el ectrically connected
to the infor RBLRBACECEUADI ¥EPBNOL Partcgpabhei PEMRFENRR¥AY and the ot her of
which is elec%ricall cougled t |

lines BL® THBTGEFATEANGE WpeaP magﬂﬁge?g§9;%3§§$?§¥%9 Sgg'ognégetﬁgﬁeof to
f‘hg’i":dsg[ie‘éteé C%hggﬂ:bgé{@pw&ﬁr%‘éwt% pare of! kil nss §}rdaff<ég°!_r'p' ed at
shows at its left-hand portion a cross-sectional view
as taken along line A-A' of Fig. 3 and also shows at
its right-hand portion a sectional view along line B-
10 B' of the same. Note that Fig. 2 and Fig. 3 indicate
only those conductive layers (expect-plate electrodes)
which make up the memory cells while illustration of
any dielectric films between conductive layers and on-
chip leads overlying the memory cells is eliminated
15 therein.
The memory cells of the DRAM are each formed in a
p-type well 2 that is formed on the prihcipal surface
of a semiconductive substrate 1 of p-type
conductivity. The planar size of each memory cell is,
20 for example, 0.46 um x 0.46um. Although not
limitatively, the p-type well 2 with the memory cell
formed therein (memory array) is electrically
separated from the p-~type semiconductor substrate 1 by

an n-type semiconductor region 3 that is formed

25 beneath the well in order to eliminate the influence
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sense anplifier circuits SA operatively associ ated therew t h.

Fig. 2 is a diagram schenmatically depicting an enl arged plan vi ew of
part of the nmenory array 5 integrated on the sem conductor substrate;
Fig. 3is an enlarged plan view of part of Fig. 2; and Fig. 4

shows at its |left-hand portion a cross-sectional view as taken al ong
line A-A" of Fig. 3 and al so shows at its right-hand portion a
sectional view along line B- 10 B' of the same. Note that Fig. 2 and
Fig. 3 indicate only those conductive | ayers (expect plate

el ectrodes) whi ch make up the nmenory cells while illustration of

any dielectrye hblgss bﬂaﬁe@lf@@ﬁaﬁl YSrhéyels @nd Ofher regi&f¥ p | eads
overlying the nenory cells is elimnated 15 t herein. The

menory cel | spef thBes BRAdbAGEcEEENshPEUBELEN1 a(such aP-tyPeex@hpie that is
formed on the principal surface of a sem conductive substrate 1 of
p-type anohdpuot/output Therph shaas spaet o6 f epehipwenal cell is, 20 for
exanple, 0.46 [err]mx 0.46[err]m Al though not limtatively, the
p-type wel | QiwFuhtrheé.nenory cell fornmed therein (nmenory array) is

electrically separ at ed fron1t e senlconductor substrate 1 by
an n-type seni condBBtBFPPEYTORLE 6 ?CESM¥§ FEdRS B a RN THel wel | "in

S A ellnlnagg ghe 'gﬂgHggfetype one which is formed in an

active region L of the p-type well 2. As shown in
Figs. 2 and 3, this active region L is designed to
have an elongate island-like shape that linearly

10 extends along the lateral direction (X direction) in
the drawings, wherein its size in the X direction is
1.16pum whereas the size in up-down direction (Y
direction) is 0.24pm. In case the active region L is
designed into such simple straight line pattern, any

15 hard-to-resolve ultrafine pattern will no longer take
place even when downsizing or miniaturization is done
to the extent that is equivalent to a limit of
resolvability in photolithography techniques, which
makes it possible to achieve good dimension accuracy

20 required. It is noted here that the dimensions of the
active region L and of respective constituent
components of a memory cell as will be discussed later
are mere examples and should not be used for purposes
of limitative interpretation of the present invention.

25 As shown in Fig. 4, an element isolation region
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- 23 - of noises fromcircuitry fornmed in the other

regi ons of the sem conductor substrate 1 (such as for -exanple

an input/output circuit as part of peripheral circuitry). 5

The nenory-cell select MSFET (5 of a menory cell may be an n-channel
type one which is fornmed in an active region L of the p-type well 2.
As shown in Figs. 2 and 3, this active region L is designed to

have an el ongate island-like shape that linearly 10 extends al ong the

| ateral direction (X direction) in the drawi ngs, wherein its size in
the X direction is 1.16[err] mwhereas the size in up-down direction

(Y di regtiOMaisg OcRé[ &e€1ve r8gLaser tEéendLéty ed £MOMaLLY S

designed into such sinple straight line pattern, any 15 har d-t o-resol ve
ul trafine pabfesn &lémeno sepagestiakegroove P awleicly emayties alownsi zi ng or
m niaturization is done to the extent that is equivalent to alimt
of r esohabbdvi gyodve pheof bhéd hoyr bipdyp+eyrpei weks, 2 Wit a makes it
possi bl e to achieve good dinension accurac 20, required.. It is noted
here that the&lyiaehsPdhdeofiimel embed%%@i%%ﬁ?%&ﬁ(ﬂ]ﬂ?eaﬁﬂldﬁombspective

const 1SNt pias ERTRORSHRS: 88, B BHR Y B5bhy PethbheBon 2GRS, 20T
interpretatigg BiaﬁQPiPégsggttﬁgyef{é0@0p surface is substantially
identical in height to the surface of the active
region L—namely the film 4 is flush with active
region L. As the element isolation region comprised
10 of such element separation groove 5 has no sharp edges
known as "bird's beaks" in the semiconductor art at
terminate end portions of the active region, the
effective area of the active region L may be increased
as compared to the same-size element isolation region
15 (field oxide film) as formed by the conventional local
oxidation of silicon (LOCOS) process (selective
oxidation method).
In each active region L, two neighboring memory-
cell select MISFETs Qs are formed and aligned in the X
20 direction with either one of the source and drain
commonly shaped thereby. One memory-cell select
MISFET Qs consists mainly of a gate oxide film 6 and
an insulated gate electrode 7 as well as a pair of n-
type semiconductor regions 8, 8 forming the source and

25 drain thereof.
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25. As shown in Fig. 4, an elenent isolation region

- 24 - surroundi ng the active region L consists
essentially of an el ement separation groove 5, which may be a

shal | ow groove defined in the p-type well 2 with a silicon oxide film
4 enbedded therein. The silicon 5 oxide film4 buried in the el enent
separation groove 5 Is planarized so that its top surface is
substantial ly identical in height to the surface of the active

region L-nanmely the film4 is flush with active region L. As the

el enent isolation region conprised 10 of such el enment separation groove
5 has no sharp edgesshown ikriigs as2~dj rihe deeaksflegtidie semiconduct or art

at term nate end portions of the active region, the effective
area of the theinenorgienll swlede Mmmé'&s%l is formed dorirgral o t he
sanme-si ze el enent isol ation reglon (field oxjide fil as fornmed by

the conventiBhal 3 RR¥respondifg a8 o‘?]f oFheiexbnt ¥1%0M8) YR ocess
(sel ective xi dat i ach ac%gve r%glon L, two

nei ghbori ng %'f‘r%ﬁ‘?o/ stralg n%jg{st P‘Q’e‘%%%’flm SHE‘IIShe@?a 5% Yd %l i gned in

the X t her %éh
commonl y shaped t% é(\té ge1lgd rr%?}o%ﬁélgg s"gl ect %&psﬁ}gél: (i consi sts
mainly of a ﬁﬁ&@hO%ﬁ&k%iméfﬂfkﬁﬁﬁhe or interval retained along the

length thereof. The width of the gate electrode 7
(word line WL), or gate length, is arranged to have a
size (0.24pm, for example) capable of suppressing the

10 so-called short-channel effect of the memory-cell
select MISFET Qs to thereby allow the threshold
voltage to be more than or equal to a prespecified
value. In addition, the distance or interval of two
neighboring gate electrodes 7 (word lines WL) is set

15 designed to be a minimal size determinable by the
photolithography resolution limit (0.22um, for
example), which is shorter than the gate length of the
gate electrode 7 (word line WL). In case the gate
electrode 7 (word line WL) is designed into sﬁch

20 simple straight line pattern, it is possible to
achieve excellent size accuracy even when the distance
thereof is highly miniaturized or shrunk down at the
photolithography resclution limit level.

The gate electrode 7 (word line WL) is

25 constituted for example from a multilayer structure
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an insulated gate electrode 7 as well as a pair of n- type
sem conductor regions 8, 8 formng the source and 25 drain thereof.

- 25 - As shown in Figs. 2-3, the gate electrode 7
of the nenory-cell select MSFET s is forned integrally with a
correspondi ng one of the word lines W to extend straightly
(litnearly) in the Y direction up to 5 the termnate end of the nenory
array with the sane wi dt h and sanme di stance or interval retained

al ong the | ength thereof. The width of the gate el ectrode 7

(word line W), or gate length, is arranged to have a si ze

(0. 24[err] m (polymxaadpl etreapabt g of suppwesss gtiwnety 10 so-cal |l ed
short-channel effect of the nmenory-cell select M SFET s to thereby
al l ow the t hpetnorystallingosihyeon of bmwithtdhapheserquatYP® a
prespecified value. In addition,_ the distance or interval of two

nei ghboring §BPBT&FECEREAEaS 72QToP¥aTPhesPhe§Pharde: (P ) 5l0Pesi gned to be a
el Stze GeLetiLORe BV AMeveo orEIPLER! LASOL BRIV EoskabiRg L1
"% ora B DSk FeSEEIRL LVPLE FLIE Mhlgul Eassebibe g gen, | 1p ol ectr e
it is possibkgskOthe gate electrode 5 (word line WL) is partly
comprised of such low-resistivity metal (W), the
resultant sheet resistivity may be reduced to
approximately 2 Q/0, which in turn enables
10 suppression of any possible word line delay.
Additionally, as such word line delay may be
suppressed without backplating the gate electrode 5
(word line WL) by use of any low-resistivity metal
lead, it becomes possible to reduce by one the
15 requisite number of those lead layers as formed
overlying the memory cells involved.
The gate electrodes 7 (word lines WL) are covered
at their upper portions by a silicon nitride film 9,
wherein another silicon nitride film 10 is formed on
20 the side walls of this silicon nitride film 9 and of
gate electrode 7 (word line WL) and also on the
surface of the element separation groove 5. A double-
layered structure of silicon oxide fiims 11, 12 is

formed to overlie the silicon nitride film 9 that

25 covers the gate electrode 7 (word line WL), the upper
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achi eve excel l ent size accuracy even when the distance thereof is

hi ghly mniaturized or shrunk down at the phot ol i t hogr-aphy resol ution
limt |evel. The gate electrode 7 (word line W) is 25
constituted for exanple froma multilayer structure

- 26 - (pol ynetal structure) of a lowresistivity
polycrystalline silicon filmw th a chosen n-type inpurity such as
for exanpl e phosphorus (P) doped thereinto and a tungsten (W film

i nsul atively stacked 5 thereover with a TiN fil msandw ched between
them In case the gate electrode 5 (word line W) is partly
conprised of rsurh12 oV resich i v tylamdnd zédWin tdech a manmewltigy sheet
resistivity may be reduced to approximately 2 [err]/[err], which in
turn enabl esitdOsurfaperes s$wrs tiniyl by skddaeiowl did i meighet ayith

Addi tionally, as such word line delay may be suppressed w t hout

backpl ati ng rﬁ%Pg%tet%léﬂtQYﬁﬁﬁEi surfagoaxea o YW1§ by use of any

| ow-resistivity, netal it. becones possible to reduce by one the
15 reqU|S|%%m%ﬁﬁﬁﬁﬁcEﬁrt$EE%¢¥%%ﬁ layers as forned overlying the
menory cglls involved at e ele tr word lines W) are
cover ed 5 at %Ee?r % %+°%or¥?%¥%l% fcoﬁ E¥E%e filmo,

wher ei n aHOtQSﬁlébﬁaﬁeeoPifééﬁﬁnéiéﬂ&&ﬁlﬁé ﬁﬁrfﬁéléghrce and drain

of a memory-cell select MISFET Qs, contact holes 13
and 14 are formed which extend through the silicon
oxide films 12, 11 and gate oxide film 6 to reach the

10 n-type semiconductor regions 8. These contact holes
13, 14 are filled with plugs (conductive layers) 15
embedded therein, which are made of low-resistivity
polysilicon film components with a chosen impurity of
n-type conductivity (phosphorus (P), fof example)

15 doped therein.

