-0 3 SEP 2003 SPECI FI CATI ON - A SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CE AND A
METHOD OF MANUFACTURI NG THE SAME Techni cal Field The present inventian

~relates to a semiconductor integrated circuit device and a techni&aéE?gma
manuf acturing the sane, and particularly to a device isolation structure
for formng fine or mcro MSFETs (Metal Insulator Sem conductor Field
Effect Transistors) and a technique effective for application to a formng
process thereof. Technical Background Wth scal e-down and high integration

of sem conductor chips or ele introduction of a shallow groove

gszaélggvgsgzgingsych a preqﬁﬂgﬁgaﬁﬂggggilating filmis enbedded ?nside
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(LOCOS) nethod. The above-%ﬁﬁé%%g%gRggglg%w gnpeve isolation is considered
u -

to be advantageous to ensu t hresho characteristics and
reductions in junction |eakage and a backgate effect as conpared with the
LOCOS nethod because (a) a device isolation interval or space can be

reduced, (b) it is _easy,to control a film thickness for device isolati
and set éﬁ?%&ﬂ%fa# Jgﬁ 1 I'solation

The'present invention relates to a semiconductor
integrated circuit device and a technique for
manufacturing the same, and particularly to a device
isclation structure for forming fine or micro MISFETS
(Metal Insulator Semiconductor Field Effect Transistors)
and a technique effective for application to a forming
process thereof.

Technical Background

With scale-down and high integration of
semiconductor chips or elements, the introduction of a
shallow groove isolation (SGI) of such a type that an
insulating film is embedded inside each groove defined in
a silicon substrate, is proceeding as a device isolation
structure as an alternative to a local oxidization of
silicon (LOCOS)} method.

The above-described shallow groove isclation is
considered to be advantageous to ensuring of sub-
threshold characteristics and reductions in junction
leakage and a backgate effect as compared with the LOCOS
method because (a) a device isoiation interval or space
can be reduced, (b} it is easy to control a film

thickness for device isolation and set a field reverse



0 3 SEP 2003 voltage, and (c) since an inversion preventive |ayer can be
separated froma diffused | ayer and a channel region by separately

i mplanting an inpurity in side walls of the inside of each groov F @ﬂe
. bottom thereof. A common nethod for form ng the shall ow groove iﬁgﬁﬁ il

is as follows: First of all, a silicon substrate is subjected to thermnal
oxidation and a thin silicon oxide filmis fornmed on the surface thereof.
Thereafter, a silicon nitride filmis deposited thereabove by a CVD

(Chem cal Vapor Deposition) nmethod. Next, each silicon nitride filmlying
in a deviigetaysol ahtioncn egiionei snr énvesdiby @rgverchivig MAiYER &3 phot or esi st
filmas a mask. Thereafter, trenches or grooves are defined . in the

subst r at pebygegryaebahifmgnwiat Hiffheesi Lieges Aner pd6hARRReE FEFLO™n each
active region as masks. Next, a thick silicon oxide filmis deposited on
the subsbiakepkrakedyngrphentingr eor $TEONILEY gPodves By llehe obomet hod.
Thereafter, the substrate is subjected to a thermal_ process and the
silicon axisdeef bEfmeaehbgddede ansi daset Bet§OFoFdE 8PS -el aboratel y densifi ed.
Thereafter, the silicon oxide filns above the silicon nitride filns are
renoved by a pohi shitmgnpmetbsd ashfasmenghbaek S6f11eHefFEAN “nechani cal
polishing (CMP) or the like, and the wunnecessary silicon nitride filns are
then renmivedat inherdsbyssHallowsgr obvESFsBFafions?aréc6hPl et ed. Shal | ow

roove isolations are set out, for exanple, i.n Japanese .
? substrate is subjected to theQQ%l ox1datﬂ%n and a thin

silicon oxide film is formed on the surface thereof.
Thereafter, a silicon nitride film is deposited
thereabove by a CVD (Chemical Vapor Deposition) method.
Next, each silicon nitride film lying in a device
isolation region is removed by dry etching with a
photoresist film as a mask. Thereafter, trenches or
grooves are defined in the substrate by dry etching with
the silicon nitride films left in each active region as
masks.

Next, a thick silicon oxide film 1is deposited on
the substrate including the interiors of the grooves by
the CVD method. Thereafter, the substrate 1is subjected to
a thermal process and the silicon oxide films embedded
inside the grooves are elaborately densified. Thereafter,
the silicon oxide films above the silicon nitride f£ilms
are removed by a polishing process such as etchback or
chemical méchanical polishing {(CMP) or the like, and the
unnecessary silicon nitride films are then removed,
whereby shallow groove isolations are completed. Shallow

groove isolations are set out, for example, in Japanese



"2 0 3 SEP 2003 Lai d-Open Patent Application No. Hei 02-260660, No. Hei
04-303942, No. Hei 08-97277 etc. SUMVARY OF THE | NVENTI ON The present
inventors have found out that thinning (local thinning) that a gal(d 5pRi2003

“filmformed on the surface of the substrate corresponding to each active
region would locally be thinned at a peripheral portion of the active
regi on, and a phenonenon (called MOS-1V kink characteristic) that a drain
current would flow by a |ow gate voltage, have been devel oped in the

above- described device isolatjon st t . ¢ i _
the presehd 13 TR o@%t%WeA%ﬁ%s%?%r]%i%I{ }CO ;J;Lg%hf%{lgz ?@53%5%%?;‘5@ (r)\e\“ nott

peripheral portion of t . i gion (effecting round processi ng on
it). As a'fedift? tﬁéopng%’ezqcé‘l?\?&eﬁfo‘?rschave found out that the (rgund

processing) technique for rounding the peripheral portion of each active
region after the grooves are defined in the substrate, has a problemin

b Efé‘z_néi "oxi de Tim for med DHTER ior! tal o Ta2Eh groove. due to'a ther mal
o1 Proces, e L UL ROREIHD SRS SrOEAL, L asiaye [ gl on
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surface of the substrate corresponding to each active

region would locally be thinned at a peripheral portion

of the active region, and a phenomenon (called MOS-IV

kink characteristic) that a drain current would flow by a

low gate voltage, have been developed in the above-

described device isolation structure. As a measure for

solving it, the present inventors have discussed a

technique for rounding the peripheral portion of the

active region (effecting round processing on it).

As a result, the present inventors have found out

that the (round processing) technigue for rounding the

peripheral portion of each active region after the

grooves are defined in the substrate, has a problem in

that since it needs a high-temperature thermal oxidizing

process, a thermal oxide film farmed on an inner wall of

each groove due to a thermal oxidizing process at the

round processing would grow to the active region side,

thereby_reducing the size of the active region, and hence

this would be a hindrance toc high integration and scale-

down of each MISFET.

Namely, a problem arises in that when the round



-3 0 3 SEP 2003 processing (round) is insufficient, thinning (local
thinning) that a gate oxide filmis thinly formed at a peripheral portion
of each pointed active region upon oxidation for formng the gate oxide

film and a wvariation in the threshold voltage of each M SFET dueugqggqln
MOS-1V kink characteristic. It is necessary to sufficiently effect r ng
processing (round) as its neasure. However, when the sufficient round is
applied to the peripheral portion of the active region, the active region
(particularly, the direction of a gate width of each N%?F T) becones
narrow. Ther@dDFENg t heowide 1§ phreieid @35t tHe Yat® w R of the M SFET)
of the active region cannot be ensured and sem conductor 6 el enents cannot
be scal edciibwningn Rt t3 of2 £ XL GRUT BT bl o i fhidy aﬁ%@“ﬁ% the fact that
the width of each shallow groove isolation is mniaturized and the
seni conduet bipheraheRR &L e ok £ RN < &1 Def T ouyntPitht o hi gh

integration. An object of the present inven iop%#s to provide a technique
capabl e ofxpiasEdmgi AhetRr M ih Ehe SLF e@ﬂ]o‘%% TMEBEETS. Anot her obj ect

of the present invention is to rovi de a techni gue § €§#9d£g [ onoti ng
the scal ev@ibbtion the i d*fl'hr%?fh‘g]a‘ghv%%‘éﬂ%v? r %?L}?e |_€% i'on. The above
A ene 2 ASThE RISk "NELaLEBLHLER O ot NS HRARLLAN Ton Wi becorre
sufficiently effect round processing (round) as its
measure. However, when the sufficient round is applied to
the peripheral portion of the active region, the active
region {particularly, the direction of a gate width of
each MISFET) becomes narrow. Therefore, the size
(particularly, theAgate width of the MISFET} cf the
active region cannot be ensured and semiconductor
elements cannot be scaled down. In addition, this would
be a hindrance to the fact that the width of each shallow
groove isolation is miniaturized and the semiconductor
elements are scaled down so as to be brought into high
integration.
An object of the present invention is to provide a
technique capable of pressing ahead with the scale-down
of MISFETs.
Another object of the present invention is to
provide a technique capable of promoting the scale-down
of the widfh of each shallow groove isoclation.
The above and other objects and novel features of

the present invention will become apparent from the

description of the present specification and the



description of the present specification and the 4 03 SEP 2003 acconpanyi ng
drawi ngs. Sunmmaries of typical ones of the inventions disclosed inﬁ@@ﬁ
present application will be described briefly as follows: (1) A P 2003
sem conductor integrated circuit device according to the present invention
conprises a plurality of active regions each having an island-shaped plane
pattern whose periphery is surrounded by shallow groove isolations, which
?L?e?lsrosed on ?_naindsurface of a substrate so as to have predeterm ned
vals in a_ first direction, and senm conductor elenents for [

pl ural i t PeGP™REMYFEIr 8§P8RET5%And wherein the sum of the mﬁdtﬁ g?degghthe

active region extending_in.the first _ diregti ace defined
between t he adj AEEREI5E Phe ygéFSEsogéﬁsgﬁtE?gsﬁgqﬁbﬁﬁﬁﬁﬁ1pitch in the

first directiaon,, and _the w dth, of tive, .naegi | irst
directi gﬁhis§l§?§‘ted1 argéret I%r?sé)e%é- ﬁgl%?citr}ﬁlgﬁ%nn%r%&%g b%intdc{\b.é%%e# n a
sem conduct.or_.i nt egrat,ed %chuit device according to the item1, the half
of the m lﬁﬁ&ﬁpﬁfcﬁ%%gowé'nininun1processing si ze determ ned according to

o oese! UL on, gL RISbL e Abhoskdbo e zcsam sanduot o |t eorat o
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& Y
of active regions each having an island-shaped plane
pattern whose periphery is surrounded by shallow groove
isolations, which are disposed on a main surface of a
substrate so as to have predetermined intervals in a
first direction, and semiconductor elements formed in the
plurality of active regions, and wherein the sum of the
width of each active region extending in the first
direction and the space defined between the adjacent
active regions constitutes a minimum pitch in the first
direction, and the width of each active region in the
sirst direction is set larger than one~half the minimum
pitch.

(2) In a semiconductor integrated circuit device
according to the item 1, the half of the minimum pitch is
a minimum processing size determined according to a
resolution limit of photolithography.

(3) In a semiconductor integrated circult device
according to the item 1 or 2, the semiconductor elements
are respectively coupled to interconnections disposed s0

as to have predetermined intervals, and the width of each

interconnection and the space between the adjacent



as to have predetermned intervals, and the wdth of each interconnection
and the space between the adjacent 5 03 SEP 1003 i nterconnections are
respectively set to the minimumpitch. (4) A sem conductor integratledSEP 2003
circuit device according to the present invention conprises a plurality
of active regions each having an island-shaped plane pattern whose
periphery is surrounded by shall ow groove isolations, which are disposed
on a main surface of a substrate so as to have predetermined intervals in
a first direction, and sem conductor elenents forned in.the plurality of
active regiemsonard bilveseiamst He PSRt Slive 53k ¢Ch Tof BEAH™48ti ve regi on
extending in the first direction and the space defined between the

adj acent piachi.ve regions is set to twice a m ni num processi ng size

determ ned according to a resolution limt of photolithography, the width
of each active Kégi6nSE®iCQﬂ§aFéPftH&ﬁeaFaéaHaFlFSHFEedﬁV%Fﬁun1processing
size and the space defined between the adjacent .active rnegigns.js less
than or egealrdiodt He e RERSENGC ST G2 ECPEY 55T & Sem conduct or
integrated circuit device according to the.item2 r..4.. .t he

seni condwdt gt ie1%e maRie gy é—‘atcééﬁ@é’tjg\ﬂele&;‘ éﬁ&ﬁlnéiglst%c?p%r??grléégﬁnect i ons

di sposed so as to have predeterm.ned intervals, t ] f each

i nt er conmadttied AP I rﬁeﬁﬁeesﬁ“ﬁ?eum:e(ﬂsfégr%t%ﬁ%%gr \(@oﬁldel’cet?i ons are

r i vel h , .
espect f;g&;¥¥oééztwﬁich are disposed on a maln surface of a

substrate so as to have predetermined intervals in a
first direction, and semiconductor elements formed in the
plurality of active regions, and wherein the sum of the
width of each active region extending in the first
direction and the space defined between the adjacent
active regions is set to twice a minimum processing size
determined according to a resolution limit of
photolithography, the width of each active region is
greater than or equal to the minimum processing size and
the space defined between the adjacent active regions is
less than or egual to the minimum processing size.

(5) In a semiconductor integrated circuit device
according to the item 2, 3 or 4, the semiconductor
elements are respectively coupled to interconnections

- disposed so as to have predetermined intervals, and the
width of each interconnection and the space between the
adjacent interconnections are respectively set to the
minimum processing size determined according to the
resolution limit of photolithography.

(6) In a semiconductor integrated circuit device



*m ni mum processi ng size determ ned according to the resolution limt of
phot ol i t hography. (6) In a sem conductor integrated circuit device 6 0 3
SEP 2003 according to the item3 or 5, each of the sem conductor ) sG]
constitutes a menory cell, and each of the interconnections constitutes a
word line or a bit line connected to the nenory cell. (7) In a

sem conductor integrated circuit device according to any of the itens 1 to
6, a peripheral portion of each active regi on whose periphery is
surrounded by the shal |l ow groove isolations, is shaped in the formof a
section atehrdiegnvextisuhdem(8)ornoa 8arf'cBhdtBEoF=TAERGREFEA Ci I cui t
device according to any of the items 1 to 7, the thickness of a gate

i nsul at | ageReNEF 0OFORAERTYBAT cONABEPEY EPéhent"fofABE “onCfRe surface of the
substrate in each active region is equal in_central agd per.i pher al

porti onsiBECERRNAGEFVRNSr egrohi tEEFSI A YOsenieBRdGEL Br Fﬁtiépgted circuit
devi ce according to any of the iteng 1 to 8, the sem conductor elenents

f or med iﬁO@&%ﬁt%@tF9et¥%gP%ﬁoéYecﬁéﬁprised of M SFETs respectively, the

M SFETs are nenory cell selection M SFETs each 8f whi ch 3ﬁnstitutes part of
each memory cel 7 iH a® RO CAMGH A RhpheF EAF F Ve ef RNt " WHF EA=const i t ut es
anot Qg;oggégéginggggg‘;gg;xfcs Lt bhe DRAM, LS gonngeteq in series with

portion of each active region whose periphery is
surrounded by the shallow groove isolations, is shaped in
the form of a section with a convex round.

(8) In a semiconductor integrated circuit device
according to any of the items 1 to 7, the thickness of a
gate insulating film of each semiconductor element formed
on the surface of the substrate in each active region is
equal in central and peripheral portions of the active
region.

(9) In a semiconductor integrated circuit device
according to any of the items 1 to 8, the semiconductbr
elements formed in each active region are comprised of
MISFETs respectively, the MISFETs are memory cell
selection MISFETs each of which constitutes part of each
memory cell in a DRAM, and a capacitative element which
constitutes another part of the memory cell in the DRAM,
is connected in series with the memory cell selection
MISFET.

(10} A method of manufacturing a semiconductor
integrated circuit device, according to the present

invention, comprises the following steps of:



M SFET. (10) A method of manufacturing a seniconductor integrated circuit
devi ce, according to the present invention, conprises the follow ng steps
of: 7 03 SEP 1003 formng silicon nitride filns on a main surface
substrate so that the sumof the width of each silicon nitride fifiﬁEfYM3
extending in a first direction and the space defined between the adjacent
silicon nitride films extending in the first direction constitutes a
mninmum pitch in the first direction, form ng side wall spacers on side

g:b:sf gigngéhzﬁﬁbgégféngé e %3%%’_&35?5‘%9%5?” paeans S P RO RS the i do
Found | proGESER n Sone Fel FRe B Ehe b etraT e o afd Formiag e
:EE“'; E%;%%ﬁ]éld:nh Ef@ﬁ%c iee{%:e%?ﬂérq}?,?@ fg??fﬁér%%% TG o0 8% REGFooves.

G oove. | S AR ORI 5 SBECH SOV Sge o FD R method of

e g e T aL ol AL Gl R shuraiear o g to the
pitch in the first direction,

forming side wall spacers on side walls of each
silicon nitride film and thereafter defining grooves in
the substrate in self-alignment with the side wall
spacers,

removing the side wall spacers and thereafter
oxidizing the substrate to thereby effect round
processing on the surface of the substrate, and

forming an insulating film on the substrate
including the interiors of the grooves and thereafter
removing the insulating film lying outside the grooves,
and embedding the insulating film in the grooves to
thereby define shallow groove isolations for defining
each active region.

(11) A method of manufacturing a semiconductor
integrated circuit device, according to the present
invention, comprises the following steps of:

selectively forming silicon nitride films on a main
surface of a substrate,

forming side wall spacers on side walls of thne

silicon nitride films respectively and thereafter etching

the substrate in self-alignment with the side wall



selectively formng silicon nitride filnms on a main surface of a
substrate, formng side wall spacers on side walls of the silicon nitride
films respectively and thereafter etching the substrate in self-ali

with the side wall 8 0 3 S E P 2003 spacers to thereby define groo&égﬁpﬁﬁm
the substrate in each device isolation region, renoving the side wall
spacers and thereafter subjecting the substrate to thermal oxidation to
thereby effect round processing on the surface of the substrate at a

peri pher al%%gerrtﬁi (r)]tgCf 8%?%%1%%& Ve, r%&g&p?s fﬁg hflo] @L@S@pﬂﬁgs%ati ng filmon

t he subst? e interiors o grooves, thereafter renoving

the insulating filmlyi v ilicon nitride filmand enbeddi ng the
i nsul ati nega‘fril Y- h%songar%%(\%gs%a%{]?%ereby define shal |l ow groove °

isolations. (12) A net hod&_t)éc %&“fﬁcfluréﬂ&&éﬁﬂ&%%ﬁtef nt egr at ed
0 the

circuit device, raeglgo\’}l&}%g present 1 nvention, conprises the

fol lowi no. gt £ps. Ofs Sl echyely-d oL g shdi cops ahiidgecdiLapropya main
Su s[ﬁa e,

u
‘surface of orm ng side walT spacers on side walls of the

silicon ”ééfécgte é%ﬁ@hgs&?@@ ;,m?'a/nameta?fp@éée&femi BGbsthgcsubstrate in
~sel f-alignnent w the side wall spacers to thereby define grooves in the
substrate,in, gach eyl £e,450] S 19A £884 Ofctive region, and

forming an insulating film on the substrate
including the interiors of the grooves, thereafter
removing the insulating film lying over each silicon
nitride film and embedding the insulating film in the
grooves to thereby define shallow groove isolations.

(12} A method of manufacturing a semiconductor
integrated circuit device, according to the present
invention, comprises the following steps of:

selectively forming silicon nitride films on a main
surface of a substrate,

forming side wall spacers on side walls of the
silicon nitride films respectively and thereafter etching
the substrate in self-alignment with the side wall
spacers to thereby define grooves in the substrate in
each device isolation region,

removing the side wall spacers and thereafter
subjecting the substrate to thermal oxidation to thereby
effect round processing on the surface of the substrate
at a peripheral portion of each active region,

etching each silicon nitride film to thereby recess

a peripheral portion of each silicon nitride film te the



removing the side wall spacers and thereafter subjecting the substrate to
thermal oxidation to thereby effect round processing on the surfac f tmﬁ
substrate at a peripheral portion of each active region, etching eﬁé%EPz
silicon nitride filmto thereby recess a peripheral portion of each
silicon nitride filmto the 9 0 3 SEP 2003 1 center side of the active
region, and formng an insulating filmon the substrate including the
interiors of the grooves, thereafter renoving the insulating filmlying

over eachcg%tégo igRibEideefhém aud-egbeddingithe insulating filmin the
grooves to ereby define shallow groove i1solations for defining the

active regions. £13);Ad 2 BN Of ngrepufacdurdg furserdonduct or
integrated circult device, according to the item12, the etching for

recessi ng%ﬁ@ﬁ?u@?ﬁ&phﬁéain’@@ﬂhﬁg of the gsbbieon midréalecéil mto the center
side of the active region is isotropic etching. (14) A nmethod of

manuf act upbRgvansemheondyst 8t ingnEednal etingi seef teaelvi el iacctording to any
of the items 10°to 13 further includes a step of subjecting the substrate
to thernah;exidat Eonmakher ekbediibsyl ahengnéulating hbedtedtha the grooves
to thereby forma gate insulating filmfor each M SFET on the surface of
the subsgrabecknteacheasbiyveefegeonhahtiovhenodor m eatht yane for
defining the active regions.
(13) In a method of manufacturing a semiconductor
1 integrated circuit device, according to the item 12, the
etching for recessing the peripheral portion of the
silicon nitride film to the center side of the active
region is isotropic etching.
(14) A method of manufacturing a semiconductor
integrated circuit device, according to any of the items
10 to 13 further includes a step of subjecting the
substrate to thermal oxidation after the insulating film
is embedded in the grooves to thereby form a gate
insulating film for each MISFET on the surface of the
substrate in each active region and then form each gate
electrode for the MISFET on the gate insulating film.
(15) A method of manufacturing a semiconductor
integrated circuit device, according to the item 14
further includes a step of forming a silicon oxide film
on the surface of the substrate in each active region
prior to the gate insulating film forming step, a step of

implanting impurity ions in the substrate through the

silicon oxide film, a step of subijecting the substrate to

10



el ectrode for the MSFET on the gate insulating film (15) A method of
manuf acturing a sem conductor integrated circuit device, according to the
item14 further includes a step of formng a silicon oxide film ? Emﬂw3
surface of the substrate in each active region prior to the gateﬂ) 5
insulating filmformng step, a step of inplanting inpurity ions in the
substrate through the silicon oxide film a step of subjecting the
substrate to 10 0 3 s[ P 2003 a thermal process to diffuse the inpurity

i ons, thereq% - g&ggﬁg@%lé?lglf éupﬁéraﬁﬁé gm ot epcRErebghing the

surface of the su her eby renove t icon oxide film (16) In

a method of JANTACHULI N9 2,5 eqloORICE O and i egf 86 edr okt ot hgdentce,

accordi ng gate electrodes for the NlSFETS ext end

acr oss trghfﬁgégqafr@@goggbgggagbetghgﬁéggb?rp@m@vésgﬁ@tggggcoﬁl7) In a

met hod of” manufacturing a sem conduct or egrated circuit device,
accordlnga}gfaéhgl tem 14, the M SFETs are respectively nenory cel
sel ection SFETs each of which constitutes part of each nenory cell in a

DRAM (18) In a meihod, of perndcd firddvl fa Sent opdicdaricomdegrated circuit
device, according to any of the itens 10 to 17, each silicon nitride film

has a sl eflesq fﬁﬁkdléiﬁﬁﬁzﬁh@@ﬁﬂc@laﬁ@c@ﬁﬂiﬂgntoanﬂethEeml2é otheach

silicon n|tr|de filmin the first direction and the space defined
gate electrodes for the MISFETs extend across the active
regions and the shallow groove isolations.

