2159326 1.

«" A SEM CONDUCTOR | NTEGRATED CI RCU T DEVI CE AND METHOD OF

PRCDUCTICN THEREOF". The present invention relates to a technique which 5

ig effective when applled to a sem conductor integrated circuit device.

Mor e partlcularly, the present invention relates to a techniquJggggzigs

effective when applied to a sem conduct or integrated circuit ddw

provided with small hol es or grooves (e.g. nnﬁ or trenches, forned 10
® ne

in the substrate surface). In order to increa

nory capacity, the

integration density of. a sem conductor integrated circuit device equipped
with a dynam c random access nenory (hereinafter called "DRAM) using

series ol rouits ohydshircolAiErsROTRIBCRANAS LIRERTE! AT He Rlp KB I bF Y

el enent ‘as nenory ce

ten O I NnCrease revi ous

proposed a techni que of inproving tpgobgbggbﬁtngRggpslty of a DRAM by
formng small

surface of a sem conductor substrate by ani sotropic etching, and providing
an insulating filmalong the surface within each noat or trench and a
conductive | ayer over THee prsderny Invetid Felan s Vied td Opd chitdil ques ltiage
capaci tance el enent, and thus reduce the plan area of 25 each nmenory cel
(Japanese Pat®ent iuldfifedtiiore Nhen applied to a semiconductor integrated
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hol es or grooves (e.g. noats or trenches) in a main 20

circuit device. More particularly, the present invention
relates to a technique which is effective when applied to
a semiconductor integrated circuit device.provided with
small holes or grooves (e.g. moats, or trenches, formed
in the substrate surface).

In order to increase memory capacity, the
integration density of a semiconductor integrated circuit
device equipped with a dynamic random-access memory
(hereinafter called "DRAM") using series circuits of a
data storage capacitance element and a switching element
as memory cells tends to increase.

There has previously been proposed a technique of
improving the integration density of a DRAM by forming
small holes or grooves (e.g. moats or trenches) in a main
surféce Qf a semiconductor substrate by anisotropic
etching, and providing an insulating film along the
surface within each moat.or trench and a conductive layer

over the moat or trench to form a vertical data storage

. capacitance element, and thus reduce the plan area of

each memory cell (Japanese Patent Publication No.



4
2. 12739/1983). As a result of experiments and studies on this prior .
t echri que, however, we have di scovered that, since the corners of the smald.
noats or trenches, produced by 5 ani sotropi c etching, have an .
acut e-angl ed shape, reductions in the thickness of the insulating film and
the electric field concentration are likely to occur at the corners, so
that the electrostatic destruction voltage (dielectric breakdown voltage)
of the insulating 10 filmof each datagstorage capacitance el enent drops
markedly. The results of experinments which we have carried out has reveal ed
that the electrostatic destruction voltage of the insulating filmof a
vertically-forned data 15 st orage capacitance elenent is only about 50 to
60% of the ell@J39dI983)6 destruction voltage of the insulating filmof a
flat (horizontal) data storage capacitance elenent. If the electrostatic
destruction vol t ad® & negalip of @xperdmeant iand it wdigs Lnsitdiggerior
capaci tance elenent drops, it is very likely that short-circuits will occur

bet ween the &GN Got AOVWENSLsr M Nale G Jeovedied dihat sprddideethiened

potential, and_a condyctive |ayer whi.ch is held. at a different potential.
| f a short- cicto(?l?ief'sZ@L%p t&’&lﬂ“@?ﬁi LAk Pe BTN Ss pJa?tJé‘c\ﬁ Itbybe | ost, and

hence 5 anisotropic etching, have an acute-angled shape,
reductions in the thickness of the insulating film and
the electric field concentration are likely to occur at ;)
the corners, so that the electrostatic destruction
voltage (dielectric breakdown voltage) of the'insulating
10 film of each data storage capacitance element drops
markedly.
The results of experiments which we héve carried out
has revealed that the electrostatic destructioﬂ voltage
of the insulatiné film of a vertically-formed data
15 storage capacitance element is only about 50 to 60% of
the electrostatic destruction voltage of the insulating
film of a flat (horizontal) data storage capacitance N
element. |
If the electrostatic destruction voltage of the
20 insulating film of a data storage capacitance element
drops, it is very likely that short-circuits will occur
between the semiconductor substrate, which is held at a
predetermined potential,:and a conductive layer which is

