;N " ae3e>, 6T>17 NN NO7 A SEM DUCTOR | NTEGRATED CI RCUI T DEVI CE AND

A. METHOD OF MANUFMM “M' SAME Field of the Invention The predgniiN 2003

invention rel ates uctor integrated circuit device and a nethod

of manufacturing the semmwozand, specifically, to an effective technol ogy

adapted to an el enent isolation structure for formng a fine M SFET (Metal

| nsul ator Sem conductor Field Effect Transistor) and a nethod of

manuf acturi ng the sane. Although | ocal oxidation of silicon (LOCOS) has

been wi dely used as an el enment isolation technology in an LSI production

process, tHReSENIFBYHREETER SNTBCGRARER @ﬁﬁﬁplﬁs@ﬁé(ﬂ%@nAN@chnbE@QQDi s under |

way along with the downsi zi ng of a sem conductor el enment. Shall ow groove

isolation (SGA) which isQE'ef"F‘gW%ﬁcrﬁglp‘Bﬂ(ﬁy?‘ﬁE aAMEnsul ating fil msuch as a

silicon oxide filmin a trench forned in a silicon substrate can ﬁ‘aﬁ reduce i
n

the interval between el enments, (b) easily control the thi ckr‘mmm m mu‘“\m
a

el enment isolating filmand set a field reverse voltage, and
anti-ref I%wiﬂbf fusion layer and a channel regi omssisy
striking ditferent 1nmpurities into the side wall and ' the bottom of the
trench. Therefo Lt ol ; a Lh.Securli -threshol d
characteristi cs'fgﬁdb%gggg?gyg&éggy%b g%ggiel‘z;og% %oﬁ&?‘%ﬁ%ﬂggﬁagﬁd back-gat e
effect than_the_local. oxidation of silican. ener t hod form ng an
o enont 1 BFaRFah SErea e e g artha mekhad bR had ity Ehel se
thermally oxidized ,tqQ forma thin silicon oxide filmon the surface, a
silicon n?f‘é'r dépf"FF‘ﬁﬁFéﬁé{r 8 8R PAESSIEVEL KGR oYl FARP LSRR AN vapor
deposition_ (CVD), ,and the silicon nitride filmof an elenent isolation

regi on i seteRBREdIEQLlakjoRt eRFREtUEeNECE FPRbREs? stinge MASEER Mistal
Thereafter, the photoresist filmis renoved, a trench as deep as 350 to 400
nmis forfBaulatoleSenbcordvetey Rirglditdfiary: Tsangishersi andon methdde film
as a mask, and the substrate is thermally oxidized to forma thin silicon
oxi de filafomanhfacknsingakheosamge trench. This silicon oxide filmis
formed to elimnate etching damagg whi ch occurs on the inner wall of the

trench angatkhgablindi sifethke Intrensdonf

Although local oxidation of silicon (LOCOS) has been

widely used as an element isolation technology in an LST
production process, the introduction of a new element isolation

technology is under way along with the downsizing of a

semiconductor element.

Shallow groove isolation (SGI) which is.effected by
burying an insulating £ilm such as a silicon oxide film in a
trench formed in a silicon substrate can (a) reduce the interval
between elements, (b) easily control the thickness of an element
isolating film and set a field reverse voltage, and (c) separate
an anti-reflection layer from a diffusion layer and a channel
region by striking different impurities into the side wall and

~ the bottom of the trench. Therefore, it is more advantageous

in securing sub-threshold characteristics and reducing a

1 -t




the silicon oxide filmburied in the inside of the trench in a later step.
After a thick silicon oxide filmis fornmed on the substrate containi?g"{ﬂﬁj :
i nside of the trench by CVD, the substrate, is heated to finely densitTy
silicon oxide filmburied in the inside of the trench. Thereafter, the
silicon oxide filmformed on the silicon nitride filmis renoved by

chem cal nechanical polishing (CWP) so that the silicon oxide filmremains
only in the inside of the trench, and the unnecessary silicon nitride film
is renovethobyiaycheany 4:0d backk-yaldNeZE3 t, thanpties el euvn Blanet i®olst i on
trench. It is known that, in the above elenent isolation structure, a gate
oxi de fil mifigreed on the surface of the substrate of an active region is
locally thin at the end portion (shoulder portion) of the active region and
the field of gahequnllaftnd hd®RERLALA] MO Ll S ROL Al th the

result of the occurrence of such a phenonenon that a drain current ows
he

wth a | ow _gat | t age be cal E "kink, charact.eristics" qr,."hu
char acterilsst?%gt%\ﬁ.owis' agrs%ylu Cioélng]tl%g ﬁ?s,er}as %é% ﬁo’f%eg]i/mafiofr:y rO(}){ulﬁidizﬁéiT
shoul der portion of the active regiqn i.s.proposed. For. exanpl e, .Japanese
Patent Latd GOER Ao thaho 63581 ORAARC ATl ShohE SPOBPER t Habl MGGH a fine
M SFET havi,ng .a channel width of 1 dun or  less is formed in the active
regi on of Mif&186hSilBt &5 sEPFBEAIYY 1P tshie L3y € 1%hdritl ™ 9 &1e84 Srlench,
it cannot be used as a device due to a reduction in threshold voltage (Vth)
so cal | ed VeRperr SRPORARAEN fVBetr " anEhfBe| §1pécatsBitKédehbddileerfpditi on of
the active region has an angular cross section close to a right angle in
t he el enestlemeptatisopasipuctggaonhas uAMPHSHl Byi AgYf eEahiisgbusiiad ien t he
inside of a trench formed in the substrate, whereby the field of gate
vol t age i phodecestisst édlupoh a Maskr egToar aafit ar ¢ i athd o fesried fdilinh a | ow
gate voltage. The above publication discloses a technology for preventing a
reduct i on iisnrempestiol @l tumncyesbyebpras nip G thor é00hnm is formed in the
substrate by dry etching using the silicon nitride f£ilm as a
mask, and the substrate 1s thermally oxidized to form a thin
silicon oxide filmon the inner wall of the trench. This silicon
oxlide film is formed to eliminate etching damage which occurs
on the inner wall of the trench and to alleviate the stress of
the silicon oxide film buried in the inside of the trench in
| a later step.
After a thick silicon oxide film is formed on the
substrate containing the inside of the trench by CVD, the
substrate is heated to finely densify the silicon oxide film
buried in the inside of the trench. Thereafter, the silicon
oxide film formed on the silicon nitride film is removed by
chemical mechanical polishing (CMP) so that the silicon oxide

film remains only in the inside of the trench, and the

unnecessary silicon nitride film is removed by etching to




3 i 1 1 13 JUN TOO3 in the substrate, rounding the shoul der portion of !
the active region through wet oxidization at 950C and thi ckeni ng t hkd it 203
oxide filmof the shoul der portion of the active region in order to
suppress the above narrow channel efféct. Japanese Patent Laid-open No. He
2- 260660 al so di scloses a technol ogy for suppressing the concentration of
the field of gate voltage upon the shoul der portion of the active region by
roundi ng the shoul der portion to prevent the occurrence of the above kink
(hunmp) chabkagtetkshinCelemBnthigoprblbaatirencnt.he shoul der portion of the
active region is substantially rounded by the follow ng nethod. The el enent
formation regioncofs gnSeHIEARIULL ShetiSy 4 81 EnbAL GUALRY I Lh-oFRsk Made
of alamnate filmconsisting of an oxide filmand an oxl dation resistant
film andt QSt?“&%{cﬁ tfll'nf fwfﬁrea%hytr?é“ Add Bt PhS é&@é&a‘h‘_’%fﬁm gan

n raté o

. . atn
oxide film he subs an el enment 1'solati on region suc at one

d of th ide fil, h th I t f I, ion.
Ther eaf t ePCTEHE GSPA8™ AEnTOFALRE SPHeAT 108 BLRoROFE an (FocraRGFed by
wet etching using the above ,oxidation re ié&$g§ filmas a mask, a trench is
0 i

formed i nPPRELSUSPF At GCLYE ERERBRL AT f1egf PP by ¥RHGEI% 6 S on

etching using the above oxidation resistant filmas a mask, the substrate
i s t her mrPRCeRtErEES 1BOROFRT & RVl PORT HRD Y1 dila HeSWitercfndilie of t he
trench, and the shoulder portion of the trench is rounded. 4 13 JUN 2003
SUMVARY OPCTHETrERNVENT GNah Figlergungnom g hall ardyed nvEerr entt hleowsh ot tder
portion of the active region and therearound. A left part of the figure
shows theasdbst gate gblthgeadnayebreghddedn “khaksghbaeetef iwliick "acqgat e
oxide film®60 is formed. A right part of the figure shows an el ement
i sol ati on “twepchhanavhechsaissl') corroe delithionétioi shbsr ieedecEmotlloery a
gate el ectrode 62 which extends in right and left directions of the figure
i s fornmedfor trbentidpgothihehaciliee pegicdonand the ekérmert riegdbat iien trench.
As shown in the figure, in the elenment isolation trench fornmed by burying
the silicefropyisdel.film6l in the inside of a trench formed in the
substrate, the surface of the silicon
For example, Japanese Patent Laid-open No. Sho 63-2371

indicates such a problem that, when a fine MISFET having a

channel width of 1 um or less is formed in the active region

of the substrate surrounded by the above element isoclation

trench, it cannot be used as a device due to a reduction in
. threshold voltage (Vth) so called “narrow channel effect”.

This is because the shoulder portion of the active region has

an angular cross section close to a right angle in the element

isolation structure that an insulating film is buried in the

inside of a trench formed in the substrate, whereby the field

of gate voltage is concentrated upon this region and a channel

is formed with a low gate voltage.

The above publication discloses a technology for

preventing a reduction in threshold voltage by forming a trench




oxide film®6l is recessed downward in the vicinity of the active region
When the trench is fornmed in the substrate by etching using a siIicE?
nitride filmformed on the substrate of the active region as a mask, J%%ﬂmﬁ
silicon oxide film®61 is buried in the inside of the trench to flatten the
surface, and the unnecessary silicon nitride filmis renoved by etching, a
| evel difference corresponding to the thickness of the silicon nitride film
i s produced between the surface of the substrate of the active region and
the surfade ohetdebsttatcon rourdd fg ltisebthbulded porthentserte aA¥en 4 he
surface of the silicon oxide film®61l is wet etched with hydrofluoric acid
to reducerbBiion! @¥Lbudh Wic@r 8RLEI zROL b QS 9b Do UHAEhiWkbh ihBer s ldaan
nitride film that is, the top surface and side surface of the silicon
oxide 5 j [ b G f [ regi e
exposed tSJ‘%?%t%Bf ]Fxﬁg)ffi %h%ghgﬁlﬂ%glgﬁglﬂ%ﬁ%%aﬁ%ﬁﬁta% qéé?gtﬁp\%grﬁ %gtoﬁgé%{ egi on
is larger th t o] h L i i f.a region apart fromthe
active re&Po%ngE%%St%g%ngﬁggnﬁggfgg %ﬁ %bgglgﬁfgﬁg'vicinity of the active
region is recessed downward as_describeq. abgve, rtiqn aof the gate
oxde 11T 60 { SFHBUSOR SHRErurt AaePBPRG Sber 2ach oy 2Fhe Bhsthos®
portion of the aciive egi on reaches gart of the side W%|| of _the_el enent

i sol at i on2t FenER° WE{R%% SURRTPESLRIGHRR | TR R Tt ik & tah e riptR+ 2 W & or
formng a channe] into the side wall of the elenent isolation trench, the
concent r afRER BPLBRIE HRAT (5 ARPHLLCF P B Do fmEEel 3Gkt VE HeRP 191 by
concentration of an inpurity in a flat portion of the active region. As a
resul t, whierndangageeish 9%eROrE 1PRet gRRE e thedeccursancehahnidle i s
formed in the shoul der portion of the active region before a channel is

f or med i nabhwef kankpdhumph ofiarseterisvecsegilon iitsh pd daeduilan ofthe
reduction in threshold voltage. Particularly when the gate width is reduced
al ong wi t khauideucpoonion athehejaltthiof reogoSFES, sulbetdmifialehe e cofmddde

sub- channel beconmes marked and a reduction in threshold voltage becones

| arge . Thiys thkefiod@penngsmathedy serious problem for a surface channel
type M SFET in which a gate electrode is forned fromn type pol ycrysta
silicon. As neambeaflegmentefidrngtibe rahovom o&dusémndmondudt boeshblsd neald age,

it is conceivable to increase the dose of an inpurity 6 13 JUN 2003 for

t he formatisonootradchanhelh saslasndde cofrpersatinsdtoy fa Imeducidien iny tdre
concentration of the inpurity in the shoul der portion of the active region.