(17) In a method of manufacturing a semiconductor
integrated circuit device, according to the item 14, the
MISFETs are respectively memory cell selection MISFETs
each of which constitutes part of each memory cell in a
DRAM.

(18) In a method of manufacturing a semiconductor
integrated circuit device, according to any of the items
10 to 17, each silicon nitride film has a slender and
island-shaped plane pattern, and the size of each silicon
nitride film in the first direction and the space defined
between the silicon nitride films adjacent to each other
in the first direction are respectively equal to a
minimum size determined according to a resolution limit
of photolithography.

(19) In a method of manufacturing a semiconductor
integrated‘circuit device, according to the item 18, the
gate electrodes for the MISFETs linearly extend along a

second direction intersecting the first direction of each

active region at the same widths and same spaces, and the

11



“between the silicon nitride filns adjacent to each other in the first
direction are respectively equal to a mninmumsize determ ned according to
a resolution limt of photolithography. (19) In a method of nmanuf §gtyepiNel
a sem conductor integrated circuit device, according to the item 18, the
gate el ectrodes for the MSFETs linearly extend along a second di rection
intersecting the first direction of each active region at the sanme w dths
and sanme spaces, and the 11 0 3 SEP 2003 wi dt hs and spaces are respectively

equal toﬁ{a p:: ni ;%r% %azq%nsdg}r%r My q.ic%q%w RGuEQ &of esalitiim@m | 1 mt of

photol it met hod of manufacturing a sem conduct or

integrated circyit device, rai g, 0 Ry 10k itthe 1iit 10 to 19, th
si de wal ISlsZp?acdgerL{-‘se“éng%nberafgaec% S Inglcgn gxi%e fitlltr% (le)e'rtfr?ra met hod of ©

manuf act ur,i ng A S8 ] ctor integrated circuit device, accordi
_ gg[} X _ : ng to an
of the i t8ifs lftﬁ}g , ‘the thickness of each side wall spacer ranges fr)c/)m

5nmto 40nm (22)A Rt noghofh BByl achuthlg ua isgTaceaadcboriudnie
. ( . rated
circuit device, according to any of the itens 10 to 21 further igcludes a

step of foIMg{he of da il doyishaceidc e o dawald < of ittensi | i con
_ I'Thms” and. thereafter inplanting inpurity ions in the
nei ghbor hgod. of1 4 he: \sard age i1 1t hp s radrepriine wdisig icon oxide
film.
(21) In a method of manufacturing a semiconductor
integrated circuit device, according to any cof the items
10 to 20, the thickness of each side wall spacer ranges
from 5nm to 40nm.
(22) A method of‘manufacturing a semiconductor
integrated circuit device, according to any of the items
10 to 21 further includes a step of forming the side wall
spacers on the side walls of the silicon nitride films
and. thereafter implanting impurity ions in the
neighborhood of the surface of the substrate including A
regions below the side wail spacers prior to the step of
defining the grooves in the substrate.
(23) In a method of manufacturing a semiconductor
integrated circuit device, according to any of the items
10 to 22, when the substrate is etched in self-alignment
with the side wall spacers to define the grooves, the
neighborhoéd of the surface of the substrate is first
isotropically etched to thereby isotropically etch the

neighborhood of the surface of the substrate in the

regions below the side wall spacers, and the substrate 1is

12



regions below the side wall  spacers prior to the step of defining the
grooves in the substrate. (23) In a nethod of manufacturing a sem conductor
“integrated circuit device, according to any of the items 10 to 22, DarhgR 2001
the substrate is etched in self-alignment with the side wall spacers to
define the grooves, the neighborhood of the surface of the substrate is
first isotropically etched to thereby isotropically etch the nei ghborhood
of the surface of the substrate in the regions below the side wall

spacer s, t at e i : (
pacers et%[ 416 %ﬁs%kbﬁfrgh(aéz%l'f di2- 1L B SER 2003 then @nisess opical ly etched

to defin ooves. n a method of manufacturing a sem conductor

integrated Circuisy,dayi GenReeRr HMgdra @t ofi dhe ideforkidn23, the
nei ghbor hood of the surface of the substrate in the regions bel ow the side

wal | Spaciq{tdseg{ cd Ui caldy @tched-af t@ind heo rempvst oie theewéde wal |
spacers, an e substrate is then subjected to thermal oxidation to

t her eby %{d‘e&} Fpund, Pracessidh Ul the risurdeemef dhecisaibstrate at the
peri pheral portion of each active region. (25) In a nethod of

manuf act W g v SeM L HKRICEOF i o NURGT B ech & ¢ Lk twaleli eeacacgoiding to any
of the itenms 10 to 24, the thermal oxidation for effecting the round
processi gy ddie- SUrf ace-idd ther stibsie atemdsa pesf orlmedsige walltines in

parts. (26) In a nmethod of nmanufacturing a sem conduct or
spacers, and the substrate is then subjected to thermal
oxidation to thereby effect round processing on the
! surface of the substrate at the peripheral portion of

each active region.

(25) In a method of manufacturing a semiconductor
integrated circuit device, according to any of the items
10 to 24, the thermal oxidation for effecting the round
processing on the surface of the substrate is performed
plural times in parts.

(26) In a method of manufacturing a semiconductor
integrated circuit device, according to any of the items
10 to 25, the inner walls of the grooves are etched prior
to the step of embedding the insulating film in the
grooves after the round processing of the surface of the
substrate, whereby silicon oxide films formed on inner
walls of the grooves by the thermal oxidation at the
round processing are removed or thinned.

(27j In a method of manufacturing a semiconductor
integrated circuit device, according to any of the items

10 to 26, the substrate is subjected to a thermal process

after the insulating film is embedded in the grooves or

13



“integrated circuit device, according to any of the items 10 to 25, the
inner walls of the grooves are etched prior to the step of enbeddi p
insulating filmin the grooves after- the round processing of the suﬁ?ééeﬁwﬁ
"the substrate, whereby silicon oxide filns fornmed on inner walls of the
grooves by the thermal oxidation at the round processing are renoved or
thinned. (27) In a nethod of manufacturing a sem conductor integrated
circuit device, according to any of the itens 10 to 26, the substrate is

subjected to a thermal process,_ _after the insuLati fLlmis. edded in
the groov8s t8f £8UFSS §E9r§883tPnLEﬁEeggug§8°%hérégg %Sspkgiéggbdensify t he
insulating film (28) A method of manufacturing a sem conductor integrated
circuit dévi'ce, according to the present invention, conprises the

£ ol I ow t _ I . I ) = e ; )
sur ““lf’f ?Pfé?ganéaégiﬁa L R I SR S S
side wall, spacers on.si [ 1 f_th L i i i

Subst 1 at 47 EOF CaGeri R ERe PV ESE 1 851 SRIbP Ut S SUBSPESEE i th Ca tirst

photoresist film and etchin fe L de pacers in the second
r egi on, ﬁﬁgﬁgﬁﬁopdrﬁPﬁarfﬁF% §§§0385§§F328méfﬁb§p8§érs t hi cker than the

st ot de val | (3Paseiscenviiy sbefing! Lo olohhe: sktbgopsphbrbde filme in
main surfaces of first and second regions of a substrate,

(b) forming first side wall spacers on side walls
of the silicon nitride films left on the substrate,

(c) covering the first region of the substrate with
a first photoresist film and etching the first side wall
spacers in the second region, thereby forming thin second
side wall spacers thicker than the first side wall
spacers on the side walls of the silicon nitride films in
the second region,

(d) removing the first photoresist film and
thereafter etching the substrate in self-alignment with
the first side wall spacers and second side wall spacers,
thereby defining grooves in the substrate,

(e) removing the first side wall spacers and second
side wall spacers and thereafter subjecting the substrate
to thermal oxidation, thereby effecting round processing
on the surface of the substrate at a peripheral portion
of each acﬁive region, and

(f) forming an insulating film on the substrate

including the interiors of the grooves, thereafter

removing the insulating film above each silicon nitride

14



(d) renoving the first photoresist filmand thereafter etching the
substrate in self-alignnent with the first side wall spacers and second
side wal | spacers, thereby defining grooves in the substrate, (e){§&pbvildo
the first side wall spacers and second side wall spacers and thereafter
subjecting the substrate to thernal oxidation, thereby effecting round
processing on the surface of the substrate at a peripheral portion of
each active region, and (f) formng an insulating filmon the substrate
including the interiors of the grooves, thereafter renoving the insulating
fil m above leaehdsiembegniniat tihge 1141023 189gP £1668 i (Yhsad %&eddi ng t he
insulating filmin the grooves, thereby form ng shall ow graove isol ations
for defi mhegebyadt radriovehadgioon IroCXE) 1&kB{IHEE Soft FratFtadtdrd ng a

sem conductor integrated circuit device, according to the item 2B

furt her ierchudes ivaf tt@d e step (f), steps of: (g) renoving the silicon

nitride filnms and performng an etching Etocess for re uckn% a step
between the surPi¢ePoRethedsghsiriiléacbrré8foAdPRG-E6FHE 8ctive region

~and the surface of the insulating filmlyjn wi thin .each al | ow groove
i sol ati or,NEEP A SN it K Siivst I‘aé‘(cé’r‘)[%r‘t hé'ﬁpnﬁheoxli%d“gf izcs?ﬂ to thereby
f first t ide fil i

Subst at &ttt iy s, afrer the $i¥o (TR ke surface of the

(g) removing the silicon nitride films and
performing an etching process for reducing a step between
the surface of the substrate corresponding to the active
region and ﬁhe surface of the insulating film lying
within each shallow groove isolation,

(n) subjecting the substrate to thermal oxidation
to thereby form a first gate oxide film for a first
MISFET on the surface of the substrate in the active
region,

(i) covering the second region of the substrate
with a second photoresist film and etching the surface of
the first region of the substrate, thereby removing the
first gate oxide film in the first region, and

(j) removing the second photoresist film and
thereafter subjecting the substrate to thermal oxidation,
thereby forming a second gate oxide film for a second
MISFET on the surface of the first region of the

substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims
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“region, (i) covering the second region of the substrate wth a second
photoresist filmand etching the surface of the first region of thgjStp 2003
~substrate, thereby renoving the first gate oxide filmin the first region,
and (j) renoving the second photoresist filmand thereafter subjecting the
substrate to thermal oxidation, thereby formng a second gate oxide film
for a second M SFET on the surface of the first region of the substrate.
BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e the specification concludes with

L T PR AN SRR I
ob et o eafirednr "l Qo et B o b G T from

;j:]a\t/vihggzje:‘:rt\eﬂ%ffﬁ: ?ﬁtg.thf iV rlgg]g?nt ary HI ar‘lC viaeyv E%aawgt e lying
circurt Od o8 GG e © HBE REACOT 1 RS T eeent Thvent i on: Flg. 2 is

e A A T AR UMD 3 T 2
following description taken in connection with the
accompanying drawings in which:

Fig. 1 is a fragmentary plan view of a substrate
lying in the course of a process for manufacturing a
semiconductor integrated circuit device showing one
embodiment of the present invention;

Fig. 2 is an equivalent circuit diagram of a memory
array in a DRAM;

Fig. 3 is a fragmentary cross-sectional view of the
supstrate taken along lines A - A’ and B - B’ in Fig. 1;

Fig. 4 is a fragmentary cross-sectional view of a
substrate, which shows a method of manufacturing a
semiconductor integrated circuit device according to an
embodiment 1 of the present invention:;

Fig. 5 is a fragmentary cross-sectional view of the
substrate, which illustrates the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 1 of the present invention;

Fig. 6 is a fragmentary plan view of the substrate,
which depicts the method of manufacturing the

semiconductor integrated circuilt device according to the

embodiment 1 of the present invention;
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‘substrate taken along lines A- A and B- B in Fig. 1; Fig. 4is a
fragnmentary cross-sectional view of a substrate, which shows a nethod of
‘manufacturing a semi conductor integrated circuit device according G?Sgnumg
enbodi mrent 1 of the present invention; Fig. 5is a fragnentary
cross-sectional view of the substrate, which illustrates the nethod of
manuf acturing the sem conductor integrated circuit device according to

t he enmbodi nent 1 of the present invention; Fig. 6 is a fragnentary plan
view of the substrate, . which depicts the nmethod of nuf.acturing the

seni conduct or | ntEfr at ebf & rAATIHEA Te FEoT di 1o 1Y T he L hitdi Eht 1 of
the present invention; 16 3 SEP 1093 Fig. 7 is a_fragnentar

cross- sect FBRaF2GF ewy ?C?hghoﬁﬁbg??dT%?h%ﬁi%ﬁ @%%%ga?$ng%¥ﬁH%aof
nanufacturing thg sem conduct or integra;e circuit device acctrding to the
enbodi ment =BT RECPF eS-HTIT AVRNL F RS LF o7C B TS %C??a%]n%%tra?y T an vi ew of

the substrate,. which ilLlustrates the, nethod of facturing th
e conduEESH 1T By SR BT Cof Todv| BB BLEOTH ng 10 the  enbodi ment 1 of

the present invention Fig. n%gi}ﬁs)mqeanot;arrﬁgﬁatnar‘yiecg oos;s-tsl,leectsju%nsagra\éﬂeew of the

substrate, which thows the acturing the ~ semTconduct or

el Lo ELL M e 0 00T ACo N SEROLLIR, Lol he presen:
semiconductor integrated circuit device according to the
empodiment 1 of the present invention;

Fig. 9 is a fragmentary cross-sectional view of the
substrate, which shows the method of manufacturing the
semiconductor integrated circuit device according to the
embediment 1 of the present invention;

Fig. 10 is a fragmentary cross-sectional view of
the substrate, which illustrates the method of
manufacturing the semiconductor integrated circuit device
according to the embodiment 1 of the present invention;

Fig. 11 is a fragmentary cross-sectional view of
the substrate, which depicts the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 1 of the present invention: |

Fig. 12 is a fragmentary cross-sectional view of
the substrate, which illustrates the method of
manufacturing the semiconductor integrated circuit device
according to the embodiment 1 of the present invention;

Fig. 13 is a fragmentary cross-sectional view of

the substrate, which shows the method of manufacturing

the semiconductor integrated circuit device according to

17



"the substrate, which illustrates the method of manufacturing the

sem conductor integrated circuit device according to the enbodinent 1 of

“the present invention; Fig. 11 is a fragnentary cross-sectional vie % 2003
it

the substrate, which depicts the method of nmanufacturing the semc
integrated circuit device according to the enbodinment | of the present
invention; Fig. 12 is a fragmentary cross-sectional view of the substrate,
which illustrates the nmethod of manufacturing the sem conductor integrated
cireul tdeyl o AGCONAI NG 40 difie eibadirerivdnofod e present i nvent i on:

Fig. 13 isa fragnentary cross-sectional view of the substrate, which
shows the met hog;of nanyiac Wﬂag;&e&tm%ﬁw&%n@wcqroaam agreat et circuit
devi ce according to 17 0 3 SEP 2003 the enbodinment 1 of the present

| nventi on,y, Fi &%thfa*ée,a JH QGBI 3t £ 108 SnSaedd alnatiefs ofur idhe

substrate, which depicts the nethod of manufacturing the sem conductor

i nt egrat §d, i Gk 4o QY €8 anoe i Ngd i tdiei endwodi srerdcdondindiecpr esent
invention; Fig. 15 is a fragmentary cross-sectional view of the substrate,
whi ch i | lyst rahsd tden et hofl ofe seewd met invearg: idve; seni conduct or i nt egr at ed
circuit device according to the enbodiment 1 of the present invention;

Fig. 16 is a fragnentid yi Lrosrsecinomt adews-ofectivmasiubstewt® whi ch
shows the nethod of manufacturing the sem conductor integrated circuit
devi ce acgof ddulgstate, which illustrates the method of

or

manufacturing the semiconductor integrated circuit device
according to the embodiment 1 of the present invention;

Fig. 16 is a fragmentary cross—-sectional view of
the substrate, which shows the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 1 of the present invention;

Fig. 17 is a fragmentary cross-sectional view of
the substrate, which illustrates the method of
manufacturing the semiconductor integrated circuit device
according to_the embodiment 1 of the present invention;

Fig. 18 is a fragmentary cross-sectional view of
the substrate, which shows the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 1 of the present invention;

Fig. 19 is a fragmentary cross-sectional view of
the substrate, which illustrates the method of
manufacturing the semiconductor integrated circuit device .
according to the embodiment 1 of the present invention;

Fig. 20 is a fragmentary cross-sectional view of

the substrate, which shows the method of manufacturing

18



"the enbodinment 1 of the present invention; Fig. 17 is a fragnentary
cross-sectional view of the substrate, which illustrates the nethod of

manuf acturing the senmiconductor integrated circuit device according B D SEME0I
“enbodi nent 1 of the present invention; Fig. 18 is a fragnentary
cross-sectional view of the substrate, which shows the nethod of

manuf acturing the sem conductor integrated circuit device according to

t he enbodi nent 1 of the present invention; Fig. 19 is a fragnmentary

cross-sectional view of the substrate, which illustr hod of
rrangugact Lﬁh?gsetf%%%%ddﬂt&ﬁarﬁ“égrd % rf%:eu‘lr‘tcﬂea\a/l%%%régrg gf%li ng to the
enbodi nent of the present_invention; Fig. 20 is a fragnentar
cros?-secqt}eor?éq‘b#%%érbtfslt% o’ q}"é i"'shows t he met hodyof
manufacturing 18.0 3 P 2003 t m_condyct or. .. - i it device
according to t elgéanbigi(r‘?@ntanf 213 ¢ ea;i%esrer?ttp |Cn€vlg}rﬁqi%?lﬁfz%%n§sr.{%él% a) and

21(b) are Iespectively. {TAUENAY v, LrO85: seplional, lgve,of the

BN
subst r at €5, I he of "manufacturi ng e sem conduct or

| nteqrat ed L8 ol tn JRy 68 ASGOr G0 18 L, SO ML 3 0 edhe  pr esent

. ; e i
i nventi od" I'S a Tragnentary cross-sectional view of the substrate,

S D S TRt R ki S R
present invention;

Fig. 22 is a fragmentary cross-sectional view of
the substrate, which illustrates the method of
manufacturing the semiconductor integrated circuit device
according to the embodiment 1 of the present invention;

Fig. 23 is a fragmentary cross-sectional view of
the substrate, which depicts the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 1 of the present invention;

Fig. 24 is a fragmentary cross-sectional view of
the substrate, which shows the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 1 of the present invention;

Fig. 25 is a fragmentary plan view of the substrate,
which illustrates the method of manufacturing the
semiconductor integrated circuit device according to the
embodiment 1 of the present invention;

Fig. 26 is a fragmentary cross-sectional view of
the substrate, which shows the method of manufacturing

the semiconductor integrated circuit device according to

the embodiment 1 of the present invention;
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"Fig. 23 is a fragnent
depi cts the nethod of
devi ce according to

“a fragnmentary cross-s
met hod of manufacturi
according to the enb

ary cross-sectional view of the substrate, which
manuf acturing the sem conductor integrated circuit
the embodi nent 1 of the present invention; Figl33$aP i3
ectional view of the substrate, which shows the

ng the sem conductor integrated circuit device
odinent | of the present invention; Fig. 2Sis a

fragnentary plan view of the substratef which illustrates the nethod of

manuf acturing the sgig_%zt%uicftrﬁ%r H‘itegtt%%@gi&jg%ng?ii gll tofd%yligec%u?)%ccgfa@er]g to the

embodi ment 1 of “tHe
cross-sectional. vi ew
manuf act Ut t

t he enmbodi nent | of t

ion; a fragnentar

S T ek

egrated Circuit device according to

o Lt an: . ( (
f r agment arSM g U W S gjf raﬁ%e E{s}tjeods?c\r/lgncted,lq:n&eljv%h% %c&?ﬁ:ﬁéﬁ%ﬁ tfdhg:hr;%z hlozl gf

manuf act uri.ng, t he e
enbodi rren@tm}:locjddfm‘:irhteslp

nc‘l;],:cqcndeuc&roerS inng eig{‘%tne&%rcui t device according to the
resent” ifnventon: Fi g. is a fragnentary

cross-sectional piewof . the f%‘é%?nternacta%ya‘t@gg%@.—%%@t%%atl_hQf ;et hgd of

manuf act uri ng tgﬁg ‘'se

m conduct or 1 nteg circuit device according to

the enbodtih}{reeng%gstorfaé&e PRSP jnventdinn Hithy ¥ inafu ddadmBMary pl an

vi ew of the su

Sstrate,

shows the nethod of manufacturing the

sem condygiOrsemiconductor integrated circuit device according to

the embodiment 1 of the present invention;

Fig. 29 is a fragmentary plan view of the substrate,

which shows the method of manufacturing the semiconductor

integrated circuit device according to the embodiment 1

of the present invention;

Fig. 30 is a fragmentary cross-sectional view of

the substrate, which shows the method of manufacturing

the semiconductor integrated circuit device according to

the embodiment 1 of the present invention;

Fig. 31 is a fragmentary cross-sectional view of

the substrate, which illustrates the methoed of

manufacturing the semiconductor integrated circuit device

according to

the embodiment 1 of the present invention;

Fig. 32 is a fragmentary cross-sectional view of

the substrate, which shows the method of manufacturing

the semiconductor integrated circuit device according to

the embodiment 1 of the present invention;

Fig. 33 is a fragmentary cross-sectional view of

the substrate, which depicts the method of manufacturing

the semicond

uctor integrated circuit device according to
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integrated circuit device according to the enbodi nent 1 of the present
invention; Fig. 30 is a fragnentary cross-sectional view of the substrate,
whi ch shows the nmethod of nmanufacturing the sem conductor int egratnqd P 7003
circuit device according to the enbodinent 1 of the present inventi oﬂi,
Fig. 31 is a fragnentary cross-sectional view of the substrate, which
illustrates the nethod of manufacturing the sem conductor integrated
circuit device according to the enbodinment 1 of the present invention;
Fig. 32 is a fragnentary cross-sectional view aof the substrate, which
shows t h&hfetiEE G efanut &t dHisn§ LA sl "&dhdfétor i ntegrated circuit

devi ce accordi n%,t 0 the_ﬁenb(%(gi ment 1rof t%e pr egg{r{t JAvention,. Fig. 33 is
a fragmentary crFoSs- Séctifofal "FPBR"GR LYt & CSGbSErat e  Amhi ¢ “d&hi ct s t he
rechod, O RSN L8 ST SonducLar L8 S et gt device
R R Mt B S o I
device asoer Al Gebe, SLed Il Whpdreaent |nven fon Fla. 36 1o
o e b b PRI O st ! v gl co
the substrate, which illustrates the method of
manufacturing the semiconductor integrated circuit device
according to the embodiment 1 of the present invention;
Fig. 36 is a fragmentary cross-sectional view of a
substrate, which depicts a method of manufacturing a
semiconductor integrated circuit device according to an
embodiment 2 of the present invention;
Fig. 37 is a fragmentary cross-sectional view of
the substrate, which shows the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 2 of the present invention;
Fig. 38 is a fragmentary cross-sectional view of
the substrate, which illustrates the method of
manufacturing the semiconductor integrated circuit device
according to the embodiment 2 of the present invention;
Fig. 39 is a fragmentary cross-sectional view of
the substrate, which depicts the method of manufacturing
the semiconductor integrated circuit device according to
the embodiment 2 of the present invention;