held at a different potential. If a short-circuit

25 occurs, the charge stored as data will be lost, and hence



3. the electrical reliability of the DRAMwi || deteriorate. It is therefore
an\QbJect of the present invention to inprove the electrical reliability of
seni conduct or device, in particular a semconductor integrated circuit 5
device. It is another object of the present invention to snooth the
acut e- angl ed shape of each corner of small trenches or npats (holes or
grooves) in a sem conductor integrated circuit device having such snall
trenches or 10 noats (hol es or grooves). 1t39s a third obj ect of the
present .invention to provide an inprovenent in the electrostatic
destruction voltage of an insulating filmin a sem conductor integrated

circuit device pﬁﬁ%‘%%%d%ﬁﬂb #J§?¥§€¥;6¥ tme D ﬁﬂﬁﬂﬁ%ffuﬁéﬁ§§¥orate.

grooves) forned in a main sur ace conduct or substrate

i nsulating film being gy qW dak A @i tde cBydace émé rbrté”&mdvérrﬁ%h or

noat (hole or groove), and a conductive | ayer being forned over the

insulating film t30 improve |hd eledtitiiddl AhdELdbOf 1§ o POr f&edon dWYrt on
to provide an inprovenent in the electrostatic destruction voltage of an

i nsul ating film aledriides, pirevpartiouldEr tdedmiscormdfuctor gintsd g tedise i aleita
storage capacitance el enent consisting, in turn, of a small trench or noat
25 (hol e 05 grdewd)eef.orned in a main surface of a
It is another object of the present invention to
smooth the acute-angled shape of each corner of small
\s/ trenches or moats (holes or grooves) in a semiconductor
integrated c¢ircuit device having such small trenches or

10 moats (holes or grooves).

It is a third object of the present invention to
provide an improvement in the electrostatic destruction
voltage of an insulating film in a semiconductor
integrated circuit device provided with small trenches or

15 moats (holes or grooves) formed in a main surface of a
semiconductor substrate, the insulating film being
provided along the surface within the small trench or
moat (hole or groove), and a conductive layer being
formed over the insulating film.

20 It is a fourth object of the present invention to
brovide an improvement in the electrostatic destruction
voltage of an insulating film and the prevention of the
loss of charge stored as a data storage capacitance

element consisting, in turn, of a small trench or moat

25 (hole or groove) formed in a main surface of a



-4- sem conductor substrate, an insulating filmarranged al ong the surface“*
within the small trench or noat (hole or groove), and a conductive |ayer -«
arranged over the insulating film and a switching el enent gconnected in .,
series with the data 5 storage capacitance elenment. According to a first
aspect of the present invention there rs4provided a sem conductor device

i ncluding: a trench in a main surface of a sem conductor substrate, said
trench having substantially vertical walls and extending from10 said nmain
surface into the interior of said sem conductor substrate, said trench
having its initially formed sharp corners rounded-off; an insulating film

formed over s3id aWalide8 0budrdatel SANIHELTLLIHESE] 7S, 20, 2lQND) She

surface within sai rench; a cbnductive aye

insul ating fi LeiNt e sradius h ded- c s of
trench isgatkkgggpQ?ﬁ?Eew??ﬁéé ? g ?ﬁ%é&nggéﬂgg ?Eeﬂ§%§u é??%dofi?%ég%e)'

Accor di ng t0aaasaceendacRave hybRecaPrahgBl bP¥eNtheNihbei £tisg PE oy ded a
met hod of producing a sem - 20 “~conductor device including the” steps of:

formng a tagdcla iswidchang suehane ebnaceedlCanduek s SwhEh rene Saeh that
said trench has substantially vertical walls and extends fromsaid main
surface i %t o sttoraget eapacitabneei élement.conduct or substrate, whereby said
trench includes sharp 25 corners; rounding off said sharp corners;
form ng an insul ating Ackerdisg ¢tei @ farstsaspect of thedpsesembnduct or

substrate and al ong the surface within said trench; and
invention there is provided a semiconductor device including:

a trench in a main surface of a semiconductor substrate, saia'd
trench having substantially vertical walls and extending from