The contact holes 13, 14 and the plugs
(conductive layers) 15 are formed so that each is
self-aligned with the silicon nitride film 10 against
the gate electrode 7 (word line WL). More

20 specifically, the diameter of each contact hole 13, 14
at the bottom portion thereof in the X direction is
equal in dimension to a distance between the silicon
nitride film 10 on the sidewall of one of two
neighboring gate electrodes 7 (word lines WL) and the

25 silicon nitride film 10 on the sidewall of a remaining
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20 the side walls of this silicon nitride film9 and of gate

el ectrode 7 (word line W) and al so on the surface of the el enent
separation groove 5. A doubl e- | ayered structure of silicon oxide
films 11, 12 is formed to overlie the silicon nitride film9 that 25
covers the gate electrode 7 (word line W), the upper

- 27 - film1l2 of which is planarized in such a manner

t hat its surface is substantially identical in height with

respect to an overall surface area of the sem conductor substrate 1.
5 At a location overlying a pair of n-type sem conduct or

regi ons 8 meiddonrddie, squwr 6@ Fedudirddnthat thef sa1AeBBr nieekhesel ect
M SFET Qs, contact holes 13 and 14 are forned which extend through

the silicon film 10X dehidkmessl2in Khean diatertoddrdedd idtmleadast raeach the 10
n-type sem conductor regions 8. These contact holes 13, 14 are
filled wth spemsf {eohiduetihickngas PHapaple of prewaitda He@adiage which are
made of | owresistivity olysilicon filmconponents with a chosen
i npurity of betweem ¥R MRIUGINALSE Y dpifitUs PVt Shdpl e) 15
0oped LT el dlstacs nates oo FRTEE ) D badle P (P 0
WL), which thickness typically measures 0.05um.
Accordingly, where the interval or pitch of the gate
electrodes 7 (word lines WL) is set at a size
determinable depending upon the photolithography
10 resolution limit (here, 0.22um), the X-directional
diameter at the bottom of each contact hole 13, 14 is
given as 0.12 (= 0.22 - (0.05 x 2)) pm, which is less
than the resolution limit even at its maximal value.
Additionally the along-the-X-direction diameter at the
15 upper part of each contact hole 13, 14 is set at
0.24um, or more or less. In this way, where the
contact holes 13, 14 are each formed in self-alignment
with the gate electrode 7 (word lines WL), it becomes
possible to ensure successful prevention of any
20 electrical shortcircuiting between such contact holes
13, 14 and gate electrodes 7 (word lines WL) even when
the distance of gate electrodes 7 (word lines WL) is
reduced through advanced microfabriéation processes

down at the photolithography resolution limit level.

25 In another word, since the contact holes 13, 14 and
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self-aligned wwth the silicon nitride film 10 agai nst the gate
electrode 7 (word line W). Mre 20 specifically, the dianmeter of each

contact hole 13, 14 at the bottom portion thereof in the X direction
is equal in dinension to a distance between the silicon nitride
film10 on the sidewall of one of two nei ghbori ng gate el ectrodes 7
(word lines W) and the 25 silicon nitride film110 on the sidewall of a
remai ni ng - 28 - one
thereof. It is required that the silicon nitride film210's thickness
in the X direction be at |east a specific filmthickness capabl e of
preventing | theagéugs 15 pebndeatitte phuges(canduehcherbamedsinls within

t he 5 contact holes 13, 14 and gate electrodes 7 (word |ines W),

whi ch th|ckné?éfr9éﬂgamﬁ9tnﬁa§brébGOQGSFeﬁi?ﬂtIOde 7 Pecoddlhnes, where the
a'size %aé{fQFﬁfsnéEgagagseharwaeSpEﬁteiﬁ%n‘?%hi%éﬁ‘éi%e'g'rﬁéﬁ#)méS e
resol ution I ﬁg 0, gZ%erg]ggt me eddbrecé |?neter ?t
the botton1o eac 6%?50? fiol 85135918 ?vﬁﬁs%%uﬁlﬁﬁ (= 0.22
(0,05, ) Aspatrorbhelygel eseapprappihan the fesolution LML cren ot
the 15 upper pahé eéntaeh goDEach, hghech3isldntSosetn@tapove-
noted contact holes 13, 14, has its diameter in the Y
direction that is the same as the size (0.24um) of the
active region L in the Y direction. 1In contrast, the
10 along-the-Y-direction diameter of the remaining
contact hole (a contact hole overlying the n-type
semiconductor region 8 as commonly shared by two
memory-cell select MISFETs Qs) 13 is set at a
preselected value (0.48um, for example) that is
15 greater than the diameter of the active region L in
the Y direction”(0.24um). In other words the contact
hole 13 is designed to have a substantially
rectangular planar pattern wherein the diameter in the
Y direction is greater than the diameter in the X
20 direction (at the upper end portion thereof), part of
which is arranged to go out of the active region L and
extend up to the upper portion of the element
separation groove 5. |

A silicon oxide film 16 is formed overlying the

25 silicon oxide film 12 with the contact holes 13, 14
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0.24[err]m or nore or less. In this way, where the contact holes 13,
14 are each forned in self-alignnment with the gate el ectrode 7 (word
lines W), it becones possi bl e to ensure successful prevention of any
20 electrical shortcircuiting between such contact holes 13, 14 and
gate electrodes 7 (word lines W) even when the di stance of gate

el ectrodes 7 (word lines W) is reduced t hrough advanced

m crof abri cati on processes down at the photolithography resolution
limt level. 25 I n another word, since the contact holes 13, 14 and

29 - the plugs 15 (conductive |l ayers) are each formed in
sel f - al i gnnefitrmed ht béee gaf ef et Eloer pdehd KiordinesneBL are fdAmedt he

di stance between the word |ines can be set to be a _mninal size as
determ ned byvendyiegoluti & sheWn [InyRigss. t2he3 P& St Hagegp By

The contact hole 14, which is_ope of the abov noted contact hol es

13, 14, has PF¢ disheted Pyerheing the e%ﬁm%ﬁﬁlﬁﬁpﬁ?ﬁﬁl?% IHRPEHe as the
Cont rasi - {he Hiba hapage sk it R FErtra SRR HE ii?é! ning |
con a7 ol (ngsptgrt ol ovselplowshogs e omsnipratlor
is set at a of the memory array with the same width and same
intervals kept along the entire lengths thereof. The
pitch of two neighboring bit lines BL is the same as
the memory cell size (0.46um) in the X direction.
10 The bit lines BL are such that the distance or
interval therebetween is longer than the width thereof
in order to maximally reduce any inherent parasitic or
stray capacitance that will possibly be formed between
adjacent ones of the bit lines BL to thereby improve
15 information reading/writing speeds. In other words,
letting the bit lines BL decrease in width for
widening the distance between neighboring bit lines BL
makes it possible to reduce any possible parasitic
capacitance. The distance of bit lines BL is
20 typically set at 0.32um. In this case the width of
each bit line BL is at 0.l4um (= 0.46 - 0.32), which
is less than the minimum size determinable by the
photolithography resolution limit value. Where the
bit lines BL are designed into such simple linear

25 pattern, it is possible to attain good size accuracy
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preselected value (0.48[err]m for exanple) that is 15 greater than the
di aneter of the active region L in the Y direction (0.24[err]m. In
ot her words the contact hole 13 is designed to have a substantially
rectangul ar planar pattern wherein the dianeter in the Y direction is
greater than the diameter in the X 20 direction (at the upper end
portion thereof), part of which is arranged to go out of the active
region L and extend up to the upper portion of the el ement _
separation groove 5. A silicon oxide film16 is fornmed overlying

il i il h . hol 13, 14
fhgo ?5 o' ebER"N éhdghél%géﬁéd%%%ﬁ?é el&?ﬁ%&“%? O?ﬁ: bit lines BL are
(Ormed L oURCRYLDGCLE oASSIRYEC PEi g5 213 AbE big Tines B are
PhoVEE

di sposed ovel y1 ng enen Sépara |on 0 in a manner such

that they eXEegglﬁfei@hgm}nyt 18vel (! ifipaydd: %tld}ltﬁeeeéﬂgr Gfd on up to the

ternmnate end he menory array Wt sanme W-dth and same
i nterval s kepgisshnog 6heb£ﬂtliﬁeéeﬂﬂtbé &heseet . tHA® the widthch of two

nei ghboring bit lines BL is the sane as the nenory cell size
(0. 46[erd] m tharehé MakeseltipmssiliDe, even wWhen bilie nassrBlcel® such that
t he di stance or i nterval therebetween is |onger than the width
t her eof size is shrunk, to reserve the required opening margin
of through-going holes (those through-holes each
connecting between an information accumulation
capacitive element C and its associated contact hole

10 14) 21 each disposed at an intersection between a bit
line BL and its associative gate electrode 7 as will
be described later.

The bit lines BL are each constituted from a
multilayer structure of a TiN film and an overlying W

15 film laminated over each other. In case part of bit
line BL is made of a certain low-resistivity metal
(W), its resultant sheet resistivity may be reduced
down at about 2Q/[] thereby enabling information
reading and writing to be performed at high speeds.

20 In addition, as those on-chip leads of peripheral
circuitry of the DRAM are manufacturable
simultaneously at a process step of fabricating the
bit lines BL, it is possible to simplify the
manufacturing processes of such DRAM. Further, in

25 case the bit lines BL are comprised of specific
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in order to maxi mally reduce any inherent parasitic or stray
capacitance that will possibly be fornmed between adj acent ones of the
bit lines BL to thereby inprove 15 i nformation readi ng/witing speeds.

I n” ot her words, letting the bit lines BL decrease in width for

wi deni ng the di stance between nei ghboring bit |ines BL makes it
possible to reduce any possible parasitic capaci tance. The di stance
of bit lines BL is 20 typically set at 0.32[err]m In this case the

wi dt h of each bit line BL is at 0.14[err]m (= 0.46 - 0.32), which

is less than the m ni mum si ze determ nabl e by the phot ol i t hogr aphy
resol ution Imﬂterialae(WV%@iE)thé greateb elerheg-Bignatldesi gned into such

sinple linear 25 attern, g055|ble to attain good size accuracy
- 31 - durability, lEvéﬁ Rﬁéﬁl he WPdrRdvperebe F%t?eﬂﬁc%ﬂe%y

i fabri . d h h h | | | .
' addi i on. CREPPERGIPRECES ePeh; ShancBehEEbiriringctEE WibReater than ¢ he
wath 5 thergol welkigs bi 80581 Phes RYERMCCLDP FEDEYAcEL! si ze

i s shrunk, to reserve e required opening rough- goi ng
hol es (tﬁosetharﬁHSBth£ﬁ§g§§ﬁH resolﬁ@ﬂBﬁCiiﬂﬂtbfé%@f” an information

accunul ati on capacitive elenent C and its associated contact hole 10
14) 21 each di sposhd BitabiheseBseateoarbehye@nsa bhat each is

electrically connected to the plug (conductive layer )
15 within said contact hole 13 via a through-hole 17
as formed in the silicon oxide film 16 and is further

10 electrically coupled through this plug (conductive
layer) 15 to the n-type semiconductor region 8 (one of
the source and drain) as commonly shared by two
memory-cell select MISFETs Qs. The through-hole 17
for use in connecting between such bit line BL and its

15 associated plug (conductive layer) 15 within the
contact hole 13 is formed immediately beneath the bit
line BL as disposed overlying the element separation
groove 5 and is designed to have a diameter that is
greater than the width of bit line BL. In this way,

20 letting the Y-directional diameter of the contact hole
13 be greater than its X-directional diameter while at
the same time causing part of it to extend up to a
location overlying the element separation groove 5 may
ensure successful electrical connection between the

25 bit line BL and the n-type semiconductor region 8
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line BL and its associative gate electrode 7 as wll be descri bed

| ater. - The bit lines BL are each constituted from.a .

mul tilayer structure of a TiN filmand an overlying W 15 filmlam nated
over each other. In case part of bit line BL is nade of a certain

| ow-resistivity netal (W, its resultant sheet resistivity may be
reduced down at about 2[err]/[err] thereby enabling information
reading and witing to be performed at hi gh speeds. - 20 In addition, as
t hose on-chip | eads of peripheral circuitry of the DRAM are

manuf act ur abl e si mul taneously at a process step of fabricating the
bit |ines BLYithoud hevding &or desiigme pypthge to parpdadiscLattesy processes