However, ahneeidde icansedtnad:tomofon hesiigpamnict §iim, the shbstbateadicr eases

in this nmethod, in the case of a dynam c random access nenory (DRAM , for

exanpl e, thetheehd1sir engthzbaconeshhs gicd e the Ad@i Rirt Yoxafdd 8 1m on
sem conduct or region of a storage node and a | eak current grows, thereby

causi ng athedsgbs@hats ¢RhmesNe@bat atd €14 51618 T IbrABulACE BAS Gorid) i
parasitic capacity of a bit line. Wien a fine MSFET is to be thus forned

i.n the acbirvensegk e of i IhensebsichaleofUE KO TEELDY fdignRl iR di%e] ation
trench, a reduction in threshold voltage cannot be prevented by roundi ng
the shoul geerRakkee) BheldRi@StA M LFILAB SNEMSRFE SEASH & M ion is
removed by wet etching using the above oxidation resistant film
as a mask, a trench is formed in the substrate of the element
isolation region by reactive ion etching using the above
oxidation resistant f£film as a mask, the substrate is thermally

oxidized to form a thermal oxide film on the inner wall of the

trench, and the shoulder portion of the trench is rounded.




be taken to suppress the formation of a sub-channel in the shoul der portion

of the active region as described above. It is an object of the present
invention to provide a technology for pronoting a reduction in t he13iluk 28H
a M SFET by optim zing the shape of an elenment isolation trench. It is
anot her object of the present invention to provide a technol ogy for
i nproving the refresh characteristics of a DRAM whose si ze has been
reduced. The above and ot her objects and new features of the present
i nvent i ongsuwMMhRrBeceneHappareNtrIibnom t he fol |l owi ng description and the
acconpanyi ng drawi ngs. According to a first aspect of the invention, there
is 1 13 JUN 2003 ppovided &nBerysoneush ot ItHEHRhAG ol ece
havi ng M SFETs, each forned on a substrate of an active regi on whose
ci rcunfer e.Ls:def] I.spl ati r , i

ene aéélgﬁi%%bef%?ya@é‘ 8] UrRf! ah ﬁ?{éFEO}?QfE o MG LI A

inclined surface |'ST"toward the side wa e el enment |s§iation

trench [scLaned on, the Ul soc of oL e, SUbSLil 8 d e Rerbphety ol the

active re and~the i nclined surface esa first rnclin S
| ocated at the center_of the.active region, d a second inclined rface
which is Prﬁ%ﬁ%%&é%@%%&éﬁ 1R g ?hcﬂ%&%%ﬁ%%ﬁé%hﬁ%%e SR Shal | of

the elenment isolation trench and is npre gently inclined than the first
i nclined §BrFé@@?nﬁcé%?HPE@OPotEﬁ%?%e+nd@%&ﬁﬂ 1St R egerte ifiviéhtdilon,
there is provided a nethod of manufacturing a sem conductor integrated
circuit dévie fprifsiridiatheasyais edrctrgrief 62 Mg eKicpaessin rdei toxi de
filmon the surface of a substrate nmade from nonocrystal silicon by
t her mal | yaosi 4eEF n@lxrert sonstehttdicadd oven 1anfoxmadt Ponthedion &ft thid m on
the first silicon oxide film and sel ectively exposing the surface of the
subst r at eabgivechieagonhendxictiat edemeasi ssanetiiohmtaegchhe first silicon
oxide filmof an elenent isolation region; (b) formng a second silicon
oxi de film haviAg shoim ckmegdse Ifaoyee .t hanthdatlefienthel fdledtiagl tiremchoxi de
filmon the surface

formed by burying the silicon oxide film 61 in the inside of

a trench formed in the substrate, the surface of the silicon

oxide film 61 is recessed downward in the vicinity of the active

region. When the trench is formed in the substrate by etching

using a silicon nitride film formed on the substrate of the

active region as a mask, the silicon oxide film 61 is buried

in the inside of the trench to flatten the surface, and the

unnecessary siliconnitride film is removed by etching, a level

difference corresponding to the thickness of the silicon

nitride film is produced between the surface of the substrate

of the active region and the surface of the silicon oxide film

61 buried in the trench. When the surface of the silicon oxide

film 61 is wet etchedwith hydrofluoric acid to reduce this level

difference, portions in contact with the silicon nitride film,

that is, the top surface and side surface of the silicon oxide




of the substrate which is exposed in the above step (a) by thermally

oxi di zing the substrate; 8 13 JUN 20D3 (c) exposing the surface (;,f3 EJN%UH
substrate of the elenment isolation region by etching the second silli cJ
oxide film (d) formng a trench in the substrate of the elenent isolation

region by etching the substrate exposed in the above step (c) and form ng a

third silicon oxide filmon the inner wall of the trench by thermally
oxidizing the substrate; (e) formng a fourth silicon oxide filmon the
oxi dati on frids $tlaih fthienmvdedhdityi o tthe anside akgtiba trenexpazedd Hen an
el ement isolation trench having the fourth silicon oxide filmburied
therein i myidheraubsticadei@f whke «lyetratansiolabEwtdlet@nnbyhaeldegfiidgy t he
fourth silicon oxide filmusing the oxidation resistant filmas a stopper;
( f) remy ng,Lhe exhdathgp sestabant1ftdi &pdad T QEUST NG D AW tY
into the substrate to control the threshold voltage of a M SFET; "and (g)
exposi ng urf ace . of Substr by etching, and formng a gate

i nsul ati n]g;ﬁl% |rl%mf(§% ﬁglesé:&$§?g %%g?tﬁgl'subst rate and further a gate

el ectrode for t M SEET on.the qgat.e insul ating film _BRLEE DESCRI PTI ON OF
THE ACCOVPANYI N@%ﬁ@ﬁﬁes irié.coT |%§‘l§ep| S b tay tb&yvﬁé:rlt“%té’f ggR stgt?st rate
during th%tcpr_oducti on_process of & eni con uctﬁr intggr atgd circuit device
accor di ng 3FF ERBOAPNENT BICTHE ﬁomr ACeAEPOhI PRSPV E s B i onal
view of the substrate cut on line 9, i 13 JUN 2003 A-A of Fig._ 1; Fig. 3
is a sectPOTHLION ew bre tQ?etes&B‘sltdreaﬂfélﬁ‘uﬁooﬁPmﬁ"%i OB- Eﬁeo?u?—ﬁﬁ?el?f HOE  4(a)

is an enlarged view of an elenent isolation trench in an active region and

t her ear ourfd! atiego £ Ay shicsi 1ge reRPaE 468 F SRSORCRI¥AIRURT FGASHHS of the

active region and therearound; Fig. 5 is an enlarged view of the shoul der
portion ofPazitecfidtioveldeyiednd ahdhehelereruigolRitd onstyengh sediqwsisdr vi ew of
key parts of a substrate showi ng a nethod of nmanufacturing a sem conduct or
i nt egr at edsciliccis tdidefliael tadoos ti Aljet an dmpmridal ket fofming prodwamel
nvent! OrLinto the side wall of the element isolation trench, the
concentration of an impurity in this region becomes lower than
the concentration of an impurity in a flat portion of the active
region. As a result, when voltage is applied to the gate
electrode, a sub-channel is formed in the shoulder portion of
the active region before a channel is formed in the flat portion
of the active region with the result of a reduction in threshold
voltage. Particularly when the gatewidth is reducedalongwith
a reduction in the width of a MISFET, the influence of the
sub-channel becomes marked and a reduction in threshold voltage
becomes large. This phenomenon is a very serious problem for
a surface channel type MISFET in which a gate electrode is formed
from n type polycrystal silicon.

As means of preventing the above reduction in threshold

voltage, it is conceivable to increase the dose of an impurity

!
|




Fig. 7 is a sectional view of the key parts of the substrate show ng the
nmet hod of manufacturing a sem conductor integrated circuit device according
‘to the enbodi nent of the present invention; Fig. 8 is a sectionah wgﬁﬁmﬁf
the key parts of the substrate show ng the nethod of manufacturi é;
sem conductor integrated circuit device according to the enbodi nent of the
present invention; Fig. 9 is a sectional view of the key parts of the
substrate show ng the nmethod of manufacturing a sem conductor integrated
circuit deévircehaceemdictigntar & ldagimedds sttt ®bohpenps esanlr i rednlkcitdn 10 i
i 13 JUN 2003 Fig. 10 is a sectional view of the key parts of the substrate
showi ng the mekhedneknfrAufiagt YEi e airﬁ%i&fﬂﬂdi%ttfﬁe IshloRdIRIre o iGH t
devi ce according to the enbodi nent of the present invention; Fig. 11 is a
sectional o ede o if kR iRAN. ! _SHQ&;e{zQE,Zé’ﬂ?éé e éQH&‘éHSréE?og%f‘%eOf
manuf acturing a sem conductor integrated circuit device according to the
enbodi nent; . i Lon; . Fi i tional view of the key
parts of %Lﬁg)hghg tfjpé?%? é;r%g\ﬂ?mg\éggt&%e&n% %%sde %1gt nngrrllg zn%(\tl?ro:ar}gh% ésrgem(:%g’r?duct or
integrated _circuit .device according to t odi nent of .t he present
| vent | on 5t ge e et GaR A S RaE MR o LERE Rey b AFFORIE t He® EIBaET at e
showi ng the net hod of nanﬁ%gc&ﬁéin a seni.conductor _integrated circuit
devi ce acS&FERIFH PIRISENHIF Rt THe VHELPLEYeRE ChPeREMIAONENGECTA is a
sectional view of the key parts of the substrate show ng the nethod of
manuf act uFielg R Sénicc FHPFEEEr Pen e &t 82K FETTrE deGrO¥SacEHLERPRY to t he
enbodi nent of the present invention; Fig. 15 is a sectional view of the key
parts of CRESIEEsRrEa@IGHAG 4§ TP ael KR IS tegriwtdesurN8ara 19emeessduct or
integrated circuit device according to the enbodi nent of the present
i nvent i oninFitfe Periesidisecwbagsaityviodwaobithdikey parts of the 11 13 JUN
2003 ; substrate show ng the nethod of manufacturing a sem conductor
i ntegrated circlhendedioe MIGHHDI ad o loe theserboidrentthef a¢ heveregdon
invention; Fig. 17 is a sectional view of the key parts of the substrate
showi ng t bé tbehedbetrmaruSactoundgdaby erhe ariductr iisptlegriae d reinctwi t
devi ce according to the enbodi nent of the present invention;

a reduction in threshold voltage cannot be prevented by rounding

the shoulder portion of the active region and some measure must
be taken to suppress the formation of a sub-channel in the
shoulder portion of the active region as described above.

It is an object of the present invention to provide a
technology for promoting a reduction in the size of a MISFET
by optimizing the shape of an element isolation trench.

It is another object of the present invention to provide
a technology for improving the refresh characteristics of a DRAM
whose size has been reduced.

The above and other objects and new features of the
present invention will become apparent from the following
description and the accompanying drawings.

According to a first aspect of the invention, there is




Fig. 18 is a sectional view of the key parts of the substrate show ng the

nmet hod of manufacturing a sem conductor integrated circuit device fc i.ng
i

to the enbodi ment of the present invention; Fig. 19 is a sectional

the key parts of the substrate show ng the nethod of manufacturing a

sem conductor integrated circuit device according to the enbodi nent of the
present invention; Fig. 20 is an enlarged view of the shoul der portion of
the active region and therearound; Fig. 21 is a sectional view of the key

parts of phevsabatsatemsboniingtbheinethodrofi svnohiset devyhgeansaefingonduct or
integrated circuit device according to the enbodi nent of the present

i nventi onjrEr@Ts22%48n ab Bl @@l ¥hBWPhtEher P ddar PoRYidn Fhode
active region and therearound; Fig. 23 is a sectional view of the key parts

of the su %EE%Ee?QHég%”QstHSfEﬁ%H()ﬂ%gEn”@TH@éﬁEUi‘sB?g@iéﬁ”ﬂ:gBHQH‘ft or 12 |

13 JUN 20 I ntegrat circult devi according to the enbodi nent of the
pr esent i&ﬁﬁg%&gn; Fig. 24 is a sectional view of the key parts of the
substrat e " showi ng the nmethod of manufacturing a sem conductor integrated

circuit device accordin ot enbodi nent . of the present .inpvention;. Fig.
25 is a section@l %Wéi&é%étﬁﬂ¥ ﬁ&?fglgﬁl?ﬁet%%%géréh%a%ﬁd%MW%}%I%§ net hod
of manufacturing a sem conductor integrated circuit device according to the
enbodi menthEf ot RBEPE ekEM 2 FHRMTIICD R Y. TXEe% o $&t SURARSHE F 6% he key
parts of the substrate show ng the nethod of manufacturing a_sem conductor

i nt egr at eGUPFEERFE BEviBe REEOPEFRY P6 the aFbbUPNERT1IGR. t ABdpEBSent
invention; Fig. 27 is a sectional view of the key parts of the substrate
showi ng t hackenhgdswr fagmuediuddshg Aisehi tonbiredrsunfiaay doedtad edi t

devi ce according to the enbodi ment of the present invention; Fig. 28 is a
sect i onal theeventer hef kdye pattiyeofeghensapdta stesogitowinng inkd morified eof

manuf acturing a sem conduct or
which is interposed between the first inclined surface and the

side wall of the element isolation trench and is more gently
inclined than the first inclined surface.