10 said main surface into the interior of said semiconductor
substrate, said trench having its initially formed sharp
corners rounded-off; an insulating film formed over said
surface of said semiconductor substrate and along the surface
within said trench; and a conductive layer formed over said

15 insulating film, wherein the radius of the rounded-off corners
of the trench is at least three times the thickness of the
insulating film. ' \J

According to a second aspect of the present

invention there is provided a method of producing a semi-

20 conductor device including the steps of: forming a trench
in a main surface of a semiconductor substrate such that
said trench has substantially vertical walls and extends
from said main surface into the interior of said semi-
conductor substrate, whereby said trench includes sharp

25 corners; rounding off said sharp corners; forming an
insulating film over said main surface of said semiconductor

substrate and along the surface within said trench; and



* 5 - formng a conductive |layer over said insulating film the radius of
t he rounded-off corners of the trench being at |east three tines the

t irckness of the insulating film | t= $houl d be noted that in the follow ng
escription 5 and clains, the "trench" as described includes, e.g. holes,
grooves, noats, trenches, etc., fornmed in the sem conductor substrate and,
in general, refers to any opening fornmed in the sem conductor s

t d
having, e.g. agﬁnmmm@%&m&ea’lﬂ%i%%ﬁo‘l #Qﬁulrifri&% ﬁ‘bré ee_cﬁg
D o and. anC o radAptrat e TTadar \eetiart O e s Bethd4d ' °°

! duct bstr at dth il itri fd ! duct
SUbsirate are mFateriAEiinR s FELFTAE, U AL S e ERRONT O
heat -resi stant treat fgninsRes 8@dnstadBthat’ eACERE NEbY CQadue

at weH !
substrate. Thereafter, an insulating f|hﬁ1|s f ormed a?gngﬁphe sur gééon

within the 33?|$n&r€D£fmsusﬁﬂﬂ bBpenGA" ASSUES BRI ped CRRER U ESle, gand IS
then 20 renoved selectlveTy to forma small trench whose sharp corners

(acute-angl ed créYess) gR66vedPonbats(r erefere ] f dteThugordeacial ltwe the
present invention provides for trenches, in the sem conductor substrate,

Feduotion Tn the th cknece of Lhe tnoul ot ho 11 P or 2 Fh " eferssiasanne
g filmat the

opening formed in the semiconductor substrate and having,

e.g. acute-angled corners, and bdeing usable for purposes

of the bresent invention.

In a preferred form of the invention, a silicon
nitride film and an etching mask are sequentially formed
over a main surface of a semiconductor substrate, and the
silicoﬁ nitride film and the semiconductor substrate are

15 then selectively etched using the etching mask, to form a
heat-resistant treatament mask and a small trench in the
semiconductor substrate. Thereafter, an insulating film
is formed along the surface within the small trench,

S’ using the heat-resistant treatment mask, and is then

20 removed selectively to form a small trench whose sharp

corners (acute-angled corners) are smoothed (rounded
off). |

Thus, generally, the present invention provides for
trenches, in the semiconductor substrate, wherein the
25 corners thereof are rounded off, e.g. curved. Since the

reduction in the thickness of the insulating film at the

cofners and the field concentration at these portions can



L]

corners and the field concentration at these portions can 6. be -
restricted by formng the insulating filmand a conductive layer in a smalt:
trench whose sharp corners have been snoot hed (rounded off), in the way =~
descri bed above, for exanple, the electrostatic destruction voltage 5 of
the insulating filmcan be inproved. The present invention will now be
described in greater detail by way of exanple with reference to and as
illutrated in the acconpanyi ng draw ngs, @herein:- Figure 1 is an