' . [ ' L conpri sed of
of such DRAN%hEP%&%%r’o&nbi%Slin%a%E %% it lines BL are nph

specific et 4% extend up to the
i i_N). _af t QM ti biL it it is
possi bl e to 1sA g eany o he st I 3By, & g b Bagehbier

m ni aturi zi ng t k@ eMadthvef region Lhenbithe! HASEBLoHOWR Fﬂta}%@i mal | evel
at or near 5 t he photolithography resolution imt [evel.
The bit bBine®IBL are arranged so that each is el ectrically connected
to the plug (conductive |ayer ) 15 within said contact hole 13 via a
t hrough-hol e 17 Silicon oxide films 18, 19 are provided to
overlie the bit lines BL; further, a silicon nitride
film 20 is formed overlying such films. The silicon
oxide film 19 is planarized to ensure that its surface
10 is kept substantially identical in height over the
entire area of the semiconductor substrate 1. Formed
over the silicon nitride film 20 is the information
accumulation capacitive element C. The information
accumulation capacitive element C is formed of a
15 lamination, called a stacked structure in the art to
which the invention pertains, of a lower-side
electrode (accumulation electrode) 22 and an
intermediate capacitor dielectric film 23 plus an
upper-side electrode (plate electrode) 24 in this
20 order of sequence as looking at from the lowest layer.
The lower electrode 22 and upper electrode 24 are each
made of a low-resistivity polysilicon film with a
chosen impurity—phosphorus (P) for example—doped

thereinto whereas the capacitor dielectric film 23 is

25 of an insulative film with high resistivity such as
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as forned in the silicon oxide film16 and is further 10 electrically

coupl ed through this plug (conductive | ayer) 15 to the-n-type

sem conductor region 8 (one of t he source and drain) as commonly
shared by two menory-cell select M SFETs Q. The through-hole 17

for use in connecting between such bit line BL and its 15 associ ated
pl ug (conductive layer) 15 within the contact hole 13 is forned

i mredi ately beneath the bit | ine BL as di sposed overlying the el enent
separation groove 5 and is designed to have a dianeter that is

greater than the width of bit Iine BL. In this way, 20 letting the
Y- di r ect i onalta@tatefe P¥3e Kd2ePmt &3t W ©f exampl®.pe greater than its

X-directional diagPte whi |.e %t the sane time_causing part of it to

extend up to a s Sﬁ8¥§t38n §98r1 ¥y ?H@ g%@ﬁEnFl§€ﬁ5P§?i§ﬁ §foove 5 may
l; iscal ' b .h 5 it Li BL and

?EZUL?t;ggcggﬁ%géﬁgh?@%&hgggFggﬂ@ﬁﬁgkqgn eLPRER 408 efmenl' £ LN€ i gg i

Wi t hout havi a@stigné@sien@adet Bar eh8nBakk phk¥ ekt tRAL l'neaEE? wi dth of bit
line BL and let it extend up to the | ocat 1 on overﬁylng he active
regi on L5or eatkakd parthe X digkcthenaeshbwa hagtBe Brkfihhs,direction of

bit line 5 BL. Silicon oxide filnms 18, 19 are provided to
overlie the bherkinestBhpatureben, 7aumi LhcotzBi ihi €Be X direction
and 0.31um in Y direction. Additionally a distance
between neighboring lower electrodes 22 is 0.15um in
both the X direction and Y direction. In case the
10 lower electrode 22 is arranged to have such simple
straight line pattern, any resolution-difficult
ultrafine patterns will no longer take place even when
the distance is reduced down to the photolithography
resolution limit level, which in turn makes it
15 possible to attain good size accuracy required.

The lower electrode 22 of the information
accumulation capacitive element C is electrically
connected to the plug (conductive layer) 15 residing
within said contact hole 14 via a through-hole 21 as

20 formed to penetrate the silicon nitride film 20 and
silicon oxide films 19, 18 plus the underlying silicon
oxide film 16 and is further electrically coupled via
this plug (conductive layer) 15 to the remaining one
of the source and drain of the memory-cell select

25 MISFET Qs. As the through-hole 21 for use in
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film20 is formed overlying such filns. The silicon oxide film19 is

pl anarized to ensure that its surface 10 I s kept substantially identical
i n height over the entire area of the sem conductor substrate 1.

For med over the silicon nitride film20 is the information
accurnul ati on capacitive elenent C. The information accurul ati on
capacitive elenent Cis fornmed of a 15 | am nation, called a stacked
structure in the art to whi ch the invention pertains, of a | ower-side
el ectrode (accurnul ati on el ectrode) 22 and an I nt ermedi at e capacitor
dielectric film23 plus an upper-side el ectrode (plate el ectrode) 24
in this 20 coondeting tegether hhel| bokengehectrodethz andethel ayer.

The | ower el ectrode 22 and up f el ectrode 24 are each made of a
IOMfreS|stlvpﬂygpr9§¢PF§6ﬁef RYieHN t hoawithin eheseantaghirhede phbsphor us
(P) for exa

23 s 25 B WALARGEEPPVECFFI oy BiEh hﬁéﬁﬁ‘fe%ﬁt PRt Rt f: o
S oun i Bg2ex. sheppsbintabumbaxtde (Tabert] len dizhigayool exanl e

é [ ower nformati on
accunul agi 0”2§aE§CaEt¥§m§h§H‘}8tb§3 t8e distafesi gpedit o hawe B, el ongate

pattern that linearly extends in the X direction shown in the
draw ngs, Where the blt lines BL are designed so that each

linearly extends in the X direction with the same
width and same interval retained along the overall
length thereof in the way stated supra, it becomes

10 possible to ensure elimination or preclusion of any
unwanted electrical shorting between the lower
electrode 22 within the through-hole 21 and its
associated bit line(s) BL due to the fact that the
required opening margin of such through-hole 21 is

15 obtainable even when the memory cell size is shrunk.

Although not specifically depicted in the

drawings, an interlayer dielectric film is formed
overlying the information accumulation capacitive
element C while letting one or a couple of metal leads

20 be formed to overlie such interlayer dielectric film.

An explanation will next be given of one

exemplary manufacturing method of the memory cells
arranged as discussed above with reference to Fig. 5
through Fig. 30 in the order of process steps. Note

25 that ion implantation conditions and those values as
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wherein it nmeasures O.77[err]min size in the X direction and
0.31[err]min Y direction. Additionally a distance bet-ween

nei ghboring | ower electrodes 22 is 0.15[err]min both the X direction
and Y direction. In case the 10 | ower el ectrode 22 is arranged to have
such sinple straight line pattern, any resolution-difficult

ultrafine patterns will no | onger take place even when t he di stance
is reduced down to the photolithography resolution limt |evel, which
in turn makes it 15 possible to attain good size accuracy required.

The | ower el ectrode 22 of the information accumnul ati on capacitive

el ement C i stel bhermeah| pyocessingohpmperdtenes hinpthg febkewrdve |ayer) 15
resi di ng within said contact hole 14 via a throwgh hole 21 as 20
formed to peR¥P+aRatife 3¢ BYRSFYRTRLEF | #R¢ JBhuF gshould %QFI%%H oxi de
films 19, 18 glgs t he underlging fillf detf%. d is further
el ectrical | y2e8dpf R RYEPOSes Of plimy ﬁle%ohﬁE%{Pﬁ% ¥ §%9)055 % the

remai ni ng On%gv?ﬂtl?ﬁfaéhﬁ %gréggﬁaggddéfégmga Loe.pgnory-cell select 25

M SFET (s. roug use 1 n
-3 - 5. Firstly, CRONER&VAOihogeghes , thesépiesn@h@eivode 22 and the
pl ug (conductive layer) 15 within the contact hole 14 is laid out

bet ween a bi substeaBt andf apotdedudtivitpetype is Bbrepaxted heibtlo, the
openi ng area of such through-hole

is subjected to thermal processing to form a silicon
oxide film 30 on the surface thereof; thereafter, a
silicon nitride film 31 is deposited by chemical vapor

10 deposition (CVD) techniques on the silicon oxide film
30. Then, form on the silicon nitride film 31 a
photoresist film 32 covering an active region and
having more than one opening defined therein as an
element isolation region, which photoresist film 32 is

15 used as a mask to pattern the silicon nitride film 31.

Next, after having removed away the photoresist

film 32, etch the silicon oxide film 30 and
semiconductor substrate 1 with the silicon nitride
film 31 being as a mask therefor, thereby forming a

20 groove 5a in the semiconductor substrate 1 to a depth
of approximately 300 to 400 nanometers (nm) as shown
in Fig. 6.

Next, as shown in Figs. 7 and 8, a silicon oxide

film 4 is deposited by CVD techniques on the

25 semiconductor substrate 1 and is then subject to
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5 21 is determ nable by the distance of bit |ines BL. _ VWhere the bit
| ines BL are designed so that each linearly extends in.the X
direction with the sane wi dth and same interval retained along the
overal | | ength thereof in the way stated supra, it becones 10
possible to ensure elimnation or preclusion of any unwant ed

el ectrical shorting between the | ower el ectrode 22 within the

t hrough-hole 21 and its associ ated bit line(s) BL due to the fact
that the requi red opening margin of such through-hole 21 is 15

obt ai nabl e even when the nepory cell size is shrunk. Al t hough
not specifi chAPPYMALpPEPEASFANGhEOT densifiqprhigen hdinhesinayeatdael ectric

filmis fornmed overlying the information accunul ati on capacitive
el enent C whiFEPPEREPRE BheaBPuh éoHBPé:'oftff%ﬁ%ﬁf’Q@“ads}lsezdmO‘m formed to

e be e nehBheth 2YRECALRLERT bG1 hha  (cup), pecnAfasal 202100 W |

next be given o nptary ®°the nmenory

cells abfaagegragoﬂwﬁugﬁ@s' 2boygo 6J31&§1|‘\g£ﬁ90§5&191f g. 5

through Fig. 30 in the order of process steps i on
i npl ant abi onatbodihgOotheagtodi@SBaVvebUeés88e inside of it, thereby

- 36 - to thermal processing tenperatures I n the
following forméxpl anaelement eseparatkanpyesowads timd sdwoivel not be
region L.
After having effectuated wet etching using hot
phosphoric acid for removal of any residual components
10 of the silicon nitride film 31 on the semiconductor
substrate 1 in the active region L, form in the
semiconductor substrate 1 an n-type semiconductor
region 3 as shown in Fig. 9; subsequently, fabricate a
p-type well 2 at a shallow portion of this n-type
15 semiconductor region 3. The n-type semiconductor
region 3 is manufacturable in a way which follows: The
semiconductor substrate 1 is doped with a chosen
impurity, such as phosphorus (P), by ion implantation
techniques at a dose of approximately 1 x 10 atoms
20 per square centimeter (cm®’) with an acceleration
energy of 500 to 1,000 kilo-electronvolts (KeV);
thereafter, the resultant structure is then subject to
thermal processing for activation at a temperature of
about 1,000°C. The n-type semiconductor region 3 is

25 continuously formed at a level beneath a plurality of
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used for purposes of limtative interpretation of the I nvention as

di scl osed and cl ai ned herein. 5 Firstly, as shown in Fig. 5, a

sem conducti ve substrate 1 of p conductivity type is prepared which
i's subjected to thermal processing to forma silicon oxide film 30 on
the surface thereof; thereafter, a silicon nitride film31 is
deposited by chem cal vapor 10 deposition (CVD) techniques on the
silicon oxide film 30. Then, formon the silicon nitride film31l a
photoresist film 32 covering an active region and havi ng nore than
one opening defined therein as an el enent isolation region, which
phot or esi st MeMAry2 ced1st5 Inygdditison, nthbk petppeteehltPeisilicon nitride
film31. . __Next,, after having renoved away the photoresi st

film32, etcHa3FdHUGLIHR SxMAY FUch 3hain@ specifdenilBenddsvor substrate 1
with the siligc nitride . film 31 bei.ng as mask .t herefor, thereby
fornming a 2 eg%br5858“54Bﬁﬁ_?ﬁed?@ﬁ%c&ﬁd&@%oﬂmg BRLREEENL to a depth

of approxi m 0 ; one! . . ig FLg. 6.
Next, as sho&ﬁk%ﬁﬁ"S%.Iéqgng%%,%gkgﬁ%i%%ﬁhggigégggg reﬁﬁPﬁlg Ft 8eposi t ed

gﬁbfgglt?ghnﬁﬁ%%SOQna%B%t 35 x I@Q”EQQHQVQﬁPrwfygiéﬁa&é%éiéggkignthen
thermal proceseingy bdr 20@nsicf Boat Kew ;( $heher ithe) ddped boron (B)
impurity is activated through thermal processing at a
temperature of about 950°C. When this is done,
simultaneously perform ion implantation of an impurity
10 (typically, boron fluoride or BF,) for adjustment of
the threshold voltage of a memory-cell select MISFET
Qs at a dose of about 2 x 10* /em? with an
acceleration energy of 40 KeV or therearound.
As shown in Figs. 10-11, after having removed by
15 wet cleaning techniques any residual components of the
silicon oxide film 30 on the surface of the active
region L, fabricate on the surface of the p-type well
2 of the active region L a gate oxide film 6 of the
memory-cell select MISFET Qs; then further form
20 thereon a gate electrode 7 (word line WL). The gate
oxide film 6 is formed through wet oxidation of the
surface of the p-type well 2 at a temperature ranging
from 800 to 900°C. The gate electrode 7 (word line

WL) may be formed by a method that includes the steps

25 of depositing by CVD techniques a phosphorus (P)-doped
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tenperature of about 1,000C, thereafter, use known

chem cal - nechani cal polishing (CW) techniques to abrade or polish
this silicon oxide film4 while 5 al l owi ng the groove 5a to reside
inside of it, thereby form ng an el ement separation groove 5 and
active regi on L. After having effectuated wet etching
usi ng hot phosphoric acid for renoval of any residual conponents 10
of the silicon nitride film31 on the sem conduct or substrate 1 in
the active region L, formin the sem conductor substrate 1 an n-type
sem conduct or region 3 as shown in Fig. 9; subsequently, fabricate a
p-type wel |l gobysdl sdeh| DIMPOI3 i om ohie t demidotdpetod Ssubsaratomuct or
region 3. The n-type sem conduct or region 3 is manufacturable in a
way whi ch fodiépmsitil'ﬂn@ thereon eari ToMdiitior34 vbred rat£ilmi 35 doped with a
chosen urity, such as phosphorus (P), by ion inplantation

t echni ques aﬁpﬁ H%één%ft%ﬁﬁﬂ%ﬂﬁﬁ%xegquh%rlﬁﬁEﬁﬁ}t%ﬁﬁnﬁ$e§§Pn er square

centineter (c erati nergy of 500 to 1,000
kil o- electroﬁnLF?%A(@%Rﬁlde film t e?%a?Y%rte?WRQQQEﬁMt structure is then

subj ect 40 cherel PELIa P OGRS NG OL RELAYULONGE & Lpmprature of

about 1,000[ err e se conduc conti nuously
formed at a £§¥§£mgﬁﬂe@i@haap&H&@éfé§l§E film used as a mask

% therefor. As previously stated, the gate electrode 7
(word line WL) is formed so that it extends like a
straight line segment in the Y direction up to the

10 terminate end of a memory array while maintaining an
identical width (0.24pm) and equal interval (0.22um)
along the length thereof.