According to another aspect of the present invention,
there is provided a method of manufacturing a semiconductor
integrated circuit device comprising the steps of:

{(a) forming a first silicon oxide film on the surface of
a substrate made from monocrystal silicon by thermally
oxidizing the substrate and then an oxidation resistant f£ilm
on the first silicon oxide film, and selectively exposing the
surface of the substrate by etching the oxidation resistant £ilm
and the first silicon oxide film of an element isolation region;

{b) forming a second silicon oxide film having a thickness
larger than that of the first silicon oxide f£ilm on the surface
of the substrate which is exposed in the above step (a) by

thermally oxidizing the substrate;




integrated circuit device according to the enbodi nent of the present l
invention; Fig. 29 is a sectional view of the key parts of the subst]raaﬂm 2003 '
showi ng the nethod of manufacturing a sem conductor integrated circuit

devi ce according to the enbodi rent of the 13 13 JUN Z003 present

invention; and Fig. 30 is an enlarged view of the shoul der portion of the
active region and therearound in the elenent isolation structure studied by
the present inventor. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS |

Preferred enbodimgntspetihbecin esefadanventhonsudddrdiee d€sehehelement -
herei nunder with reference to the acconpanying drawi ngs . El enents having |

the sane fijungtdOngm azr&%jgiﬂ/ QISP tHRf YRR ARG idkidd thenfigures !
for explaining the preferred enbodi ments of the present invention and their

descriptions ar ot d. Flgs 1.4 | i f W s of a
substrate in prg(ggssf%?ﬁg%g%ucttrrelg%b Ij‘l'lng%h% %ﬁa%t\geagt\tgl g)r;faltt@% lée\%eﬁ%e
substrat e ,cut

nline AAA.of Fig. 1 and Fig. 3 is_a secti.on vi.ew of the
substrate lcslﬂlag—‘r%ciri he°B B b%fetlﬁkg‘.nglFﬁﬁc?lil]?/%t]Faé%? o%qu_sgié]&?eag?r%%%’%r ences
are defined by elenent _isolation trenches,2 are fornmed in type, wells 3
formed on Stcr?éyn(ﬁ)naé"[‘}lrffé?ﬂ‘lélg g Ef)b‘s"?r%’fili"ﬂaﬂ’élﬁg‘?gﬁlrjdnt?/‘getlﬁ%njo@ﬁ?gtaI
silicon. Each of the active regions L _has a |long island-1ike pattern and ‘

its plane Y&Ze 9% e gufRGH Y 11FFeddivh &% idH g FRearfRF R Si i n a

transverse direction. Two M SFET(s for the selection of a menory cell which -
share one of a s&Ur&éerBasga doantiaféli6PReR I de dddi 6 Fhe %%C%/@‘él@@gi ons

L. The M SFETQs for the selection of a menory cell constitute part of the
menory 14 resiFtaoN 2043 eentaiping ThRAMNgAdcapé Eomteened padseheasato

information storage capacitor elements C fornmed on the top of the M SFET(s
element isolation trench having the fourth silicon oxide film

buried therein in the substrate of the element isolation region
by polishing the fourth silicon oxide film using the oxidation
resistant £ilm as a stopper;

(f) removing the oxidation resistant filmand introducing
an impurity into the substrate to control the threshold voltage
of a MISFET; and

(g) exposing the surface of the substrate by etching, and
forming a gate insulating film on the surface of the substrate
and further a gate electrode for the MISFET on the gate

insulating film.

F DESCRIPTI THE ACCOM ING I
Fig. 1 is a plan view of key parts of a substrate during
the production process of a semiconductor integrated circuit
device according to an embodiment of the present invention;

Fig. 2 is a sectional view of the substrate cut on line




in alater step. The above M SFET(s for the selection of a nenory cell are
each mainly conposed of a gate oxide film?7, a gate el ectrode 8A and a pair
of n type sem conductor regions 10 and 10 (source and drain). The g&gdUN 2003
el ectrodes 8A of the M SFET(s for the selection of a nenory cell are
integrated with word Iines W. and extend linearly wwth the same line width
and the sane interval as those of the word lines W. in a vertical direction
(second direction) of Fig. 1. The line width (gate |ength) and interval of
the gate alact badesg8Al(tword lines W.) in a horizontal direction (first
direction (X)) of Fig. 1 are a mninmm (for exanple, 0.12 unm determ ned by |
the resol ution Figlt3ofspheilditdhear ankw oFhengatenet est s asles &N have such

a polynmetal structure that a barrier nmetal filmsuch as a WN (tungsten
nitride) fiLm gpdpagW qtungsten) filmare formed on the top of a |ow

resi stance polycrysgal silicon filmdoped with an n type inpurity such as P !

(phosphorus) . Oﬁ%{;{.‘ezlggp:a% Eﬂfﬁﬂi‘%ﬁghe%%%d%% 84 (a%hgprl%;q%z)l\élt)"or?

silicon nitride m ving e 'sa pl'ane pattern as te el ectrodes

8A (word lines, W) is forned. Fig. 4 is an enlar Vie t he active
Pegi on L SAACER S &HLACH U KEPSRR FRRaR S T AR HeEl Rty S8 e T ve
region L in_a vertical direction (second directiqgn ( ) _of Fig. 15 13
JUN Q003 EREAdIEAGViSYhP T aR S BPGLAST R %h?%r@éotq%ﬁ a%wre & SSH
portion of the active region L and therearound in a vertical direction
(second ditREEERBRYNESF Fig. 1. The el enent isolation trench 2 surrounding
the active region L is such a structure that a silicon oxide film®6 is
buried insi de t RéJt redchaRrr 991 tHevsabstharsdorlden ppethen op)they t hin
silicon oxide film1l for alleviating stress generated between the silicon
oxi de fil Beéigpdrenacsubscy sherearoungrned at the interface between the
inner wall of the elenent isolation trench 2 and the silicon oxide film®é6 .
The surface (topigurfate)aotechiordbyvelew|Eorewiateds idimas solpstathtian t he
el enent isolation trench 2 is alnost flush with the surface (gate oxide
film7) ofhbwéngubshnethedlobfmamef actinving eyismmilcdnduatece ssacgimvirad@r d (t
the substrate 1 side) in the vicinity of the active region L. .
circuit device according to an embodiment of the present

invention;
Fig. 7 is a sectional viewof the key parts of the substrate

showing the method of manufacturing a semiconductor integrated

circuit device according to the embodiment of the present
invention;
Fig. 8 isasectional viewof the key parts of the substrate

showing the method of manufacturing a semiconductor integrated

circuit device according to the embodiment of the present
invention;
Fig. 9 is a sectional viewof the key parts of the substrate

showing the method of manufacturing a semiconductor integrated

circuit device according to the embodiment of the present

invention;
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The surface of the substrate 1 of the active region L surrounded by the

above el enent isolation trench 2 is a horizontally flat surface in HE;UN¥M3'

center portion of the active region L but an inclined surface which
toward the side wall of the elenent isolation trench 2 in the shoul der
portion of the active region L. As shown in Fig. 4(b), this inclined
surface includes two inclined surfaces (S1, S2) having different

inclination angles. The first inclined surface (S1) near the center portion

of the active r&ggonll iis mekativehglsvéey afidthkeksgcpautinolfi néed surface
(S2) near the side wall of the 16 13 JUN 2003 el enment isolation trench 2

is nore geonbkeratbashéhenditisd nottlodned warifl eget (Slhg.a Ehaisvntiaceof the
substrate 1 in the shoul der portion of the above active region L is wholly

rounded andrbasaRedapgyubak tPQEYL 8. ackiESi AdeAhQyLe émam&ﬂﬂ?% SYd aces
(S1, S2) having different inclination angles are fornmed in the shoul der

portion OFrEQ%n%CEth kegihon L, a boundary portion between the al nost
horizontally flat surPace of the active reglon L and the first inclined

surface (S1) and;g boundary agctisfapeteanoneys de gl af ophe el ement

i solation trenc e secon |ncI|ne sur ace
a convex sutf

A boundar artio tween_the first sharnpl | i ned
Surface (SEPeERETERE CEEOdHeREy @8?.%@%@??%@%@;@%% o form
a concave,surfac That is s shown in n angl e bet ween t he
Cangent | AHEGFoERE SRGGPabr SRUTER AT THED dct (9 IO o & RO |
surface of the active region L gradually increases fromthe active region L
si de (| ef Pr&FEBLofWRELEPHire) toward the | el enent isolation trench 2 side
(right side of the f| ure) (8A < 6B) graduallg decreases (8B > 8C) and
then increases BgdinlBefsra £RetiPaelwalewopLft ReeckeeRBrES0PAL £BR trench 2
(8C < en) . The gate oxide film7 of the MSFETQ for the selection of a
menor y ceﬁpbﬁ§rﬁgf3nfélao‘@hng Hels efthed of man Radsir ke al semichadacttiore

region L and the gate electrode 8A is fornmed on the gate oxide film?7.
Si nce t helstiepyasedf ciheust| fevhcoxaeronding to the embodiment of the

present invention;

Fig. 13 1s a sectional view of the key parts of the
substrate showing the method of manufacturing a semiconductor
integrated circuit device according to the embodiment of the
present invention;

Fig. 14 is a sectional view of the key parts of the
substrate showing the method of manufacturing a semiconductor
integrated circuit device according to the embodiment of the
present invention;

Fig. 15 is a sectional view of the key parts of the
substrate showing the method of manufacturing a semiconductor
integrated circuit device according to the embodiment of the
present invention;

Fig. 16 is a sectional view of the key parts of the

11
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i 13 JUN 2003 film®6 buried in the elenent isolation trench 2 is recessed
downward in the vicinity of the active region L and does not cover t

shoul der portion of the active region L as descri bed above, the gate?ngMgw3

film7 is fornmed on the shoul der portion of the active region L and its end
portion extends to the |ower end of the second inclined surface (Sz)

Since the surface of the substrate 1 in the shoul der portion of the active

region L is wholly rounded and has no angul ar portion, the thickness of the
gat e oxi deufisitmarei showeng He derthoot pifonanfifabeuntny e seagicomdudtsoml nost

equal to that of the gate oxide film?7 in the center portion of the active

regi on L. iAtpdrppedsetircahdudtot ceegtoord 2ngonstitaitdnmishdi iedrannet add ch is

t he passage of a current flow ng between the source and the drain when

pr edet er mpredanel tagentsoapplied to the gate el ectrode 8A is forned in the

vicinity of the surface of the substrate 1 (p type well 3 ) underlying the

gate oxide fil mpfy. Thi $5Pat ¥RE-$6ARTONYUGE BF EgQ 12akr$ cdopedyy th a p
type inpurity (bo?on) tosa%justtthe t hreshol d vo%tggg %@%Ef %? ?#g M SFETQs

for the S%h%%ttir%@eoghgyﬁg‘){ﬁ’? ﬁ@t'h-odTB%tIpéaufw&r%/ier?gFaTgseﬂi%ﬁ ue%tscg]ecti on

of a nmenory cell are a surface channel type. nd portion o ep

type sem ctor regiaon.l12.forned_in the vicinity of the surf of the
substrat e e rdEs e RN t5b T B ot 0o ol Pl Lo
inclined i surfgce gSZ{.fO{nEd in the shoul der portion of the active region
L and i s P6EFEEY BEVEW-tRE’ I oner end of the gate electrode 8A 18 i I i 13

JUN Z003 on the secong i,nclined surfgceﬁ%SZ), Aﬁ w%ll be descri bed

herei nafter, thEi8ond8ntFafi 8RCEFOPAE VAHHr PEy FRBoKEX) PPALFoBGCE®S nto this
p type sem conductor region 12 is_al nost equal to those in the center
portion ofUPRETALEI YROYEYY G Meid Aha L SR HeT ot B9 Gh SeMickedaGtiare
region L. A descriptionis subsequentlyggiven of a nmethod of manufacturing
the above !BREJFRICER FeFER&RceSY o LCOPaipI 290 Ghe remhiqfianestt migshes to

19, Fig. 21 and Figs. 23 to 29 show
present 1nvention;

Fig. 19 is a sectional view of the key parts of the
substrate showing the method of manufacturing a semiconductor
integrated circuit device according to the embodiment of the
present invention;