équi val ent circuit diagramof 10 principal portions of a nmenory. cel

array of a DRAM which is useful for illustrating an enbodi nent of the

present invention; Figure 2 is a plan view of grincipal portions of a

nenory cel | &% HehHrketrdWpy Wherring thefinspbating filmuandating the

structure of an enmbodi ment ofuihe inveniiggéaFigure 3 is a section taken
r

al ong the |irf@PAquctiye okayen 4R 3, spay chowhogeSERRP| BRRRERS ough

P pal | 20 e ke PogE fegbBRRSaFPITSh IR BhETERbeF BT, o
fggggghngrfgm B Shadpre " E7EN1LBYFOLLRRT cFhOERUEP1 bR FoPELRL ON
5 of the insulating film can be improved.
The present invention will now be described in
greater detail by way of example with reference to and as
illutrated in ghe accompanying drawings, wherein:- ~
Figure 1 is an egquivalent circuit diagram of
10 principal portions ofﬂa memory cell array of a DRAM,
which is useful for illustrating an embodiment of the
present invention;
Figure 2 is a plan view of principal portions of a
memory cell array of a DRAM, which is useful for
15 illustrating the structure of an embodiment of the
invention;g
Figure 3 is a section taken along the line III-III :;
of Figure 23
Figures 4 to 9 are sections through principal
20 portions of a data storage capacitance element of a DRAM
memory cell at each production step,'which illustrate a
preferred method of producing an embodiment of the
present inventionj; |

Figure 10 is a section thrbugh principal portions of

25 a DRAM memory cell provided as a model for measuring the



25.  a DRAM nenory cell provided as a nodel for neasuring the dielectric
br ggkdown vol tage of an insulating filmof a data storage capacitance
element utilizing a small trench; Fi.gure 11 is an enl arged section through
a corner of 5 the small trench of Figure 10; Figure 12 is a graph of the
results of caltulations on the electrostatic destruction voltage of an
insulating film obtained using the nodel shown in Figures 10 and 11; 10
Figure 13 is a graph of the results of experifrents on the electrostatic
destruction voltage of an insulating filmwhen the present invention is not
applied; and Figures 14 to 16 are graphs of the results of experinments on

2 LD R T 0 s R LS
he ol rout o1 nol (R 1 SEh SR ool 1978 PafeREBEN Tl M 150

anplify a mnute podedfd al difference between a predetermn ned nenory cel
and a predeternined .dunhy cell, which will be described later; (b) bit

lines BL11l, BL12 extengsh érpmp@ea&r@hpsr%é@ SEFELoRMPhFbu S D dopdkr
row direction, and bit 2 | ines BL21, BL22 extending fromone end of the
sense 5 the small trench of Figure 10;
Figure 12 is a graph of the results of calculations
on the electrostatic destruction voltage of an insulating
St film, obtained using the model shown in Figures 10 and
| 113
10 Figure 13 is a graph of the results of experiments
on the electrostatic destruction voltage of an insulating
film when the present invention is not applied; and
Figures 14 to 16 are gfaphs of the results of
experiments on the electrostatic destructin voltage of an
15 insulating film when the present invention is applied.
Referring to Figure 1 which is an equivalent circuit
L«' diagram of the principal portions of a memory céll array
of a DRAM, the circuit includes:
(a) sense amplifiers SA1, SA2... each of which
20 amplify a minute potential difference between a
predetermined memory cell and a predetermined dummy cell,
which will be described later;
(b) bit lines.BL11, BL12 extending from one end of
the sense amplifier SA1 in the row direction, and bit

25 lines BL21, BL22 extending from one end of the sense



8. anplifier SA2 in the row direction, these bit lines transnmtting charge,
as ‘data; (c) word lines W.1, W2 mhlch extend in the colum direction beiug
connected to predeterm ned gate 5 el ectrodes constituting swtching

M SFETs of the dummy cells, and which turn'on and of f each M SFET; (d) mord
lines W.3, W.4 which extend in the columm direction being connécted to
predeterm ned gate el ectrodes constituting switching M SFETs of the nenory
10 cells, and which turn on and off ea8kh M SFET. (e) nenory cells M1,