Next, as shown in Fig. 12, after completion of
fabrication of n-type semiconductor regions 8 (source,

15 drain) in the p-type well 2 of the active region L to
thereby form the memory-cell selecting MISFET Qs, use
CVD techniques to deposit on this memory-cell select
MISFET Qs a silicon nitride film 10 and two silicon
oxide films 11, 12. The n-type semiconductor regions

20 8 may be formed by a method including the steps of
doping by ion implantation a phosphorus (P) impurity
into the p-type well at a dose of approximately 1 x
10* atoms/cm’ with an acceleration ehergy of about

30KeV, and thereafter applying thermal processing

25 thereto at a temperature of about 900°C for activation
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menory cells. In addition, the p-type well 2 is fabricated in a way

such that a specific inpurity- here, boron (B)-is doped by ion

i npl antati on techniques into the n-type sem conductor region 3 at a

5 dose of about 1 x 10[err] atoms/cnferr] with an accel eration

energy of 200 to 300 KeV; then, the doped boron (B) inpurity is
activated through thermal processing at a t enperature of about
950[err] C. Wien this is done, si mul t aneously performion inplantation
of an inmpurity 10 (typically, boron fluoride or BFferr]) for adjustnent
of the threshold voltage of a nenory-cell select M SFET & at a
dose of abouef2tkelphesphoreaf &P)] impuhitin doped. ache erveadlyingner gy of 40
KeV or therearound. As shown in Figs. 10-11, after having

removed by iSllcﬁétoﬁFﬁﬁnfhﬁmt%%hﬁ?qEéénéﬁyz?@s?ﬂu%PSBB%th%ﬁt%t%f t he

silicon OXIde f | m 30_on. t?u ggrfa& g e, acg Ve o ion

fabricate on Fﬁ aGHr FRcEIEFIR ¥ lﬁ% | 10 helig le?%e %R?%% region L

a gate oxide film6eRfsitbe, rea of”@ﬂg %eﬁ§é$ §ELE Qﬁé§$?-{§ ;1 then further
ﬁ ). e gat

form 20 ereon a gate e ectrode mord I ne oxi de

filmé6 is formed ﬁ@k@ugﬂsmﬁﬁoﬁﬁlﬂﬁtFQQ of3t hetching Srdcse ﬁ&tﬁh@ p-type
well 2 at a tenperature ranging from 800 to %OO[err]C. The gate

el ectrode 7 puwbtdrhédephotoreditmaylhesboused Hy a maékotb thatovercl udes
the steps 25 of depositing by CVD techni ques a phosphorus (P)-doped
- 39 - selected portions of silicon oxide films 12, 11 which
overlie the n-type semiconductor regions 8 (source and
drain) of each memory-cell select MISFET Qs. This
10 etching process is performed under the condition that
the etching rate of silicon oxide films 12, 11 with
respect to the silicon nitride 10 becomes greater
while preventing unwanted removal of the silicon
nitride f£ilm 10 overlying the n-type semiconductor
15 regions 8 and element separation groove 5.
Next, as shown in Figs. 14-15, etching is done
with the photoresist film 36 as a mask to remove away
selected portions of the silicon nitride film 10 and
gate oxide film 6 overlying the n-type semiconductor
20 regions 8 of memory-cell select MISFET Qs to thereby
fabricate a contact hole 13 at a location overlying
one of the source and drain and also a contact hole 14
overlying the other of them. As previously discussed,

the contact hole 13 is formed into a pattern of

25 substantially rectangular shape with a diameter in the
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polysilicon film33 on the sem conductor substrate 1, depositing
thereon a TiNfilm34 and Wfilm 35 by sputtering techniques, further
depositing thereon a silicon nitride film9 by CVD techni ques, and

5  thereafter patterning these filns through etching treatment with
a photoresist filmused as a mask therefor. As previously stated, the
gate el ectrode 7 (word Iine W) is formed so that it extends like a
straight line segnent in the Y direction up to the 10 term nate end of a
menory array while maintaining an identical wdth (0.24[err]m and
equal interval (0.22[err]m al ong the length thereof.

Next, as showndiredton lgredfdertonptiedt oin ofhe x difedigmti on of n-type
sem conductor regions 8 (source, 15 drain) in the p-type well 2 of the
active regi owhéré¢as the comeactbyhdbe nli4 his nbormed ced |hawed ecti ng M SFET (s,
use CVD techniques to deposit on this nenory-cell select M SFET
Qs a siliconpattermewith i drrmeb@r sipjtthm Y diregidee gimagt 11, 12. The
n-type sem conduct or regions be fornmed by a method i ncl udi ng

20 8
the steps ofedual tQohhdl Wy ?Qﬁ1¥rﬁﬁégg"?%n TP SIFEARY EB) inpurity
into th -t | t d f. i nat el 10
at ons! orf or 11047 (FRIRE ARe I T ot brerey 1 asthing rateday b
thereaf t er a?i?g#%&? ADEER PLORCES P alBve {OEE A & 1fMErature of

about 900[err activation - 40 -
oxide film (gate oxide film 6 and silicon oxide film 4

within the element separation groove 5) becomes
greater while eliminating deep cutaway of the n-type

10 semiconductor regions 8 and element separation groove
5. This etching is also designed so that the silicon
nitride film 10 is anisotropically etched causing a
portion of silicon nitride film 10 to reside on the
sidewall of a gate electrode 7 (word line WL).

15 Through such etching treatment the contact holes 13,
14 are formed in self-alignment with the silicon
nitride film 10 on the sidewall of gate electrode 7
(word line WL). This formation of such contact holes
13, 14 as self-aligned with silicon nitride f£ilm 10

20 may alternatively be carried out by a method including
the steps of anisotropically etching in advance the
silicon nitride film 10 and then forming a sidewall
spacer on the sidewall of gate electrode 7 (word line
WL).

25 Next, after having removed the photoresist film
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of the phosphorus (P) inpurity doped. The overlying ~silicon oxide
film1l2 is planarized to ensure that its surface is virtually
identical in height with respect to the entire area of the _ _
sem conduct or substrate 1. 5 Next, as shown in Fig. 13, etching is
done with a patterned photoresist film 36 used as a nask to renove
sel ected portions of silicon oxide filnms 12, 11 which overlie the
n-type sem conductor regions 8 (source and drai n) of each nenory-cel
select MSFET . This 10 etching process is perforned under the
condition that the etching rate of silicon oxide films 12, 11 with
respect to t R sifigr@oPlyigsr i(¢enERPdyemssygreadt 45 withinwtthiee preventing

unwant ed renoval of the silicon nitride film 10 overlying the n-type
seni conduct ofONRCT &@§F§n§38 did 38 Show d&p&dgt-i 3/ -gr Beeeesplugs

Next, as sho in Figs. 14-15  etching i s _dane wi th the photoresi st
iy W%ﬁ@% c5%§g @gegﬁdyﬁ% are g@P@%F&&“ﬁBP@Foﬁg of the silicon

film36 as a

nitride filnﬁ%&%%qungfgng% eg?ihg%ﬂf%&qh?|gﬁgﬁéékn%lthe n-type

sem conduct or nenory-ce SFET s to thereby

fabricatg a gl shahe ih2 813 dopcatinanwasr by Rltype imPRSief, the source
and drain an%ﬁglso a contact hole 14 overlylngyphe other Of them As

previously di(forsezdmple, phblghoenisaq)hokdeptd thekefifedyi Gk@ng pattern of
25 substantially rectangul ar shape with a dianmeter in the
- 41 - CVD methods and thereafter applying chemical-
mechanical polishing processing to this polysilicon
film thereby letting portions thereof reside inside of
10 the contact holes 13, 14. During later thermal
processing at high temperatures, the n-type impurity
doped in the polysilicon films constituting the plugs
(conductive layers) 15 behaves to outdiffuse from the
bottom portions of the contact holes 13, 14 into the
15 n-type semiconductor regions 8 (source, drain) thereby
lowering the electrical resistivity of such n-type
semiconductor regions 8.
Next, as shown in Figs. 17-18, use CVD methods to
deposit on the silicon oxide film 12 a silicon oxide
20 film 16; thereafter, etch the silicon oxide film 16
with a patterned photoresist film 37 used as a mask to
thereby form a through-going hole 17 overlying the
contact hole 13. As previously stated, the through-

hole 17 is formed at a location that overlies the

25 element separation groove 5 and is out of the active
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Y direction greater than that in the X direction wher eas the contact
hole 14 is formed to have a pattern with its dianeter i-n the Y

di rection al nost equal to that in the X direction. This etching is

5 done under the condition that the etching rate of silicon nitride
film10 relative to certain silicon oxide film(gate oxide film®6 and
silicon oxide film4 within the el enent separation groove 5) becones
greater while elimnating deep cutaway of the n-type 10 sem conduct or
regions 8 and el enment separation groove 5. This etching is al so
designed so that the silicon nitride film10 is anisotropically

et ched causi #ggdon L. @ptionaldby aiplegncomprisiedfof na Ifordusesigle on the
sidewal | of a gate electrode 7 (word line W). 15 Through such et ching
treat ment thé frage REl 8spedysilicon) £idmeotoinédlnnmeyl beal i gnment with

the silicon . _Jni,tride film210 o he _sidewal | of gate el ectrode 7
(word Iine Mfffl?ﬁi&nfﬁgﬁﬁtFhﬁ?Hﬁh§38hecéﬁtact hol es 13, 14 as
R
c nf o SOMISErLbEsce, peoRhegn oLt al A0 00 gD Ler 1o @
W). 25 on tNexkilatbar ohauengilamoyedst BRoRHOLAr pshst 1bLop;
then, let each bit line BL be electrically connected
via the through-hole 17 to the contact hole 13. The
bit lines BL are fabricatable by depositing a TiN film
10 and W film by sputtering techniques on the silicon
oxide film 12 and then patterning these films through
etching with a photoresist film used as a mask
therefor. As stated supra, the bit lines BL are so
formed as to straightly extend along the X direction
15 at an equal width (0.l14um) and an equal interval
(0.32um).

Next, as shown in Fig. 21, use CVD techniques to
deposit silicon oxide films 18, 19 and silicon nitride
film 20 covering the bit lines BL. Apply

20 chemical/mechanical polishing to the silicon oxide
film 19 for planarization so that the resulting
surface thereof is kept substantially identical in
height over the entire area of the semiconductor

substrate 1.