Fig. 20 is an enlarged view of the shoulder portion of
the active region and therearound;

Fig. 21 is a sectional view of the key parts of the
substrate showing the method of manufacturing a semiconductor
integrated circuit device according to the embodiment of the
present invention;

Fig. 22 is an enlarged view of the shoulder portion of
the active region and therearound;

Fig. 23 is a sectional view of the key parts of the

substrate showing the method of manufacturing a semiconductor

12




|
part of the nmenory array (MA) of the DRAM and right sides show part of the
peripheral circuit (PHC) of the DRAM As shown in Fig. 6, a substrat? %
made fromp type nonocrystal silicon having a resistivity of 1 to 10 % Wﬁ¥W3
for exanple, is thermally oxidized at 'about 850C to forma thin silicon
oxide film40 (first silicon oxide film having a thickness of about 10 nm
on the surface and then a silicon nitride film (oxidation resistant film

41 having a thickness of about 120 nmis formed on the silicon oxide film
40 by CVDintkgrakkdconroufiti devicé mddordingetb asha amsidimnt arfritig a
trench by etching the substrate 1 of the elenent isolation region. Since
the silicereBehti davEhkAbal is hardly oxidized, it is also used as a nmask
for preventing the oxidation of the surface of the substrate 1 therebel ow
The silicon oxigdesfibhm 49 undeetybngitheedi bECOANKEY de fil Brd L res formed
to alleviate streSs generated at the interface between tﬁe substrate 1 and
the silic Lteide f 1l e f fect 19 ,

! ARk b deshtd md landRnekenk 44, POt 8age, abea Aalect i

i 13 JUN such as di'sfocation on e surface o he "substrate caused

by this str . shown i 19, . 7{,.the surface qf the substrat é i s then
exposed by LEPERERTer YL PRABVIREL SR LITTEEN S it TR Thehs enont
isolation re iog and t@e silicon oxide film40 underlying the silicon
nitride fPEAPEL by dFY “&PBRI ng using a photoresist filmPRL as a mask. At
this point, the_subsirate 1 is oyer-etched tqg conpletely renove the silicon
oxi de film 40 bBtGuse>i tSa@sFRghiCRADbURESHf Of heh8| kR¥oR2B%Fde LT thf 40
remai ns on the surface of the exposed substrate 1, it causes the formation
of forei gfuREEEEFe ByovEeesdingerhecsobdstantaateringe erpareandussioant i on
region by over-etching, an inclined surface can be easily forned on the
shoul der potepsAtef €hecuiti Jevieyi dFrerdbnrgrdd ithen gmgastimsrdp o fThdeanount
of the substrate 1 over-etched nay be about 10 to 30 nm After the
phot or esi refehnm PRYen§1panoved by ashing, the surface of the substrate 1
is washed with a known SC-1 solution (mxed solution of ammoni a water and
hydr ogen per oxi Bégwakér jsaadssctlogaluview ¢fi kbd keyupaohsobfhyteochl oric
acid and hydrogen peroxide water) to renove foreign matter remaining on
substrate showing the method of manufacturing a semiconductor
integrated circuit device according to the embodiment of the
present invention;

Fig. 27 ig a sectional view of the key parts of the
substrate showing the method of manufacturing a semiconductor

\ integrated circuit device according to the embodiment of the
present invention;

Fig. 28 is a sectional view of the key parts of the
substrate showing the method of manufacturing a semiconductor
integrated circuit device according to the embodiment of the
present invention;

Fig. 29 is a sectional view of the key parts of the

substrate showing the method of manufacturing a semiconductor

integrated circuit device according to the embodiment of the

13




the surface of the substrate 1 and further washed with hydrofluoric acid to
renmpve an oxide filmnaturally formed on the surface of the substrat®y JUN 2003 |
When this washing is carried out, the oxide filmis etched shall ow

i sotropically, whereby the S|I|con oxi de film 40 exposed fromthe end
portion of the 20 13 JUN 2003 silicon nitride film41l is etched shall ow
and the end portion thereof is recessed inward (to the active region L

side) fromthe end portion of the silicon nitride film41l as shown in Fig.

8. Ther ebyreaant nthivaedisnrfawe@ is easily formed on the shoul der portion of -

the active region L formed in a later step. Wien the amobunt of this recess

is large, the cenyacioarearbeireyddeis bEorhai Ehbdeaki! prdtisndothe
silicon oxide film40 decreases and the filns are easily separated from

each ot hegnalatbeykntgglaneahst veerokbomhaThie eHRUBLeflnt hessihioon oxi de

film40 recessed is preferably not nDre t an an anmount equivalent to the

t hi ckness showmn in Fig. 9, a
silicon o§%%§£§€%n1fé§§%§§aﬂyl|coﬁ8g§% ?ﬁ%$n5§§having a thickness (for
exanpl e, about 20 to 65 nm larger than that of the silicon oxide film 40
is formed on the surface of the substrate 1 of the element isolation region
by thernall¥ 0 |d| .ll to LT 000C. The bird's
beak of tH#e THOXTO -2 xte TV Feactive region L
side) fromthe end portlon of _the S|I|con nitride film41 by this thernma
oxi dation. As s%%%ﬁe¥ﬁe¢H%P ABLmeHes GF itheh PERsERr TRERS 1PBr HedLloRet he
surface of the substrate 1 is then renoved by wet etching using
hydrofluo@?%céébﬁdtBeéﬁbﬁﬁ%d?ﬁewkﬁFf%%@eﬁﬁn@ﬁet%u%g?r%@%@%@aﬁﬁbnélenent
i sol ation region again. The surface of the substrate 1 of the shoul der
portion ofirawenget i elemngytohhavipy dheasane fancsinns are givandhesapei s
inclined by the steps up to 21 ~i 13 JUN 2003 this point. The above
silicon ox¢ferenten g9mhaysbenr@kbvelde biiguyest Eot ngxpradntewbthati on of dry
etching and wet etching.

preferred embodiments of the present invention and their

descriptions are not repeated.

Fig. 1 is a plan view of the key parts of a substrate in
process of production. Fig. 2 is a sectional view of the
substrate cut on line A-A’' of Fig. 1 and Fig. 3 is a sectional
view of the substrate cut on line B-B’' of Fig. 1.

Active regions L whose circumferences are defined by
element isolation trenches 2 are formed in p type wells 3 formed
on the main surface of a substrate 1 made from p type monocrystal
silicon. Each of the active regions L has a long island-like
pattern and its plane size is 0.6 um in a longitudinal direction
and 0.12 um in a transverse direction. Two MISFETQs for the
gelection of a memory cell which share one of a source and a
drain are formed in each of the active regions L. The MISFETQs

for the selection of a memory cell constitute part of the memory
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As shown in Fig. 11, a trench 2a having a depth of about 350 to 400 nmis
then formed in the substrate 1 of the elenment ' i isolation region by 3di¥ 7003
etching using the silicon nitride film41l as a nask. Since the shoul der
portion of the active region L is also etched at this point, a concave
surface is fornmed by the recessing of an internediate portion of the
inclined surface . When this trench 2a is to be forned, the side wall of
the trench 2a is tapered at an angle of 80 by controlling the conposition
of gas (feeléxappl e, DREN a#n@Zpreocoehehitnd fihessubetr abeihfolmatliobnon oxi de
film(6) formed in a later step is easily buried in the inside of the
trench 2aghyrhaperapsaciber didamerld cofotheqtdrentle 23p ¥ ttefe Mrerregidual
etching solution adhered to the inner wall of the trench 2a is renoved by
washi ng wi;th it o] C-1 solution, SC-2 solution and diluted
hydrofluo#%caagggggaé%g own in Fig. 12, the substrate 1 is thermally
oxi di zed at abo 8 f Lo silico | i third
silicon oxide f?bﬁ”)%ol\;cﬁg\%sggq@gt %?Ek%%gé%ggggﬁtéﬁé ﬁ%]ﬂté)%gt Jelll ?ﬁ(gr wal |
of the trench 2a. Ihis silic ”;Péfde filglél gs fo{ned t regov r fromthe
damage of SEAE PAMBFYWaPTRRFEE i ¢ FRER 251 E5used™ bf‘&?&fbﬁ R °L5d

al l eviate _stress enera%ed at the jnterface between ;Be s%lic n oxide film
6 whi ch wiP 2B HEPFECCT I EHES FEMHRORRUE et st ®4 i 304 1% &8PUSE& and
the substrate 1. 22 13 JUN 2003 The surface of the substrate 1 of the
shoul der PBBFt PEALHE -t NERACTRTR YT BFOEST 84 duhdee YL ERESQE hEphafhe

oxi dation to have a shape simlar_to those shown in Fig. 4(a) and Fig.
4(b). As SRARA LLANFPE. 21BeMQrE| ¢ LbrR 1ok GEFI9aR]S dUrttth word ddmesxile il m
6 is formed on the substrate 1 containing the inside of the trench 2a by
CVD. Thi sagd pxsendxildachiriln ikhsthet BpBRNésBe( Wodthxangl éheabame 450 to
500 nnm) larger than the depth of the trench 2a so that the inside of the
trench 2ainsecvapl asctiozswdr eBevwerd thiges Wlhcon axiatkt ifddlmddretihdosi | i con
oxide film6 is formed by a filmform ng nmethod having excell ent step

cover age l(iskecadsiireoniox] @ Figymlif.or fbe Lsnegistygégabadiength) and
tetraethoxysilane ( (CZHS)4Si) . Prior to the step of formng this silicon
oxi de fil imeraatthioli shlei gaheneflectdecfiebnBAutwhodn)limaey We)f annmed on t he
inner wall of the trench 2a by CVD. This silicon nitride filmhas the
function abrpzeweatli djreheibhi nfirkiccdbdrextdenf (K 1b£f 8ipedloarkhe i nner
side of the trench 2a fromgrow ng thick on the active region side when the
silicon owid@min Mferbexeegdlen vhe2t penclelariminktd by deasirksedutAbier the
substrate 1 is thermally oxidized at about 1,000C and the silicon oxide
film®6 buriiedti 8ft protbenehoddaphy. The gate electrodes 8A have such

a polymetal structure that a barrier metal film such as a WN
(tungsten nitride) film and a W (tungsten) film are formed on
the top of a low resistance polycrystal silicon £ilm doped with
an n type impurity such as P (phosphorus). On the top of the
gate electrodes 8A (word lines WL), a silicon nitride f£ilm 9
having the same plane pattern as the gate electrodes 82 (word
lines WL) is formed.

Fig. 4(a) is an enlarged view of the active region L and
an element isolation trench 2 in the vicinity of the active

region L in a vertical direction (second direction (Y)) of Fig.
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is densified to inprove the quality of the film as shown in Fig. 14) the
silicon oxide film®6 overlying the silicon nitride film41 is renoved lﬂy
"dry etching using a photoresist filmPR2 as a mask. The pattern of TnlN 2003
photoresist filmPR2 is the inversion pattern of the photoresist film PR1L
used to dry etch i 23 13 JUN 2003 the silicon nitride film41 in the

el enent isolation region. After the photoresist filmPR2 is renoved, as
shown in Fig. 15, the silicon oxide film®6 formed on the trench 2a is

pol i shed hy agemigal 4redhanidcabigpobi ariengn(@vBed ifdwat todn at kdosilrdeace of
the silicon oxide film6. This polishing is carried out using the silicon

nitride fidoPtdbncererhBlatheveUréaren of 4me nbsddadend iof 4 Reradctdae
region L as a stopper and term nated when the surface of the silicon oxide

film6 beegyes cfilush sWicthat | gggg:{:ﬁ%:lz gl &he silicon nitride film4l. The

pol i shing of the silicon oxi can bé carried out w thout using the

protoresist {11 BRBRey Tk, (SLj80e.8) Liagnosl 8 LU gmy be ol shed by

chem cal mechani'¢al ~poll i con nitr
stopper after, the,silicon oxide film6._is forned onih . u?tr te 1
Cont ai ni ng BHET P ST YT RHEC BAT Zha! LhER Re-25 T1-LBrP bR A 89 m 6 i s
densified by thermally oxjdizing. the substrate 1. ‘Sl'fe densi ficatiaon of the
silicon oxidesH |tﬁ1196t¥§?c ef85?‘g?ie3dno'iﬂ?e AT HRF LIRS ot | IR SRSV ¥ i%qm 6is
pol i shed by chem cal mechani cal, polishing such that it remains only in the
i nsi de of % kBiprehthcon. 0¥¥q HildMeddelof il seY12bN GG e $9 IganeHaded
densified when the thickness of the silicon oxide film6 becomes small,
t hereby méieitigert thessi bl eon @xsiisr fenmt A I FURGLERRE Eonpdadafth the
case where densification is carried out before Eol i shing. The el ement
i sol at i on atr elne i nZ et agle ketwern Shei torebiiadd ¢F Ithesel ement jisg liagion
substantially conpleted by the steps 24 13 JUN 2003 up to this point.
trench 2 and the siliconoxide film 6. The surface (top surface)
of the above silicon oxide £ilm 6 buried in the element isolation
trench 2 is almost flush with the surface (gate oxide film 7)
of the substrate 1 of the active region L but recessed downward
(to the substrate 1 side) in the vicinity of the active region
L.
The surface of the substrate 1 of the active region L
surrounded by the above element isolation trench 2 is a
horizontally flat surface in the center portion of the active
region L but an inclined surface which falls toward the side
wall of the element isolation trench 2 in the shoulder portion
of the active region L. As shown in Fig. 4(b), this inclined
surface includes two inclined surfaces (S,;, S,) having different
inclination angles. The first inclined surface (S;) near the