Figs. 40(a) and 40(b) are respectively fragmentary

cross-sectional views of substrates, which show a method
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"Fig. 36 is a fragmentary cross-sectional view of a substrate; which

depicts a nethod of manufacturing a sem conductor integrated circuit

devi ce according to an enbodiment 2 of the present invention; Fig. 8% SER 2803
“fragnmentary cross-sectional view of the substrate, which shows the nethod
of manufacturing the sem conductor integrated circuit device according to

t he enbodi nent 2 of the present invention; Fig. 36 is a fragnentary
cross-sectional view of the substrate, which iIIustrat es the met hod of
manuf acturing the seni conductor. integrated. ci rcwtt ev:rc,e ;according to the
embodi mer £ ZFFUEIE-pr Bkt ?%ﬁ“‘g‘ﬂc g PP A fragrr%n ary
cross-sectional view of the substr |cts thod of

manuf act lﬁﬁf‘h{:jcet%%%%n%c‘?%reri‘%?‘%ﬂ?%?‘ejcqg 5 pdrew ce accordl ng to
t he enbodj nent 2 of the present invention; Figs. 40(a) and 40(b) are
respectlvjetll?e‘? Ja%rﬁent ary cross-sectional views of substrates, which show a

met hod 21 0 3 SEP 2003 of .man t [ing a cqn tors circuit
devi ce accordi ngFlt‘;brs ‘an Wocﬂqéa@gjofaq:t‘hersep esen%qiﬁveﬂnt on; FLﬁgs 41(a)
and 41(b) are resp, ectiyv frag n y cty é/lll&yvstrpg t he
subst r at eSO Whi Th fsh%%f Lo r%d&g Srr%k?\% a%—f%% ngﬁp{kﬁr{e sem conduct or

"t ograt o C1Youit devi £ 3695 AN 1 0L Do GBS MERLL 3. pled o pr oS

i nventi on™®
circuit device according to the embodiment 3 of the

present invention;

Figs. 42{a) and 42(b) are respectively fragmentary
cross-sectional views of the substrates, which illustrate
the method of manufacturing the semiconductor integrated
circuit device according to the embodiment 3 of the
present invention;

Figs. 43(a) and 43(b) are respectively fragmentary
cross-sectional views of the substrates, which depict the
method of manufacturing the semiconductor integrated
circuit device according to the embodiment 3 of the
present invention;

Figs. 44(a) and 44(b) are respectively fragmentary
cross—-sectional views of the substrates, which show the
method of manufacturing the semiconductor integrated
circuit device according to the embodiment 3 of the
present inyention;

Figs. 45(a) and 45(b) are respectively fragmentary
cross-sectional views of the substrates, which depict the
method of manufacturing the semiconductor integrated

circuit device according to the embodiment 3 of the
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"Figs. 42(a) and 42(b) are respectively fragnentary cross-sectional views
of the substrates, which illustrate the nethod of manufacturing t

sem conductor integrated circuit device according to the enbodi menﬁ §F P 003
"the present invention; Figs. 43(a) and 43(b) are respectively fragnentary
cross-sectional views of the substrates, which depict the nethod of

manuf acturing the sem conductor integrated circuit device according to the
enbodi mant|3 ?f the present invention; Figs. 44(a) and 44(b) are
respectively fragnentary cross-sectional views of the substrates, which
show t he PafstHd *dtVSHMAHctdid ng t he seniconductor integrated circuit

and 45(b) are rSdpRct ARy PrEDRHE v CrosErsaa oAl “ci,fﬁeq“c fype
substrates, which de t the q_g of nuf acturl g h Senm nduct or
i nt egr at 6 BT R ]dpé\ﬂ Jaﬁ:""c’oroﬁ t‘pjt %&1} th 2 0 3 SEP
2003 preseeg:h C1[wegtl on; ncd roﬁ% r}916(4% :Lacnc()jn (@C} air[{at é)éleve| y
Ir'ra?ﬁngnt?} ch o5 “éaerb%?)%ha"} k e substrat €s, ﬁ shgw t he

od of .manufacturin e r t
accor di ng t'o" e EhbdHi %foragcqﬂ u&%)e?e%éé%&%%tﬁﬁ ocgf rlE)EéSCRI IeD¥II gﬁl OF THE

PREFERRE% 1@&% I\4.|':l'[\\l/]-e$1tJ.on .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
hereinafter be described in detail with reference to the
accompanying drawings. Incidentally, ones or components
having the same function in all the drawings for
describing the embodiments are identified by the same
reference numerals and the repetitive description thereof
will therefore be comitted.

[Embodiment 1]

Fig. 1 is a fragmentary plan view of a substrate
lying in the course of a manufacturing process, Fig. 2 is
an equivalent circuit diagram of a memory array in a DRAM,
and Fig. 3 is a cross-sectional view of the substrate
taken along line A - A’ of Fig. 1 on the left side
thereof and is a cross-sectional view of the substrate
taken along line B - B’ of Fig. 1 on the right side
thereof, respectively.

Active regions L whose peripheries are respectively
defined by device isolation trenches or grooves oOr

shallow groove isclations 2, are formed on a p type well
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"Preferred enbodi nents of the present invention will hereinafter be
described in detail with reference to the acconpanying draw ngs.
“Incidental |y, ones or conponents having the same function in all t#d SEP 200]
drawi ngs for describing the enbodinents are identified by the sane
reference nunerals and the repetitive description thereof wll therefore
be omtted. [Enbodinent 1] Fig. | is a fragnentary plan view of a substrate
lying in the course of a manufacturing process, Fig. 2 is an equival ent

circuit dj ageOlR MRy Anffd Bra DRAMst rand B gomdriisedl of,
cross-sectional view of the substrate taken along line A- A of Fig. 1 on

the left f%ﬂ%xa%{@qreqog &q?;ei ok cGicasa-tsaatiirenali Ivicew .of Ashehswhstnat e
taken along line B - B of Fig. 1 on the right side thereof, respectively.

Active regiong L whosetield pheyiies ar e reespagictale l ydebirned iy devi ce
I sol ation trenches or grooves or shallow groove isolations 2, are forned
on a p typensld a3 Qs3 9P 2603 dlemme o sa mivh ishr kacenaf ia substrate
1 conprised of, for exanple, p type nono-crystalline silicon. As shown in
Fig. 1, tdwe afitdece iregitened adoag dspect veldy .f ohredlsa ssbendén and
i sl and- shaped pl ane patterns which extend in the direction taken along
line A - FAg.. 3As tdlsscwstfawe iaf they.sudsttrdssur flacéyol e Isistimate 1 (p
type well 3) in or corresponding to each active region L takes a
or corresponding to each active region L takes a
sectional form whose central portion is £f£lat and whose
peripheries (ends) are respectively shaped in the form of
a convex round.
Two MISFETs (memory cell selection MISFETs Qs},
which share one of the source and drain (n type
semiconductor regions 10), are respectively formed within
the active regions L. Each memory cell selection MISFET
Qs and an information storage capacitative element C to
be described later are electrically series-connected to
each other and constitutes a one-bit memory cell MC of a
DRAM (Dynamic Random Access Memory). As shown in Fig. 2,
each memory cell MC is electrically coupled to a point
where a word line WL and a bit line BL intersect.
Each of the memory cell selection MISFETs Qs is
comprised principally of a gate oxide film 7 formed on
the surface of the substrate 1 (p type well 3)
corresponding to the active region L, a gate electrode 8
formed on the gate oxide film 7, and a pair of n type

semiconductor regions 10, 10 (source and drain) formed in

the substrate 1 (p type well 3) in the active region L.
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sectional formwhose central portion is flat and whose peripheries (ends)
are respectively shaped in the formof a convex round. Two M SFETs (nenor
.cell selection MSFETs ), which share one of the source and drdﬂﬂﬁﬁ?ZWf
type sem conductor regions 10), are respectively formed within the active
regions L. Each nenory cell selection MSFET (s and an information storage
capacitative elenment Cto be described |later are electrically
series-connected to each other and constitutes a one-bit nenory cell MC of

a DRAM (xyRamniic pRandesm Ackes sl VRIr Wi ths shown d i tieg.n Zypeach nenory
cell MCis electrically coupled to a point where a word line W. and a bit

line BL igdpregetuc deach of i drde el 1@l {scaadectdron MSFETSLs s
conprised principally of a gate oxide film7 formed on the surface of the

subst r at @ ;b e Weldnn¥ct adroesipendoy dspdriei ragth e riegt BLL, a gate
el ectrode 8 fornmed on the gate oxide film7, and a pair of n type
sem condygioladLgiteNstiyr Hhdsed des arick ars=iayl foramdchdated e substrate 1
(p type well 3) in the active region L. 24 o 3 SEP 2003 As will be
descri beadaatersc iddier ( lane ofe dwt roday 38 ) sefimiesorduict forrmrasgions 10 and 10
(source and drain) is electrically connected to its corresponding bit |ine
BL, whersas-ddee migeari ddweirneofelissnagitedtrically connected to one el ectrode
(I ower electrode 33) of each information storage capacitative element C.
The gate electrode 8 of each memory cell selection

MISFET Qs is formed integrally with its corresponding

word line WL. WNamely, the gate electrode 8 is

electrically connected to its corresponding word line WL.

The gate electrodes 8 (word lines WL) linearly extend at

the same widths and intervals or spaces along the line B

- B’ of Fig. 1, i.e., the transverse direction of the

active region L. The width (gate length) (Lw) thereof and

the interval or space (Ls) thereof are respectively equal

to the minimum size {e.g., 0.léum = Lw = Ls) determined

according to a resolution limit of photolithography.

Thus, each wiring pitch corresponding to the sum of

the width (Lw) of each word line WL (gate electrode 8)

and the interval or space (Ls) between the adjacent word

lines WL (gate electrodes 8) is set to twice the minimum

processing size. Thus, since the wiring pitch (iw + Ls)

in the direction in which each word line WL (gate

electrode 8) extends, can be reduced, each memory cell

can be miniaturized or scaled down and brought into high

integration.

The gate electrode 8 (word line WL) is formed by a
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- The gate el ectrode 8 of each nenory cell selection MSFET Qs is forned
integrally with its corresponding word |line W.. Nanely, the gate eI%c F@ﬂﬁ

. 81is electrically connected to its corresponding word |ine W. Thé éi

el ectrodes 8 (word lines W) linearly extend at the sanme w dths and

intervals or spaces along the line B - B of Fig. 1, i.e., the transverse

direction of the active region L. The width (gate length) (Lw) thereof and

the interval or space (Ls) thereof are respectively equal to the m ninum

size (€. Gol ek SdMicE S deterinmed baagdendinkg a0 fd lkeselct iaen |init of
phot ol i t hography. Thus, each wiring pitch corresponding to the sumof the
wi dth (Lwiy oft gagdt amrd dring WarlDat & glteeigsede)8)f idnd atrke sicatcaracal  or
space (Ls) between the adjacent word Ilines W. (gate el ectrodes 8) is set
to twice dhe M Nigiipe PrOCEES e 1Si-zaysthud,insi rdd itdee \dilingiogistach (Lw +
Ls) in the direction in which each word line W. (gate el ectrode 8)

ext ends, gath b reduged, irgach gyemorgh eal 1P (edo spéomusi) at ubi 2édiopnscal ed
down and brought into high integration. The gate electrode 8 (word line.
W) is faorimeddy £126 D HxSER 2003 ssoley petaale statuetnur @si mhwhigelr<a barri er
metal filmsuch as WN (tungsten nitride) and a W (tungsten) filmare

st acked avertmdeoVt resist dnige p8lly-ior yistraldd weedi |siagdn gftitlem doped with an
n type inmpurity such as P (phosphorus). A silicon nitride film9 having

t he sane gllemer g ther (waast thiegatle -

As will be also described later, the bit lines BL
are formed at the same line widths and same intervals or
spaces along the direction in which they intersect the
word lines WL (gate electrodes 8). The line width (Lw’)
and space (Ls’) are respectively defined to the minimum
size (e.g., 0.16um) determined according to the
resolution limit of photolithography (see Fig. 29).

As described above, each wiring pitch corresponding
to the sum of the width (Lw’) of each bit line BL and the
spaced width (Ls’} between the adjacent bit lines BL is
set to twice the minimum processing size. Thus, since the
wiring pitch (Lw’ + Ls’) in the direction in which each
bit line BL extends, can be reduced, each memory cell can
be miniaturized or scaled down and brought into high
integration.

Each of the shallow groove isolations (device
isolation regions) 2, which surround the substrate 1 (p
type well 3) having the active regions L, is defined such
that a silicon oxide film 6 is.embedded inside trenches

or grooves each having a depth of about 350nm, which are
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el ectrode 8 (word Iine W) is formed over each gate electrode 8 (word line
W). As will be also described later, the bit lines BL are forned at the
.same line widths and same intervals or spaces along the direction inf})§fhg)
they intersect the word lines W (gate electrodes 8). The line width (Lw )
and space (Ls') are respectively defined to the mnimum size (e.g., 0.16m
determ ned according to the resolution limt of photolithography (see Fig.
29). As described above, each wiring pitch corresponding to the sum of the

width (Lwidrphegach bhdé sipecBhrand Wbetﬁé@aﬁ§ﬂlmBﬂth'N#§ Jubeimeen the
adj acent bit lines BL is set to tw ce the m ninmum processing size. Thus,

since theyrWwhengi pié6h dkHe+rism)6i Dst headi £@641 OAdi bhohhehgeach bit
| ine BL extends, can be reduced, each nenory cell can be nlnlaturlzed or

scal ed dowge@é@lf b;t@uguhtbstm@lmgp eqidd BOf At t9H. sAachcof ot henshal | ow groove
i sol ations (device isolation regions) 2, which surround the substrate 1 (p

type wel ls@)steytfaglt he agbévesl BgBpnsotressonei nqeto seiebh abatva silicon
-oxide film®6 is enbedded inside trenches or grooves each having a depth of
about 350mgiavhich ar el Gid SR W0 adefilred i fdhesdbsirate 1 (p type
“well 3). The surface of the silicon oxide film6 is flattened and the
hei ght téeress dsvelbstadnteabeéynegual stbithe suidactibh ¢hendubserate 1 (p
type well 3) corresponding to each active

substrate 1 (p type well 3) is formed at an interface

between an inner wall of each shallow groove isolaticn 2

and the silicon oxide film 6. Incidentally, the size ({(a)

of the shcrt side of each active region L forms a gate

width (a).of each memory cell selecticn MISFET Qs.

A method of manufacturing the above-described DRAM

will next be described in process order by using Figs. 4

through 35. Of these drawings, the left portions of Figs.

4, 5, 7, 9, 11 through 20, 22, 24, 26, 28 and 30 through

35 are respectively cross-sectional views of a substrate

1, which are taken along the longitudinal direction (the

direction as seen along line A - A’ of Fig. 1} of each

active region L, whereas the right portions thereof are

respectively cross-sectional views of the substrate 1,

which are taken along the transverse direction (the

direction as seen along line B - B’ of Fig. 1) of each

active region L. Only plane patterns for the active

regions, géte electrodes (word lines), bit lines and

connecting holes {contact holes and through holes) are

respectively shown in plan views (Figs. 6, 8, 25, 27 and

29), and the illustration of insulating films ({silicon
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region L. Athin silicon oxide film1l for relaxing stress devel oped
between the silicon oxide film6 and the substrate 1 (p type well 3) is
formed at an interface between an inner wall of each shal |l ow groovgj sgp 7003
isolation 2 and the silicon oxide film®6. Incidentally, the size (a) of

t he short side of each active region L forns a gate wdth (a)-of each
menory cell selection MSFET Gs. A nethod of nmanufacturing the
above-descri bed DRAM w Il next be described in process order by using

Figs. 4 thriewglfidlm, Gfiltikesendrawdegsiliheahef b perbiensvef ckilgs. 4, 5,
7, 9, 11 through 20, 22, 24, 26, 28 and 30 through 35 are respectively

Cross- sectdognali tviteéwy ef pauguhstinabe ohicwhich are taken along the
| ongi tudi nal direction (the direction as seen along line A-- A of Fig.

1) of each activereegi eneLsunbhereas theompghtepostipnsypbenenb-are
respectively cross-sectional views of the substrate 1, which are taken
al ong t he criyansvérise diilécbnohaftheg adireedsitamiag séefiramongokicne B - B of
Fig. 1) of each active region L. Only plane patterns for the active
regions, @aine ted ediaodel)@awy dfdr nesamp be tid i Nas)atked connged imgl hol es
(contact holes and through holes) are respectively shown in plan views
(Figs. 6, o&ida%io27 aandboR®) 858AC. t e gHilrustwiate en ldfcomnsuillati ng fil ns
(silicon 27 0 3 SEP 2003 oxide film silicon nitride filnm and a conductive
film condtfiltgti /g lacphug=wiel thémoniltt 84ViFpr st thifknsabspfaaboltconpri sed
of p type _nono-

10nm is formed on the surface cf the substrate 1.

Thereafter, a silicon nitride film 14 having a thickness

of about 120nm is deposited over the silicon oxide film

13 by a CVD methed. The silicon oxide f£ilm 13 between the

silicon nitride film 14 and the substrate 1 is formed to

relax stress developed at an interface between the

substrate 1 and the silicon nitride film 14 and prevent

defects such as dislocation from occurring in the surface

of the substrate 1 due to the stress.

Next, the silicon nitride film 14 in each device

isolation region and the silicon oxide film 13 located

therebelow are selectively removed by dry etching with a

photoresist film (not shown) as a mask as shown in Fig. 5.

When the silicon oxide film is left even slightly on the

surface of the substrate 1 corresponding to each device

isolation region at this time, this lead to the

occurrence of foreign substances. Therefore, the

substrate 1 is overetched to completely remove the

silicon oxide film on the surface thereof. The amount of

overetching made to the substrate 1 may be about 10nm to
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‘crystalline silicon having a resistivity of fromabout 1 Qmto about
10f-)cm for exanple is subjected to thernmal oxidation at about 850C. A
“thin oxide silicon film(first silicon oxide filn) 13 having a thi ckhkSg )
about 10nmis fornmed on the surface of the substrate 1. Thereafter, a
silicon nitride film 14 having a thickness of about 120nmis deposited
over the silicon oxide film 13 by a CVD nethod. The silicon oxide film 13
between the silicon nitride film214 and the substrate 1 is forned to

rel ax strggg, deveh-eped  atnannat @if age betweer ke posihshr atte chsand the
silicon nitride film214 and prevent defects such as dislocation from

occurri ngs ik A Sur fn@d}? o@f 2 d e Sphsd ratee dedlugl g dthesstnesset Next, the
silicon nitride film214 in each device isolation region and the silicon
oxi de filypd3 docaf askcdhes ebel ow are, sed echinvelypareraieed by dry et ching
with a photoresist film(not shown) as a mask as shown in Fig. S. Wen
the silicomeadudand itdaris dwefdeswyiangslightly on the surface of the
substrate 1 corresponding to each device isolation region at this tineg,
this lead to thes eteuwm enceiafs .f & eirgh Gulestdneed. i cBremgfiorigle t he
substrate 1 is overetched to conpletely renove the silicon oxide filmon

t he surf aftieln her ebffc The wmoustbofratyer etchfowgnathde to krndbstrate 1 may
be about 10nmto 28 0 3 SEP 2053 30nm Further, the end of the overetched
portion aind hies lanbsihraned 1phaye @&l teg abl wheh tdpleiiar iaHouidClheTfig set

region L. The size (W) of a short side thereof extending

along line B - B’ and the space (S) between the adjacent
silicon nitride films 14 are respectively equal to the
minimum size (e.g., 0.16um = W = S} determined according
to the resolution limit of photolithography. The size of
a long side thereof extending along line A - A’ of each
silicon nitride film 14 is equal to five times (e.g.,
0.8um) the size (W) of the short side.

Thus, in the present embodiment, since the width
Lw’ of each bit line BL formed in the subsequent process
and the space Ls’ between the adjacent bit lines BL are
respectively set to the minimum size determined according
to the resolution limit of photolithography, the size (W)
of the short side of each silicon nitride film 14
defining the active region L and the space {S}) between
the adjacent silicon nitride films 14 are respectively
set to sucﬁ a minimum size.

Next, as shown in Figs. 7 and 8, the silicon oxide
film deposited over the substrate 1 by the CVD method 1is

anisotropically etched to thereby form side wall spacers
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’vertically because it is easy to round upon the subsequent round
processing. As shown in Figs. 5 and 6, each silicon nitride film14 bsgﬁﬁma
!

on the substrate 1 is forned in a sl ender
whi ch defi nes each active

and i sl and- shaped pl ane pg
( region L. The size (W of a short side thereof
extending along line B - B and the space (S) between the adjacent

silicon nitride filnms 14 are respectively equal to the mninmmsize (e.g.
0.16m = W= S) determ ned according to the resolution limt of
phot ol i t RQITAPMhe The3ir%8 Rfnd iRd QNGiSide ltheyealaextendidih al ong line A -
A of eac sitlicon nitride film14 is equal to five tines (e.g.
the size (;W,iofe tfhayshaert side. Thus, in the present enbodinment, since the
width Lw of each bit line BL formed in the subsequent process and the
pac _betveenct e 1adi-agerhebit (kbaesrBlieageh)r espeetti valch satdd o the
m ni mum si ze determ ned according to the resolution limt of
phot ol i t Regnapacdrhe sirzg\Wed eb tdwwehard ssitde ofa eactyssiddgon nitride
defining the active region L and the space (S) between the

adj acent sgin] it@ON OMint, I ipde Feidans 14 1dmen res @eotn,velore sete faragrigh a mi ni num
size. Next, as shown in Figs. 7 and 8, the silicon oxide filmdeposited
over the sithst ridtren.1 Wyethe EWBrmefhodidstiani sobrepiscdllry et ched to

space Ls'

film 14

t hereby form side wal

si de wal l

e mforeEicty siduncomprocessing on a peripheral portion of
the active region L in the subseqguent process 1is
performed where the spacer length is less than 5nm, the
size of the short side of the post-process active region
L would become smaller than the minimum size (e.g.,
0.16um) determined according to the resolution limit of
photolithography. On the other hand, when the spacer
length Lsi exceeds 40nﬁ, the amount of rounding of the
peripheral portion of each active region L becomes
insufficient. Further, since an aspect ratio
(corresponding to the depth/width of each groove or
trench) of each trench or groove 2a defined in the
substrate 1 having the device isolation regions in the
subsequent process becomes large, the coverage of a
silicon oxide film 6 to be embedded in the groove 2a and
the flatness of the surface thereof result in

insufficiency.

Next, impurity ions are implanted in the substrate .