25 Next, as shown in Fig. 22, after having deposited
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- 42 - 36, form plugs (conductive layers) 15 within the
contact holes 13, 14 as shown in Fig. 16. These pl ugs (conductive

| ayers) 15 are manufacturabl e by depositing on the silicon oxide film
12 a 5 polycrystalline silicon filmwth an n-type inpurity (for
exanpl e, phosphorus (P)) doped therein by using CvD et hods and
thereafter applying chem cal - mechani cal polishing processing to
this polysilicon filmthereby letting portions thereof reside inside
of 10 the contact holes 13, 14. During |later thermnal processi ng
at high tenperatures, the n-type inpurity doped in the polysilicon
filnms constipotthg shéipbngsitride Eddmddbt aveilagenspxi8ebEhimesdst o

outdi ffuse fromthe bottom portions of the contact holes_ 13, 14 into
the 15 n- ?96easBHP§BHGEB§oKPﬁegmBH§lBYt@@H?éePOHYQFﬁ}CPHe?é%?

| oweri ng the3glgctr|cal re |st% sem conduct or

0
regi ons 8. Y usingey! g %m FHCEFES 1578333 HEPRD nethods to

d i | j X
Choreaf tor tgﬁeﬁbkﬁ%ﬁ%r%égﬁ 40, JE2A, A5 b heSR €8 48ri 48 oplhid®
photoressst 55'EhBZhESEg19§1§138§ka%m 39 attggéebrléerﬂbéaihaﬂygh goi ng

hol e 17 overlying the cont act previously stated, the
t hr ough- oveltobeng7the tongedtahodekogali an tdedvird i@se tdle 25

el ement separation groove 5 and is out of the active
these openings 25 is formed to have a minimal size as
determinable by a limit of resolution in
photolithography.

10 Next, as shown in Fig. 23, form on the side wall
of each opening 25 a sidewall spacer 41 made of
polysilicon. Formation of the sidewall spacer 41 is
aimed at reservation of sufficient opening margins of
through-hole 21 as will be formed underlying the

15 opening 25 at a later process step for prevention of
unwanted electrical shorting between the bit lines BL
and a lower-side electrode 22 within the through-hole
21. The sidewall spacer 41 is formed by depositing on
the polysilicon film 39 a phosphorus (P)-doped

20 polysilicon film by CVD techniques and then apply
anisotropic etching to this polysilicon film to have a
desired pattern.

Next, as shown in Figs. 24—25,'use the
polysilicon film 39 and sidewall spacers 41 as a mask

25 to sequentially etch selected portions of the silicon
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- 43 - region L. Optionally a plug conprised of a
conducti ve filmpmade of a polysilicon filmor Wfilmmy be

buried in this through-hole 17. Next, after having renoved the
photoresist film 5 37, fabricate regularly spaced parallel bit Iines BL
on the silicon oxide film12 as shown in Figs. 19-20; then, let each
bit line BL be electrically connected via the through-hole 17 to the
contact hole 13. The bit lines BL are fabricatable by depositing a
TINfilm 10 and Wfilmby sputtering techniques on the silicon

oxide film 12 and then patterning these filns through etching with a
phot or esi st bokideufitima38aamdiskilicon nheriderfils 20 apus ssiplagon he bit
lines BL are so formed as to straightly extend along the X direction
15 at an eq&aﬁev\ﬁallhs(wazll[%r r}&r)wlah@halmn@qnhielm%mmgs 25 to
(0.32[err]m. as, shown_in Fig. use CVD techniques to
deposi t S|I|EBﬁr%RYd§°¥WIE%rqﬁﬂhjﬁp%ﬁﬂ %1I?%%B ?N?FlX%Pg a2  film20

cover | 19t EgBEL L OER B SPBLY, Be, SLeTAALRA IRl g g o o the
Zﬁ”?gea%g:rg?étﬁgd%g%%g% éé‘f‘é'é‘i'é!n'gf&‘éwgf‘is'é‘f each dEdAg °Ver the

25, this through-hole 21 has its diameter that is made
finer to the extent that it is less than the diameter
of opening 25—i.e. smaller than the minimal size
determinable by the limit of resolution in

10 photolithography.

Next, as shown in Fig. 26, after having deposited

an n-type impurity (e.g. phosphorus (P))-doped
polysilicon film 42 by CVD method to cover the
polysilicon film 39 and f£ill the through-holes 21,

15 deposit by CVD methods a silicon oxide film 43 on this
polysilicon film 42.

Next, as shown in Fig. 27, after having removed

certain portions of the silicon oxide film 43 other
than those overlying the through-holes 21 with a

20 photoresist film used as a mask, deposit by CVD
methods a phosphorus (P)-doped polysilicon film 44 so
that it overlies the polysilicon film 42 including the
upper part and sidewalls of the silicon oxide film 43.

Next, as shown in Fig. 28, let the

25 polycrystalline silicon films 44, 42, 39 be subject to
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substrate 1. 25 Next, as shown in Fig. 22, after having deposited
- 44 - on the silicon nitride film20 a silicon oxide
film 38 and a phosphorus (P) inpurity-doped polysilicon film 39
by using CVD nmethods, etching is done with a photoresi st film 40 used
as a mask to define openings 5 25 in the polysilicon film39 at
specified | ocations overlying the contact holes 14. A respective one
of t hese openings 25 is forned to have a mnimal size as
determnable by a limt of resolution in phot ol i t hography. 10
Next, as shown in Fig. 23, formon the side wall of each opening 25 a
si dewal | spazeisdiiropie efching teoalkowithe. pdysiticon afilmhet&i dewal |
spacer 41 is ~aimed at reservation of sufficient opening margins of
t hr ough- hol etQ1resi¢e | Pnpeidewzel ehdeheyshbieor oxile g}gﬂéﬁi% 25 at a
| at er process, step for prevention of. . pynwant ed %gectricaj shorting
bet ween t he Bhfl?i‘ﬁ%‘ésﬁgg the pohys it iooRr st ‘L?ec% ot 253 % hin the
t hr ough- hol e l. Th | ma$| cer 4% lqi%f : positing on
the polysil i%%nl??‘-f‘%’}%@;—agrb %lgfﬁjo %sélﬁg)%%b %‘J‘ é;g%*i;%i icon film by
CVD techyii ques angedena@PPhdun in rG 594! OPLfioPd Oy Nt Gddimgol ysilicon
filmto have a desired pattern.
the silicon oxide film 43 and silicon oxide film 38 to
form the lower-side electrode 22 of the information
accumulation capacitive element C. This etching is
carried out under the condition that the etching rate
10 of the silicon oxide films 43, 38 with fespect to the
silicon nitride film 20 becomes greater while at the
same time preventing etching of the silicon oxide film
19 underlying the silicon nitride film 20.
Next, as shown in Fig. 30, deposit on the surface
15 of the lower electrode 22 a high dielectric film such
as tantalum oxide (Ta,0;) by CVD methods to thereby
fabricate a capacitor insulation film 23 of the
information accumulation capacitive element C.
Thereafter, deposit a phosphorus (P)-doped polysilicon
20 film on the capacitor insulation film 23 to form an
upper-side electrode 24 of the information
accumulation capacitive element C whereby the DRAM
memory cells shown in Figs. 2-4 are thus completed.
(Embodiment 2)

25 Electrical connection between the n-type
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Next, as shown in Figs. 24-25, use the polysilicon film 39 and
sidewal | spacers 41 as a nmask 25 to sequentially etch selected portions

of the silicon - 45 -

oxide film38 and silicon nitride film20 plus silicon oxide filmns
19, 18, 16 which underlie openings 25 to t hereby form through-hol es
21 each overlying a correspondi ng contact hole 14. owing to formation
of 5 the sidewal |l spacers 41 on sidewalls of each opening 25,
this through-hole 21 has its dianmeter that is nmade finer to the
extent that it is |less than the diameter of opening 25-i.e. snaller
than the m ni ' rdm | 471 lution in 10
photol it hog%%?éﬂ&?ctor reé%ergtén%%bésﬁgﬁo%}ﬂecéigl. %%gcaélﬁzdr) havi ng
deposited MISFEP ¢k taRe itPWdddci{Lrdd PMOSPNOINS KD )rdaredr
polysilicon film42 by CVD nethod to cover the polysilicon film 39
and fill themanralgdeiot Bseldl be ldccomehishdéd hyn G/vaxetdwadsild %id i con oxi de
film43 on this polysilicon film 42. Next, as shown in
Fig. 27, aft@estmited balewed certain portions of the silicon oxide
film43 ot her t han those overlying the through-holes 21 with a 20

phot ores? st fi| mAEeRr dauinhskirtfe frRes byedvpe silicon nitride

film 10 and silicon oxide films 11, 12 at a level
overlying formation of a memory-cell select MISFET Qs
in accordance with the procedure at the steps shown in
Figs. 5 through 12 of the aforesaid Embodiment 1,

10 fabricate through-holes 46 as shown Figs. 31-32 by
etching with a photoresist film 45 used as a mask,
each of which overlies the n-type semiconductor region
8 (either one of the source and drain) of memory-cell
select MISFET Qs. While each through-hole 46 is

15 formed to have a substantially rectangular pattern
with its diameter in the Y direction greater than a
diameter in the X direction like the contact hole 13
of the said Embodiment 1, the through-hole is formed
shallower so that its bottom portion is higher in

20 level than gate electrodes 7 {(word lines WL).

Next, after having removed the photoresist film
45, as shown in Figs. 33-34, etching with a second
photoresist film 47 used as a mask is done to form a
contact hole 48 overlying either one of the source and

25 drain of a memory-cell select MISFET Qs and also form
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met hods a phosphorus (P)-doped polysilicon film44 so that it

overlies the polysilicon film42 including the upper part and .
sidewal I s of the silicon oxide film43. Next, as shown in Fig.
28, let the 25 polycrystalline silicon filns 44, 42, 39 be subject to

- 46 - ani sotropic etching to allow the polysilicon film
44 to reside on sidewal|l of the silicon oxide filma43 whi |l e
causing the polysilicon filnms 42, 39 to reside at locations _
underlying the silicon oxide film43. 5 ~ Next, as shown in Fig. 29,
remove by wet etching the silicon oxide film43 and silicon oxide
film38 to a contaah thedd dierovsinly igigdtreode h2? off tthem.nfDheséi on
accurrul ati on capacitive elenent C. This etching is carried out under
the condi ti oifAHACYH MO l@ScHighg 4%atade FRrch gonmed Q;EI heae @xpaettemmrr;_ I43, ?8
W th respect to .the sjlicon nitride film20 becones greater ile a
t he P sarda’ ﬁé%&wﬁ%@e&e&hilﬁb the thaigiectden &2 88 film 19

30, depostt CRATEISY (et 38 that B s drestighe e nign |
di el eCtrisc Tidqaitlieh, the Ahtldt dloiDs0uigde soTaler ELOhEh L), Ry CVD met hods
to thereby fabricate a capacitor insulation fil'm of the
information aaepmétaiion capatnlente udliErheCsilicon nitride film
10 as an etching stopper in a way similar to that in
fabrication of the contact holes 13, 14 in said
Embodiment 1 to thereby preclude deep cutaway of the
10 n-type semiconductor regions 8 and element separation
groove 5.
Next, after removal of the photoresist film 47,
make use of the same methodology as in said Embodiment
1 to form plugs (conductive layers) 15 within the
15 through~hole 46 and the contact holes 48, 49 as shown
in Fig. 35.
Next, as shown in Fig. 36, use the same method as
in said Embodiment 1 to form a silicon oxide film 16
on the silicon oxide film 12; after fabrication of
20 through-holes 17 by etching of specified portions of
the silicon oxide film 16 overlying the through-holes
46, form bit lines BL on the silicon oxide film 16.
Where appropriate, a plug comprised-of a conductive

film such as a polysilicon film or W film may be

25 buried in each through-hole 17. The following process
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Thereafter, deposit a phosphorus (P)-doped polysilicon 20 filmon the
capacitor insulation film23 to forman upper-si de el eetrode 24 of
the information accurrul ati on capacitive el enent C whereby the DRAM
menory cells shown in Figs. 2-4 are thus conpl eted. ( Enbodi nent
2) 25 El ectrical connection between the n-type

- 47 - sem conductor region 8 of a nmenory-cell selecting
M SFET s and its associated one of the bit |ines BL may
alternatively be accomplished in a way as wll be descri bed bel ow.

5 After having first deposited the silicon nitride film10 and
silicon oxi détPPPmBrel1theosamegapetibpse in saidrEpbaginentmlion of a
menory-cell select M SEET C% in accordance with the procedure at the
steps shown in  ACCOEARI KOt hRBuBANYS26FUE hBIaPBERREI dREnbodi ment 1, 10

oL MR B By 0yaEL e B R e EEFFIBE 1" e
e o obor 89 B0p o, Sak hIESPB8c0 LUEFIONLER 900 e o
formed te haveraugHbsbaat kgl hyviggt #308URAEMBREEEEA the Y Mitdctisndi aneter
in the Y direction greater than a
greater than the diameter in the X direction while
forming beneath this through-~hole 46 the contact hole
48 with its diameter in the Y direction almost
identical to the diameter in the X direction permits
10 the area in which the plug (conductive layer) 15
buried in the contact hole 48 and the sidewall of the
gate electrode 7 (word line WL) oppose each other to
becomes less than that in said Embodiment 1. This
makes it possible to reduce the parasitic capacitance
15 possibly formed between the plug (conductive layer) 15
and gate electrode 7 (word line WL), which in turn
enables suppression of word line delay accordingly.
(Embodiment 3)
The through-hole for use in connecting together
20 the through-hole 14 as formed overlying the n-type
semiconductor region 8 of a memory-cell select MISFET
0s and the lower electrode 22 of an information
accumulation capacitive element C méy alternatively be
formed in self-alignment with a corresponding one of

25 the bit lines BL.