center portion of the active region L is relatively steep and

the second inclined surface (S,) near the side wall of the
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Thereafter, the silicon nitride film41l covering the surface of the
substrate 1 of the active region L is removed with hot phosphoric akJ N 203
expose the underlying silicon oxide film40. V~lhen the silicon nitride
film4l is renoved, as shown in Fig. 16, a |level difference (LH equal to
the thickness of the silicon nitride film4l is produced between the
surface of the silicon oxide film40 formed on the surface of the substrate
1 of the active region L and the surface of the silicon oxide film®6 buried
in the el ediemencsdkafaohohr enmehcB. 2Assshomwe penEilgr thant besdrifate of the
silicon oxide film®6 buried in the elenent isolation trench 2 is wet etched
w t h hydraehtuenea agrdate rnsguce the |evel difference between the surface
of the silicon oxide film®6 and the surface of the substrate 1 of the

active region Londheutbhdeshii on Subdierdid m 4 ffaahop ddie pribitgte 1

of the active region L is also etched at this point and the surface of the

bstr at ' S ha i Nen§!
substrat e} Jis. 8%BOSEELt SIEBHBA 1 9B FHET AP ARANE Shie SyEtaca f a

portion in contact with the silicon nitri
filme6 ar ed to r, of L.C i.d, .t f e siyJ Lcon _oxide
film®6 et ?ﬁggelggl'l aérb%ér]ggﬁ%ng#ﬁ(a’? %‘?gtlheClsllqieel%gﬁgg%c%g i:?ll’mga) ?lrc?vénrgegi on
apart from,the_active regioon L. Thereb the surface of t silican oxide
FPTm 6 1 nSLEESTPBE Aty B I BRELET SAPETR B e AR 9% PERTORT | 5
recessed i@ rd and, the surface of the_substrate 1 of the shoul der portion
of the 25°% $BC RRFDHIOF LGV & r BgPOHREAFY RIUPLLRR. PAIHMES RLEOFE 18,
the substrate 1 is_thermally oxidized at about 850C to forma thin silicon
oxi de (fiPPRIEPREEOAYOKI Bl FHTIACALThERP RS & YhitGheds Lornabdif T1¢'stm on
the surface of the substrate 1 of the active region L. This silicon oxide
film43 i dncéined sorfeadceSthardafafeuBiarnePetbsP ReLesrn ided shyle
striking the ions of an inpuritﬁ which is carried in the follow ng step. As
shown in FR4l @b theedemeps iaplabion(trndxanphg, thacgsmrddncldnad i cken
into part of the substrate 1 through the silicon oxide film43 and a p type
inpurity Ebofsap (S;) are rounded to form a convex surface. A boundary
portion between the first sharply inclined surface (S;) and the
second gently inclined surface (S;) is rounded to form a concave
surface. That is, as shown in Fig. 5, an angle (0) between the
tangent line of the shoulder portion of the active region L and
the flat surface of the active region L gradually increases from

\ the active region L side (left side of the figure) toward the
element isolation trench 2 side (right side of the figure) (062
< OB), gradually decreases (6B > 0C) and then increases again
before the side wall of the element isolation trench 2 (6C <
oD) .

The gate oxide film 7 of the MISFETQs for the selection
of a memory cell is formed on the surface of the substrate 1
of the active region L and the gate electrode 8A is formed on

the gate oxide film 7. Since the surface of the silicon oxide
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stricken into another part to formwells (p type well 3 and n type wells 4
and 5). To forma channel region 12 in the substrate 1, a p type i urh&%
(boron) is stricken into the substrate 1 through the above silicon it 2003
film43. The inmpurity for formng the wells (p type well 3 and n type wells
4 and 5) is introduced into a deep region of the substrate 1 with high
energy and the inpurity for formng the channel region 12 is introduced
into a shallow region of the substrate 1 with | ow energy. The first sharply
inclined gilhaseb(Blpdand the seemedtgerblytinel iretdchunf ageresékshat h of
whi ch sandwi ch a rounded concave surface as shown in Fig. 4 (a) and Fig. 4

(b) are fgrEBdaeR Eﬁetﬁé”\‘;f‘éfni)tfyt@? sdstdedfe L fidde, sheuldes B%rtt' on of
the active region L by the steps up to this point Therefore ) 26 13

JUN 2003 asg o] i v E l) in a
vertical drr égt 1:“[\%% %Mﬂ}?&“h | %ggnoé?\éh?%l dtgﬁ?z gttlﬁﬁ ]Flmrsgtl&gg §:IHGd)
inclined surface_of the shq ortion of the t r

ef fecti ve?é Var ggtlet%a%e Oﬁ‘é'%t xE‘eﬁs {J'Lg)rm fj Phe Cfé?lsi%c ‘ﬁ%o 88r1tillor?1 43 in
t he center rtion ,of the actlv ion As a result, the ncentration
of the i nB&rFES %%ﬁ%rﬁsﬁan&a%ﬁgﬁ PR RSCOT FrHES PReCS i HarE~1
through the silicon oxide film 43 on the flrst i nclined surface (S1)

becones | 8rCf Helte (IREWGhBRLAREoRLEE2ERE(S $aApur PERCEOFDS® i iR % Ohannel
introduced into the substrate 1 of the center portion of the active region
L. Meanwhthe, suhetrptrekhess {he)shouldeemarddoniafe diicodcéi viehsesilioncon
oxide film43 on the second inclined surface !'SZ) near the side wall of the
el enent | ol atwloml 1y ersinded anal hast necueguiar tiny ok idss thigknesst he
Silicon oxide film43 in the center portion of the active region L because
its inclinfttbha datgentide LThar éfior ehea bbovddesnpoation of thweaictrpwei ty for
formng a channel introduced into the substrate 1 through the silicon oxide
film43 oneghensécbadalmest negualirfacehfiSHOE ithalgarst cequ ftidnt Aatini n t he
center portion of the active region L. As shown in Fig. 21, the substrate 1
i s heat edtht abattr9pOCtionspifeateandtdivkf uegibherLabove inpurities so as to
forma p type well 3 and an n type well 5 in the substrate 1 of a nenory
array and a p txpe twald s@mdadna@iuctcrypegiehl 12 dondthiec?7ing B3chbNn2003
substrate 1 of a peripheral circuit. The n type well 5 forned in a deep
regi on of whhehstibsthatgadsafetde arermryerst riaypwisd Watdkdro thiee¥ellr ceoi Se
fromcomng into the p type well 3 of the nenory array fromthe peri pheral

circuit thhaughe dre isURBEK Preedet A HeOos 8aLEONE WP dB8bAhd date
constituting a channel is formed in the vicinity of the surface of the

substrat ecletprbypesneits Bjrmédthe HRADGFIcHTAY dy dike sahaereat cheeat ment
as shown in the enlarged view of Fig. 22. At this point, in the vicinity of

the shoul dgbspeation b diRe aRdlilve) raga@mlfmgamegéa&@%iir&wrfiitm h7s
diffused into the substrate 1 of the first inclined surface (S1) fromthe

substrat erd; of pt RepsesendcbAalicngd sugfiage16Szy aegebhm%ﬁbgt patgpd of the
cent er portion of the active region L into which a |arger anount” of the

i mpurity hﬁph?&‘:?d%gﬂoﬁh% ta*&?’uﬁé‘tb%hreaﬁﬁrésﬁf)l&lh@oitéié inaly redcgerface
(S1) . Thereby, the concentration of the inpurity in the p type
MISFETQs for the selection of a memory cell. That is, the
MISFETQs for the selection of a memory cell are of a surface
channel type. The end portion of the p type semiconductor
region 12 formed in the vicinity of the surface of the substrate
1 (p type well 3) extends to the lower end of the second inclined

surface (S,) formed in the shoulder portion of the active region

L and is located below the lower end of the gate electrode 8A
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sem conductor region 12 is alnost made uniformin the center i portion of
the active region L, the first inclined surface (S1) and the second JUNZWﬂ
inclined surface (S2). Not shown, the sane channel region 12 as abovg
formed in the vicinity of the surface of the substrate 1 (p type well 3) of
t he peripheral circuit. According to this enbodi nent, the concentration of
the inpurity in the p type sem conductor region 12 constituting a channel
can be nmade alnbst uniformin the entire active region L. Thereby, the

formati onofaf tBesybcehanngtlinetiheushavkder, 28 asldidWNHE0GR searityean of the
active region can be suppressed and a reduction in threshold vol t age can be

prevent edp.AbtRarEBE, Sthéceaneéhéﬁa&bﬁl é@ PRet Bﬁp§y££90@b8£oﬁbe substrate
1 is renoved by wet etch I'ng using hydrofluoric acird as” shown in Fig. 23,

the Subst%aﬁ?&ugéﬁtﬂ%mrlﬁgg glgéege@&cgg g&aépor%ﬁﬁ% tQ Lepm.g cl ean

gate oxid aving a e surface as shown
in Fig. 24 . |nc t he oxid is f the shoul ortlon
of the acFfVd Héb ORSE g &ﬁF%§e§§F%a88rg%°PH%P S?F EQJF?$9?91 | der
portion of the active region L Ls _wholly, rounded and has no angular portion
as descri b8 SBgv defhEO?EFERnggstB? fRE1YSL E°8%PRelfilm 7 in this region

becones al nost equal to the thickness of the gate oxide film?7 in the
center portion dfieherietioe tegreRsemdeshowndivieri gf 25nefaed efectrodes
8A (word Iine W), 8B and 8C are then forned on the top of the gate oxide
film?7 . mheuéat:euéneetﬁﬂ@e@bcem CRSPH WilitherpEpreeeave By & ftor g8d, for
exanple, by form ng a polycrystal silicon filmdoped with phosphorus on the
ate oxi deeff| aigepyoVDioa- VN 19 |18 aftia WY idnd &idgshe 2goltpcRPssabwsi | i con
ilmby sputtering, a silicon nitride film9 on these filnms by CVD and
pat t er ni ngathest ttid membyyearhang(M&] mf ahghbRaMesidtr ifgHtms(idleshesiwoy as a
mask. Thereafter, as shown in Fig. 26, an n type sem conductor region 12
constitutpagtt b€ sbearperapbdedadi aiotuthe (PHSFEI€stherDRAM. sel ecti on of a
menory cell is forned in the p type well 3
As shown in Fig. 6, a substrate 1 made from p type

monocrystal silicon having a resistivity of 1 to 10 Qcm, for

example, 1s thermally oxidized at about 850°C to form a thin

silicon oxide film 40 (first silicon oxide film) having a

thickness of about 10 nmon the surface and thenasiliconnitride

film (oxidation resistant £ilm) 41 having a thickness of about

120 nm is formed on the silicon oxide £film40 by CVD. The silicon

nitride £ilm 41 is used as a mask for forming a trench by etching

the substrate 1 of the element isolation region. Since the

silicon nitride £ilm 41 is hardly oxidized, it is also used as

a mask for preventing the oxidation of the surface of the

substrate 1 therebelow. The silicon oxide f£ilm 40 underlying

the silicon nitride film 41 is formed to alleviate stress

generated at the interface between the substrate 1 and the

silicon nitride film 41 and prevent the occurrence of a defect
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29 13 JUN 2003 of the nmenory array and an n- type sem conduct or rﬁ I@ﬂ 270613
is formed in the p type well 3 of the peripheral circuit by injecti 3

ions of an n type inpurity (phosphorus or arsenic ) into the p type wells

3. Further, a p type sem conductor region 15 is forned by injecting the
ions of a p type inpurity (boron) into the n type well 4 of the peripheral
circuit. The M SFETQs for the selection of a nenory cell of a DRAM are
substantially conpleted by the steps up to this point. As shown in Fig. 27,
a siliconsaochr ededislocd7ibavongtlae thickiss o bt hebeufosEi ate 10Gaumdds
formed on the substrate 1 by CVD, the silicon nitride film17 of the nmenory
array is govened writBsa photoresist film (unshown) , and the silicon
nitride film17 of the peripheral circuit is etched anisotropically to form

a side wal | spaggrsldin QR #0§. si denwad st e blre aterlgsldodess %%_egyd 8C.