1 as shown in Fig. 9 to thereby give damage to the
surface of the substrate 1 in a region serving as the

peripheral portion of each active region L in the

30
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nitride film14. The filmthickness (spacer |ength) Lsi of each side wall
spacer 16 referred to above is set to a range from 5nmto 40nm
.preferably, 10nmto 20nm nore preferably, about 15nm Wen a thefejeP 2003
oxi dation process for perform ng round processing on a peripheral portion
of the active region L in the subsequent process is perfornmed where the
spacer length is less than 5nm the size of the short side of the
post - process active region L would becone snaller than the m ni num size

(e.g., O J‘t@éécﬂler@@éﬁ%cﬁ&@§g acCold ng ot Qe eselivhi QR rhiell tisOfche

.S
phot ol i t hogr aphy. ot her” "hand, when the 'spacer length Lsi exceeds

40nm the%%%%{#_g%ré)i soundlng, of i he aperidhesadopar tion wiceach active

region L I nsufficient. Further, since an aspect ratio

(correspondi g £0- hei dephhi Wi dtd-of pach arwoye e, tyrenciyowdieach trench
or groove 2a defined in the substrate 1 having the device isolation

regi ons ifythes  Subseusentd Pl 0£688a DEE oS | Begeact heo coveriage of a
silicon oxide film®6 to be enbedded in the groove 2a and the fl atness of

the surfagerthesesf fRsSUblbitratasuifs clamoye Nextsubsmpaidyl ions are
i nplanted in the substrate 1 as shown in Fig. 9 to thereby give danmage to
t he . sur f giges of e hen subwiina e rk iJmpd aregitdons erfvithg dspulre t ypexingher al
portion of each active region L in the 30 0 3 SEP 2003
is not an essential process, the peripheral portion of
sach active region L is easy to round when the substrate
1 is subjected to thermal oxidation if the surface of the
substrate 1 is damaged in advance and covalent bonds of
silicon are locally cut off. When an element large in
atomic weight, like Ge (Germanium} or As (arsenic) 1is
used as the impurity, it is possible to give damage only
to the surface of the substrate 1 corresponding to the
peripheral portion of each active region L.
Next, foreign substances left on the surface c¢f the
substrate 1 are removed by cleaning using, for example,
an SC-1 solution (mixed solution of ammonia
solution/hydrogen peroxide solution) and an SC-2 solution
(mixed solution of hydrochloric acid/hydrogen peroxide
solution). Further, a native oxide film on the surface of
the substrate 1 is removed by cleaning using hydrofluoric
acid. While it is not an essential process, the
peripheral portion of each active region L is easy to
round in the subseguent process where the above cleaning

is performed for a time interval longer than usual to

isotropically etch the surface of the substrate 1,
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subsequent process. Since the region, which serves as the peripheral
portion of each active region L, is located below each side wall spacer 16
cat this time, the inpurity ions are inplanted diagonally wth r especyt sEpojiM

main  surface of the substrate 1 to damage the substrate 1 in this region
VWhile the inplantation of the inpurity ions is not an essential process,
the peripheral portion of each active region L is easy to round when the
substrate 1 is subjected to thermal oxidation if the surface of the

substrate L Lo dammeed Ly aganc t%ngnc 4l el ands, af peildd canare

| ocal | 'y en an “el’'enent lTarge in atomc weight, |i

(Ger mani u or SeNi G) is wused as the inpurity, it is possible to
gi ve danggéeoﬁﬁéa %%a?he surface of the substrate 1 corresponding to the

peripheral pO”th::?f a8achoaptixernegi en, LyrNexts harehgh sukshances |eft
on the surface of the substrate 1 are renoved by cl eaning using, for

exanpl e, a%galtﬁcrojf %%'o&'lf}i an o xed SRIAULN 1of +AETRRIR ¢ rseluti on/ hydr ogen
per oxi de solution) and an SC-2 solution (m xed solution of hydrochloric

aci d/ hydrogen pefexinde ¢ S Qi duritdarat idMatdgaeroxdydeidi | m on the
surface of the substrate 1 is renoved by cl eani ng using hydrofluoric

aci d. Wid@rithg $/iR0f 3R es3emidraln iRroeRSS:i lthe 1 peiiphearal weartion of each
active region L is easy to round in the subsequent process where the above
cl eani ng sgax ey fior ed rfz@/k A tiwAENi Bher vakpbengeont banauguaal (kog.,

isotropically etch the surface of the substrate 1, 31
CF, + 0,) for etching the substrate 1 is adjusted upon
defining each groove 2a and a taper of 80° or thereabout
is made to the side wall of the groove 2a, the silicon
oxide film 6 deposited in the subsequent process becomes
easy to be embedded inside the groove 2a. It 1s however
needless to say that the angle of the taper is limited by
the depth and width of each groove.

Next, as shown in Fig. 12, the side wall spacers 16
on the side walls of the silicon nitride films 14 are
removed by wet etching using hydrofluoric acid.
Incidentally, this is not an essential process. However,
when wet etching using the SC-1 solution or the like is
performed after the above wet etching, and the surface of
the substrate 1 below each side wall spacer 16 is lightly
rounded, the peripheral portion of each active region L
becomes easy to round in the next thermal oxidation
process.

Thus, in the present embodiment, the grooves 2a are

defined in the substrate 1 corresponding to the device

isolation regions by dry etching with the silicon nitride
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"6 3 SEP 2003 thereby producing undercuts in the substrate 1 bel ow each

side wall spacer 16. Next, as shown in Fig. 11, grooves 2a each havi a
~depth of about 350nm are defined in the substrate 1 corresponding HQ?QQEWU3
device isolation region by dry etching with the silicon nitride films 14
and side wall spacers 16 as masks. \Wen the conposition of a gas (e.g.

CF4 + 02) for etching the substrate 1 is adjusted upon defining each
groove 2a and a taper of 80" or thereabout is nade to the side wall of the

groove 2ac:the il iggn hgxgdgefhggg6? eposited fg;ﬁ%§ Sybsgguent process

becones €asy to beée enbeddéd i nsi e groove Z2a. I's however needl ess

to say thai Lhe. angl esofnthRabaper syl Nid efbdie) e dlept hhanda dth of
Next, as s I g.

each groove. X own I n 12," the side wall spacers 16 on the

si de wal | 900l ENeeglbhCONLOELRLYC LELEE dffadre 12y el Dynuet et ching
using hydroffuoric acid. Incidentally, this is not an essential process.

However, s%¢§8owe i8kehing: usi N9 hhe;i Sthd sotntionies theidike b
performed after the above wet etching, anhd the surface o the substrate 1

bel ow each side wghlvspagertd6eischi ght! yhicpuosed spheeperémpennl portion
of each active region L becones easy to round in the next thernal
oxi dati onyppsogessachThuge w8llheppresent ewbodiment2Lihe> gipovem 2a are

defined in the substrate 1 corresponding to the device isolation regions

by dry etehengthwethhthe, sthecspankt(Stle= 5 - 2Lsi < S) between the
adjacent active regions L extending along the transverse
direction thereof becomes narrow correspondingly. Thus,
when the size (W) of the short side of each silicon
nitride film 14 defining the active region L and space
between the adjacent silicon nitride films 14 are
respectively set to the minimum size determined according
to the resolution limit of photolithography (W = 5 =
minimum size), the actually obtainable size W' (> W) of
the short side of each active region L becomes larger
than the minimum size determined according to the
resolution limit of photolithography, and the space (size
of each groove 2a) S’ (< S) between the adjacent active
regions L extending along the transverse direction
thereof becomes smaller than the minimum size.

Next, as shown in Fig. 13, the substrate 1l is
subjected to thermal oxidation at a temperature of from
about 850°C to about 1000°C to thereby form a thin silicon
oxide film 11 having a thickness of about 10nm is formed

on inner walls of the grooves 2a. The silicon oxide film

11 is formed to recover damage of dry etching, which has
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32 0 3 SEP 2003 films 14 and the side wall spacers 16 formed on their side
wal | s as the masks. Thus, an actual size W of each active region L
_becones | arger than a size Wof the silicon nitride film 14 definin%Peach

active region L by a size equivalent to twice the thickness (spa8arStP 2003
| ength) Lsi of each side wall spacer 16 (W = W+ 2Lsi > W On the other
hand, the space (S =S - 2Lsi < S) between the adjacent active regions L
extending al ong the transverse direction thereof becones narrow

corresPonAgl dovdilised Mehd Nealze d oF %ﬁ:&g%évéiﬂg ghqeach silicon

nitride fi 1 |n|nglthe active regio ace between the

adj acent i}l pon ALILIge 1458 L A4 5 105PERLd el B8k Loethe m ni mum si ze
e (6] |

determn according tot resol ution mt of photolithography (W= S =

m ni mum siZe)o o4 N et Vel 1y olaiiable shgeaVedcn Wr&bvethg short side of

each active region L becones |arger than the m ninum size determ ned

accor di G0 4 isscq genl Y044 M ic ofnohalol i hogT gbly - 408 sber space (size

of each groove 2a S) between the adjacent active “regions L

ext endi ngz al org,ithe o aneyenee dilRcidOn hilsheneohdheeanes s | er than the
m ni mum si ze. Next, as shown in Fig. 13, the substrate 1 is subjected to

thermal oxisladdHN Ae asdLhgeE ad fIrehof silis ot a wbout c 86HEs ponabogt t4000C to
thereby forma thin silicon. oxide film 11l having a thickness of about
10nm i s foidrese r Dvhé rnerpowt ien o £ tdeclyraovese 2segiidre Bilscon oxide film
subjected to round processing, thus resulting in a
sectional shape with a convex round.

As described above, the size of each active region
L at the time that the grooves 2a are defined in the
substrate 1 having the device isolation regions is larger
than the size of each silicon nitride film 14 defining
the active region L (by the size eguivalent to twice the
thickness of each side wall spacer 16). Therefore, even
if the thin silicon oxide £ilm 11 having the thickness of
about 10nm is formed on the inner wall of each groove Z2a,
the size {a) of each active region L 1s not reduced as
compared with the size (W) of the silicon nitride film 14.
According to the present embodiment as described above,
the surface of the substrate 1 at the end of each active
region L can be subjected to round processing without
reducing the size of the active region L.

Incidentally, the above-described thermal oxidation
process for rounding the peripheral portion of each

active regiocn L may be performed twice in parts. Since

the end becomes round to some extent in the first thermal
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‘11 is forned to recover damage of dry etching, which has 33 0 3 SEP 2003
been devel oped in the inner wall of each groove 2a and relax stre 0
devel oped at an interface between the silicon oxide film®é enbeddggaﬁqug%
each groove 2a in the subsequent process and the substrate 1 (p type well
3). OMng to the execution of this thermal oxidation process, the surface
of the substrate 1 corresponding to the peripheral portion of each active
region L is subjected to round processing, thus resulting in a sectional
shape with a

Shape | BxRaBRIYR REBHRds £ PRRSILR8Y, 200U phNE R B OLERGT ACLI VO

rooves 2a are"defrned in substrate 1

Sl con E?Pﬂﬁé's%ebks%%t EREF%I?%' BRYRet el 325%35?2‘%0&“%%@“%9%. gaer
eqU|vaIenLH%oF%%%8 thickness of each side wall spacer 16). Therefore,

even if 5|I|con oxide film 11 having the thickness of about |0Onm

|5 formed on ¢ heyhgnetualh; Ok £achogr OYe 22icof heysiaee () of each active

region L is not reduce conpared wt e size of the silicon

nitride fb%@b%és eéEQQEQbagytehaéﬁ pge§sgg ?QbQQbEEB%eéslﬁeéﬁé'bed above,
the surface of the subsiraté 1 at fhe end of each active region L can be

subj ectedy EleRH@QlpPBQQiéhngf“bEBHUhctEeéuﬁéﬁgohhE shdecnt theeactive
region L. Incidental t he above-descri bed thermal oxidation process for
roundi ng hElegﬁléﬁéhabrﬁaﬁbiQB @k @ath as a raduction in the size
of each active region L, so that defects are apt to occur.
Thus, when the thermal oxidation process is performed
twice in parts, for example, the end may be sufficiently
rounded in the first thermal oxidation process and the
second thermal oxidation process may be set as a light
thermal process corresponding to such an extent that the
forms of the peripheral portion of each active region L
and the inner wall of each groove 2a are improved. In
order to relax the above-described stress, the substrate
1 may be subjected to thermal processing in a high-
temperature and hydrogen atmosphere prior to a process
for executing the thermal oxidation process after the
removal of the side wall spacers 16. Further, the silicon
oxide film 11 may be removed by wet etching using
hydrofluoric acid or the like after the execution of
round processing, or the thickness of the silicon oxide
film 11 ma? be thinned.
Next, a silicon oxide film © is deposited over the

substrate 1 including the inside of each groove 2a by the

CVD method as shown in Fig. 14. The silicon oxide film 6
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"active region L may be perfornmed twice in parts. Since the end becones
round to sone extent in the first thermal 34 0 3 SEP 2003 oxi dation ﬁrocess

inthis case, the end can be easily rounded by the thermal oxidatibhSEP 2003
process corresponding to the second tine. Wien the thickness of the
silicon oxide film 11 becones excessively thick, stress is developed in
the peripheral portion of each active region L and the inner wall of each
groove 2a as well as a reduction in the size of each active region L, so

that defects are apt to occur. .Thus, whe h gl hdation process is
per f or med*St 4PRRSFhePal PEIEPBr YakAnpl B LY %ggng£§§n§§a§égffc?ently

ounded | Byt DELLLSL! ek Qrd abyon, PLOGERRHoLe checend her

oxi dat i on® Fimal “process corresponding to

such an e§g%ﬂtFﬁ£a%ﬁﬁg$ aéﬁégg?oéaéﬁgepggiQggr@grﬁgatggnagftgagg active

region L groove 2a are 1nproved. In order to

relax the. goysedesgLi fedosthegsocbeosuistrate adyayabe supjected to

t her nmal p?oce53|ng In~a hi enperature an at nosphere prior to

a pfocessaéiﬁg ﬁxsgyaéngi%geetbsr %oQ%EQétb NaPEoeRs§ralitigl bhe renoval

of the si spacers 1b. Further, the sificon oxide fil'm1l1l may be
renmoved bMe%@%i@&ﬁ 'HQtHéHnHathgrSBBHOEtQpadeeQE?EhQS|EKetﬁEter t he

execution o round processing, or the thickness of the silicon oxide film

11 may be.fbinpeds silicon oxide film grown by a CVD method using
oxygen and tetraethoxysilane ({(CgzHs)4Si), for example.
Incidentally, a silicon nitride film (not shown) may be
deposited thinly over the inner wall of each groove 2a by
the CVD methed prior to the process for depositing the
silicon oxide film 6. This silicon nitride film has the
function of retraining the thin silicon oxide film 11 on
the inner wall of each groove 2a from growing thick on
the active region L side upon densifying the silicon
oxide film 6 embedded in each groove 2a.

Next, the densifying for improving the quality of
the silicon oxide film 6 is executed by subjecting the
substrate 1 to thermal oxidation at a temperature of from
about 1000°C to about 1150°C. Thereafter, the silicon
oxide film 6 provided over each groove 2a is polished by

- a chemical mechanical polishing (CMP) method to thereby
flatten the surface thereof as shown in Fig. 15. This
polishing is performed with the silicon nitride film 14
covering the substrate 1 corresponding to each active

region L as a stopper. The time when slight over

polishing is performed to such an extent that the surface
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Next, a silicon oxide film®6 is deposited over the substrate 1 including
the inside of each groove 2a by the CVD nethod as shown in Fig. 14. The
silicon oxide film6 35 0 3 SEP 2003 is deposited thereon with a thickne
(for exanple, a thickness of from about 450nmto about 500nm) thi cﬁﬂeSE?' ﬁ]ﬁ]
than the depth of each groove 2a and fornmed so as to be enbedded inside
each groove 2a without any space. The silicon oxide film®6 is deposited by
a filmgrowi ng or depositing nethod having good step coverage as in the

case of BebLbdeans ol dsnlilamaion by g OD Smidnd usiaxnoxygen, and

tetraetho% sT1%ane , tor exanple. I'ncidentally, a silicon
nitride fLLm (0ots2houny Vs b, enosd s achddi ol v @vern tierdgnerioal | - of
each groove 2a by e nmet hod prior to the process for depositing the

silicon oxj dJﬁSefIitl 0 B s TS Shd ] oM Nike i gler fAddn hasad hend fpwodd on of

retraining t I'n 5|€icon oxide film1l1l on the inner wall of each groove

2a from grow ng g £k s tiheRetdMeld edilen ¢ i da dpesnadnsitfeyi ng the
silicon oxide film®6 enbedded in each groove 2a. Next, the densifying for
i mprovi ng i hecgyabiiye 0Fi1hhe Siihg awexigech id i ficds rexecidedt bym
subjecting the substrate 1 to thernal oxidation at a tenperature of from
about 1009¢ 19 abpyt 2dRbed Thereaftetchime with conch ophialecfesns® provi ded

over each groove 2a is polished by a chem cal nechanical polishing (CWP)
met hod tort hgrebya hhaktemdde sid atetdrersioft ds lshdwn demasieyl a8l This
thereafter the silicon oxide film 6 left over each groove
2a may be polished by the CMP method. Further, the
densifying of the silicon oxide film 6 may be performed
after the flattening of the silicon oxide film 6. Since,
in this case, the densifying thereof is carried out in a
state in which the thickness of the silicon oxide film 6
is thin, a thermal processing condition can be reduced as
compared with the case where the thick silicon oxide film
6 antecedent to its polishing is densified. Each shallow
groove isolation 2 with the silicon oxide film 6 embedded
in each groove 2a is substantially completed by the
processes up Lo now.
Next, each silicon nitride £ilm 14 covering the
substrate 1 corresponding to each active region L is
removed by wet etching using thermal phosphoric acid,
whereby each silicon oxide film 13 located therebelow is
made bare or exposed. When such etching is done, a step
having a height equivalent to the thickness of the

silicon nitride film 14 occurs between the surface of the

silicon oxide film 13 and the surface of the silicon
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'polishi ng is performed with the silicon nitride film14 covering the
substrate 1 corresponding to each active region L as a stopper. The tine

. when slight over polishing is performed to such an extent that thﬁ fzme
36 0 3 SEP 2003 of each silicon nitride film14 is exposed and the 3?ﬂjicon
oxide film®6 lying over each silicon nitride film 14 is not |eft behind,
wll be defined as an end point. Wen the silicon oxide film®6 is
flattened, the silicon oxide film®6 |lying over each silicon nitride film

14 is firsl JLHOMe0 dYeBoRiEhiNe M hseachohparesiigoldidon as. a mask.
Next, the photoresist filmis renoved and thereafter the silicon oxide

filme left oveyegach . geeovde 23 1MRLD Nl Fhaeth by tihe ngVeveet o
Further, the densifying of the silicon oxide film®6 may be perforned

after the flaidenngf dhpssidican oddesddddirfy 3 neesh darive s case, the
densifying thereof is carried out in a state in which the thickness of the

silicon oxdgied il m$ wdis-dtitad @it Heyded f pracessqigl condittdwon ican be
reduced as ~ conpared with the case where the thick silicon oxide film 6.
antecedergid .0 11,5 i i b fgre soflentss fsek tzach Ishadfoxepgrdiove Ysol ation 2
with the silicon oxide film®6 enbedded in each groove 2a is substantially
conpl et ecednh tdver iy aoepises Lipid erpysedextd aachsisdwort e rilke film 14
covering the substrate 1 corresponding to each active region L is renoved
by wet etmbhifuraisihohdes el cphowpiae | G ki lying within each

shallow groove isclation 2 is etched, so that the step 1is

reduced.

When the above-described wet etching is done, the

end of each silicon oxide film 6 lying within the shallow

groove isolation 2, i.e., the sides as well as the upper

surface of each silicon oxide film 6 lying in the region

which has adjoined the silicon nitride film 14, are also

subjected to an etchant. Therefore, the etched amount

increases as compared with each portion distant from the

active region L. However, since the size of each active

region L is greater than that of the silicon nitride film

14 in the present embodiment, the end of each silicon

oxide film 6 at the time that the silicon nitride film 14

has been removed, is located on the active region L side

rather than the end of each shallow groove isolation 2.

Therefore, even if the etched amount of the end of each

silicon oxide film 6 increases, the silicon oxide film 6

is not recessed greatly downwards at the end of each

shallow groove isclation 2.

Next, the substrate 1 is subjected to thermal
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“wher eby each silicon oxide film 13 |ocated therebelowis nade bare or
exposed. When such etching is done, a step having a height equivalent to
the thickness of the silicon nitride film 14 occurs between the suymf ﬁf
the silicon oxide film 13 and the surface of the silicon 37 0 3 S@S!gggg
oxide film6 enbedded in each shall ow groove isolation 2. Next, when the
silicon oxide film13 lying over the surface of the substrate |
corresponding to each active region L is wet-etched by hydrofluoric acid

as shown ‘QidaFJLQOn e Ihssuid@ee of hhgnsubstviat e gl ceorhasRendi ng to each
active reﬁl i's exposed and at the same tine the surface of the silicon

on
oxi de fi 'F%Pm'é{i&gidméﬁirb&@c&i&@&iipwmmd o athi orkPeds @t ched, so
that the step is reduced. Wen the above-described wet etching is done,

the end Qéoﬁécmr%ﬁ|ér?0£hé)xé@§fiéé e dnd nghwd e the shal low groove
isolation 2, 1.e., the sides as well as the upper surface of each silicon
oxide fi '&Préyﬁ&%iﬁ%tm & £&h Odt £ W Chedniasn adj oithed stille csinl icodmieni tri de
film14, are also subjected to an etchant. Therefore, the etched anount

i NCr easesragn CONPAS efth Mhdd ©aChe ot | e dirsf ardnde onf tdeenagetioe region L.

-However, since the size of each activé region L is greater than that of
the silicpRenstbstieatd | Mardd itns tdrentprresentienbbe ntemtionhe end of each
silicon oxide filme6 at the tinme that the silicon nitride film 114 has
been renoygdlansatocatetl am imeuaityvevrigh obs Ltsile performed in

the following process.

Next, a p type impurity (boron) and an n type

impurity (e.g., phosphorus) are ion-implanted in the

substrate.1l through the silicon oxide films 17 to form

wells (p type well 3 and n type well 4} as shown in Fig.

19, In order to form a p type semiconductor region (not

shown) in which a channel for each memory cell selection

MISFET Qs is formed, the p type impurity (boron) is ion-

implanted in the substrate 1 through each silicon oxide

film 17 referred to above. Impurity ions for forming the

wells (p type well 3 and n type well 4) are implanted in

a deep region of the substrate 1 with high energy,

whereas impurity ions for forming each channel are

implanted in a shallow region of the substrate 1 with low

energy.