- 50 -



diameter in the X direction |like the contact hole 13 of the said

Enbodi nent 1, the through-hole is forned shal l ower so that its bottom
portion is higher in 20 | evel than gate electrodes 7 (word |ines W).
Next, after having renoved the photoresist film 45, as shown in Figs.
33-34, etching wwth a second photoresist film47 used as a nmask is

done to forma

contact hole 48 overlying either one of the source and

25 drain of a nmenory-cell select MSFET @ and al so form

- 48 -

a contact hole 49 overlying the other of them

These contact holes 48, 49 are each fornmed to have a pattern

that causes a di apptenisncéde, Yafiteechavoingofbest formed rd usdntacgual to
that in the X direction. In 5 addition, the contact holes 48, 49 are
formed by twhole 13 oftepbstenthgliyenenbangubangshipe sind coontdatide film

10 as an etching sto
the contact PRelesl4ae
deep cutaway, of th

pge inawy simlar to that in fabrication of
O

a,lmfasgawuare ShER® oRlF nEPEaRieRs MR EkRARE ecl ude

separation the s@?’éﬁ%eagd "ardER S?”{ﬁ%gg%‘ﬁég;.f%?eﬂ g%‘%@g‘%ﬁﬁmm
hot t | m. 4 h d
photoresist fi B}lZ§% ?grthgaégmgsﬁeg od §s séTﬁ;Eﬁ§§VM $ﬁ§ {n Sa'

Enmbodi ment

(‘conductrve ers

through-hol e;465p80nt B8 £99t g4 PRl §8héRat fO2 BSp B Wi ew of a

semiconductor substrate for indication of part of the

memory array thereof) and Fig. 38 (its left-side

portion is a sectional view along line A-A' of Fig. 37

10 whereas the right side part is a sectional view along

line C-C®

of the same) and then having formed plugs

(conductive layers) 15 within them, etch a silicon

oxide film 12 deposited on the contact holes 13, 14 to

form a through-hole 17 overlying the element

15 separation groove 5 at a location out of the active

region L.

Subsequently, form bit lines BL on the silicon

oxide film 12; then, make electrical connection

between the bit lines BL and the plugs {conductive

20 layers) 15 within the contact holes 13 via respective

25

through-holes 17. The bit lines BL are manufacturable

by depositing on the silicon oxide film 12 a TiN film

and W film by sputtering techniques and then

depositing on the W film a silicon nitride film 50 by

CVvD techniques and thereafter patterning these films
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in Fig. 35. Next, as shown in Fig. 36, use the sane nethod as

in said Enbodinent 1 to forma silicon oxide film 16 on the silicon
oxide film12; after fabrication of 20 t hrough- hol es 17 by etching of
specified portions of the silicon oxide film16 overlying the

t hr ough- hol es 46, formbit lines BL on the silicon oxide film 16.
Where appropriate, a plug conprised of a conductive filmsuch as a
polysilicon filmor Wfilmnmy be 25 buried in each through-hole 17.
The foll ow ng process - 49 - _
steps are the sane as those in said Enbodi nent 1. According to
t he nanufact@ﬁﬁ@@gﬁeﬁﬁ@@imﬂ with agpbotdamséswi fhlmhesidl ast pamask

enbodi ment, formn over the gate electrode 7 (word line W)

the 5 thrt@@gﬁfﬁél e %Eh*a% nblil?% BR abeer foFmedeane gs el t Flomt
greater than beneat h

this throughth%&e%E%gﬁbg%&ggF%Egnﬁo&ér%%%.On SrﬁFgﬁothtdﬁénﬁﬁé lin the Yt
n pernits
di rection al qogbyy val wi ttﬂe%' ﬁ%(xtt‘icé y‘i‘d%ﬁeﬁc%é Q}%Re £nd! P?é P

10 the areain conddctive in the
contact Bol e+4@rand .t he S|demall of the gate electrode 7 (word |ine
W.) oppose each other to becones |l ess than that in said Enbodi nent 1.
Thi s The bit lines BL are specifically arranged so

that the distance or interval between adjacent ones
thereof is greater than the width of each bit line in
order to minimize any possible parasitic capacitance

10 as formed between neighboring ones of the bit lines BL
for improvement of information read/write rates. For
instance, the interval of bit lines BL is set at
0.24pum. At this time, let the pitch of two
neighboring bit lines BL—namely the memory cell size

15 in the Y direction—be set at 0.46um, which results in
the width of a bit line BL being substantially equal
to 0.22um (= 0.46 - 0.24), which may be about the same
as the minimum size determinable by a limit of
resolution in photolithography.

20 Next, as shown in Fig. 39, form on respective
side walls of bit lines BL sidewall spacers 51 each
made of a silicon nitride film; thereafter, use CVD
techniques to sequentially deposit on or over the bit
lines BL a silicon oxide film 19 and silicon nitride

25 film 20 plus silicon oxide film 38 in this order. The
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makes it possible to reduce the parasitic capacitance 15 possi bly forned

bet ween the plug (conductive |ayer) 15 and gate electrode 7 (word
line W), which in turn enabl es suppression of word |ine delay
accordingly. (Enmbodi nent 3) The through-hole for use
in connecting together 20 the through-hole 14 as forned overlying the
n-type sem conductor region 8 of a nenory-cell select M SFET s
and the |l ower electrode 22 of an information accurul ati on capacitive
el enent C may alternatively be formed in self-alignment with a
correspondi ng one of 25 the bit |ines BL.

- 50 - ) In this se, after, having first forned a
cont act Slﬂ%‘l"%lllSSB‘?c?ﬂ%s?%rH‘?%lr&F?/ f%’a%‘iﬁ‘grb%hape and cont act

hole 14 of al mgtF’?g%lgﬁelggagg ﬁhéﬁﬁéi@@_gveé%ﬂgg siincE%ﬁ he source and

drain of the®Mthd | ec y use 0 e sanme net hod

as in said Egbodi 8Nt dn over1@ng bt A fhesmil 2 SERETBUIERR Pl an view

of a sem conductor substrate for 1ndication of part of the

mermory arrayokheeepilmang £ gsuBPedtés t&féhohial /mechfoiddon is a
sectional view along line A-A" of Fig. 37 10 whereas the right side part

IS a sechi onpbliskingl pngcesses tonenfhafte: uvhat hetsanegulrahit hen havi ng
formed pl ugs
surface is kept substantially identical with respect
to the entire surface area of the semiconductor
substrate 1.
Next, as shown in Fig. 40, etch away more than
10 one selected portion of the silicon oxide film 38
overlying said contact hole 14 with a photoresist film
52 used as a mask. This etching process is done under
the condition that the etching rate of the silicon
oxide film 38 relative to the silicon nitride filﬁ 20
15 becomes greater while preventing removal of the
silicon nitride film 20.

Next, as shown in Fig. 41, after having removed
the silicon nitride film 20 through etching with the
photoresist film 52 used as a mask, etch the silicon

20 oxide film 19 and silicon oxide film 16 under the
condition that the etching rate relative to the
silicon nitride film 50 overlying the bit lines BL and
the sidewall spacers 51 comprised of silicon nitride

film on the sidewalls thereof becomes greater to

25 thereby form through-holes 53 overlying the contact
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(conductive layers) 15 within them etch a silicon oxide film 12
deposited on the contact holes 13, 14 to forma through-hole 17
overlying the elenment 15 separation groove 5 at a location out of the
active regi on L. Subsequently, formbit [ines BL on the
silicon oxide film 12; then, make electrical connection bet ween
the bit lines BL and the plugs (conductive 20 | ayers) 15 within the
contact holes 13 via respective through-holes 17. The bit Iines BL
are manuf acturabl e by depositing on the silicon oxide film12 a TiN
film and Wfilmby sputtering techniques and then depositing on
the Wfilm ahsilléscan nint ed€-tikEnhenkY with th@VQ:LTtth".ﬂbglJQ§. and thereafter

patterning these filns

t hr ough et chi ng wrhergaghetor esi shofinl nnuséd.ad2a ﬁabklcate ahherefor The
bit lines BL thus formed are such that they straightly extend in the
X direction abiggmagign accumulatipparampehtinei gdameosl Cwiwdth kept al ong

the |l ength nes BL are specifically

arranged so SQaCkeBhégrPHEUHFsPXﬁEéyéPglﬁP@r%BFOBéme@ﬁeaéﬁaEEnF henes

thereof s greate e f, each_bi,t n rder to
n1n|n1zebany %@%sﬁ Fggga%gsF Fc ca%gcﬁpaﬁe ' Enb08 inlnt 1, which

element consists essentially of a lamination of a
lower-side electrode (charge accumulation electrode)
22 and capacitor dielectric film 23 plus upper-side
electrode (plate electrode) 24.

10 So far, the present invention made by the
inventor(s) has been described in detail based on some
illustrative embodiments; however, it should be noted
that the invention should not be limited only to such
embodiments discussed above and may alternatively be

15 modifiable and alterable in a variety of forms without
departing from the spirit and scope of the invention.
Industrial Applicability:

According to the method for manufacturing a
semiconductor of the present invention, it becomes

20 possible to retain the required size/dimension
accuracy along with resolution margins of photoresist
films while at the same time enabling successful
reduction of any limits as to on-chip layout of
integrated circuit components. This makes it possible

25 to reduce or "shrink" both the pitch of gate
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10 as fornmed between nei ghboring ones of the bit lines BL for

i nprovenent of information read/wite rates. For i nst ance, the
interval of bit lines BL is set at 0.24[errlm At this time, let the
pitch of two nei ghboring bit lines BL-nanely the nmenory cell size 15
in the Y direction-be set at 0.46[err]m which results in the width
of a bit line BL being substantially equal to 0.22[err]m (= 0.46 -
0.24), which may be about the sane as the mninmum size determ nabl e
by a limt of resolution in photolithography. 20 Next, as
shown in Fig. 39, formon respective side walls of bit Iines BL

si dewal | spagtestsadeschword lipgge ardathe|ptophefrbie Fine§ thereafter,
use CVD techni ques_to sequentially deposit_on or over the bit

lines BL a sFRPEBRY okPaR1LPE PADIARETL7RTEOR Rf tPRAME memory ¢ehiDg pl us
silicon oxide fi 38.in_this ordet The .

- 52 - Wnichl&aas tos?ﬁeﬁﬁ% lE%aE%rgc%ﬂmﬂ£§s%ef$55??5ated by

ani sot ropi ca i _g_ tftedasilioon itride film
overlying théh%?§&§?n§§ %ﬁ?p%%%%%???g%%ﬁ déﬁéi%iidé“?ﬁ?ﬁ?%8 is subjected to
chem cal § rech@phfithge & tRE! iSPLALIOHOEEESESnt EhENSHEELIi Nty id6 resul tant
surface is kept substantially identical with respect to the entire
surface arearefiuthegsehecandactdra semiconductor chip, which in

turn makes it possible to increase production yields

of DRAM devices.
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substrate 1. Next, as shown in Fig. 40, etch away nore than 10

one selected portion of the silicon oxide film 38 overlying said
contact hole 14 with a photoresist film 52 used as a mask. This
etching process is done under the condition that the etching rate of
the silicon oxide film38 relative to the silicon nitride film20 15
becones greater while preventing renoval of the sthi-een-—pitride film
20. Next, as shown in Fig. 41, after hayiThes sempveds BeeN It he
silicon nitride film 20 through etching with the [piEdt.ares st fjln152
used as a mask, etch the silicon 20 oxi de fil mITs—and=Si+recor—oxde film
16 under the condi tion that thelatigaing rate relative to the

silicon nitride film50 overlying the bit Iines BL and t he sidewal |
spacers 51 conprised of silicon nitride filmon the sidewalls thereof
beconmes greater to 25 thereby formthrough-holes 53 overlying the

cont act 1. A semlconductor 1ntegrated5g1rcult dev1ce hol es 14
in self- allgnnent eafter, as shown in

Fig. 42, fabfPf @Eféséﬁg 5 PluFﬁ%&FﬁaPFoﬁoﬁécaﬁﬂﬁﬁtFﬁﬁeegbaalEPV@ el ement C
2;;2 ﬁet od gé&?ﬁ;?qagggﬁﬁh“ég gvéégxggge ggggmgggﬁfhgle 52I2%E;Pecon§|sts
essentially gkmacbaghBati@ns@bsfrate, a plurality of bit lines
extending in a second direction at right angles to the
first direction, and an array of memory cells of a
DRAM as disposed at cross points of said word lines
10 and said bit lines, each said memory cell including a
serial combination of a memory cell selecting MISFET
with a gate electrode as integrally formed with a
corresponding one of said word lines and a capacitive
element for information accumulation, characterized in
15 that said plurality of word lines are arranged to
linearly extend in the first direction on the
principal surface of said semiconductive substrate
with an identical width, and that a distance between
adjacent ones of said word lines is less than said
20 width.
2. The semiconductor integrated circuit device as
recited in claim 1, characterized in that the distance

between the adjacent ones of said gate electrodes is

set at a minimal size as determinable by a resolution

25 limit of photolithography.
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| ower -si de el ectrode (charge accunul ati on el ectrode) 22 and capacitor
dielectric film23 plus upper-side el ectrode (plate electrode) 24.