‘:ML2, M21, M22 ... which hold charge acting as data each of the nenory cells
mML1, M2, M1, M22 ... conprising a MSFET Ql1, Ql2, 21, Q@2 ... of which
one end is connected tQg.a predetermned bit _|ine and a gate

el ectrode trﬁ?%kﬁfigrc%ﬁ%ei?eﬁhforaprEHEFE?ﬂPne&hﬁBdeFFné PES and a data

st orage cap citance g* g Cl12 ?21 C22 ... of which one end is
connected to ??&?%ﬁﬁ BEnf B?S?hﬁscg? 8&pondi ng M SFET Cﬂl Q2, @1, @2

oy o Lo ot et srgLhes SaLe s | R EOREEh At R SR PEDEIRASL VS
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cel I's Mg eacg dewpyaés! bodti tPE2ngD3wi tBR2ng MISFETs of the dummy
cells, and which turn on and off each MISFET;

(d) word lines WL3, WLY which extend in the column
direction being connected to predetermined gate
electrodes constituting switching MISFETs of the memory

10 cells, and which turn on and off each MISFET.

(e) memory cells M11, M12, M21, M22 ... which hold
charge acting as data each of the memory cells M11, Mi2,
M21, M22 ... comprising a MISFET Q11, Q1i12, Q21, Q22 ...
of which one end is connected to a predetermined bit line

15 BL, and a gate electrode thereof is connected to a
predetermined word line WL, and a data storage
capacitance element C11, C12, C21, C22 ... of which one o
end is connected to the other end of the corresponding
MISFET Q11, Q12, Q21, Q22 ..., and the other end thereof

20 is connected to a fixed potential Vss terminal at, for
instance, earth potential (0 V), or a substrate bias
potential (-2.5 to 3.0 V);

(f) dummy cells D11, D12, D21, D22 which hold a

charge which can detect logic "1" and "O" used as data in

25 the memory cells M, each dummy cell D11, D12, D21, D22



Canprising a M SFET QD11, QD12, QD21, Q22 ... of which one end is
cqgnnected to a predeternmined bit line, and whose gate electrode is
gonnected to a predeternmined word line W, a data-detecting capacitance

el ement CD11, 5 CD12, CD21, CD22 ... of which one end is connected to the
ot her end of the corresponding M SFET QD11, D12, QD21, QD22 ... and whose
other end is connected to the fixed potentiab Vss termnal at, for

i nstance, earth potential or the substrate brFas potential, and a clear

M SEET CQ 10 for clearing the charge stored in the data-detecting

capaci tance el ement CD11, CD12, CD21, CD22 ...; and (g) a term nal QD which

i's connected to the gape. Egﬁg QdﬂF?FEEhQDquabD SFER29Q qBB8 Spechiic

construction of fhi's e now be dé&scribédd wth'reference

to Figures 2 andyg 1eHh§nQRékh'&sCQaﬁhbbubedtByaappeaaaerﬁeabaoaducuehe,
substrate nmade o single-crystal silicon. Afield- insulating film

(devi ce-separati grdi paykat ighdef ehBktrodboiBEdoaRetBedMBONasyrbactephihbe
sem conduct or substrate 20 1 in such a manner that it is positioned

between a predet gbpingdneeWbl,y acdbkaaddteetipgecapacitaniceselroenshn),
such as semiconductor elenent-formng regions (active regions) of an
address sel ebt cCbaait cbal,efB28i reui of ahicht enei eodi s eppnecksdwkoi fhehe
art. The 25 insulating film2 isolates these sem conductor el enment-
other end of the corresponding MISFET QD11, QD12, QD21
QD22 ... and whose other end is connected to the fixed
gJ potential Vss terminal at, for instance, earth potential
or the substrate bias potential, and a clear MISFET CQ
10 for clearing the charge stored in the data-detecting
capacitance element CD11, CD12, CD21, CD22 ...} and

(g) a terminal QD which is connecﬁed to the gate
electrode of the clear MISFET CQ.

The specific construction of this embodiment will

15 now be described with reference to Figures 2 and 3.