Subsequently) an n+ type seniconductor region 11 (source 1 and drai

havi ng a Qi i ri ) i 0l . | nj:ecti i of an
R i e R e
circuit and a e.seniconduct or. _regian source an rai. ving a
i ah | moUETEy “UaREER: A30LBn Ph FORTeR Ay K Ectiag EReORong of L Bl ype

i mpurit baoron) ,into the, n, type well. 4 aof t eripheral circuit. The n
ckrlrgnnel yl\/i(J§%E"F l&ﬁdtﬁecﬁjaﬁh"é%’/gl\ﬂ@ﬁ%ﬁﬁ) £l Hg ]B}ér‘a]g%e?r%ﬁh]é?q S ¥ HAF ng

i ghtly doped drainstructuredsource and drain are substantially conpl eted
by the st ég@teﬁeﬁéSFhﬁél@oPRl 128 FURGSHO3 Pbi 1S RO dHowH 6 SER§.ET2de a bit
line BL is formed on the top of the M SFET(s for the selection of a nmenory
cell and fli istovayept@hprdstgocemprbataly FIMHR Bif tHe icop o idse fd l&hannel

M SFETOn and p channel M SFETQ of the geerheraI circuit. To formthe bit
line BL aA@ Rerause sf 4 aéghpiamesng§ she silicon oxide £ilm 40 remains

on the surface of the exposed substrate 1, i1t causes the
formation of foreign matter. By recessing the substrate 1 of
the element isolation region by over-etching, an inclined
surface can be easily formed on the shoulder portion of the
active region L formed in a later step. The amount of the
substrate 1 over-etched may be about 10 to 30 nm.
After the photoresist £ilm PRl is removed by ashing, the
[ surface of the substrate 1 is washed with a known SC-1 solution
(mixed solution of ammonia water and hydrogen peroxide water)
and SC-2 solution (mixed solution of hydrochloric acid and
hydrogen peroxide water) to remove foreign matter remaining on
the surface of the substrate 1 and further washed with
hydrofluoric acid to remove an oxide film naturally formed on
the surface of the substrate 1. When this washing is carried
out, the oxide film is etched shallow isotropically, whereby

the silicon oxide film 40 exposed from the end portion of the
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34, a silicon oxide film20 having a thickness of about 600 nmis forned on
the substrate 1 by CVD and then polished by CVWP to flatten the surfappnmamﬂ3
the silicon oxide film20 and the silicon nitride film 17 overlying the
source and drain (n type sem conductor region 10) of the M SFETQs for the
selection of a nenory cell are dry etched using a photoresist film
(unshown) as a mask to forma contact hole 22 above one of the source and
drain (n type sem conductor region 10) and a contact hole 23 above the

ot her. A pliddc>h nitfradeefiin 4hd akavhatbghadi olvohrd 22e asrill 2D rtJenf orm :
the plug 24, a polycrystal silicon filmdoped with an n type inpurity :
(phosphor yslericy ff 96NBHcO8sbHEL 1Bhd & Ot OXHEE abich FRe2Pe§0bh al, Nd 1 | herdhsi des

of the contact holes 22 and 23 and etched back so that it remains only in

the insides,0bnkhs, LOMNAGE BRLESI P31 dHNET 8R4 Plas 8nBivhi £AMF QX de

film 25 having a thickness of about 200 nmis formed on the above silicon
oxide filmg 20 a iLkc Lde.Li o] array is

dry etche 'usFﬁérgg ho?grgggé?h%gl%gfgﬁggo&%)Egéggynggtﬂggn§g3%¥g 31 13

2003 th hol e 27 ah h . hole.22. Th ' i de fil
25 and t hé RGEY PR "SR (Lo e Ges T I DP o TR Her et sl b St are

dry etched_usi a photoresist film (unshown a mask to form contact

o1 5. 35 HHFORIEBBORAHE LhAPCEESaRE dPalar (or iy o e oRaB T ¥g: on
15) of the_n channel M SFETOn, .and the sjlicon gxide film 25, the

under | yi ng1§i 15dgir OBk ind& riidemi3dMadd &G o midacad pajse FidwerdGing the
gate el ectrode 8C of the peripheral circuit are dry etched to form contact
hol es 37 &FFr5@sE5oPeTt BesELIRE aRd R &by (PAPatAled Sl bR sithelgi on 12
) of the p channel M SFETQp and a contact hole 39 above the gate el ectrode
8C. A pl ugt2shesintrufaes he@wepAnt Heet onttid anenes F5the 301 hpentdieider ough
hole 27. To formthe plug 26, a Co film(or Ti film is formed on the
silicon oXiida f40 mep®sseat disnipag ferabilys ngds o et fbagoanaemovgltes 35 to 39

and the inside of the through hole 27 by sputtering, a TINfilmand a W
filmare fegumsdlent to the thickness thereof (for example, about 10 nm) .

As shown in Fig. 9, a silicon oxide film (second silicon
oxide film) 42 having a thickness (for example, about 20 to 65
nm) larger than that of the silicon oxide £ilm 40 is formed on
the surface of the substrate 1 of the element isolation region
by thermally oxidizing the substrate 1 at about 800 to 1,000°cC.
The bird’s beak of the silicon oxide film 42 extends inward (to
the active region L side) from the end portion of the silicon
nitride film 41 by this thermal oxidation.

As shown in Fig. 10, the silicon oxide film 42 formed on
the surface of the substrate 1 is then removed by wet etching
using hydrofluoric acid to expose the surface of the substrate
of the element isolation region again. The surface of the
substrate 1 of the shoulder portion of the active region L which

will be formed in a later step is inclined by the steps up to
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on the Co film(or Ti film by CVD, and the Wfilm TiN film and Cofilm
(or Ti film formed on the silicon oxide film25 are polished by CWR iﬂ%ma
that these filnms remain only in the insides of the contact hol es 35

and the through hole 27. After a Wfilmhaving a thickness of about 200 nm
is formed on the silicon oxide film25 by sputtering, the Wfilmis dry

et ched using a photoresist film (unshown) as a mask to forma bit |ine BL
and first layer wires 30 to 34 of the peripheral circuit. 32 13 JUN 2D03
As shown thiFipgoiR®, amhenfairovet isdd istoor agd deafddin d2 ebenknt rEmberda
menory cell is then fornmed above the bit line BL. To formthe information

storage cppatiy @tclliemedt Lcombinhiaen ORide, bitbribg Ay ivka atthiigkness of
about 300 nmis first forned on the bit Iine BL and the first |ayer wires

30 to 34 by CVDyandhdhe it lsigon: oxidle ddddn 58 aad:hhe, unds Wendshl con

oxide film25 are dry etched to forma through hole 55 above the contact

hole 23. AGhefoaqy U 38 LAchOksbd 1 hedl bauobabol £ 54 Silhean

nitride fi aving a ckness of about nmis forme

oxide film>5 CVvD_and the nitri film rlpheral
circuit i éSPgﬁ%% ]‘fﬁg]e?%# érﬁs? %ﬁlgtlélrgeéhgtsﬂ (f’r?r? nrﬁﬁom% f&? a mask.
To formth | ug 55, a S SI| con filmdoped with.an n t

i npurity f‘ih& BRGE ) gén 8r%é c].')]r?ull sPPFE&HHOQFd%‘? AGhISE E6 tléﬁnnl ng
the inside of the through hole 54 and then etched back so, that it_renmains
only in t hel § fsishe e6€ thF}éh"glP%te B4 CORCEVE; FGRIXE des HArmesh bys
formed on the silicon nitride filmb51 of the mem)ré array and the silicon
oxi de fil FSOasiesHE DRt Aphth e3¢ ¢ PRY L&D, 0k hBedinqldaebgiaEarel m 52
of the menory array is then dry etched using a photoresist film (unshown)
as a maskWhendhie tgienickohanig Epdee ffiormest thaetide wglihef sie éxenski de

filmb52 is dry etched to forma trench 53 above the through hole 54. Since
t he | ower 2alietttepes <Soabfan kagde of BPJbNX cooRrolling the composition

of gas (for example, CF, + 0,) for etching the substrate 1. A
silicon oxide f£ilm (6} formed in a later step is easily buried
in the inside of the trench 2a by tapering the side wall of the
trench 2a.

After the residual etching soclution adhered to the inner
wall of the trench 2a is removed by washing with the above SC-1
solution, SC-2 solution and diluted hydrofluoric acid, as shown
in Fig. 12, the substrate 1 is thermally oxidized at about 800
to 1,000°C to forma thin silicon oxide £ilm (third silicon oxide
film) 11 having a thickness of about 10 nm on the inner wall
of the trench 2a. This silicon oxide film 11 is formed to
recover from the damage of the inner wall of the trench 2a caused
by dry etching and alleviate stress generated at the interface
between the silicon oxide film 6 which will be buried in the

inside of the trench 2a in a later step and the substrate 1.
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information storage capacitor element Cis forned on the inner wall of the
trench 53, the silicon oxide filmb52 nmust be fornmed thick (for exanple,
about 1.3 Vinm and the deep trench 53 nust be formed to increase te)iNdlidt
of stored charge by increasing the surface area of the | ower el ectrode 56.
After an anorphous silicon film (unshown) having a thickness of about 50 nm
doped with an n type inpurity (phosphorus) is forned on the silicon oxide
filmb52 containing the inside of the above trench 53 by CVD, the anorphous
silicon fThe ovefdye ngf the subscen texildef f then Gbukder morad diy ot dheng back
so that the anorphous silicon filmremains on the inner wall of the trench

53. Theregtteve tb@isHIf ace Quridial akove iaahheis sikideed oh k® HeRal ni ng
in the inside of the trench 53 is washed with a hydrofluoric acid-based

et chi ng 89'§p58@1sgap9§k'eaetﬁ§géméhb®nsyﬁpb&s¢ 2149 the §ygtaaqkﬂt the
anor phous silicon filmin a reduced pressure atnosphere, and the substrate
1 is heated to lycrystalline.the r i fi :Q w
silicon parti cl‘gés) %lr?"%héﬁs%ir acle3.’ %ﬂsrégr)le ng,)ryt%ﬁ‘e eog\ggneqﬂed(ﬁrfﬂgggﬁgé%;oor med of
t he polycrystal_silicon film having a roughened surface.is fornmed.on the
e vl PRaRe ey B, tosetiil P URR OREIE ] BBRERRR 8 O Hetrthm o7
fornmed of tantalum oxjde filmand an u I electrode b8 fornmed of a Ti N
filmare Pgr Frgﬁ bheRhl ??MBY &V8et ?ng“es S%io.lel?flf%’fjrf?‘? h@ﬁﬁp@cﬁl‘—[‘%ra
insulating film57 and the upper electrode 58, the tantalumoxide film

havi ng a EHFEKF@%% 6?05b%§@m9§enrﬁ]?%u? drHed O dhermas larger Garoddissi | i con
oxide film52 containing the inside of the trench 53 by CVvD, the TiN film
havi ng a €APERneEstRE WiRnah 230senthatt ReA $ofhed oh G Wancdl @@ &8 de
filmby CVD and sputtering, and the TiN filmand the tantal um oxide film
are dry etempdetsivicavered arlddi shefsili¢emshowe-fadmad masihe Fhddeton t he

i nformati on storage capacitor elenment C consisting of the | ower el ectrode
56 for medosfiders mbyics Yorakedshy echhlhiformireene bhadiltaoring ekeeildgnfti | m 57
formed of the tantal um oxide filmand the upper el ectrode 58 forned of the
Ti N fil m eseporomzkadihé ikenargi ldeldrsogfide DRAMIcamesseding d-eyd SEETQs f or
t he

tetraethoxysilane ((C,H;),S1). Prior to the step of forming this
silicon oxide £ilm 6, a thin silicon nitride £ilm (unshown) may
be formed on the inner wall of the trench 2a by CVD. This silicon
nitride film has the function of preventing the thin silicon
oxide film 11 formed on the inner side of the trench 2a from
growing thick on the active region side when the silicon oxide
film 6 buried in the trench 2a is to be densified.