10 So far, the present invention made by the Ay e Rt 1as
been described in detail based on sone |IIustrawH%9QEEbbdA8émEN l
however, it should be noted that the invention| shoulrEPaCERe | i mit ed
only to such enbodi nents di scussed above and y—arternatrvery be 15
nodi fiable and alterable in a variety of forns wthout departing from
the spirit and scope of the invention. I ndustrial Applicability:
According to the nethod for manufacturing a sem conductor of the
present inveptlionThet sbREOIREUCEOT iﬁﬁéﬁi'b{:édt@if@ﬁﬂt ndéNece egrli red

si ze/ di mensi on accuracy along with resolution margi ns of photoresi st
films while aectihedsaneclaie bpabhangcstactesdfith that sakduwedrdn of any
limts as to on-chip |ayout of Integrated circuit conponents. This
makes it posdibee apg theogﬂéﬁueb66t10§ﬁrPﬁksab@tmemﬂéyp¢@b of gate

- 54 - rodes (word_lines) and the pitch of bit |ines

t her eby enabF?ﬁ@cﬁﬂﬁgaﬂaﬁrgﬁtFBnlBFeEF@&iﬁeFBFWeGéV+Eh a which | eads to

an abiligy to aceonplishofULANGE oaiq SODANEPHLQN:ElI Bohft £OLqIL PN density.

a conductive film at least partially including a
metallic film therein.
4. The semiconductor integrated circuit device as
recited in claim 1, characterized in that said

10 semiconductive substrate has an active region with
said memory cell selecting MISFET formed therein and
being arranged to have an island-like pattern
extending in the second direction on the principal
surface of said semiconductive substrate while having

15 its periphery as surrounded by an element isolation
region.
5. The semiconductor integrated circuit device as
recited in claim 4, characterized in that the element
isolation region surrounding said active region is

20 formed of an element separation groove having a
dielectric film embedded therein as defined in the
principal surface of said semiconductive substrate.
6. The semiconductor integrated circuit device as
recited in claim 1, characterized in that said bit

25 lines are formed overlying said memory cell selecting
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5 advantage of the invention lies in the capability of reduci ng the

area of a sem conductor chip, which in turn nmakes it possible to
i ncrease production yields of DRAM devi ces.
- 55 - C ai ms [Fe=fF——A-serrconguat or

in a

10

15

20

25

integrated circuit device conprising a plurality a 'W%EGHEEﬁHQSéXEBnﬂing

FEFPLAGED

MISFET with an insulative film laid therebetween, and
that a contact hole for electrical connection between
one of a source and drain of said memory cell
selecting MISFET and a corresponding one of said bit
lines is formed in self-alignment with the gate
electrode of said memory cell selecting MISFET.

7. The semiconductor integrated circuit device as
recited in claim 1, characterized in that said
information accumulation capacitive element is formed
to overlie said memory cell selecting MISFET with an
insulative film laid therebetween, and that a contact
hole for electrical connection between the other of
the source and drain of said memory cell selecting
MISFET and one electrode of said information
accumulation capacitive element is formed in self-
alignment with the gate electrode of said memory cell
selecting MISFET.

8. A semiconductor integrated circuit device
comprising a plurality of word lines extending in a
first direction on a principal surface of a
semiconductive substrate, a plurality of bit lines
extending in a second direction at right angles to the
first direction, and an array of DRAM memory cells as
disposed at intersections of said word lines and said

bit lines, each said memory cell including a serial

This Sheet Has Been Replaced
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first direction on a principal surface of a sem conductive substrate, a
plurality of bit lines extending in a second direction at right angles to
the first direction, and an array of nmenory cells of DRAM as di sposed
at cross points of said word lines and said bit Iines -ﬁ@g@ I MENOT-y!
cell including a serial conbination of a menory cell eIect&ﬁéij%%?f%?ﬁ?]l
wWth a gate electrode as integrally forned with a cor LAg_one  of
said word lines and a capacitive elenent for information accunul ation,
characterized in that said plurality of word lines are arranged to
linearly extend in the first direction on the principal surface of said
sem conduct i eembibatian eof v teBATY dedl ] caelefting MISFERatith di st ance

bet ween adjacent ones of said word lines is less than said wdth. 2.
The seni cond@@t8r el AFEEPAL RS ciPbeFra by formed wieht®d in claim 1,

haracterized in that .the dist . bet t he_adj t of said gat
cl actrodes. | €OFERTARALT, M fef e crab SO HRL LI AT habIS TyF S TReA (R on 1 m

of phOtplithggéﬂ99¥'for information accumulation, chatadterized i%_ 3.
The semni conductor Integrated circuit device as recited in claimil,

charactesi zeghht £828 Batd1¥Réd straightly extend in the second

direction on the principal surface of said
semiconductive substrate with an identical width, and
that a distance between adjacent ones of said bit
lines is greater than said width.

10 9. The semiconductor integrated circuit device as
recited in claim 8, characterized in that the width of
each said bit line is equal to or less than a minimal
size determinable by a resolution limit of
photolithography.

15 10. The semiconductor integrated circuit device as
recited in claim 8, characterized in that said bit
lines are comprised of a conductive film at least
partially containing a metallic film.

11. A semiconductor integrated circuit device

20 comprising a plurality of word lines extending in a
first direction on a principal surface of a
semiconductive substrate, a plurality of bit lines
extending in a second direction at fight angles to the
first direction, and an array of DRAM memory cells as

25 disposed at intersections of said word lines and said
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lines and the gate el ectrode of said nmenory cell selecting M SFET as
integrally formed with a corresponding one of said word lines are
conprised of a conductive filmat least partially including a netallic
filmtherein. 4. The sem conductor integrated circuit device as recited
in claiml, characterized in that said sem conducCtdve=substs @an
active region with said nmenory cell selecting M SFEH!$ 6rHEEM HAISE3REEN jland
bei ng arranged to have an island-like pattern extiendi ng:&H.44® secofd
direction on the principal surface of said semco Ve-substrate- whi | e
having its periphery as surrounded by an el enent isolation region. 5.
The seni condbftolinesggeatkdsaidcmehotevéetl asnclegingdai seglai m 4,
characterized in that the element isolation region surrounding said active
region is feenkdnation ef eapnemgrparall ovepeobirghavsRBTawithedectric film
enbedded therein as defined in the principal surface of said

seni conduct i 98*8uBseFRrede &5 inhegsesd¥ohetmedrwitkegrated circuit device
as recited in_claim aractgrlze in éhft said bit lines are forned

over | yi ng sa?ﬁrﬁ§ﬁ8?9&%%9I°%%l% tPage word lines and a capacitive . 57 .

5 element for information accumulation, characterized in

that an active region with said memory cell selecting
MISFET formed therein is arranged to have an island-
like pattern extending in the second direction on the
principal surface of said semiconductive substrate

10 while having its periphery as surrounded by an element
isolation region, that said plurality of word lines
extend along the first direction on the principal
surface of said semiconductive substrate with an
identical width at an identical distance between

15 adjacent ones thereof, that certain one of said bit
lines as formed overlying said element isolation
region with a first insulative film laid therebetween
extends in the second direction on the principal
surface of said semiconductive substrate with an

20 identical width at a regular distance, and that a
first contact hole for electrical connection between
one of a source and drain of said memory cell
selecting MISFET as formed in said éctive region and
its associative one of said bit lines as formed

25 overlying said element isolation region has a diameter
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M SFET with an insulative filmlaid therebetween, and that a contact hole
for electrical connection between one of a source and drain-of said menory
cell selecting MSFET and a corresponding one of said bit lines is forned
in self-alignment with the gate electrode of saiddnennry cel | selegt!ng

M SFET. 7. The semi conductor integrated circuit deyfCe as—Teecrted—Fn;
claim1, characterized in that saidg i nformation accHEﬁW§ﬁﬁ§ﬂﬂd§§hBEEer
element is formed to overlie said nenory cell selectling MSPEICSPth a
insulative filmlaid therebetween, and that a contact holé for érectrrcal
connection between the other of the source and drain of said nenory cel
selecting MSFERS A Gie diredtisde wieadsird thamoimatthen segoadnul at i on

capacitive elgnment .is farned in |f- alignment. with the gate el ectrode of
sa!od menory qec?@r‘e&%t{% H@I%‘F?ﬂere@.f aﬂ%éé‘ﬁie@or?&u%renidnf:@gr ated circuit

device conpri.si | [ f .wornd.l.ines extending in a first
direction on dﬁﬁ%ﬁi%ﬁ ?ulre%r}aéélg" of z%%tslé)l% gﬁ&ﬁé’t‘i ve substrate, a
plurality of il Hieseriefolicio N ceaead dieglioneglcel gt angles to
the first direction, and an array o RAM nenory cel'l s as™ "disposed at
i nter sectsi onyeafitedl dnvldin nes ahdraeiteribiel lihnenateaahqgsaigdspenory cell
I ncl udi ng a seri al - 58 -

contact hole includes a polycrystalline silicon film

as formed therein, said polycrystalline silicon film
being doped with a chosen impurity equal in
conductivity type to the source and drain of said

10 memory cell selecting MISFET.
13. The semiconductor integrated circuit device as
recited in claim 11, characterized in that the
corresponding one of said bit lines and said one of
the source and drain of said memory cell selecting

15 MISFET are electrically connected together via a first
through-hole as formed in a second insulative film
sandwiched between said bit lines and said first
insulative film.
14. The semiconductor integrated circuit device as

20 recited in claim 13, characterized in that the width
of said bit lines is less than a diameter of said
first through-hole.
15. The semiconductor integrated circuit device as
recited in claim 11, characterized in that said first

25 contact hole has a diameter in the first direction
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conmbi nation of a nmenory cel

integrally formed with a corresponding one of said word |ines and a

capacitive

said bit

sai d w dth. _ \ _ _
characterized in that the wdth of each said bit line is equal

claim 8,

el ement for information accumulation, characterized in that
lines straightly extend in the second direction _on the ernC|paI
surface of said sem conductive substrate wth arfidentical WGy and

) . . . TRIS GHEET H
that a di stance between adj acent ones of said bit

—l):

Mes.J cgpeat er

selecting MSFET with a gate el ectrode as

t han

9. The semiconductor integrated cirlcuitdevice-as Gited in

or less than a minimal size determnable by a resolution limt of

phot ol i t hogr ggrfepteri@hanThie st cewdne dirdewtdgngt ehati patt device as
recited.in claim@8, characterized in that said bit Iines are conprised of
a conduct i ve therodt cloagdstspassieartiigldoniodi mi fgratmeeglionc il m

11. A sem conductaor, i ntegrated circuit device

to

conprising a sem conductive

substrate ha@F§re0Gr £ecOVezndcafad &) eBENYeAHPy atdons regépn aodudi ng a

seri al

10

15

20

25

a second region as formed beneath said first region to
have a diameter in the first direction and a diameter
in the second direction being substantially egual
thereto, and that said first region is formed
overlying said memory cell selecting MISFET.

16. The semiconductor integrated circuit device as
recited in claim 11, characterized in that said
information accumulation capacitive element is formed
over said bit lines with a third insulative film laid
therebetween and is electrically connected to a
remaining one of the source and drain of said memory
cell selecting MISFET via a second through-hole formed
in said third insulative film and a second contact
hole as formed in said first insulativé film at a
location underlying said second through-hole.

17. The semiconductor integrated circuit device as
recited in claim 16, characterized in that said second
contact hole includes a polycrystalline silicon film
being embedded therein and doped with an impurity
equal in conductivity type to the séurce and drain of
said memory cell selecting MISFET.