Next, the substrate 1 is subjected to thermal
processing.at about 950°C as shown in Fig. 20 to diffuse
the impurities, thereby forming the p type well 3 and the

n type well 4. The n type well 4 located below the p type

well 3 is formed to prevent the entry of noise into the p
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~rather than the end of each shallow groove isolation 2. Therefore, even if
the etched anpbunt of the end of each silicon oxide film®6 increases, the
‘S|I|con oxide film6 is not recessed greatly downwards at the end) DEfediih
shal | ow groove isolation 2. Next, the substrate 1 is subjected to therma
38 0 3 SEP 2003 oxidation at about 850C as shown in Fig.18 to thereby form
a thin silicon oxide film 17 having a thickness of about 10nm on the
sy{face of_éhe ?ubstrate 1 corresponding to each active region L. The
silicon oxide ' 7. 1s_ for t it uene mege to the
az_bs}]rat etﬁp%n”&eﬁ[ 2} éto}hlféunqhnaﬁegng%uée 01 olnr&dnnglala&jnt at 1|eloquljSotglﬁan i npurity,
ich is to be, pe S{n?dré@itt&e fel lowng process. Next, a p type inpurity
(boron) e&ﬁp%ﬁ/$P{épe }npurlty (e.q.,,” phosphorus) are ion-inplanted in the

substrate-1 thfﬁf@{})} hg,$1di 160648 IdiM8 37 0 fardBd Wl lshd p type well
g 19. |

3 and ndtyge wel'l” fs shown 1n Fi n order to forma p type
semi condu Mo Qobuosthney 1 nahish ahapnal: forceach memory cel |
selectlong %f%é%ﬁgﬁg IS %%rne , the p type inpggﬁty (bor%n?g?s i on-

| pl ant edu%{'n%ﬁ?@f@?iﬁéﬁc lad i ough @ach Siddcamoxddesc faten 17isef erred
to above. Tnpurity 1tons for formng the wells (p type well 3 and n type

vel | 4) aé\ﬁbﬁé@i@tﬂ‘t@@ Rerfa fespidogion of 4 heebsitate df wtdmhi gh
ener gy, ereas inmpurity ions for form ng each channel are

about 800°C to about 850°C, whereby a clean gate oxide

film 7 having a thickness of about 7nm is formed on the
surface thereof. Since the surface of the substrate 1
corresponding to the peripheral portion of each active
region L is provided with the convex round as described
above, the thickness of the gate oxide film 7 becomes
substantially equal at the central and peripheral
portions of each active region L.
The gate oxide film 7 may be comprised of a silicon
oxynitride film whose part contains silicon nitride.
Since the silicon oxynitride film has the high effect of
restraining or controlling the occurrence of an interface
state in the film and reducing an electronic trap as
compared with the silicon oxide film, hot carrier
resistance of the gate oxide film 7 can be improved. In
order to form the silicon oxynitride film, the substrate
1 may be subjected to thermal oxidation in an atmosphere
containing a nitrogen gas like NO or NOz, for example.
Owing to the provision of the peripheral portion of
each active region L with the round in this way, a

thinning defect in the thickness of each gate oxide film
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“inplanted in a shallow region of the substrate 1 with low energy. Next,
FherubséBate é ;? subjected to thermal processing at about 95000 as shown
in Fig. to diffuse the inpurities, thereby formng the type

and the n type well 4. The n type well 4 |ocated beIOM/thepp ¥5pJM@§Q1ﬁm%
is formed to prevent the entry of noise into the p 39 0 3 SEP 2003 type
well 3 through the substrate I froman unillustrated input/output circuit
or the like. Next, the silicon oxide film 17 provided on the surface of

(he Substyale hd SN DOJEL oL cds . ychal Lyor o gl ¢ anc

t hereafter e su o thermal oxidation at a

tenper at ure, of SI oM, abouic AA00G toy abont HI0C, whersby masleam gate oxi de

film?7 having a ckness o0 nmis fornmed on the surface thereo~.

Since t he, U AcE, 0fadda SUBNIAAlida £05 RSpONMt G d nd hén pard pher a

portion ac region L 1s provided wth the convex round as

descri be ﬁal;';ﬂ%/ a]i[ %Eﬂ&k%%a‘gh the: gt ecaxigle £ | me7 jheconmgs

subst ant i al equa e central and peripheral portions of each active

regi on L., e gl & O A8 drd Rnk Bcber soprdsed Mfs-arwiricon  oxynitride
fil mwhose part contains silicon nitride. Since the silicon oxynitride film

has the highy efidfactsiofc (EStH@IMIdR ictonidald) ng twtei decardence of an

interface state in the filmand reducing an electronic trap as
current flows due to a low gate voltage, and a reduction
in withstand voltage of each gate oxide film 7, whereby
each memory cell selection MISFET Qs is improved in
characteristic. Further, since a leakage current 1is
restrained from occurring at the peripheral portion of
each active region L, a refresh characteristic of each
memory cell is improved. Furthermore, a variation in
threshold voltage of each MISFET due to the thinning and
MOS-IV kink characteristic is prevented from occurring.

Fig. 21{a) is a cross-sectional view taken along

the direction extending along line B - B’ of the
substrate 1 when the gate oxide films 7 have been formed.
In the processes done up to now as shown in the drawing,
the size (a) of the short side of each active region L
becomes greater than or equal to the size (W} of the
short side of the silicon nitride film 14 (a 2 W).
Further, the interval or space (size of each shallow
groove isoiation 2) (b} between the adjacent active

regions L along the short-side direction becomes less

than or equal to the space (S) between the adjacent

silicon nitride films 14 (b <€ S). Namely, when the size
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conpared with the silicon oxide film hot carrier resistance of the gate
oxide film7 can be inproved. In order to formthe silicon oxynitride
_film the substrate 1 may be subjected to thernmal oxidation in an03 SEP 2003
at nosphere containing a nitrogen gas |ike NO or NO2, for exanple. owng to
the provision of the peripheral portion of each active region L with the
round in this way, a thinning defect in the thickness of each gate oxide
film40 0 3 SEP 2093 7 at the peripheral portion of each active region L is
prevent ediifyr @R @CRUISHOYE, sdnd af ekett siid ificel dilbased dnlm lgatandiol tage is
restrained fromconcentrating on the peripheral portion of each active
region L.cfd dpadehus) peSdinklde bawpeeveht th aceour seldecsf a MOS-1V Ki nk
characteristic (or hunp characteristic) in which a drain current flows due
to a | owgate aeolfidgs, landra redpetitdre liyn switt st am@ walntiagen ofi zgach gate
oxide film?7, whereby each nenory cell selection MSFET @ is inproved in
charact erfestd.c. oFurdurer desienaenad eakage iogr tenthies resedirtdiored from
occurring at the peripheral portion of each active region L, a refresh
char act erliistiitc off peractolirmgmapeel,| tihs isfmgeovied. SHurthversfore, S dmariation
in threshold voltage of each M SFET due to the thinning and A MOS-1V ki nk
char act eréfstédach sqrieemaad oty dmreasias sgeatied. DEMPY SH Y 0<3- sect i onal
view taken along the direction extending along line B - B of the
subst r at eehle WHeRRYTe g% oxide filns 7 have been forned.

Oon the other hand, when each shallow groove
isolation is defined by dry etching with only each
silicon nitride film 14 as a mask without forming the
side wall spacers 16 on their corresponding side walls of
each pattern for the silicon nitride film 14 for defining
each active region, and thereafter the peripheral portion
of each active region is rounded by round processing
corresponding to Fig. 13, the peripheral portion of each
active region is sufficiently rounded according to this
round process. Therefore, the size (a')rof the short side
of each active region L becomes smaller than the size (W)
of the short side of each silicon nitride film 14, for
defining the dimension of each active region L (a’ < W),
and the interval or space (corresponding to the size of

— the shallow groove isolation 2) (b’) between the adjacent
regions L extending along the direction of the short side
becomes gréater than the space (S) defined between the
silicon nitride films 14 (b’ > S). Namely, since the
active region L cannot ensure the minimum size determined

according to the resolution limit of photolithography in
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“In the processes done up to now as shown in the drawing, the size (a) of
the short side of each active region L becomes greater than or e@g@Etgm
_the size (W of the short side of the silicon nitride film14 (a ~: &¥.3
Further, the interval or space (size of each shallow groove isolation 2)
(b) between the adjacent active regions L along the short-side direction
becomes | ess than or equal to the space (S) between the adjacent silicon

nitride filnms 14 (b :5 S) . Nanely, when the size 41 0 3 SEP 2003 (W of

the short sizze Qk eachesildcerini thindef bemtb4m@ad the space (S) defined
bet ween the adjacent silicon nitride filnms 14 are respectively set to the

m ni mum size (epgs, QyvlEM rdeherpined aweordifnghtophbeerasébutton [imt
of photolithography, the size (a) of the short side of each active region

L reache%igﬁgghpgiqugeoqiggpqm bed the migicamssiizest@eenhehet her hand,
when each shall ow groove isolation is defined by dry etching with only

each  siljcqn Mist ricde tfid Mi14 cas airaskioniftinest Wor wong ife whdicke wal |
spacers 16 on their corresponding side walls of each pattern for the
silicon pjtdided idomdek ifer el ianitiye eacticact iare regipestiawd vt her eaf t er
the peripheral portion of each active region is rounded by round
processi ng:t aQf respetidiingnt ErSdegsity dive petiquménsd pAEreHef each
active region |s_suff|qlentLy.rounded according to this round process.
Ther ef or e;o tthe Sieze (e Jorofl itie stformh oicdd thography for the

purpose of high integration of the memory cell, the size

(a) of the short side of the active region L, which is

used as a gate width of each MISFET Qs, reaches the

minimum processing size or more. Therefore, the MISFET Qs

can be scaled down. Thus, the wiring pitch (Lw" + Ls’)

lying in the direction of the bit line BL is set to twice

the minimum processing size to achieve high integration,

and the size (a) of the active region L can be ensured,

whereby the MISFET Qs can be scaled down.

Next, gate electrodes 8 (word lines WL) are formed

over their corresponding gate oxide films 7 as shown in

Fig. 22. The gate electrodes 8 (word line WL) are formed

by, for example, depositing a low resistance poly-

crystalline silicon film doped with phosphorus (P) over

its corresponding gate oxide film 7 by a CVD method, then

depositing a WN film and a W film over the low resistance

poly—crystélline silicon film by a sputtering method,

further depositing a silicon nitride film 9 over those

films by the CVD method and thereafter patterning these

films by dry etching with a photoresist film as a mask.
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" of each active region L becomes smaller than the size (W of the short
side of each silicon nitride film14, for defining the dinmension of each
_active region L (a' < W, and the interval or space (corresponding

size of the shallow groove isolation 2) (b'") between the adjacent nﬁ&%f?ﬁg
L extending along the direction of the short side becones greater than the
space (S) defined between the silicon nitride films 14 (b" > S). Nanely,
since the active region L cannot ensure the m ninum size determ ned

accor di ng. .t e resaLyti i fap i thagka iR =3 SEP 1003
this cas&ach %2n6?§ Qél% %gﬁﬁggbgggf3r2§g?BTﬁﬁg?5e@E¥ i f ?%éQﬁgﬁth (W) of

the pattern,f h silicon;nitridachi handdnandnihecsraga cakebet ween the
patterns%#%P ?ths?F?céﬁ nit%igg #?Inﬁ 14,%go?h of wﬁich a%gaﬁged to

define tQ%e%%B%%%eEEQBQQ’r@%%eﬁ%%@@qyi!@EYtotheﬁﬁihh&um BiiFem processi ng
size determned according to the reSolution limt of photolithography for

the purpase of ,hi i n is : i
rpese of ohighq) nhegrakii ARA0ELReITREDEY €8kl rekbeusiize (&) of the
short S|§§ %f tHe a the ?egb&n L, ﬁhich ign used agea g;té mﬁdgh)of each

M SFET Q5,;fi€acltepnblel ifhbymaphpr.ocessing size or nore. Therefore, the
M SFET 3 can be scal ed down. Thus, the wring pitch (Lw + Ls') lying in

the direction otighezbitsl knerBksi-sesetohalt wiee ofhehsi subsmrprecessing
size to achieve high integration, and the size (a) of the active region L
can be ensynegdg the direction in which the gate electrodes 8
(word lines WL) extend. As shown in the drawing, the word
lines WL extend across the short sides of the active
regions L and the shallow groove isolations 2 and
function as gate electrodes 8 of memory cell selection
MISFETs Qs at upper portions of gate oxide films 7 formed
on the surface of the substrate 1 corresponding to the
active region L, respectively. Since the surface of the
silicon oxide film 6 embedded in each shallow groove
isolation 2 is not greatly recessed downwards in the
neighborhood of the peripheral portion of the active
region L in the present embodiment as described above,
the end of the gate oxide film 7 does not reach the side
wall of the shallow groove isolation 2 in which an
impurity concentration for channel formation is lowered.
It is thus possible to prevent the threshold voltage of
the memory cell selection MISFET Qs from varying.
Nexﬁ, an n type impurity (phosphorus or arsenic) is
ion-implanted in a p type well 3 to form n type

semiconductor regions 10 (sources and drains), whereby

the memory cell selection MISFETs Qs shown in Figs. 1 and
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"whereby the M SFET Qs can be scaled down. Next, gate electrodes 8 (word
lines W) are formed over their corresponding gate oxide filns 7 as shown
in Fig. 22. The gate electrodes 8 (word line W) are formed by, fd3 SEP 2003
~exanpl e, depositing a | ow resistance poly- crystalline silicon film doped

wi th phosphorus (P) over its corresponding gate oxide film?7 by a CVvD

met hod, then depositing a W filmand a Wfilmover the |ow resistance
pply-crys;?I!hnefsiligon fiIany a sputtering nethod, further depositing a
silicon nitride fi ) over those filnms by the CVD nethod and thereafter
pat t erni ng ??ﬁﬁﬁ9m91g$§£by dry etching with a photoresist filmas a nask.

43 9 3 SEP 2003 act\rllvi %I%ts?g) atﬁe%ﬁldf‘%[ rztjqﬂesa i(lvﬁrdcg’\ | {nes )fiilznformed

such that the Ii ereof and space therebetween are

o Che. Lo TATHRS 1 i S BIE Dhot bl L Tbgranhy . e S e O 2ot onal

to the re [ gr aphy. g. 23 1s a cross-sectional

vi ew of the uéjgé%?ée%a‘?é%gl@ﬂg é@gsg%%gg';g%i{h%@@ hde,gat e gl ectrodes 8

(word |ines own i N ng, the word 1ines W extend

acr oss the, shotl shdes Plikheoaghivey 4 SOl OMEndsands Gowhabdauh or oove

. . 1Ll
isolationd and unction as gate efectrodes 8 of nenory cell- sel ection

of 1t he sub TSt B s el b s e R I o ol on T Fespectively.

Since the,surface @fedddter, the silicon oxide film 20 is polished
by a CMP method so that the surface thereof is flattened.

Next, as shown in Figs. 25 and 26, the silicon

oxide film 20 and silicon nitride f£ilm 18 lying over the
sources and drains (n type semiconductor regions 10) of
the memory cell selection MISFETs Qs are dry-etched with
photoresist films (not shown) as masks to define contact
holes 21 over one of the sources and drains (n type
semiconductor regions 10) and define contact holes 22
over the other thereof. Thereafter, plugs 23 are
respectively formed inside these contact holes 21 and 22.
The contact holes 21 and 22 are defined in self alignment
with the gate electrodes 8 with the silicon nitride film
18 as an etching mask. Further, the plugs 23 are formed
by depositing a low resistance poly-crystalline silicon
film doped with an n type impurity such as phosphorus (P)
over the silicon oxide film 20 including the interiors of
the contac£ holes 21 and 22 and thereafter etching back
the poly-crystalline silicon film ({(or polishing it by the
CMP method) to thereby leave it only inside the contact

holes 21 and 22.
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“silicon oxide film6 enbedded in each shallow groove isolation 2 is not

greatly recessed downwards in the neighborhood of the peripheral portion

~of the active region L in the present enbodiment as described abovd 3 SEPhA0]
end of the gate oxide film7 does not reach the side wall of the shéllow

groove isolation 2 in which an inpurity concentration for channel

formation is lowered. It is thus possible to prevent the threshold voltage

of the nenory cell selection MSFET @ fromvarying. Next, an n type

i mpurity (phosphorus or arseni [ i 0B~i nplyantked 4 133 ; - | 3t
formn type seBFé ndﬁét8bowggﬁén§§f8'(ggug@gsagﬁdad?é?ﬁgf%yaﬁg$§iy thg

menory cel l. sel.ection M_SEETS i i : ; P 200
conpl et eog.l]ﬂe;tq, %zi‘s‘flélﬁoﬁn ﬁ%}cﬁ%esssg%%aé% ﬂ| gz?no# ?&?dﬁég‘% %%8 havi?,ng :r ©

t hi ckness of from ahaqut 5 0 t ' RS
aver the
subst rat @y Fhé> Orrrite%nr}{?é}ean%tig[*J 25(%1?@;;%&'0%\%? fi Iﬂn?go hcgvi ng a

subst r at 'L | . e 111m 20 havi ng
Lhe CVD WEHEE Frar oAt e o Ha 2l 11 Can i e T11m 30 S pol 1 hed by a

the silicon oxide film20 is polished by a

CWP_ et hod SO%@%{,@J&%%HC%%&M&{ aQf1ds £9 altenadsi MNaxtabese stiomn in

. a3 1 /
r;?zé gsqﬁifi anOXIde(fl|n]20 and silicon nitride film 18
re(_\se an . 3 nd t .. .
o %‘?‘ﬁt zrfeqiect i9201n %13%{1?3) Ned Re-1serd cpndact ehovegiionsik)) of

t he : . .
(not Showy asdmakioddh deiee Eonbasttomed in such sienadr oo T
patterns that parts thereof extend above the shallow
groove isolations Z.

Next, as shown in Figs. 29 and 30, plugs 26 are
formed inside the through holes 23 respectively and
thereafter bit lines BL are formed over the silicon oxide
film 24. The plugs 26 are formed by depositing a Co film
(or Ti film) over the silicon oxide film 24 including the
interiors of the through holes 25 by the sputtering
method, further depositing a TiN film and a W film
thereon by the CVD method, thereafter polishing the W
film, TiN film and Co film (or Ti film) lying over the
silicon oxide film 24 by the CMP method, and leaving
these films only inside the through holes 25.

Further, the bit lines BL are formed by depositing
a W film having a thickness of about 200nm over the
silicon oxide film 24 by the sputtering method and
thereafter dry etching the W film with a photoresist film
(not shown) as a mask. The bit lines BL are formed so as
to linearly extend along the direction (direction taken

along line A - A') orthogonal to the gate electrodes 8

46



" holes 21 over one of the sources and drains (n type sem conductor regions
10) and define contact holes 22 over the other thereof. Thereafter, plugs
23 are respectively forned inside these contact holes 21 and 22.03GRE 2003
contact holes 21 and 22 are defined in self alignment wth the gate
electrodes 8 with the silicon nitride film 18 as an etching nmask. Further
the plugs 23 are formed by depositing a |ow resistance poly-crystalline 1
silicon filmdoped with an n type inpurity such as phosphorus (P) over
thg silic n%(glldier%%g LR Zoane ncq{%dg thed NiefiHY s f sdndke contact holes 21
and 22 an reafter €t chi ng bac the poly-crystalline silicon film(or

polishing it by the r% hog) .t @:ther ehy Leaxacht peRl yihasede the
cont act gj‘r{bﬁeers a21141aonrd ) ' 0 )QeSEI%BZOOS Next , ag shown iln Figs. 27 and

28, @ SI11eon Ox18e . 1 iddn de g o Wislnensof: ahaut 20nmii s deposi t ed

over the Tsi on oxli de m 20 by the CVD nethod and thereafter dry-etched

wth a p@%&;ﬁ%&\gé%t{]ie\}é@} Nt e SHOWHs @Bfe anivBiskam Whiedeebye thr,ough hol es 25

are define contact holes 21 (plugs 23) respectively. As shown

in Fig. @41&,?&#6: thyough holes, 25 ary fordmbhidesuttaianderco patd erns that

parts there extend above the shallow groove isolations 2. Next, as shown
in Figs. 29%5&ngk 30 pings 26 pHe:olforimesgrdptsy de t he through holes 25

respectively and thereafter bit lines BL are forned over the silicon oxide

Next, as shown in Fig. 31, a silicon oxide film 27
having a thickness of about 300nm is deposited over each
line BL by the CVD method as shown in Fig. 31. Thereafter,
the silicon oxide film 27 and the silicon oxide film 24
provided therebelow are dry-etched to thereby form
through holes 28 above the contact holes 22 {(plugs 26)
respectively.

In order to prevent plugs 29 formed inside the
through holes 28 in the next process and the bit lines BL
from being short-circuited, the through holes 28 are
defined in a diameter smaller than the minimum size
determined according to the resolution limit of
photolithography. The through hole 28 having such a
minute diameter is defined by the following method, for
example.

First of all, a silicon oxide film 27 is deposited
over each bit line BL and thereafter a first poly-
crystalline silicon film (not shown) is deposited over
the silicon oxide film 27. Next, the poly-crystalline

silicon film is dry-etched with a photoresist film as a

mask, whereby through holes are defined in the poly-
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“film24. The plugs 26 are formed by depositing a Co film (or Ti film) over
the silicon oxide film24 including the interiors of the through hal

by the sputtering nethod, further depositing a TiN filmand a VVfiﬁ&ﬁﬁF%ﬁm
thereon by the CVD nethod, thereafter polishing the W film TiN filmand
Co film(or Ti film lying over the silicon oxide film24 by the CWP

nmet hod, and leaving these films only inside the through holes 25. Further,
the bit lines BL are forned by depositing a Wfilmhaving a thickness of

b 2
s, 20U e U LS O T ettt S e

C photoresist film (not shown) as a

mask. The, %d_hs S B'rh%r Qik %IU{%CE 3¢ %%cht%h'ﬂo%%r I 1@xt,and aong the

dlrectlon on t'aken I'Tne A orthogonal to the gate

el ectrodes B 46,0 3 é%&%ﬁ% %izt%]lcg@hse]y[\l{ﬂ)q@& ides 5wy | tdecme dt hs and

sanme interva s or spaces Lw of each bit line BL and space Ls'

defi ned t?%&%?ﬂktéﬁafﬁﬁf¥*%¥ §A5t$1{@ﬁb§$ap@§e respectively defined as the

m ni mum si ze 6m = Lw Lw = Ls) determ ned according to

the resolutionydypt éﬁségggdﬂgdﬂygggygaglﬂ%n@ s jdsi sdrowhi imn 3
N g. 31, a
silicon oxide film?27 having a thickness of about 300nmis deposited over

each |ingBlsbyed hev&VD et hpgsaspshpwaryac &l indlsiTheoraftén, the
silicon oxide film27 and the silicon oxide film24 provided therebel ow
are dry-etghegiing tties ebytdotors of the through holes and
thereafter anisotropically etched to thereby leave it
only on inner walls of the through heles, whereby side
wall spacers are formed on the inner walls of the through
holes. Thus, the diameter of each through hole becomes
smaller than the minimum size determined according to the
resolution limit of photolithography.
Next, through holes 28 are defined in the silicon
oxide film 27 at the bottoms thereof and the silicon
oxide film 24 located in a layer therebelow by dry
etching with the first peoly-crystalline silicon film and
side wall spacers as masks. Thereafter, the unnecessary
first poly-crystalline silicon film and side wall spacers
are removed by etching.
Next, as shown in Fig. 32, plugs 29 are formed
— inside the through holes 28 and thereafter a silicon
nitride film 30 having a thickness of about 100nm is
deposited over its corresponding silicon oxide film 27 by.
the CVD method. Continuously, a thick silicon oxide film
31 having a thickness of about 1.3pm is deposited over

the silicon nitride film 30 by the CVD method. The plugs
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“through hol es 28 above the contact holes 22 (plugs 26) respectively. In
order to prevent plugs 29 forned inside the through holes 28 in the next
_process and the bit lines BL frombeing short-circuited, the throyghsanoligs
28 are defined in a dianmeter snaller than the m ninum size deternined
according to the resolution [imt of photolithography. The through hole 28
having such a mnute dianmeter is defined by the follow ng nethod, for
exanple. First of all, a silicon oxide film27 is deposited over each bit

i ne BL a%ggqg%er@ﬁr%{% %i”f | st ég&l_ngg_ec’_r m@gﬂtqqlgsial iigen film (not shown)

I s deposi ver | i con oxi film27. Next, the poly-crystalline

silicon filmds, dry- EJ% £ & Rhatiariesirste flid Mopeda wineskn wher eb
t hr ough hé%es are dé%% e |$¥the poly 47 0 3 SEP 2003 crystalr}ne silycon

filmj usttofgg@:,/&erﬁlr%egprg@&{ 0l g5 Fhod ) Ugs 26)er Bhe diidneier of each

t hrough h defined as the m nimum si ze determ ned according to

the resolutdon:{igii7 ofndheinld thegriapseidextaf ateeconadyyel y-crystal line
silicon filmis deposited over the first poly-crystalline silicon film

i ncl udi ngyd hes | 78 e @rsc i iddenddi atgh gl ess gt a ltlhieree afitlgrcon
anisotropically etched to thereby leave it only on inner walls of the

t hrough hel B, tovheiebybgi Beavarald @paceirssiate fror midanght e liemet® wal | s of

t he through
Further, the silicon nitride film 30 is used as an
etching stopper used upon dry etching the silicon oxide
film 31 in the next process.