After the substrate 1 is thermally oxidized at about
1,000°C and the silicon oxide film 6 buried in the trench 2a
is densified to improve the quality of the film, as shown in
Fig. 14, the silicon oxide £ilm 6 overlying the silicon nitride
film 41 is removed by dry etching using a photoresist £ilm PR2
as a mask. The pattern of the photoresist film PR2 is the

inversion pattern of the photoresist f£ilm PR1 used to dry etch
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selection of a nenory cell and the informati on storage capacitor elenments C
connected in series to the M SFET(Qs are conpl eted by the steps up to]ghyﬁ 003
poi nt. Thereafter, about two | ayers consisting of an A1 wiring |ayer r# az
surface protective layer for protecting the wire |ayer are fornmed on the

i nformati on storage capacitor elenents C though unshown. The invention nade
by the present inventor has been described with reference to preferred
enbodi ments thereof. However, it is needless to say that the present

i nvent i on tine mdtl ildom nedrtidet iedm pileiertied ehdmshreidsl b hadg M@t i ous
changes and nodi fications can be nmade wi thout departing fromthe spirit and

scope of the inugRdrorheAbhBedgBstiBe Bremenk2i DYeRbhOReds APPIHAF tha DRAM
in the above enbodi nents, the present invention is not limted to 35 13

JUN 2003 this . STh%h%f%%@Ekohnﬁﬁﬁhboﬁliﬁ“6bPo%hQ&'dna@W% Efdon VAL 1 pUs
SLSI's for fornlng fine M SFETs on a substrate having elenent 1solation

{renches. el gba @ﬁpﬁ%mte%a@l 83anbol DURILLOMA ) Dy desct bed

her ei nund present I on nce the or rati on of a
sub-channe] _in the_s ould rtlo t he acf,i. ion_can _be su essed,
o Feduct | GHE RN E e SHarae o EAgR Tor™hor | AT SRt R obs prvertbd
Thereby, the concentration,of an, i rity in.the substrate can_be reduced
2d. hence CRhESGr bUBrBAE T 0P™ Hbr TRLIF dHonhdieP PYRT QOGNS TUUERAS e | 1

| eak current can be realized in the case of a DRAM Further, according to
the preseritis fyRRhETdhe 1thEbeard cthEedt PR %%ao‘?rt%PFf?%PHdWﬁ”{I}ﬁt%@loul der
portion of the active region and a reduction in the thickness of the gate

i nsul at i ng/HeT FPeaFBEAGR Sfehbed bl ¢oundidg Ehtmshoereeespbtesividinthe

active region, a reduction in threshold vol tage caused by these can be
prevent ed.thgs surface of the silicon nitride film 41.

The polishing of the silicon oxide film 6 can be carried
out without using the photoresist film PR2. That is, the
silicon oxide film 6 may be polished by chemical mechanical
polishing using the silicon nitride film 41 as a stopper after
the silicon oxide £ilm 6 is formed on the substrate 1 containing
the inside of the trench 2a and then the silicon oxide film 6
is densified by thermally oxidizing the substrate 1. The
densification of the silicon oxide film 6 may be carried out
after the silicon oxide film 6 is polished by chemical
mechanical polishing such that it remains only in the inside
of the trench 2a. In this case, the silicon oxide film 6 is
densified when the thickness of the silicon oxide £ilm 6 becomes
small, therebymaking it possible to shorten the densifying time
compared with the case where densification is carried out before
polishing. The element isolation trench 2 in which the silicon

oxide film 6 is buried is substantially completed by the steps
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13 JUN 2003 What is clained is: 1 . A sem conductor integrated circuit

devi ce having M SF)JTs, fornmed on a substrate of an active region defin

by an el enent isolation trench, wherein an inclined SLIr face mhich1ﬂaWﬁsm03
toward the side wall of the elenent isolation trench is forned on the
surface of the substrate at the per~.phery of the active region, and the
inclined surface includes a first inclined surface | ocated at the shoul der
of the active ~:egion and a second inclined surface which is interposed

bet ween tiye torshienpbined surface and the side wall of the el enent
isolation trench and is nore gently inclined than the first inclined

surface~and thergagdegftar gatRei 85Ut @bhngi t1idef i MRdaONCHhersHhsthat e of
the active region extends to the |lower end of the second inclined surface_

2_ The se ﬁf?&@g%?rthé‘tﬁ%é’%:@té'i QI tth%e‘écft%v%c%%fgq'oﬂgﬂ@scké}n%d
wherein the surface of an iInsulating f|In1bur|ed in"the elenent isolation

trench is {fﬁer?oﬁfgh%% ¢ éé‘lcg f&g)ew Jéé‘é el &Q?%ﬁﬁ?"ﬁl&%r\ﬁﬁxﬁe The

sem COI’]dUC or gra CI rcul accor aim1l erein the

end of a f nn n t he. VICInIt 7 JUN 20 3 of th a,surface of
L. | EhaRleii

t he subst eélCFl \e/eSlr elgcioonnné}(: PovZ a%Ye e‘nc?L ofSht K& second

inclined surface. e nduct or e rat Ci eV|ce ccor
ding to c}%i%} EFEE ﬁ gh%%@ﬁﬁ?Fﬁtl%ﬁ qﬁbﬁ?¥1§hl Mt PEFFEE into

t he substrate of a region where the chann% is forned i S aInDst equal to
those of PR® %%H%?nﬁafttr.l&? of- Lnie! det PY@IREGFONS BGCT He ¢ 1SSt aGR] Odecond
inclined surfaces. 5. The sem conductor integrated circuit device according
to clai mthewhergan prédsuliaeéOcfoxmra sant e ruddese stibdis arkssrathe

boundary bet ween the center portion of the active region and the first
i nclined SuPf dlelee @Rk TR regrifoacd andt Hee suh skl il dhes §Bdieane ot dehe
boundary between the second inclined surface and the side wall of the
el enent i §blat Pohuriedchnarker elauedt copoextapd thenshrface of the
sem conductor substrate at the boundary between the first inclined surface
and the second Racihaovwdistiace’i sthesndddceont Ve siblcoangeideoiddot or
integrated circuit device having M SFETs , forned in an active region
defi ned b§ lanreéénemtthesellamemt tsohehibn thenoni 2 isumedcetohed wiulist r at e,
wherein the surface of the substrate in the shoulder portion of the active
regi on i noyddeslfibris, &cidnido ssswdnck ridiendedredoiidx esencac be tardna theunded
concave sur face |ocated between 38
surface of the silicon oxide film 6 and the surface of the
substrate 1 of the active region L. The thin silicon oxide £ilm
40 formed on the substrate 1 of the active region L is also etched
at this point and the surface of the substrate 1 is exposed.
Since the top surface and the side surface of a portion in contact
with the silicon nitride film 41 of the silicon oxide film 6
are exposed to hydrofluoric acid, the amount of the silicon
oxide film 6 etched is larger than that of the silicon oxide
film 6 in a region apart from the active region L. Thereby,
the surface of the silicon oxide film 6 in the vicinity of the

shoulder portion of the active region L is recessed inward and

the surface of the substrate 1 of the shoulder portion of the



13 JUN 2003 the first and second rounded convex sur faces, and the surface
of an insulation filmburied in the elenent isolation trench is recepﬂzlm 2003
downward in the vicinity of the active region. 7. The sem conduct or
integrated circuit device according to claim6) wherein the thickness of a
gate insulating filmfornmed on the substrate in the shoul der portion of the
el enent isolation trench is alnost equal to the thickness of a gate
insulating film fornmed on the substrate in the center portion of the
active regconve$reghenskenisoagposed.i ntegrated circuit device according to
claim6 , wherein the M SFET forned in the active region is of a surface
channel type. 9asBuwieihEarduts prrhdéens et &te @i i 6 WieriieMi 6LoREEAEGINY tO
claim®6, wherein the MSFET formed in the active region is a MSFET for the

sel ecti ongefa o UEBOY G I ol Al dTRG nP&Y 11 &bn b&%d@@iftﬁ@ﬂﬁcﬁn 8xPaM and

a capacitor elenment form ng the other part of the nenory cells of the DRAM
i's connec hn i the 1) # I i-on r 1.
10. “The. s6mt Bonanor s T or ot d et i P o atePhhe FuRErRe el
wherein t si.ze. . t idth dir I f active reqgi.on i-s-.0.2 um
or |ess. gge é%%&a@zwﬁgﬁ%%ﬁ%ﬁ %f%ﬁég?lzlg'ncﬁ%ﬁss %%(i: ganacgutﬁee f%&FPe tinme
~~ahen thg trench is, fornmed in the ubstra&e of the el eme[}];t isolation

regi on i n3theS stEPYE & TERUIEENTD 95 O ntRGratRA- G red £a48A% EYhavi ng
M SFETs which. conprjse, a gate el ectrode having a,predeternmined width in a
first dirSEEFEIRENENFoiRBA Gbr08s BHURLEY Ve i b EAFBUGH Highbe

insulating filmin a second direction crossing the first direction on a
sem condugPHOE’ﬁﬁgtﬁéﬁ@of the active region surrounded by an el enent
isolation trench, and a source and drain forned on the sem conduct or
substrate on boRh SiheEs Hf The- ghle @1t FoRR, Lpler 5oy chbPuRxdPPLifL egr at ed
circuit device conprising: ( a ) the-active -re-gion -hav-ing -a-f first
surf ace, Ph@sphgseshdis stricken g geatand shenhsudssuptace Fhrergbsed
between the first and second sur faces on the surface of the sem conductor
substrat etheheiseécondosiudeateloohst andtang tyee simeunaty Oporderelenent
isolation trench; (b) a first Insulating filmforned in the el enent
i sol ati onstréakhn inpo ark@hHINDZAG3 tecForhewghte (mse neelfli Bnahdi med on
the first and third , surfaces; and (d) the gate el ectrode fornmed on the
gate i nsutwbengelilbnt ahdrei n aTcardgre bettheameflheraodiogedt? limnelaf t he
third

substrate 1, a p type impurity (boron) is stricken into the

substrate 1 through the above silicon oxide film 43. The
impurity for forming the wells (p type well 3 and n type wells
4 and 5) is introduced into a deep region of the substrate 1
with high energy and the impurity for forming the channel region
12 is introduced into a shallow region of the substrate 1 with
low energy.

The first sharply inclined surface (S,;) and the second
gently inclined surface (S,) both of which sandwich a rounded
concave surface as shown in Fig. 4(a) and Fig. 4 (b) are formed
on the surface of the substrate 1 of the shoulder portion of

the active region L by the steps up to this point. Therefore,
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surface and the first surface gradually increases and then gradually
decreases fromthe first surface to the second surface in the second
direction. The sem conductor integrated circuit device according t ol TIUN A0%
~ , wherein the angle between the tangent line of the third surface and the
first surface gradually increases, gradually decreases and then increases
agai n before the second surface. ~1
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10%& () - 10%& ()-5 | 10%& ()-Y ! 10%& () - LDIE_ @

10/ +M 10%& dneved dl QxR &e (9o 38%BE {ntrSMnk de) well BO¥B& HA memory
1 110%& ()-D: ydE @ 10/ Y7g 109%& ()-S5:11000& ()-93 ! 10%& () -

101 s: 110 BE) T BRoRR 0T Gt 8- FRABHECYS- SYBECTRES 1
10/ @0% ug' (). M S0%EE PPTEPEBRGERE) FRF 0% Vi (S T0v I @ SPREIRug: () -5
1 9E @10/5: 1100 48 ()5 M 10% U8 () MAQRNE O M 108048 () 08190 -
IM 10% ug, ()1 T30% & ():10% U () +: 110% 4 ()5) L10% U ()0 &M 10% ug: ()
as shown in the enlarged view of Fig. 22. At this point, in
the vicinity of the shoulder portion of the active region L,
part of the impurity is diffused into the substrate 1 of the
first inclined surface (S;) from the substrate 1 of the second
inclined surface (S,) and the substrate 1 of the center portion
of the active region L into which a larger amount of the impurity
is introduced than the substrate 1 of the first inclined surface
(S,) . Thereby, the concentration of the impurity in the p type
semiconductor region 12 is almost made uniform in the center
( portion of the active region L, the first inclined surface (8S;)
and the second inclined surface (S,). Not shown, the same
channel region 12 as above is formed in the vicinity of the
surface of the substrate 1 (p type well 3) of the peripheral
circuit.
According to this embodiment, the concentration of the
impurity in the p type semiconductor region 12 constituting a

channel can be made almost uniform in the entire active region

L. Thereby, the formation of a sub-channel in the shoulder
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10-uS="10% u& ()-s9''10% u& ()-Y7! 10% u& ()-S5'! 10% u& ()-93:110% uld é‘%N mﬂ}o
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1109008 () -f 110908 () -f & @O%& () - Fx$z3${ 3| $}$$$%S%OC 10/ :110% & ()-F
"T10% & ()-,"'10% & () -%10% & ()- 100 100 100< 10908 () - B/R?E&~&&AEDLC
10/1410% & ()-P+10%&' ()- 10% & () -

10% & ()-:'10% & ()-y''10% & ()-&&!'"'b' "' (dELC 10/!$10% & ()-" 10% & () -
'110% & (portio¥ &f (Yhd 2eUi&e( ye&idQU R e cMppiesE¥)dENE d dduction
110% & ()-/:110% & ()-Y -10% & ()-*10% & ()-(''10% & ()-Y