18. The semiconductor integrated circuit device as
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conmbi nation of a sell selecting transistor and a data storage capacitive
element with first and second electrodes as insulatively |amnated over
each other, said transistor including a metal insulator sem conductor
field effect transistor (M SFET) having spaced-apart source i n and
an insulated gate electrode, wherein said device o
word lines insulatively overlying the surface of

direction thereon, said word Ilines including firét, ¢ wor d
| ines each having part nmaking up the gate electr _ menory cel
sel ecting M SFET; and bit lines insulatively overlying the substrate

surface in ar€Ed&RE drreépiBnlbrafbasprsterdzedein that ﬂai@ﬁ$$©ﬂndsaidhbit
i nes includi firs nd.second bit |ines adjacent to each other, c ar
acter | t§98u85rh°?ﬁaﬁs glsPoFﬁg PEFYEeR oPERFRROTSRY PPﬁ%so%eingl
substanti al | : . . . . 60 . I dentical in

wi dth and ingaﬁgtgﬁ%elﬁg?ae%ﬂdaéfaggﬁFedoﬁgss?%Efa%f?nggPﬁ di stance bei ng

| ess than sakferdi;$tgnce, and said first and second bit |ines being
substantially identical in width and in distance
5 19. A semiconductor integrated circuit device

comprising a semiconductive substrate having a surface
and an array of memory cells each including a serial
combination of a sell selecting transistor and a data
storage capacitive element with first and second

10 electrodes as insulatively laminated over each other,
said transistor including a metal insulator
semiconductor field effect transistor (MISFET) having
spaced-apart source and drain and an insulated gate
electrode, wherein said device also comprises:

15 word lines insulatively overlying the surface of
said substrate in a first direction thereon, said word
lines including first, second and third word lines
each having part making up the gate electrode of the
memory cell selecting MISFET; and

20 bit lines insulatively overlying the substrate
surface in a second direction transverse to the first
direction, said bit lines including first and second
bit lines adjacent to each other, characteri
z ed in that

25 the first to third word lines being substantially
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t her ebet ween, the distance of said first and second bit |ines being
greater than said width thereof. 12. The sem conductor i.ntegrated
circuit device as recited in claiml1ll , characterized by further
conpri si ng: a first conductive layer between the first and
word lines for connecting the first bit line to ong-ofckher-spusasean
drain of said nenory-cell selecting M SFET; secq@gb@@ﬁgyctly |

| ayer between the second and third word lines for -+ 11 ng
one of the source and drain of said nmenory-cell selecting MSFET to the
first electrode of said data storage capacitive elenent; sai d one of
the source andieditdicalofinsiidtmerpidyin @@lshtasRleetleiti@ed SGELcaRd said first
conductive |layer being coupled to the first word line and the second word
line in self ocaleisgrumerectthesevidt disdmtice beingailéssenmian 8Bgidne of the
source and drain of said nenory-cell selecting M SFET and said second

- 61 - distance, and REPLACEMENT SHEET

conductive | ayer bei,ng coupled in self-alignnent to the second word |ine
and the third mor&aﬂgnéFrsg angzsegopg: hdd ddnesuReiast uring a

sem condyct ot Rt6R5319¢ Thliba®Yh G GRIPLLY 9 3Rhurali ty of

therebetween, the distance of said first and second

nd

bit lines being greater than said width thereof.

20. The semiconductor integrated circuit device
as recited in claim 19, characterized by further

10 comprising:

a first conductive layer between the first and
second word lines for connecting the first bit line to
one of the source and drain of said memory-cell
selecting MISFET;

15 a second conductive layer between the second and
third word lines for connecting a remaining one of the
source and drain of said memory-cell selecting MISFET
to the first electrode of said data storage capacitive
element;

20 said one of the source and drain of said memory-
cell selecting MISFET and said first conductive layer
being coupled to the first word line and the second
word line in self-alignment therewith; and

said remaining one of the source and drain of

25 said memory-cell selecting MISFET and said second
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word |lines extending in a first direction on a principal surface of a
sem conducti ve substrate, a plurality of bit lines extending in a second
direction at right angles to the first direction, and an array of | of DRAM
menory cells as disposed at intersections of said —res—and. S al EQ- g i t
|l i nes, each said menory cell including a serial co |ﬁufn%ﬁ£QﬁH r

cell selecting MSFET with a gate el ectrode as integyal | yREPbf H ia
correspondi ng one of said word lines and a capaciti enent for
i nformati on accumul ati on, said nmethod conprising the steps of: (a)

formng on the principal surface of said _sem conductjve substrate of a
first conduc??UﬂP?t%VﬁelaﬁﬁreP%h%ﬂtC?%E*%@|b% $ebf ol EIRMeRE Qi ve region

"sol ati on b BrearaReYerd herel ShE FhE ChLES e rxe#”ﬂer?? 8% oﬁ""'t he'pri nci pal
surface of said §fm ?%{d%’ef SHRSL A6 turl a(@ ng a first

conductive filmforme over the principa Surtade 0 sal sen1conduct|ve

substrate tolﬁ@é&k&@éé éiP@@l@Xééﬂﬂéégcbﬁpfb§lﬁérétplurallty of
- 62 - direction on the principal Surface of said

seni condsict | Werdubsheat extendibng #ndasibnce dbteeeion ash agent ones ther eof
being less than a width of each
principal surface of a semiconductive substrate, a
plurality of bit lines extending in a second direction
at right angles to the first direction, and an array
of DRAM memory cells as disposed at intersections of
10 said word lines and said bit lines, each said memory
cell including a serial combination of a memory cell
selecting MISFET with a gate electrode as integrally
formed with a corresponding one of said word lines and
a capacitive element for information accumulation,
15 said method comprising the steps of:

(a) forming on the principal surface of said
semiconductive substrate of a first conductivity type
an element isolation region and an active region of
island-like pattern having its periphery surrounded by

20 said element isolation region and extending along the
second direction on the principal surface of said
semiconductive substrate;

(b) patterning a first conductive film formed
over the principal surface of said semiconductive

25 substrate to form word lines extending in the first
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said word |ine; and (c) formng a source and a drain of said nenory
cell selecting MSFET by introducing an inpurity of a second conductivity
type into the principal surface of said seniconductiv'Fﬁﬁﬁgﬁmah&=::~—-_l4

The nmethod of form ng a sem conductor integrated cifctit® SRETCRASBEEN
recited in claim13 , characterized in that gate el ectlodesP&PeACBERMRd S
that a di stance between adjacent ones thereof is at a m n|nal- vVarge=——=Ir
determnable by a limt of resolution in photolithography. 15. The
sem conductor integrated circuit device mnufacturing nmethod as recited in

| ai , har. A d.b di f d , f h h
Ctonaor. MR e B a1 e A 2R B RERALT ] g s 4 morory
cell SeleCt'ngykgﬁggcﬁﬁgetEﬁBaEgggang PF%SCQanEQEgL%tBX%wg jmoverlying

u iffe

said first ins tive I'm an ei ng rent in-e I NG FSte from said
first insul abigyackhknbnes the&ébfebeﬁh@91EBQS%haﬁrE'Qﬂatﬁfoﬁaégcﬁecond

I nsulative filmoverlying the source and. drain of said
- 63 - said wordnmkdney eell sel ecting M SFET under a condition that
5 (c) forming a source and a drain of said memory
cell selecting MISFET by introducing an impurity of a
second conductivity type into the principal surface of
said semiconductive substrate.
22. The method of forming a semiconductor

10 integrated circuit device as recited in claim 21,
characterized in that gate electrodes are formed so
that a distance between adjacent ones thereof is at a
minimal value determinable by a limit of resolution in
photolithography.

15 23. The semiconductor integrated circuit device
manufacturing method as recited in claim 21,
characterized by including, after said step (c),
further the steps of:

(d) forming a first insulative film overlying

20 said memory cell selecting MISFET and then forming a
second insulative film overlying said first insulative
film and being different in etching rate from said
first insulative film;

(e) etching those portions of said second

25 insulative film overlying the source and drain of said
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the etching rate of said second insulative filmwth respect to said first
I nsulative filmbeconmes greater and then etching said first-insulative
filmoverlying the source and drain of said nmenory cell selectlng M SFET
to thereby forma first contact hole overlying one gFsard—source—and—
drain in self-alignnent with said gate el ectrode to[h&vié %httﬁTwmeEENn t he
first direction greater than a diameter in the secofjd di RERLADEDW th |part.
of said first contact hole extending toward said el ement Tsor atro fFon
while formng a second contact hole overlying a remaining one of the
source and drain in self-alignment wth said gate electrode and having a

di anet er r q?p§§ t ﬁ§gg% di aneter in
t he second dﬁéﬁ%% ééllc%éf@éﬁfwba terﬁﬂéy?%%yé%be ed a coﬁ{ uctive filmin
said first conéagtchphg Pite S s $EE 0 SRNt Bedu Pl Bre £ OMMWIGERA third
insul ative filmoverlying said second insulative filmand then formng a

first throughespéet to said firstd imsulatiwve filamdcamerdgrexteverlying a
specified region extending to said element isolation region of said first
cont act hol eandnghen etcking psaidrhingt alnschrki vontiidot ioeflitingas for ned

overlyiqg said third insulative filmto_thereby
- 64 - the source and drain of said memory cell selecting

MISFET to thereby form a first contact hole overlying
one of said source and drain in self-alignment with
said gate electrode to have a diameter in the first
direction greater than a diameter in the second

10 direction with part of said first contact hole
extending toward said element isolation region while
forming a second contact hole overlying a remaining
one of the source and drain in self-alignment with
said gate electrode and having a diameter in the first

15 direction substantially the same as its diameter in
the second direction;

(f) after having embedded a conductive film in
said first contact hole and said second contact hole,
forming a third insulative film overlying said second

20 insulative film and then forming a first through-hole
in said third insulative film at a portion overlying a
specified region extending to said element isolation
region of said first contact hole; and

(g) patterning a second conductive film as

25 formed overlying said third insulative film to thereby
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formbit |lines extending along the second direction on the principal
surface of said sem conductive substrate wth an identical wdth at a

di stance between adjacent ones of said bit |ines being greater thggsgng
width, and then electrically connecting together sai ' : %@FNh |l e
and a corresponding one of said bit lines via said flj gsis SHEBUANZOT e ds
formed in said third insulative film 16 . The seniljonduds-y d .
circuit device manufacturing nethod as recited in cléd ;
characterized in that the wdth of said bit lines is fornmed to be equal in
dinmension to or less than a mninmal size determ nable by a

phot ol i t hogr aphy bhies0hHesoBxteAlinyhhl8nhethengetbRadlSEarESoRebyEEN

adj acent ones of said bit lines be at a mnimal size falling within an

al | onabl e ranhe ptriacppadsstrfaceapficckidceembenantt yvecsubsedate

t herebetween. 17. The sem conductor integrated circuit device

manuf act uri ngikbt Abdidentectledifihhchti e dbsteghaeabetweerdadyacant udi ng,
after said step (g), the steps of: | (h) formng a fourth insulative
filmoverlyi ABeSsafdSpie PiheslBRE PRERIT SERRROT athant paidsvidthve film

oper Y ng S dal PREL NI DS QLY R, TELIaL e By EEGOLAG,TELE, Y LSLent from

contact hole and a corresponding one of said bit lines
via said first through-hole as formed in said third
insulative film.
24. The semiconductor integrated circuit device

10 manufacturing method as recited in claim 23,
characterized in that the width of said bit lines is
formed to be equal in dimension to or less than a
minimal size determinable by a photolithography
resolution limit while letting the distance between

15 adjacent ones of said bit lines be at a minimal size
falling within an allowable range of a parasitic
capacitance inherently occurred therebetween.
25. The semiconductor integrated circuit device
manufacturing method as recited in claim 23,

20 characterized by including, after said step (g), the
steps of:

(h) forming a fourth insulative film overlying

said bit lines and then forming a fifth insulative
film overlying said fourth insulative film at an

25 etching rate different from that of said fourth
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Insul ative film (i) after having etched said fifth insulative

film

at a portion overlying said second contact hole wunder a condition that the

etching rate of said fifth

i nsul ati ve

portion overlying said second contact hole to

t hrough-hol e overlying said second contact hole in s :#=&F":;_ ;.
correspondi ng one of said bit |ines; and (j) pat|f @HE A Ea'Hﬁ%%
conductive filmas formed overlying said fifth insuldtive RaPHACED or

insulative filmrelative to said fourth

filmis greater, etching said fourth insulative film at a

thereby forma second

it

| ower- side electrode of an information accunul ati on ~Tapacitive el ement

as el ectricaihyutladiest edlhp said

t hr ough- hol e.

10

15

(i) after having etched said fifth insulative
film at a portion overlying said second contact hole
under a condition that the etching rate of said fifth
insulative film relative to said fourth insulative
film is greater, etching said fourth insulative film
at a portion overlying said second contact hole to
thereby form a second through-hole overlying said
second contact hole in self-alignment with a
corresponding one of said bit lines; and

(J) patterning a third conductive film as formed
overlying said fifth insulative film to form a lower-
side electrode of an information accumulation
capacitive element as electrically connected to said

second contact hole via said second through-hole.
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