Next, as shown in Fig. 33, the silicon oxide film
31 is dry-etched with a photoresist film (not shown)} as a
mask and thereafter the silicon nitride film 30 lying in
a layer below the silicon oxide film 31 1is wet-etched to
thereby define trenches or grooves 32 above the through
holes 28.

Next, as shown in Fig. 34, a low resistance poly-
crystalline silicon film having a thickness of about 50nm,
which is doped with the n type impurity such as
phosphorus {P), 1s deposited over the silicon oxide films
31 including the interiors of the grooves 32 by the CVD
method, and thereafter the poly-crystalline silicon film
above the silicon oxide films 31 is removed by etchback,
whereby lower electrodes 33 are formed along inner walls
of the grooves 32 respectively.

Next, as shown in Fig. 35, a capacitive insulating

film 34 comprised of, for example, a tantalum oxide film

and an upper electrode 35 comprised of, for example, a
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"~ holes. Thus, the dianeter of each through hole becomes smaller than the

m ni mum si ze determned according to the resolution limt of

_ photolithography. Next, through holes 28 are defined in the silicon03§§PJ@3
film27 at the bottons thereof and the silicon oxide film24 |ocated in a
| ayer therebelow by dry etching with the first poly-crystalline silicon
filmand side wall spacers as masks. Thereafter, the unnecessary first
poly-crystalline silicon filmand side wall spacers are renoved by

et chi ng. Next.. .as o] i.n.Fi.g..3 pl 2 -8 & i nghde the through
hol es ZBTEﬁdkﬁ%grgggtggrg“giF%Egn%hﬁi&%i g %ﬁ?ﬁ?§5gﬁgsgﬁg a§?hickness of )

about 100Q is, d i e I s or:r, ihad £5ihlyd aan i film27 b
fhe VD REEREd - OEaETnaads LS (i ek T oo G ae T L Ime 51 paving a

thi ckness ot about 1 3zLmsi S depasi ted-Queh okheeSidiilgomaRiinigi de film 30 b
t he CVvD nggkgd. %Eg Slﬁgs 48a0 3 SEP 2003 Zgogre fo#ned gy} ﬁgr exanpl e, Y

deposi ti ng;a,haws £eShskance oRal ¥=Crisisa! kep@ ssitldcc @l ltmedoped wi th an n
type inpurity such as phosphorus (P) over the silicon oxide film 27

i ncl udi ng;the ihnterigar :afst ha tikcaugh nghelhes 128 caridrat eifi ngieback t he
poly-crystalline silicon filmto thereby leave it only inside the through
hol es 284roB4kkher, ahhie asiTiican 1ni tiis deehi loepdB iitedisedmshan et ching
st opper used upon dry etching the silicon oxide film31 in the next
process. +antalum oxide film by the CVD method and sputtering

method, whereby the TiN film is embedded inside the

grooves 32 without any space. Thereafter, the TiN film

and tantalum oxide film are patterned by dry etching with

a photoresist film (not shown) as a mask. Thus, each

information storage capacitative element C comprising the

lower electrode 33 comprised of the poly-crystalline

silicon film, the capacitive insulating film 34 comprised

of the tantalum oxide film and the upper electrode 35

comprised of the TiN film is formed. According to the

processes up to now, each memory cell in the DRAM, which

is comprised of the memory cell selection MISFET Qs and

the information storage capacitative element C connected

in series with it, is completed.

Thereafter, Al (aluminum) wires or interconnections
corresponding to two layers or so are formed over the
information storage capacitative element C, and a surface
protective film is further formed over the Al
interconnections. However, their illustrations will be

omitted.

{Embodiment 2)
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"Next, as shown in Fig. 33, the silicon oxide film 31 is dry-etched wth a
photoresist film(not shown) as a mask and thereafter the silicon mingi 6
film30 lying in a layer below the silicon oxide film31l is wet-etched ﬁo
"thereby define trenches or grooves 32 above the through holes 28. Next, as
shown in Fig. 34, a |owresistance poly- crystalline silicon filmhaving a
t hi ckness of about 50nm which is doped with the n type inpurity such as

phosphorus (P), is deposited over the silicon oxide filns 31 including the

interiors of t hgﬁg{ 00_3\/665153%' %yrc}%%\?%orﬁglhgqe@%% gg%ruﬁé%fttr%rté he

poly-crystallin Ticonfi a e silicon oxi films 31 i's renoved

by et chback, y_ | J Q r N4 nner walls  of
t he groov"é L%*é\%‘gs‘g%c i've l'ye ell\rlg;‘}t}{l%gsgs omﬁfnjagi%gsgﬁggecdagggi tive

i nsul atin fil 4 rdsad , tanit ad ; ide,d4i I m and
an upper ‘%T%C%er%%%r%%é)ggn%” se%goo?%ﬂigo%@nﬁcee 1;%219&3&01%%?\ %?éé gbor‘(i)éé TINfilm

are fort ey %@&iwﬁf]ﬂ ecirodes 33 ride Ordeyy 1o fanathe capacitive
insulating fi 4 and” the wupper electrode 35, a thin tantalumoxide film
having a wgﬂ;&},’@@%&fléb i 2000 § sedd 1§t deposided aneindghe  silicon
.oxide filnms 31 including the interiors of the grooves 32 anda TiNfilmis
then depogi @l oyereidier 420 alam OXd landdiddn kg hei L/vaEL hod and

sputtering nethod, whereby the TiNfilmis enbedded inside the
spacers 16 are then removed by wet etching and thereafter
the substrate 1 is subjected to thermal oxidation,
whereby a thin silicon oxide film 11 is formed on inner
walls of the grooves 2a and the surface of the substrate
1 corresponding to a peripheral portion of each active
region L is subjected to round processing. Processes used
up to now are the same as those (see Figs. 4 through 13)
described in the aforementioned embodiment 1.

Next, the silicon nitride films 14 are
isotropically etched by a dry etching process or the like
as shown in Fig. 37. Owing to the present etching, the
size of the silicon nitride film 14 is reduced and its
peripheral portion is recessed toward the central side of
each active region L. While the recessed amount of the
silicon nitride film 14 is set to about 20nm, for example,
it may be determined in consideration of the amount in
which a silicon oxide film 6 to be embedded inside the
grooves 2a'in the subsequent process is recessed to the
substrate 1 side in a process up to the formation of a

gate oxide film 7 on the surface of the substrate 1

corresponding to each active region L.
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grooves 32 wi thout any space. Thereafter, the TiN film and tantal um oxide
filmare patterned by dry etching wth a photoresist film (not sho £ 7003
_mask. Thus, each information storage capacitative elenent C conprig?%a t%e
| ower el ectrode 33 conprised of the poly-crystalline silicon film the
capacitive insulating film34 conprised of the tantalumoxide filmand the
upper electrode 35 conprised of the TiNfilmis fornmed. According to the
processes up to now, each nenmory cell in the DRAM which is conprised of
the menory CellA%%E%@Eh%ntMl%ﬁ%Tﬁg%dgﬁéesth%ebn%Qh@qtuQna%IQEﬁge
capaci tative el enent onnected” in series with it, is conpleted.
Thereaf t ¢/ 5Al; UH D MH RS rnd Nt ergnnectil s o:6fd espandi ng to two
|l ayers or so are forned over the information storage capacitative el enent
C, and a junface gdyliectd v, di [uRd ssduydnare forimed @ierg tiree A
i nterconnections. However, their illustrations will be onmtted.
(Enbodi menfy 2); HG lod P 200N ®a 3, i vEmeshdedidnalevi ew of a
subst-rate 1, which shows a state in which grooves 2a are defined in the
substr at @ik GOTyiesP Rl NGndr Wiy aend splAtinn gegienssi hycalr yo:etahing with -
silicon nitride films 14 and side wall spacers 16 (unillustrated in the
same drawiing) & fior pRd-frnidiel r Thedeafalelrs atenashsconhexgioge hidlm 6 spacers
16 are then renoved by wet etching and thereafter

lying above the grooves 2a is polished by a CMP method so

that the surface thereof is flattened. According to the
processes used up to now, shallow groove isolations 2
with the silicon oxide films 6 embedded inside the
grooves 2a are substantially completed (see Fig. 38).
Next, the silicon nitride films 14 covering the
substrate 1 corresponding to each active region L are
removed by wet etching using thermal phosphoric acid in a
manner similar to the embodiment 1, whereby silicon oxide
films 13 located therebelow are made bare or exposed.
When such etching is done, a step having a height
equivalent to the remaining thickness of each silicon
nitride film 14 occurs between the surface of the silicon
oxide film 13 and the surface of the silicon oxide film 6
embedded in the shallow groove isclation 2. However, when
the silicon oxide film 13 lying over the surface of the
substrate 1 corresponding to the active region L is wet-
etched by hydrofluoric acid, the surface of the substrate
1 corresponding to the active region L is exposed and at
the same time the surface of each silicon oxide film 6 is

etched, so that such a step is reduced (see Fig. 39).
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the substrate 1 is subjected to thermal oxidation, whereby a thin silicon
oxide film11ll is forned on inner walls of the grooves 2a and the SUUH%EPZM3
_of the substrate 1 corresponding to a peripheral portion of each active
region L is subjected to round processing. Processes used up to now are
the sane as those (see Figs. 4 through 13) described in the aforenentioned
enbodi nent 1. Next, the silicon nitride filnms 14 are isotropically etched
by a dry etching process or the like as shown in Fig. 37. Oming to the

present etching..the..size of _the-siblgoneni bLEidenki LB 14 A% ddyced and
its peripheral ngtfon %sor%cessgglt%§ar6 t he geﬁgrél %iég%§¥ each active
region L. hile. the Jecessed apount F die esilicon iddigdedd Im 14 is set
t o about m Tor exanple, 1t nay be determ ned  in consideration of the

amount ' . W £ 75114 GO 1965 1 W 6 L0 bR ebede isideas he o ooves

2a in the subseqguent process Is recessed to the substrate 1 side in a

process up tq }!E‘r farmatdon ofra gatieoxigia dd ik @ thewgunt ace of the
substratgﬂi éErrespon Ing to each aéiive region L. 51 8hég§EP 2003

Accor di NG 40 e i ARSIehds 88 fRlited 4 ad sh) cadesardaik | M Lhe
enbodi nent 1, the silicon oxide film6 is next deposited over the

substrat e 4 igwd udi 19 $8 e d v RO NS dfo filhe rgroGvedsl .2a Thye ra £O¥R ,met hod and

then densifying for inproving the quality of the silicon oxide film®6 is

per f or nede hdher@add efmodhe isiddecoreoxdedridansdl with each portion
away from the active region L. However, since the
periphery of the silicon nitride film 14 is recessed to
the central side of each active region L and the amount
of an offset between a peripheral portion of the active
region L and a peripheral portion of the silicon nitride
film 14 is made sufficiently great in advance in the
‘present embodiment, the end of each silicon oxide film &
at the time that the silicon nitride film 14 has been
removed, is located on the side much near the center of
the active region L rather than the peripheral portion of
the active region L. Therefore, even i1f the end of the
silicon oxide film 6 is recessed to the shallow groove
isolation 2 side by wet etching for reducing each step
referred to above, the silicon oxide film 6 is not
greatly recessed downwards at the end of each shallow
groove isolation 2. Since the subsequent processes are
identical to those employed in the aforementioned
embodiment 1, the description thereof will be omitted.

Thus, according to the present embodiment, since it

is possible to prevent the occurrence of a failure that
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"lying above the grooves 2a is polished by a CW nmethod so that the surface
thereof is flattened. According to the processes used up to now, s

_groove isolations 2 wth the silicon oxide filns 6 enbedded insidertfz!réﬁcpvvzu[]3
grooves 2a are substantially conpleted (see Fig. 38). Next, the silicon

nitride filnms 14 covering the substrate 1 corresponding to each active

region L are renoved by wet etching using thermal phosphoric acid in a

manner simlar to the enbodiment 1, whereby silicon oxide filnms 13 |ocated

t herebel qu arg made. har e o &xpossf.ox Mere suche etyeqgishdonecra step
5i gh

havi ng a equi valent to the remaining thickness of each silicon

nitride fj . . . il , : .
érl%’ﬂﬂo% U % ?ﬁd&?@d&&rhez suy face Hfed heowwidd ehn ioxirde film 13

and the surface Icon oxide film6 enbedded in the shallow groove

| sol ati oy 2 o NENRSG. dhee e SHd | 6o axile 4 V4R dak dod oy aves L he
surface gF%ﬁ%e sdgitrate 1 corﬁéspon I ng to the activgytgg;on Lis wet-

et ched by, wdnof] YoFd Cc fgd b £ tdieis ey dfe I hes st i@t MISFEDr@espondi ng
to the active region L is exposed and at the sane tinme the surface of each

silicon oxide diddsmbrésiegt ched, so that such a step is reduced (see Fi
39). 52 0 3 SEP 2003 Wen the above-descri bed wet efching IS per#orned ¥
the end of each middrmomaxided idenifd yaupnd iy 1 (e sHREIW groove
isolation 2, i.e., the sides as well as the upper surface of the silicon
oxi de filsmodpharg: i Nfot hescess omg whive hodabpizora hceet iore &F |#k%dn nitride

i silicon nitride film 14 to the central side of each
active region L to thereby increase the amount of the
offset between the peripheral portion of the active
region L and the peripheral portion of the silicon
nitride film 14 is particularly effective as
countermeasures taken against the case in which a design
rule for MISFETs becomes extremely fine and the mere
formation of the side wall spacers 16 on the side walls
of the silicon nitride films 14 disenables control on the
recessing of each silicon oxide film 6 at the end of the
shallow groove isolation 2.

Incidentally, it is desirable to perform the
recessing of the silicon nitride films 14 due to the
above-described isotropic etching after the execution of
the thermal oxidation process for rounding the surface of
the substrate 1 at the peripheral portion of each active
region L. .Since the surface of the substrate 1
corresponding to the inner walls of the grooves 2a is

also etched to some extent and isotropically recessed

when the dry etching for recessing the silicon nitride
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" 14, are also subjected to hydrofluoric acid. Therefore, the etched anount

i ncreases as conpared with each portion away fromthe active regioggt
_However, since the periphery of the silicon nitride film14 is rec gﬁ 1003
the central side of each active region L and the anount of an offset

bet ween a peripheral portion of the active region L and a peri pheral
portion of the silicon nitride film21l4 is nade sufficiently great in
advance in the present enbodinent, the end of each silicon oxide film®6

at the tifgﬁrésh%tq the P%‘Hfio%%d”ibterfb@% foinem 14 nag Rear s ikgfroved,. i s | ocat ed

on the si'de nmuch near the center of the active region L rather than the

peri pher gl digrd 0 afi1 e akidke 9gi an s Foekelote, weiended he end of
the silicon oxide film6 is recessed to the shall ow groove isolation 2

si de by et 1etGhingf o JRAGING LaeR sheRnalebaried ie ghawasd,he silicon
oxide film®6 is not dreatly recéssed dowmmwards at the end of each shall ow

groove isqlAtdion 21 $HaCq dheesubsaauent mreeessesaeed.dentical to those
enpl oyed 1 n the aforenenti oned enbodinment 1, the description thereof wll

be om ttetdypHserdCcording to the present enbodiment, since it is
possi ble to prevent the occurrence of a failure that 53 0 3 SEP 2003 the
surface of the ailbegeriexida Wil Gekyi bg watlki bfeachemdbalimewtgrioove
isolation 2 is recessed dowmmwards in the neighborhood of the active region
L, a variatian the the sddy eshelnd ivel tiagepefl ieat korengmpassld fsef ecti on
M SFET (s

manufacturing an LSI (hereinafter called “DRAM-LOGIC

mixed LSI”) in which a DRAM and a logic LSI are formed on

the same substrate.

The operation of the logic LSI at a high speed

needs to form a gate oxide film as thin as possible. On

the other hand, the DRAM requiring a high voltage upcn a

rise in the potential on each word line is not able to so

thin the thickness of the gate oxide film in terms of

ensuring of a withstand voltage. Thus, when the DRAM-

LOGIC mixed LSI is manufactured, it is necessary to form

at least two types of MISFETs different from each other

in the thickness of the gate oxide film.

In a process for forming two types of gate oxide

films different in thickness on the same substrate, a

region for forming a thin gate oxide film on the

substrate and a region for forming a thick gate oxide

film thereon are different form each other in the amount

of recessing of a silicon oxide film within each shallow

groove isolation. It is therefore necessary to take

measures for uniformizing the amount of its recessing
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“can be controlled. A manufacturing method according to the present

enbodi ment, for recessing the peripheral portion of the silicon nitride
film14 to the central side of each active region L to thereby incrihSE 200
“the anmbunt of the offset between the peripheral portion of the active
region L and the peripheral portion of the silicon nitride film14 is
particularly effective as counterneasures taken agai nst the case in which
a design rule for M SFETs becones extrenely fine and the nmere formation

of the side wall acers, 16 en the side

e silico tride filns
14 di sena &ELOM o r?ﬁf“?rhe °F T M?e et sﬁ?coc%hcféa dﬁ];}ﬁl m6 at the
end of the | ow gr oo ol ation 2. I rable to
per f or m tH¥ r}bece%esq]%ﬂ"‘ oéf/orf h %HW%I}H‘ |ti &dg %?énsél g due *1
above- descrlbed sotropic. etchin after the e & rm
oxi dat i on ‘?ﬁ“b%e%é RtV burdi ncbf Eﬁe talccgn 0 ﬁ( e %E%LOE{ Ethgl 1&{;? t he
perlpheral portlaﬁgﬁf ach active reglon L. Since the surface of the
substrat 4 © d’ng to the inner walls of the grooves 2a is also

etched to sone eExten nd ISOtﬁgJ%%OCS%” rr%g_o%,sJTE\eq1 ovp%4 Lhe dry etiching for

recessing the SI|ICOﬂ n| ide I's perforned before
(he | oot TFES MG G ARSHL IR e o e o

8) described in the embodiment 1, silicon nitride films
14 are formed on the substrate 1 having active regicns L
with silicon oxide films 13 interposed therebetween, and
thereafter side wall spacers 16A each comprised of a
silicon oxide film are formed on their side walls. Here,
Fig. 40{a) shows the substrate 1 having a logic region
(first region) for forming a thin gate oxide film, and
Fig. 40(b) illustrates the substrate 1 having a DRAM
region (second region} for forming a thick gate
insulating film, respectively. The processes used up to
now are identical in logic and DRAM regions.

Next, as shown in Fig. 41, the substrate 1 having
the logic region is covered with a photoresist film 41
and the side wall spacers l6A formed on the side walls of
the silicon nitride films 14 in the DRAM region are
etched, thereby thinning their film thicknesses (spacer
lengths). Thus, two types of side wall spacers 16A and
16B differént in spacer length are formed in the logic
and DRAM regions respectively.

The photoresist film 41 is next removed.

Thereafter, as shown in Fig. 42, grooves Za are
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‘the size of the active region L m ght be reduced. (Enbodinment 3) A
description will next be nade of an enbodinent in which the present
invention is applied to a process for manufacturing an LSl (herei qpiggrmg

"called "DRAMLOG C mxed LSI") in which a DRAM and a logic LSI are forne
on the sane substrate. The operation of the logic LSI at a high speed
needs to forma gate oxide filmas thin as possible. On the other hand,
the DRAMrequiring a high voltage upon a rise in the potential on each

word |ine no bl 0 thin th th ckne of . the de fil

Mo E of fé@sﬁﬁf?ﬁf LR R U LA BT St AR L S S LOG: ' Red

LSl is manufacture it t f t

VI SE BTe K91 e AT brR T bt w"ﬁfsfﬁﬁrﬁwei%f%? %“%méaf oxi de

film In a(ﬁroiﬁcgssf r formzﬁg é’}?t%' es .of gffltcf oxi de %Irrs different in

t hi ckness?™ 3 STsTT ot M NG 2 thih"Yate oxide
filmon th t f f hi ck. d fil

‘thereon #FHITT erbnt' e A B S Led on for dornag ad ek %’2‘ Sy ot a
licon o e f Im t h_shall.o r e | at on, t her ef

?\gc:assar yxé% Jtr}ﬁI( erlryllteat!shuer g5t lcosnunr}lftor\rlvrﬁeg érjlglvnt\ :alsgrmu#\t |bf!sfrece55| (r)urgeSS

'03SEP2003 | ongfiar. forni h i n.gat film and
t he regi o 1 or %\(I)f%néggqs%&{e ck gaté oXi 391 % %r% Fl'ri Y 2. YR

spacers 16A and 16B formed on the side walls of the
silicon nitride films 14 are different from each other in
spacer length, the amount of an cffset between a
peripheral portion of each active region L and a
peripheral portion of the silicon nitride film 14 differ
petween the logic region and the DRAM region. Namely, the
distance from the side wall (corresponding to the
peripheral portion of the active region L) of each groove
2a to the peripheral portion of the silicon nitride film
14 becomes large in the logic regien in which the side
wall spacers 16A great in thickness are formed.