&10% & () i¥) thrbshota vo’i@X e 184! pt0hriQlent@aS< 10% & ()-F
S910% & ()-Y7T10% & ()- @ 10% & ()-F &310% & ()--*; *u**** +aBYNC 10/!F

1832% Eg_yégggg gkfre@géggiilcgn o%@%g&fﬁlm143 on the surface of the

denc 101 FLERCHRE) -1 EITRE ) ﬂ&%%f?ﬁﬁﬁ% Tovad () T daesa 717
}?‘f‘éf;fo;? 797 sl (e o ok Tl ]2 &}Wﬁfﬁf Sexigjaea at
1% () ) P@gﬁé%"é&lééb?cs byl tlo‘i%%lr%b%si%ﬁig%%esgi‘i %at b paion & ()-
-10% & ()thlckness of about 4 nm on the surface as shown inFig. 24. Since
the gate oxide film 7 is formed on the shoulder portion of the
active regionL and the surface of the substrate 1 in the shoulder
portion of the active region L is wholly rounded and has no
angular portion as described above, the thickness of the gate
oxide film 7 in this region becomes almost equal to the thickness
of the gate oxide film 7 in the center portion of the active
region.
As shown in Fig. 25, gate electrodes 8A (word line WL),
8B and 8C are then formed on the top of the gate oxide film 7.
i The gate electrodes 8A (word line WL), 8B and 8C are formed,
for example, by forming a polycrystal silicon f£ilm doped with
phosphorus on the gate oxide film 7 by CVD, a WN film and a W
film on the polycrystal silicon f£ilm by sputtering, a silicon
nitride £ilm 9 on these films by CVD and patterning these films
by etching using a photoresist film (unshown) as a mask.
Thereafter, as shown in Fig. 26, an n type semiconductor

region 12 constituting the source and drain of the MISFETQs for

the selection of a memory cell is formed in the p type well 3
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As shown in Fig. 27, a silicon nitride f£ilm 17 having a
thickness of about 50 to 100 nm is formed on the substrate 1
by CVD, thesiliconnitride film 17 of the memory array is covered
with a photoresist £ilm (unshown), and the siliconnitride film
17 of the peripheral circuit is etched anisotropically to form
a side wall spacer 17c¢ on the side walls of the gate electrodes
8B and 8C.

Subsequently, an n' type semiconductor region 11 (source
and drain) having a high impurity concentration is formed by
injecting the ions of an n type impurity (phosphorus) into the
p type well 3 of the peripheral circuit and a p* type
semiconductor region 12 (source and drain) having a high
impurity concentration is formed by injecting the ions of a p
type impurity (boron) into the n type well 4 of the peripheral
circuit. The n channel MISFETQn and p channel MISFETQp of the
peripheral circuit having lightly doped drain structured source

and drain are substantially completed by the steps up to this
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silicon nitride film 17 overlying the source and drain (n type
semiconductor region 10) of the MISFETQs for the selection of
a memory cell are dry etched using a photoresist film (unshown)
as a mask to form a contact hole 22 above one of the source and
drain (n type semiconductor region 10) and a contact hole 23
above the other.
A plug 24 is formed in the above contact holes 22 and 23.
To form the plug 24, a polycrystal silicon f£ilm doped with an
n type impurity (phosphorus) is formed on the silicon oxide film
20 containing the insides of the contact holes 22 and 23 and
etched back so that it remains only in the insides of the contact
holes 22 and 23.
Thereafter, a silicon oxide film 25 having a thickness
of about 200 nm is formed on the above silicon oxide £ilm 20

by CVD and the silicon oxide film 25 of the memory array is dry

etched using a photoresist film (unshown) as a mask to form a
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A plug 26 is then formed in the contact holes 35 to 39
and the through hole 27. To form the plug 26, a Co film (or
Ti £ilm) is formed on the silicon oxide film 25 containing the
insides of the contact holes 35 to 39 and the inside of the
through hole 27 by sputtering, a TiN filmand a W £ilm are formed
on the Co film {(or Ti film) by CVD, and the W film, TiN film
and Co film (or Ti f£ilm) formed on the silicon oxide f£ilm 25
are polished by CMP so that these films remain only in the insides
of the contact holes 35 to 39 and the through hole 27.
After aW filmhaving a thickness of about 200 nm is formed
on the silicon oxide film 25 by sputtering, the W film is dry
etched using a photoresist film (unshown) as a mask to form a

bit line BL and first layer wires 30 to 34 of the peripheral

circuit.
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oxide film 25 are dry etched to form a through hole 55 above
the contact hole 23.

After a plug 55 is formed in the through hole 54, a silicon
nitride film 51 having a thickness of about 100 nm is formed
on the silicon oxide film 50 by CVD and then the silicon nitride
film 51 of the peripheral circuit is removed by etching using
a photoresist f£ilm (unshown) as a mask. To form the plug 55,
a polycrystal silicon film doped with an n type impurity
(phosphorus) is formed on the silicon oxide film 50 containing

! the inside of the through hole 54 and then etched back so that
it remains only in the inside of the through hole 54.

A silicon oxide film 52 is formed on the silicon nitride
film 51 of the memory array and the silicon oxide film 50 of
the peripheral circuit by CVD, the gilicon oxide £ilm 52 of the
memory array is then dry etched using a photoresist film
(unshown) as a mask, and the siliconnitride £ilm 51 underlying

the silicon oxide £ilm 52 is dry etched to forma trench 53 above

the through hole 54. Since the lower electrode 56 of the
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(phosphorus) is formed on the silicon oxide film 52 containing

the inside of the above trench 53 by CVD, the amorphous silicon
film overlying the silicon oxide film 52 is removed by etching
back so that the amorphous silicon film remains on the inner
wall of the trench 53. Thereafter, the surface of the above
amorphous silicon film remaining in the inside of the trench
53 is washed with a hydrofluoric acid-based etching solution,
monosilane (SiH,) is supplied onto the surface of the amorphous
silicon film in a reduced pressure atmosphere, and the substrate
1 is heated to polycrystallize the amorphous silicon £ilm and
to grow silicon particles on the surface. Thereby, the lower
electrode 56 formed of the polycrystal silicon f£ilm having a
roughened surface is formed on the inner wall of the trench 53.

Thereafter, a capacitor insulating film 57 formed of a
tantalum oxide film and an upper electrode 58 formed of a TiN
filmare formed on the lower electrode 56. To form the capacitor
insulating film 57 and the upper electrode 58, the tantalum

oxide film having a thickness of about 20 nm is formed on the
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and the upper electrode 58 formed of the TiN film is formed.
The memory cells of a DRAM composed of the MISFETQs for the
selection of a memory cell and the information storage capacitor
elements C connected in series to the MISFETQs are completed
by the steps up to this point.

Thereafter, about two layers consisting of an Al wiring
layer and a surface protective layer for protecting the wire
layer are formed on the information storage capacitor elements
C though unshown.

The invention made by the present inventor has been
described with reference to preferred embodiments thereof.
However, it is needless to say that the present invention is
not limited to these preferred embodiments and that various
changes and modifications can be made without departing from
the spirit and scope of the invention.

Although the present invention is applied to a DRAM in

the above embodiments, the present invention is not limited to
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SLSIs for forming fine MISFETs on a substrate having element

isolation trenches.

Effects obtained by the present invention will be

described hereinunder.

According to the present invention, since the formation

of a sub-channel in the shoulder portion of the active region

can be suppressed, a reduction in the threshold voltage of a

fine MISFET can be prevented. Thereby, the concentration of

an impurity in the substrate can be reduced and hence, the

improvement of refresh characteristics by a reduction in leak

current can be realized in the case of a DRAM.

Further, according to the present invention, since the

concentration of a field upon the shoulder portion of the active

region and a reduction in the thickness of the gate insulating

film can be prevented by rounding the shoulder portion of the

active region, a reduction in threshold voltage caused by these

can be prevented.
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1. A semiconductor integratedcircuit device having MISFETs,
formed on a substrate of an active region defined by an element

isolation trench, wherein

an inclined surface which falls toward the side wall of
the element isolation trench is formed on the surface of the
substrate at the periphery of the active region, and the
inclined surface includes a first inclined surface located at
the shoulder of the active region and a second inclined surface
which is interposed between the first inclined surface and the
side wall of the element isolation trench and is more gently

inclined than the first inclined surface;and

the end of a gate insulating film formed on
the substrate of the active region extends to the lower end of

the second inclined surface.

2. The semiconductor integrated circuit device according to
claim 1, wherein the surface of an insulating film buried in
the element isolation trench is recessed downward in the

vicinity of the active region.

3. The semiconductor integrated circuit device according to

claim 1, wherein the end of a channel formed in the vicinity -

37



U& ()-910% U& ()-178& 10% U& ()-S5!10% U& ()-9310% U& ()- 1:!10%
U&' (

)-WkY: /! 10 U109B& ()-!109B& ()- ! 109B& () - 13 JUN 2003

1 109B& () - Ss! 109B& () - &Z109B& ()- 10 U5l *gdE: /! 10

U ! 109B& f )M 1OUBR: € -of 10MB&ubstrateyBE CheloeB&VE) ¥ edi0vBEerg?sB: /! 10
U ) - &109BB& () - ;1 109B& ()- 9 109B&' ()-#! 1098& ()-! ! 109B& ()-s! 109B& ()-W

QdE: /1 10 ULy5' ! 109B& ()- 3M.10%B&! S
F11098&tO) - &% 1698k ‘%’§&&Q$/| H%%ﬁé?@a#?%%%?(313’6%%?910 ul

91 109%& ()-' GLO%& ()- 10B 10B 10B

=1098& ()-9:! 109B& ()-7:! 1008& ()- XHIEbC! 10 Ul 109%& () -

91 109%&' ()-10%& ()- fL! 10%& ()- LL! 10%<& ()-3 t!10%& ()-8ydEbC! 10 U

109%<& ()y-. L! 100K skini cBOhE0LESr()n e dD8kEa Oir'cuit&yrife ddddefRg)toJ dELC

10 U,z 10%& ()-1 *10%& ()-( 10%& ()- && 10%& ()- $9! 10%& () - |
10%& (h 4G CiE,b%herein the concentration of an impurity introduced

into the substrate of a region where the channel is formed is
almost equal to those of the center portion of the active region

and the first and second inclined surfaces.

5. The semiconductor integrated circuit device according to
claim 1, wherein the surface of the semiconductor substrate at

the boundary between the center portion of the active region
and the first inclined surface and the_ surface of the

semiconductor substrate at the boundary between the second
inclined surface and the side wall of the element isolation
trench are rounded convex and the surface of the semiconductor

substrate at the boundary between the first inclined surface

and the second inclined surface is rounded concave.

‘6. A semiconductor integrated circuit device having MISFETs,
formed in an active region defined by an element isolation
trench in the main surface of a substrate, wherein

the surface of the substrate in the shoulder portion of
the active region includes first.and second rounded

convex surfaces and a rounded concave surface located between
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7. The semiconductor integrated circuit device according to

claim 6, wherein the thickness of a gate insulating film formed

on the substrate in the shoulder portion of the element

o}

isolation trench is almost equal to the thickness of a gate
insulating film. formed on the substrate in the center portion

of the active region.

8. The semiconductor integrated circuit device according
to claim 6, wherein the MISFET formed in the active region is

of a surface channel type.

9. The semiconductor integrated circuit device according
to claim 6, wherein the MISFET formed in the active region is

a MISFET for the selection of a memory cell forming part of the

‘memory cells of a DRAM, and a capacitor element forming the other
part of the memory cells of the DRAM is connected in series to

the MISFET for the selection of a memory cell.

10. The semiconductor integrated circuit device according to
claim 6, wherein the size in a gate width direction of the active

region is 0.2 um or less.
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. Y{. ' A semiconductor integrated circuit device having MISFETS
which comprise a gate electrode having a predetermined width
in a first direction and formed across an active region through
a gate insulating film in a second direction crossing the first
direction on a semiconductor substrate of the active region
surrounded by an element isolation trench, and a source and
drain formed on the semiconductor substrate on both sides of
the gate electrode,

the semiconductor integrated circuit device comprising:

“(a) the aective region having -a—first surface, a_second -
surface and a third surface interposed bétween the first and
second surfaces on the surface of the semiconductor substrate,
the second surface constituting the side wall of the element
isolation trench; |

(b) a first insulating f£ilm formed in the element

isolation trench;
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surfaces; and
(d) thegate ele;:trode formed on the gate insulating film;
whc;rein an angle between the tangent line of the third
surface and the first surface gradually increases and then
gradually decreases from the first surface to the second surface

in the second direction.

12- The semiconductor integrated'circuit device according
to claim V| , wherein the angle between the tangent line of the
third surface and the first surface gradually inereases,
gradually decreases and then increases again before the second

surface.
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