Next, the side wall spacers 16A and 16B formed on
the side walls of the silicon nitride films 14 are
removed by wet etching using hydrofluoric acid.
Thereafter, the substrate 1 is subjected toc thermal
oxidation in accordance with the processes (see Figs. 13
through 15) described in the embodiment 1 as shown in Fig.
43, whereb? a thin silicon oxide film 11 is formed on the .
inner walls of the grooves 2a and the surface of the
substrate 1 at the peripheral portion of each active

region L is subjected to round processing. Thereafter, a
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terms of prevention of a variation in the characteristic of each M SFFT.
Fig. 40 is a cross-sectional view of a substrate 1 in which according to
.the processes (see Figs. 4 through 8) described in the enbodi ment 83 SEP 2003
silicon nitride films 14 are formed on the substrate | having active
regions L wth silicon oxide filnms 13 interposed therebetween, and
thereafter side wall spacers 16A each conprised of a silicon oxide film
are formed on their side walls. Here, Fig. 40(a) shows the substrate 1

having a J,0gi&d egion ifid ¥ JfHONed Yvd OrHANG B ddidtgat e oxide film
and Fig. 40(b) illustrates the substrate 1 having a DRAM region (second
region) fof- fIIAPE R L 9L of NS e dd |78 respacdimely. The
processes used up to now are identical 1n |logic and DRAM regi ons. Next, as

shown in P t1dl,s thesuksiiat & il havd ngy i dedagi & Heegj rbiss covered with
a photoresist film4l and the side wall spacers 16A fornmed on the side

val |'s of 5the sdd i dHdd irde o idurs medHan t hendDRAY regi auafece et ched,
thereby thinning their filmthicknesses (spacer |engths). Thus, two types
of side waldrsjRcers fI6A tantkd . 16Bcdici-Henegnt of nhepacerekeergt hipare formed in .
the logic and DRAM regions respectively. The photoresist film41l is next
renoved. ndkhersafllery @oahovwsdlrtFians 42, wigrtodves Da iaren 5618 SEP 2003
thereafter defined in the substrate 1 having the |ogic

films 6 embedded inside the grooves 2a are substantially

completed.

As described above, the logic region is larger than

the DRAM region in the distance (amount of offset)

between the peripheral portion of the active region L and

the peripheral portion of the silicon nitride film 14.

Therefore, the end of the silicon oxide film 6 lying

within each shallow groove isolation 2 is located on the

center side of the active region L in the case of the

logic region rather than the DRAM region.

Next, as shown in Fig. 44, the removal of the

silicon nitride films 14, the removal of the silicon

oxide film 13 by wet etching and the formation of each

silicon oxide film 17, ion implantation of an impurity

through the silicon oxide film 7 and the formation of

wells (p type well 3 and n type well 4) by thermal

processing, and the removal of the silicon oxide film 17

by wet etcﬁing are performed in accordance with the

processes (see Figs. 16 through 20) described in the

embodiment 1. Thereafter, a clean gate oxide film 7

having a thickness of from about 6énm to about 7nm is
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‘region by dry etching with the silicon nitride filnms 14 and side wall
spacers 16A as masks, and grooves 2a are defined in the substrate | having
‘the DRAM region by dry etching with the silicon nitride filnms 14 §Jdfp
wal | spacers 16B as masks. Since, at this tinme, the side wall spacerszﬁgA
and 16B forned on the side walls of the silicon nitride filns 14 are
different fromeach other in spacer |ength, the anpbunt of an offset
between a peripheral portion of each active region L and a peripheral

portion qf, Lhe, sjligan plisjde fd lma4 didder:. betugen Lhsd ogi o segi on and

Eﬂg DRAM ?%ﬂ | el Y, fhf I'stance e si |~ (cortesponding to
peripher orti t.he A regi ; r 2ato th
%Kégﬁéﬁgéﬁé%]égtlJé s ﬁﬁﬁ%.LE?#ﬁh%ﬁ Q%QQ9Qﬂuﬂiﬂ@%@ ato the

peri pher ai _ _ he silico rid econmes large in the
| ogi c re%g%ﬂ‘h¥%Mh|Ch the side wall spacers 16A great in thickness are
Xt,

f or med. e side wall spacers 16A and 16B forned on the side walls

of the silicon fiddd Al il cbh Bhead STOKE Y SNl el USing
hydr of | uori ¢ aci d. hereafter, the substrate 1 is subjected to thernmal

oxi dati on. i gecordance midh dheidrocessesi d sea-dgs dovatdrongh 15)
described 1n the enbodinment 1 as shown in Fig. 43, whereby a thin silicon

oxi de filgpilidw §asdmrd b theion innerdaval lssrek the gnhaowds t2& and t he
surface of the substrate 1 at the peripheral portion of each active
regi on L 45 sety estetk tol mmoud priosessidign Titer eadritesr saidd @F 3 SEP 2003
each active region L in the case of the logic region
rather than the DRAM region, the amount of recessing of
the silicon oxide film 6 at the end of the shallow groove
isolation 2 is reduced in the case of the logic region.
Next, as shown in Fig. 45, the substrate 1 having
the DRAM region is covered with a photoresist film 42 and
the gate oxide film 7 provided on the surface of the
substrate 1 having the logic region is selectively
removed by wet etching using hydrofluoric acid, whereby
the surface of the substrate 1 is exposed. When such wet
etching is done, the surface of each silicon oxide film 6
embedded in the shallow groove isolation 2 in the logic
region is also etched simultaneocusly, and the end thereof
is recessed toward the shallow groove isolation 2 side.
Since the substrate 1 having the DRAM region is covered
with the photoresist film 42 at this time, the gate oxide
film 7 forﬁed on the surface of the substrate 1 lying in
this region and the silicon oxide film 6 lying within
each shallow groove isolation 2 are not etched. As a

result, the amount of recessing of the silicon oxide film
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silicon oxide film#6 deposited over the substrate 1 including the
interiors of the grooves 2a is densified and the silicon oxide films 6
_lying above the grooves 2a are then polished by a CMP nethod, wheyEtsp 10E
surfaces thereof are flattened. According to the processes up to now,
shal | ow groove isolations 2 with the silicon oxide filns 6 enbedded inside
the grooves 2a are substantially conpleted. As described above, the |ogic

region is larger than the DRAMregion in the distance (anount of offset)

bet ween t%‘ﬁtﬁ%ﬂé@{@'oﬂo%é%@lﬂdw dme RPN dn @andbeddaeperi pher al

portion o e silicon nitride film14. Therefore, the end of the silicon
oxi de 11 | Ml daingy1 14 (Hidh each. shaldraw ooy edsdaid e drs | ocated on
the center side of the active region L in the case of the |ogic region

rather than the JRAM reQi ghotiedlsisas rshewn 2 nsFirgmod44d e rermoval of the
silicon nitride filns 14, 'the renoval of the silicon oxide film13 by wet

et ching anh tder dfoF natd onudc @ach 1 sid iAo odede dd Iohekk@ali on i npl antation
of an inpurity through the silicon oxide film7 and the formation of

wel I's (p dyReaveld Bs antboh tpergl 1464) e tdier malthipr aessicgidand the
renmoval of the silicon oxide film17 by wet etching are perforned in

accor dancgi i t1n tHev igy oc essiskr(esese i geoouiS 4rw dighf @®ediexerifized in the

enbodi ment 1. Thereafter, a clean gate oxide film7 having a thickness of

from abouiubfead coAbod Futmstisats8 1 having the logic region. The
gate oxide film 7 formed on the surface of the substrate
1 having the DRAM region by the thermal oxidation is
further oxidized, so that it grows to a thick gate oxide
film 7B having a thickness of from about 8nm to about 9nm.

Thus, according to the present embodiment, since
the amount of recessing of the silicon oxide film 6 at
the end of each shallow groove isolation 2 can be
uniformized in the logic region for forming each thin
gate oxide film 7A and the DRAM region for forming each
thick gate oxide film 7B, variations in characteristics
of MISFETs formed in the logic region and MISFETs formed
in the DRAM region can be reduced.
According to the present embodiment in which the
grooves 2a are defined in the substrate 1 in the device
- isolation regions by dry etching with the silicon nitride

films 14 and the side wall spacers 16A and 16B formed on
their side‘walls as the masks, an effect similar to that
obtained in the embodiment 1 can be also obtained.

While the invention made by the present inventors

has been described above specifically by the embodiments,
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"0 3 SEP 2003 forned on the surface of the substrate 1 corresponding to the
respective active regions L in the |logic and DRAM regions. Wen th

'silicon oxide film13 is wet-etched, the end of each silicon oxide 35&%?%3
is recessed toward the shallow groove isolation 2 side. Since the end of
the silicon oxide film®6 is |located on the center side of each active
region L in the case of the logic region rather than the DRAM region, the
anount of recessing of the silicon oxide film®6 at the end of the shall ow

groove ipal atkaan? 19 Leduced jish e eres afr iiRe 1liadited @Y @he Next, as
shown in Fig. 45, the substrate 1 having the Mregion is covered with a

phot or eSiggholii k43 .ang: thengatie-9%i dg EhlmKapr ouirdedsonnkhgesurface of
the substrate 1 having the logic region is selectively renoved by wet

et chi ng usihngehyduef kuarike cagiidnivhemnaby cddee nsr frga rafidghe :orbstrate 1 is
exposed. Wien such wet etching is done, the surface of each silicon oxide

film6 emaedded-iznckhenhshkablzow groove isolation 2 in the logic region is
al so etched sinultaneously, and the end thereof 1is recessed toward the

shal I ow groove wgohatitps @mbbdemenSknbaveth@esubsbeat ehd havengnt he DRAM
region is covered wth the photoresist film42 at this tinme, the gate
oxi de fidnich toengdventtibe dur padecdfpatile aylpdtieat eol thy MRAMY this
region and the silicon oxide film®6 lying within each shall ow groove

i sol ati onhz2 areseat eéhceediocAs iz noesulitmi tielse taniunits .of Thecesssrgtof the
silicon oxide film

invention can be widely applied to various LSIs wherein

fine MISFETs are formed on a substrate having shallow

groove isolations.

Industrial Utility

Advantageous effects obtained by typical ones of
the inventions disclosed in the present application will
be described briefly as follows:

According to the present invention, a peripheral
portion of each active region can be subjected to round
processing without reducing the size of the active region,
thus making it possible to facilitate scale down of
MISFETs.

According to the present invention, since it is
possible to prevent a failure that a silicon oxide film
lying in each shallow groove isolation is recessed in the
neighborhood of a peripheral portion of each active

region, the characteristic of a scaled-down MISFET can be

improved.
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59 0 3 SEP 2003 6 at the end of each shall ow groove isolation 2 becones
substantially identical in the |ogic and DRAM regi ons. Next, the
photoresist film42 is renoved and thereafter the substrate 1 is subjected
to thermal oxidation as shown in Fig. 46, whereby a thin gate oxi de& SfPi 2000
7A having a thickness of about 4nmis fornmed on the surface of the
substrate 1 having the logic region. The gate oxide film7 formed on the
surface of the substrate 1 having the DRAM region by the thernal oxidation
is fuphaels Si¥infédrd, so that it grows to a thick gate oxide film7B
havi ng a thi ckness of from about 8nmto about 9nm Thus, according to the
present enbodi nent, since the anmount of recessing of the silicon oxide
film6 at the end of each shallow groove isolation 2 can be wuniform zed

i n t hel.lAdgemigangusipriniegraledchiguis dewiceiompPrifaRg oxi de film 7A and the DRAM
region for formng each thick gate oxide film 7B, variations in
characteristics of MSFETs fornmed in the logic region and M SFETs forned

inth i : ' I in
uni ch 1 Aty 38 06 2R Bt RRng A RAap AL piaRe BhRSATNGRT pel PR

| sol atis@arrbegdanby Bialtew §e¢b@¢u Relatiohb, dai astivd LM Helim%idispf)lsédﬂsn Bmaflid t he
side wall spacers 16A and 16B forned on their side walls as the nmasks, an
ef f ectsugface lodia substratetso askio diave grédetemminedivatdivalmin 4 ficsinlitestighisandbt ai ned.
Wil e the invention nmade by the present inventors

semiconductor elements formed in said plurality of active regions; and

wherein the sum of a width of each said active region extending in the first direction and
a space defined between adjacent active regions constitutes a minimum pitch in the first
direction, and the width of each said active region in the first direction is set larger than

one-half of the minimum pitch.

2. A semiconductor integrated circuit device according to claim 1, wherein the one-half
of the minimum pitch is a minimum processing size determined according to a resolution

limit of photolithography.

3. A semiconductor integrated circuit device according to claim 1 or 2, wherein said
semiconductor elements are respectively coupled to interconnections disposed so as to
have predetermined intervals, and a width of each said interconnection and a space

between adjacent interconnections are respectively set to said minimum pitch.
4. A semiconductor integrated circuit device comprising:

a plurality of active regions each having an island-shaped plane pattern whose periphery

is surrounded by shallow groove isolations, said active regions being disposed on a main
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has been descri bed above specifically by the enbodinments, 60 0 3 SEP 2003
the present invention is not necessarily limted to the enbodinents. It is
needl ess-to say that various changes can be nmade thereto wi thin tjgSeR QiR
not departing from the substance thereof. While the enbodi nents have
described the case in which the invention is principally applied to the
DRAM the present inventionis not limted to this. The present invention
can be widely applied to various LSIs wherein fine MSFETs are forned on a
subst r atuetasa il aFubpiate s asde d@ve predstermioed intervalssinrg first directiony; and

Advant ageous effects obtained by typical ones of the inventions disclosed
in the present application will be described briefly as follows: According

L0t he JiresailhuchSMABHIAR folm8 i AR Al AL AN AkafREhadg i ve region can

be subjected to roun processi ng w-t hout ucl ng Size of the active

region, thus making it possible to facilitate scale down of M SFETs.

According to the present invention, since it is possible to prevent a

f ai | ur evbérain aseml dfcowidthicfeath kand deyivagegion eateindaippinl the fiystodivectionodrat a on

is recessed ip the neighborhood, of a, peripheral portion of each active

r egi on,SPaskdefingdibetavaenadiacsnt activeaiegiRngdnAEtNP SWECE & BHNIFRLM DTPFRSsHLE Size
determined according to a resolution limit of photolithography, wherein the width of each
said active region is greater than or equal to the minimum processing size and the space
defined between said adjacent active regions is less than or equal to the minimum

processing size.

5. A semiconductor integrated circuit device according to claim 2 or 4, wherein said

semiconductor elements are respectively coupled to interconnections disposed so as to
have predetermined intervals, and the width of said each interconnection and the space
between said adjacent interconnections are respectively set to the minimum processing

size determined according to the resolution limit of photolithography.

6. A semiconductor integrated circuit device according to claim 3, wherein each said
semiconductor element constitutes a memory cell, and each said interconnection

constitutes a word line or a bit line connected to said memory cell.

7. A semiconductor integrated circuit device according to claims 1 or 4, wherein a
peripheral portion of each said active region whose periphery is surrounded by said

shallow groove isolations, is shaped in a form of a section that is rounded and convex.

8. A semiconductor integrated circuit device according to claims 1 or 4, wherein a
thickness of a gate insulating film of each said semiconductor element formed on the

main surface of the substrate in each said active region is equal in central and peripheral
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61 a 3 SEP 2003 Wat is clainmed is: 1. A sem conductor integrated circuit
device conprising: a plurality of active regions each having an

i sl and-shaped pl ane pattern whose periphery is surrounded by shallom P 2003
groove isol ations, said active regions being disposed on a main sur éc%zdm
a substrate so as to have predetermined intervals in a first direction; and
sem conductor elenents forned in said plurality of active regions; and
wherein the sumof a width of each said active region extending in the
first doftRmsiofsamiattive regmne defined between adj acent active regions
constitutes a mnimumpitch in the first direction, and the width of each
said active region in the first direction is set |arger than one-half of

t he m ni num

ool abriseniordison e SRR Gl RO e b€ o Btifndgie” @
b OCESS({rﬁ%Sﬁggﬁ??%fgﬁé/BtQ SEARER AbRGa{hcRivE 28abHaHOBombHiSid o PMISFETS

phot ol sem conduct or 1 ntegrat circurt device according to

clai m fespbctivel i@ MISFHT ars endraorydeett selectioneilS BE Bis eactespehidhvel y coupl ed
to interconnections disposed so as to have predeternined intervals, and a

wi dt h obnstautes paitchfiearh moemerscedloin P& AMs pad @ capagitabizg elamentaxhich

i nterconnections are respectively set .to said mnimumpjtch. 4. A. .

sem coReRRittates ARPRF &ﬁ@d)féﬁ? Elﬁn?glré(é’\‘ihdﬁ %%M’ ﬁ@?orﬁleg{e&r‘ﬁlsﬁlﬁs sithsaid, o
regi ons._each havj n -shaped pl ane pattern whose periphery is

sur rouH}:?é'aO‘B’er’rFa??‘%@“g}*r’@%@@?i sol ations, said active regions being disposed

on a main 62 0 3 SEP 2003 surface of a substrate so as to have
predetermned intervals in a first direction; and sem conductor elenments

f or med 10nAsakthod! afrrahnufactiingct sewdcomdyiodorsintegnatedicireeit devicsyeoropriaing theh of
each said active region extending in the first direction and a space

def i nediolbavingattepsdpfacent active regions is set to twice a mninum
processi ng size

forming silicon nitride films on a main surface of a substrate so that the sum of a width of
each said silicon nitride film extending in a first direction and a space defined between
adjacent silicon nitride films extending in the first direction constitutes a minimum pitch

in the first direction;

forming side wall spacers on side walls of each said silicon nitride film and thereafter

defining grooves in the substrate in self-alignment with said side wall spacers;

removing said side wall spacers and thereafter oxidizing the substrate to thereby effect

round processing on the main surface of the substrate; and

forming an insulating film on the substrate including interiors of said grooves and
thereafter removing the insulating film lying outside said grooves, and embedding the

insulating film in said grooves to thereby define shallow groove isolations for defining

each active region.
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determ ned according to a resolution Iimt of photolithography, wherein the
width of each said active region is greater than or equal to the nhgi gmg
processing size and the space defined between said adjacent active égy

is less than or equal to the m nimum processing size. 5. A sem conductor
integrated circuit device according to claim2 or 4, wherein said

sem conduct or elenents are respectively coupled to interconnections

di spos o] av redet erm.ned, i nt erval s width of. s each
't or obhrisgesibnd R amaigaBiiag o SRt GGl hRid Pt Mo hmBi Bt e
respecg] . the m ni num processing size determ ned according to

t he re‘%ﬁﬁbﬁgﬁﬁ%¥ngi of photolithography. 6. A sem conductor integrated
circuit device according to claim3, wherein each said sem conductor

el ement constitutes a nmenory cell, and each said interconnection

const i $aleeively famiingisiléconrnitride fils ne acomineurfade o asabstratenory cel|. 7. A
sem conductor integrated circuit device according to clains 1 or 4, wherein
a peripheral portion of each said active region whose periphery is

surrou ded b shal | ow fyof a
sectio rfrﬂﬁggldg %ﬁﬁﬁaecc?r%l% S@% \%ﬁs 6?&%& @%ﬁé‘éfﬁ@ui@ ég:gt%aet}gé Circuit
devi ce lefhih @ titd flb¥Ratk A seff ali’ﬁi‘ﬁﬁ&it@vl‘% sélﬂlsﬁi@ﬁﬁﬁ sphceis B@tieereb

i nsul aﬁé EI'?Iem 11%“geac salad lsem conduct or el enment formag on the ma3|/n
SurfaC&eMe %ﬁmwyhstﬁead@strateamﬂacbdevhcacsolmaorr sagiiom i s equal in central and
peri pheral 63 0 3 SEP 2003 portions of said active region. 9. A

sem conduct or int egrat ed circuit device according to clains 1 or 4, wherein

Sorpr S e e G B B SE
M SPE I sel ection
M SPETS 866 86 LA o AROSIuhH R ScdiSing: S the Bikin THFAEY of AR and a

capaci rve enen titutes another part of the nenory cell in
t he h@aplgﬁm@gt(ﬁttabn as@vé mlmtdmdsal d nenory cell selection M SFET.
10. A rret%od of manufacturing a sem conductor integrated circuit device,

conprising the

forming an insulating film on the substrate including interiors of said grooves, thereafter
removing the insulating film lying over each said silicon nitride film and embedding the

insulating film in said grooves to thereby define shallow groove isolations.

12. A method of manufacturing a semiconductor integrated circuit device, comprising the

following steps of:

selectively forming silicon nitride films on a main surface of a substrate;

forming side wall spacers on side walls of said silicon nitride films respectively and
thereafter etching the substrate in self-alignment with said side wall spacers to thereby

define grooves in the substrate in each device isolation region;

removing said side wall spacers and thereafter subjecting the substrate to thermal

oxidation to thereby effect round processing on the main surface of the substrate at a
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following steps of: formng silicon nitride filnms on a main surface of a
substrate so that the sumof a wdth of each said silicon nitride film
extending in a first direction and a space defined between adjacentgaSEpzmg
silicon nitride filnms extending in the first direction constitutes a
mnimumpitch in the first direction; form ng side wall spacers on side
wal | s of each said silicon nitride filmand thereafter defining grooves in
the substrate in self-alignment with said side wall spacers; renoving said
si de wpdtiplepalgqeortionnd catte netisfe regl@Ri di zi ng the substrate to thereby effect
round processing on the main surface of the substrate; and form ng an
insulating filmon the substrate including interiors of said grooves and

Al on the s . g, o . oS
enbeddrigne R nRCrliEon i Hii}8 chirBl s 0a etiBhiS! BRY IO CRURSE ),
gr oovegiiisgh alitiaRSilthPlo A6t §18e ofasdh @6d htvd REidan4 0 3 SEP 2003 11. A

1 : : :
nmet hod o?’ manufacturing a sem conductor integrated circuit device,

conprising the followi ng steps of: selectively formng silicon nitride
filnme on a main surface of a substrate; form ng side wall spacers on side
wal | s fdrming dndisulating filmrandbe subsigate inpbeding yaPtiomsrRf saithgraoyes dheradist ng
the substrate jn self-alignpent with said, sj.de |1 acers t er

defi nerf'(j?%ﬂvééf""r Hlspl?émg &S’P% OVH "é’éfﬁﬁal‘}ieﬁ}l"é%“ %ﬁg%ﬁﬁlgﬁqﬂeﬂpﬁﬁéﬁpgﬁﬁ%i ng
sai d sj | I cer: | ' : r mal
oxi da IS AR ABPBESHS FdSes B IRAEEP Lo BRI oo R ISHARGETRE b
substr afeeyRivedegiefs pheral portion of each active region; and formng an
insulating filmon the substrate including interiors of said grooves,

thereafter renoving the insulating filmlying over each said silicon
nitride filmand enbeddi ng the i‘r@ul atingtfi.lmin sai d gr.ooves .to thereby

def i nel3nAimethod asevrding i deima i3, whoreinthestehiag dpr rrereiag thi peripheral
sem COBng&nocgf da7d §%63h kit i fo HEVESEr sARBYShY NGive r}ggion is isotropic

etching.

14. A method according to claim 10, further including a step of subjecting the substrate to
thermal oxidation after the insulating film is embedded in the grooves to thereby form a
gate insulating film for each MISFET on the main surface of the substrate in each said
active region and then form each gate electrode for said MISFET on said gate insulating

film.

15. A method according to claim 14, further including a step of forming a silicon oxide
film on the main surface of the substrate in each said active region prior to said gate
insulating film forming step, a step of implanting impurity ions in the substrate through
said silicon oxide film, a step of subjecting the substrate to a thermal process to diffuse
said impurity ions, thereby forming wells in the substrate, and a step of etching the main

surface of the substrate to thereby remove said silicon oxide film.

16. A method according to claim 14, wherein the gate electrodes for said MISFETs
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follow ng steps of: selectively formng silicon nitride films on a main
surface of a substrate; formng side wall spacers on side walls of Sﬂa% P.7003
silicon nitride filns respectively and thereafter etching the subst té iR
self-alignnment with said side wall spacers to thereby define grooves in

the substrate in each device isolation region; renoving said side wall
spacers and thereafter subjecting the substrate to thernmal oxidation to

t hereby effect round processing on the main surface of the substrate at a

65 0 ZxGEi 26008s prdiaptiee adgipns andsaidishalhow groevesisoladignen; et chi ng each said
silicon nitride filmto thereby recess a peripheral portion of each said
silicon nitride filmto a center side of each said active region; and

or oovel) X mstiss petordins oA o Rl SR ST et BLdeltiord Ty
St |1 conididdithh IISPERSLaETBE dicticddMiurdBith B lehdh fehiBry befidinh DROQVES ! O
eri al | Ow groove 1S0

t her eby ne's atrons for defining the active regions.

13. A method according to claim 12, wherein the etching for recessing the
peripheral portion of said silicon nitride filmto the center side of said

act i vel §.eyinathod acewtlingpiocclaisn ¢0; wherein each said pidigon aisidgi ftlgn has a skangen o,
further including a step of subjecting_.the substrate.to her mal ©xi dati on
af ter andeislangoyhaped plane ratiesn.cardeasties Of 24 1@?@&9@@&%‘%@&? é@l%ﬁ a
gate ipsulatin iLl.mfon c E A at e
in eacHT<HoR ?&c{}ﬁe\?ga?%g?tﬁe%%%éﬁgga@o% #‘n&gjaig%(geaﬁgh ge?&ctc gcl)t e*@g?‘&i@%ﬁﬁ
MlSFEtﬁe%sf&’i'réjctﬁﬁlt ate'r AVt R%quhl tdA miRimvinBRid @degined dcosrding & ai m 14,
further including a step of formng a silicon oxide filmon the nain

sur f aceseolutiohdiraitledtphatadithographp. sai d active region prior to said gate

insulating filmformng step, a step of inplanting inpurity ions in the
substrate through said silicon oxide film a step of subjecting the

subst rfé.eA trr(ljetﬁogl g(e:éo%in o dlaim 1&,0 wijl'en].:efiﬁJ e gate electrodes for the MISFETs
linearly extend along a second direction intersecting the first direction of each said active
region at the same widths and same spaces, and said widths and spaces are respectively

equal to a minimum size determined according to a resolution limit of photolithography.

20. A method according to claim 10, wherein said side wall spacers comprise a silicon

oxide film.

21. A method according to claim 10, wherein a thickness of each said side wall spacer

ranges from 5 nm to 40 nm.

22. A method according to claim 10, further including a step of forming the side wall
spacers on the side walls of said silicon nitride films and thereafter implanting impurity
jons in the neighborhood of the main surface of the substrate including regions below

said side wall spacers prior to the step of defining the grooves in the substrate.

23. A method according to claim 10, wherein when said substrate is etched in self-
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said inmpurity ions, thereby formng wells in the substrate, and a step of
etching the main surface of the substrate to thereby renove said silicon
oxide film 16. A method according to claim 14, wherein the gate elldSEP dils
for said NUSFETs 66 0 3 SEP 2003 extend across said active regions and said
shal | ow groove isolations. 17. A nmethod according to claim 14, wherein said
M SFETs are respectively nenory cell selection M SFETs each of which

Comet b SR P B o R R TGP G e ©
o s phgacs LSy K EIRAE I SRR AR gk e 111

films AdbABEiHoot @feRe Mmadi haffadervf thBeubdtiasé irfiheqegions baldv s&dRees wadl y equal
to a mninmum si ze determ ned accor di ng to a resolution limt of

phot ol spdcery, apthgaidisabsttatess thed ancsodrogicadl ytaschedaiordefne thiagradvest he gat e
el ectrodes for the MSFETs Ilinearly extend along a second direction
intersecting the first direction of each said active region at the sane

Yo a P mapd 2EGEATie RrdatL LWl e PBRERSef B R yyrilor 87
phot ol i iaagdienhhe r@@onf‘b@l%mg sHCRA 'sﬁ?cér?is%@ﬂr%i@gl’l){ \%@ES lafref @& si de
wal | spacers conprise a silicon oxide film 21. A nethod according to

cl ai m dnowt of ehenside bl lcdpaes:s, aid thachbsteitd isitda subjdctaproBermabogidatibnom 5
nmto 40 rim 22. A nethod according to claim10, further including a step
of f or o thgrabyeefict cowmd processingor thesurfase oif diee shistrateodt thaipgripherad portion ri de

films apd.thereafter inplanting inpurity ions in the neighborhood of the
mai n safsaaééa@? agthee @gg:g‘trat e including regions below said side wall
spacers prior to the step of defining the grooves in the substrate. 23. A
nmet hod according to claim10, wherein when said substrate is etched in self

67 0 325ER mM&fad according to claim 10, wherein the thermal oxidation for effecting the

round processing on the main surface of the substrate is performed plural times in parts.

26. A method according to claim 10, wherein the inner walls of the grooves are etched
prior to the step of embedding the insulating film in the grooves after the round
processing of the main surface of the substrate, whereby silicon oxide films formed on
inner walls of the grooves by the thermal oxidation at the round processing are removed

or thinned.

27. A method according to claim 10, wherein said substrate is subjected to a thermal
process after the insulating film is embedded in the grooves or in the course thereof to

thereby densify the insulating film.

28. A method of manufacturing a semiconductor integrated circuit device, comprising the

following steps of:

(a) selectively forming silicon nitride films on main surfaces of first and second regions
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alignment with said side wall spacers to define the grooves, the
nei ghborhood of the main surface of the substrate is first motropugqumma

etched to thereby isotropically etch the neighborhood of the main sur
of the substrate in the regions below said side wall spacers, and said
substrate is then anisotropically etched to define the grooves. 24. A
nmet hod according to claim10, wherein the nei ghborhood of the main surface
of the substrate in the regions below the side wall spacers is

i sot ropf eabbstraieched after the renoval of the side wall spacers, and the
substrate is then subjected to thernmal oxidation to thereby effect round
processing on the surface of the substrate at the peripheral portion of
said e ?Ic(fjﬁ[ég ﬁrgt PR, l?sg?cé%s gﬁtszgﬁggf HenGlitsh ﬁﬂtﬁﬂ@ﬁhﬁs 19 ehehe the

t her mal"/oXi or e I'ng round processing on e main surface
of the §y@ﬁ&éate is perforned plural tines in parts. 26. A method according
to cIa|n110 wherein the inner walls of the grooves are etched prior to
the step of enbedding the insulating filmin the grooves after the round
processi ng of the main surface of the substrate wher.eb SI|IC§§{OXIde

filns {eropveriog the fisgtrregion csf the Stlbféméﬁ? @6%% 153} phetoresish fm apdietehing theyt + he
round ocessing are renmmyv o, th h C I'm
o B SRS it AT SeooBfl st BbRoG e SLior Rl LR SRS RE WL baEER

| nsul attl'n Ber th ﬁntlll ﬁmﬁﬁdﬁ’fgll 'sgaéctﬁfoﬁrtl?@é’iﬁé v@cflls'df th@@llfc@ivlrrﬁﬁxdel”ﬁlrn‘i’@fn the

t her eby en5| I nsul atin hod of manufacturing a

sem coRreiiidaeg 1011 egrat ed circuit device, corrprl sing the follow ng steps
of . (a) sel ectlvely forming silicon nitride filnms on main surfaces of first
and second regions 68 0 3 SEP 2033 of a substrate; (b) form ng first side

| | de fil h
subst  Rentesiing ohritgnolestist i g PAReufen it Bu s Wbl b <o
phot or ebeht WinARE rR5CANEWipacers and the second side wall spacers, thereby

defining grooves in the substrate;

ace

(e) removing the first side wall spacers and second side wall spacers and thereafter
subjecting the substrate to thermal oxidation, thereby effecting round processing on the

main surface of the substrate at peripheral portions of each active region; and

(f) forming an insulating film on the substrate including interiors of the grooves,
thereafter removing the insulating film above each said silicon nitride film and
embedding the insulating film in the grooves, thereby forming shallow groove isolations

for defining each active region.
29. A method according to claim 28, further including, after said step (f), steps of:

(g) removing the silicon nitride films and performing an etching process for reducing a
step between the main surface of the substrate corresponding to the active regions and a

surface of the insulating film lying within said each shallow groove isolation;
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first side wall spacers in the second region, thereby formng thin second
side wall spacers thicker than the first side wall spacers on the %i 03
wal l's of the silicon nitride filnms in the second region; (d) renoviégﬁfﬁ@
first photoresist filmand thereafter etching the substrate in self-
alignment with the first side wall spacers and the second side wall
spacers, thereby defining grooves in the substrate; (e) renoving the first
side wall spacers and second side wall spacers and thereafter subjecting
the substrate to thernmal oxidation, thereby effecting round processing on
the main surface of the substrate at peripheraléportions of each actjve

O

r egi onth) snbjecting ths substrate-to; thernmal caxidptian ththereby dogn glinsh gate; axdde filmgior
interi f .t ing the insul ating filmab
cach saet SRR Sh0s Firin st e HbRY M AT R dRR ot 1 1 m 1 n-rhe

grooves, thereby form ng shall ow groove isolations for defining each
active region. 29. A nethod according to claim 28, further including, after

sai d stieRoddring thE8BSomS fegidh of GERMbSEatt RAISA bécwad pldtbdedit filhEhddtOhing
perform ng an etching process for reducing a step between the main surface

of t hea sulfsder aff the forstr regjmanafi thg stbsttdte, theteby eemeoyingnthedirst gate oxidafibmah t he
insulating filmlying within said each shall ow groove isolation; 69 0 3 SEP
2003 (#ie sfﬁbljeééﬁﬂ;ﬁgdt he substrate to thernmal oxidation to thereby forma
first gate oxide filmfor a first MSFET on the nmain surface of the
substrate in the active regions; (i) covering the second region of the

subst r@lﬁ;ﬁ%ﬁh %iﬁ‘é‘c%ﬂ bedresissfinh ahd 'urer@ml:r%a[ucﬁa 1Re StbdAke 1o thdrhfal
E t t he F [

first glon o e substrate, thereby renoving rst gate oxide film
i n  t hexidatisi, thegbeforming 4 $econd gatd mgde figmsfer andcqitbMISEETSon the surdack

t hereafter subjecting the substrate to thermal oxidation, thereby formng
a seconfithgdiret regiareof thesubsfrats. second M SFET on the surface of the first

region of the substrate. 30. A nethod according to claim 11, further

i ncluding a step of subjecting the substrate to

30. A method according to claim 11, further including a step of subjecting the substrate to
thermal oxidation after the insulating film is embedded in the grooves to thereby form a
gate insulating film for each MISFET on the main surface of the substrate in each said
active region and then form each gate electrode for said MISFET on said gate insulating

film,

wherein the gate electrodes for said MISFETs extend across said active regions and said

shallow groove isolations, and

wherein said MISFETs are respectively memory cell selection MISFETSs each of which
constitutes part of each memory cell in a DRAM.

31. A method according to claim 11, wherein each said silicon nitride film has a slender
and island-shaped plane pattern, and a size of each said silicon nitride film in a first
direction and a space defined between said silicon nitride films adjacent to each other in

the first direction are respectively equal to a minimum size determined according to a
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thermal oxidation after the insulating filmis enbedded in the grooves to
thereby forma gate insulating filmfor each M SFET on the main su?igﬁg @ﬁ
the substrate in each said active region and then formeach gate e r& e
for said M SFET on said gate insulating film wherein the gate el ectrodes
for said M SFETs extend across said active regions and said shallow groove
i sol ations, and wherein said M SFETs are respectively nenory cell selection

M SFETs_ each of. i constitutes part of each nenory cell in a DRAM 31.
A met hB?fog‘ﬁbo&O'&ﬁ‘\\{goﬁg‘oé?@ﬁh?ﬁaﬁ%mher ein each said silicon nitride film has
a slender and island-shaped plane pattern, and a size of each said silicon

nitride filmin a first direction and a space defined between said silicon

ni tri dg2f Al methadjazcenting to elanh 1dt hettherninclulimgf4 step ofisnlgetiingtiar sbstrate to
respectively equal to a mninum size deternm ned according to a 70 0 3 SEP
2003 r twoimal pwidativniafteo thepmsulating fdgy isEmbedded inthregreeyeatcibembygiorm &1 ai m

, f h i | j bj i h .th L
ox| dat B BRHIBANE U fog Ghch MISFELT o FE ARt Becion  Ssiiadk ool Bitb eby
forma %‘?*‘fﬁeg:g%i ﬁljuﬂﬂe Fobn! é@cfx(gateeagarMesfﬁgaﬁWﬁgﬁEﬁ'oﬁ sl £&eSnQiafi

subst r &f sal activeSegion and then formeach gat® electro for
sai d MrERETs on said gate insulating film wherein the gate el ectrodes for
the MSFETs |linearly extend along a second direction intersecting a first
direction of each said active region at same w dths and sane spaces, and

6 cor Mgt (he EaBAIBRrasrsitorihe IASHEGE Brettio gk 2BonA SgeoRd R iRBGor ot ng
to claim12,..further incl udi 1en.: i ecti .

0 o b NSO AR TR PR SR AR Bk
ther ebynd Q& RidtBPARd &;Fh%ﬁ% atd Repddtivaly sduatas b nMnBhilh dife HoRrmBidd surface of

the substrate I n each ‘sai active réegion and then formeach gate el ectrode
f or sabcdcoviisigEbsa esohaion lgaitefiphstiléhoggphy.

33. A method according to claim 12, further including a step of subjecting the substrate to
thermal oxidation after the insulating film is embedded in the grooves to thereby form a
gate insulating film for each MISFET on the main surface of the substrate in each said
active region and then form each gate electrode for said MISFETs on said gate insulating

film,

wherein the gate electrodes for said MISFETs extend across said active regions and said

shallow groove isolations, and

wherein said MISFETs are respectively memory cell selection MISFETSs each of which
constitutes part of each memory cell in a DRAM.

34. A method according to claim 12, wherein each said silicon nitride film has a slender
and island-shaped plane pattern, and a size of each said silicon nitride film in a first

direction and a space defined between said silicon nitride films adjacent to each other in
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film wherein the gate electrodes for said M SFETs extend across said
active regions and said shallow groove isolations, and wherein said

M SFETs are respectively menory cell selection M SFETs each of whighSgpP 2003
constitutes part of each nenory cell in a DRAM 34. A nethod according to
claim 12, wherein each said silicon nitride filmhas a slender and

I sl and- shaped pl ane pattern, and a size of each said silicon nitride film
ina first direction and a space defined, between said. silicon.nitride

films &y HetdireconaErespastivelyequel to 8 mupimopcze defermingd eorling dhaar e

respectively eqgual m ni mum si ze determ ned according to a resolution
limt quoﬁﬁé%ﬁWWM%@hO%pwx net hod according to claim12, further
including a step of subjecting the substrate to thernmal oxidation after
the insulating filmis enbedded in the grooves to thereby forma gate

i nsul atkng hbthiohiaREoRmed td\ 1Bk [20furttie inELAingW Jtés @f@ﬂibjbb@n% tHessubatrate to

each said active region and then formeach gate el ectrode tor said M SFETs
on sai thegaiatokitktibatafteg thef insubating érei i3 emtedded én tHeegrooweeto therehyafodm\ SFETS
linearly extend al ong a second direction  intersecting a first direction of

each sght iasulptag fide fon cagh NHFEL of Hednainsugiics 94 e Subsiiale WEaN§2Mt hs and
. fon o H A — ot
;beor uerbre feEn s Hiienr erb s rort B SIS ST S SERE i sibe

sem copguctor integrated circuit device, conprising steps of: (a) providing
a sem conductor substrate with a first pattern (14) formed over a first
portion of said main surface of said substrate, a second pattern (14)

formed over a second portion of said main surface, and a first and a
second vdiedeintbt gatealenstpdss fer sed MiSHETks loreashy extend slongiceesand dgsedon

intersecting a first direction of each said active region at same width and same spaces,
and said widths and spaces are respectively equal to a minimum size determined

according to a resolution limit of photolithography.

36. | A method of manufacturing a semiconductor integrated
circuit device, comprising steps of:

(a) providing a semiconductor substrate with a first pattern (14)
formed over a first portion of .said main surface of said substrate, a second
pattern (14) formed over a second portion of said main surface, and a first
and a second side wall formed on side surface of said first and said second
pattern, respectively,

wherein a width of said first side wall (16A) is greater than a width of
said second side wall (168},

(b) forming a first groove, in said substrate, in self-alignment with
said first side wall and a second groove, in said substrate, in self-alignment

with said second side wall;
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pattern, respectively, wherein a wwdth of said first side wall (16A) is
greater than a width of said second side wall (16B); (b) formng a B} SER 7003
I

groove, in said substrate, in self-alignment with said first side wal
a second groove, in said substrate, in self-alignment wth said second
side wall; 72 Q3 SEP 2003 (c) burying said first and said second groove
W th an i ng)l ghtyiagf $Ain firdtdand & Suovdd ¢rbbvstwaRdas ahSukenngdilmat t ern;
(e) after said step (d), formng a first insulating film(7) over. said

first IOOV(d)ofbrﬁﬂd_iﬁ@isﬁiQQﬁ@ﬂ@W§hi@@écéh@ phdtephter selectively renoving
said first insulating filmformed over said first portion, formng a

second 1 nsid)a4irgg sfdihrgtégﬁgq)f?\rsfmﬁﬁ% REAOH UISTi hh O FWF bvidiadaid fikitckness

of said second insulatin mis i nner than a “thickness of said first

i nsulpa{;ri“@g, hbrga@?se@oﬁ?itwiﬁ gling to claim36, wherein said first and

said’ second I nsulating ornmed by using an oxidation nethod. 38. A
Mmsul at | gt dfivsspeaaly-ramd st 7Ry fs Ao LR oy B398 S8 "
For AHrSUPSTER b dnEtmibacs g cendiowiahract i (Al elrcellsrlonfop BT an”
manur ST Algad ORI DR TH ULy ARSaTEng Sl nBer BBt si g st eps

f: 73.0 3 SEP_ 20 . . . .
© 't%ickness of sa?g first insulating film.

an

37. A method according to claim 36, wherein said first and said

second insulating fitm are formed by using an oxidation method.

38. 1A method according to claim 36, wherein each of said first
and said second insulating film serves as a gate insulating fitm of an

MISFET.
39. A method according to claim 36 wherein said first portion is
an active area for an MISFET constituting a logic circuit, and said second

portion is an active area for an MISFET constituting a memory cell.

40. A method of manufacturing a semiconductor integrated

circuit device, comprising steps of:
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(a) providing a sem conductor substrate with a first pattern (14) fornmed
over a first portion of said main surface of said substrate, a second
pattern (14) forned over a second portion of said main surface, andcg §E‘Prﬁ]B

and a second side wall fornmed on side surface of said first and sai secon
pattern, respectively, wherein a wwdth of said first side wall (16A) is
great er tharfappwodidingfa ssanteehoidr sivdstratd withoB)firstipattermri{hg) a fir st
groove, in said substrate, in self-alignnment with said first side wall and
a secdndmgroover a firstapdrisomsifrsdid, miann selrfaed icfeaadt subnstirhis,as ds esamohd
side wall; (c) burying said first and said second groove with an insul ating
film pdttgrm ¢hadyiomumedi avéi astecontd sairtiosnecbsdipatdier surfaek, afndr Bastd st ep
(d), forming a first insulating film(7) over said first portion and said
secondambat serobhy giderwall foximbad ponsidensu (faceabt snid Eiretbindes 3id seowhdg
said first insulating filmformed over said first portion, formng a
secon@dtteu, atdspg cltiviety( 7A) over said second portion by thermal oxidation:
such that a thickness of said second insulating filmis thinner than a

t hi ckness ofwteiedh fa wddth s Waitlifirgt faiinwdil. (16R)Met foshirecdmnai agvidihchfai m
40, wherein each of said first and said second insulating filmserves as a

gat e igmdlsgdoryd idenvedll gm6BY] SFET. 42. A nethod according to claim4l,
wherein said first portion is an active area for an M SFET constituting a

logi ¢ circuib) femlirgpiadfietcprbyepdnt s@il 56batraag! iv&edf-atgheie @NwMhSFET
constituting a nenory cell. 74 0 3 SEP 2003 43. A method of manufact uri ng a
sem cerdddirgt simé agaltatd acsecond dlevves,incsaiar s shogasé ens seff-alignment
with said second side wall;
{c) burying said first and said secbnd groove with an insulating film;
(d) removing said first and said second pattern;
{e) after said step (d}, forming a first insulating film (7) over said first
portion and said second portion by thermal oxidation; and
(f) after selectively removing said first insulating film formed over said
first portion, forming a second insulating film (7A) over said second portion

by thermal oxidation such that a thickness of said second insulating film is

thinner than a thickness of said first insulating film.

41.. A method according to claim 40, wherein each of said first
and said second insulating film serves as a gate insulating film of an

MISFET.
42. A method according to claim 41, wherein said first portion is

an active area for an MISFET constituting a logic circuit, and said second

portion is an active area for an MISFET constituting a memory cell.
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(a) providing a sem conductor substrate with a first pattern (14) fornmed
over a first portion of said main surface of said substrate, a second
pattern (14) formed over a second portion of said main surface; (b)fldrStPrgll
a first and a second side wall forned on side surface of said first and
said second pattern, respectively, wherein a wdth of said first side wall

R T e e R
wa ?@l@t%{*’?‘?‘?{ ?ﬁ?‘%ﬁﬁﬁ'y:gﬂaéeg%ﬁ 8§,u strate, in self-alignnent wth sai

second side Wal ! d'first and said second groove with an
arter said Stbroubocf RO Rdot st AE g e FE0Pallh @i 111 s
v st "DrBRR kG T WoRREY A ad 0al §57Iace plRaid e ilareng s0680dna
sar d oale NALIIAled Fandie R Rer B SAid Hlnetade: cai d 111 st
ai d “secontP AT 475 ARG.A SeraiEaids vl ko ol aide aHTfsensl 75 0
3 SEP 2003 45. A . nethod according tp claim43, wherejn each of said first
and sai d secomdf ﬁi‘&f‘f{ﬂ‘ﬁ&aﬂ|3rﬁ‘83é}(88§h§§”af§§?80}'}1§ ating filmof an
an acti vo. aPDETET Sy TSR3l el el et (FRE) docarpuet thana B3 Shcone
porti gﬁicjj %e%%n%céfd\éew%?%é@ﬁ; an M SFET constirt uting a nenory cell. :
(c) forming a first groove, in said substrate, in self-alignment with
said first side wall and a second groove, in said substrate, in self-alignment
with said second side wall,
(d) burying said first and said second groove with an insulating film;
(e) removing said first and said second pattern;
(f) after said step (e), forming a first insulating film (7) over said first
portion and said second portion; and
(g) after selectively removing said first insulatiﬁg film formed over
said first portion, forming a second insulating film (7A) over said second

portion such that a thickness of said second insulating film is thinner than a

thickness of said first insulating film.

44. A method according to claim 43, wherein said first and said

second insulating film are formed by using an oxidation method.
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+45. A method according to claim 43, wherein each of said first
and said second insulating film serves as a gate insulating film of an

MISFET.
46. A method according to claim 43, wherein said first portion is

an active area for an MISFET constituting a logic circuit, and said second

portion is an active area for an MISFET constituting a memory cell.
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