The DRAM is constitufed by a p -type semiconductor
substrate made of single-crystal silicon. A field;
insulating film (device-separation insulating film) is
formed on the main surface of the semiconductor substrate

20 1 in such a manner that it is positioned between a
predetermined memory cell and peripheral circuits (not
shown) such as semiconductor element-forming regions
(active regions) of an address select circuit, a read

circuit, a write circuit, ete., known in the art. The

25 insulating film 2 isolates'these semiconductor element-



. 10. formng regions fromone another. The nmenory cells of the DRAM are
surrounded and defined by the field insulating film2 which defines a paixs
of patterns that repeat in the direction in which 5 bit lines extend. A =«
small trench 3 is fornmed (e.g., etched, bored, etc.) in the main surface of
the sem conductor substrate 1 within the region in which the data storage
capacitance elenent is to be forned, so as to extend inward fromthe 10
mai n surface of the elenent region, thid0snmall trench constituting part of
the data storage capacitance element. The small trench 3 fornms a
t hr ee- di nensi onal data storage capaci tance elenent, to reduce the plan area

needed for the fornatio ?he data stor %g capacitance 15 elenent and to
i nprove the f%ﬁ%&ﬁ%l?%ﬁ ﬂ%ﬁs F?moPthé“BﬁE *The acut e-angl ed shape of al

h f L] i ded of f
predet or i ned shages Berory “ing pR ERETPHEM, prf) BSrEoRarbectefer (he min
surface of 1hee ALy ggdgﬁgfgﬁéfpsiﬁéhi t1h8 Fi¥nd3! AndLAT 30Fs fapagi fance

el enent regi On, ha"gdrPace rench 3. This

702 AT L Lk Pafbad! s SptRLE 2 sfeuasonel e
5 bit lines extend.
A small trench 3 is formed (e.g., eﬁched, bored,
etc.) in the main surface of the semiconductor substrate -
1 within the region in which the data storage capacitance ~
element is to be formed, so as to extend inward from the
10 main surface of the element region, this small trench
constituting part of the data storage capacitance
element. The small trench 3 forms a three-dimensional
data storage capacitance element, to reduce the plan area
needed for the formation of the data storage capacitance
15 element and to improve the integration density of the
DRAM.
The acute-angled shape of all the corners of the :;
small trench 3 is smoothed (rounded off) to a
predetermined shape.
20 An insulating film 4 is formed over the main surface
of the semiconductor substrate 1 in the data storage
capacitance element region, at least along the surface
~ within the small trench 3. This insulating film 4 will

constitute part of an MIS data storage capacitance

25 element. Since the acute-angled shape of the corners of



t'he smal | ‘trench 3 has been snoothed, no marked reduction in the film

t hi ckness of the insulating film4, e.g., at the corners, occurs. A
gonductive plate 5 is positioned over the 5 insulating film4 and is

el ectrically connected to other conductive plates adjacent thereto. The
conductive plate 5 will constitute part of the MS data storage capacitance
el ement. The conductive plate 5 consists of, e.g. a doped polycrystalline
silicon layer, for exanple, 10 and is fortid by a conductive

| ayer-formng step at the first layer in the production process. The data
storage capacitance el enent C of each nenory cell of the DRAM consists

primarily of the sem conductor substrate 1, th L1t 3, the 15
i nsul ating filmbube $RelhetremeRic i@%spg%f% §@§°€a€ﬂ'tﬂéeﬁgaH%%tT%é??ﬁﬁﬁ% 5

capaci tance ol orthi &S abt fhoEh1SRieha, p6 RS, EPSMEREraR EL RS o Thom e
mai n surface of %Qﬁ €%Q§Qdu8£8§ﬂ§ybstrate 1, and stores as 20 data a
S e

charge that is t fromihe bit lines to the depletion |ayer

through a switching ejegpnbyctl pecpilfeSHAR £OEDEESNEE bPerseme! trench
the f1

are snoot hed, the marked reductions iIn 'mthickness of the insulating
filma4 and the ejgehis€ihkershBSy afn@nesnkiabtpical1yhechnesees €8nobker

restricted.
conductive plates adjacent thereto. The conductive plate
5 will constitute part of the MIS data storage
capacitance élement. The conductive plate 5 consists of,
e.g. a doped polycrystalline silicon layer, for example,
10 and is formed by a conductive layer-forming step at the
first layer in the production process.

The data storage capacitance element C of each
memory cell of the DRAM consists primarily of the
semiconductor substrate 1, the small trench 3, the

15 insulating fiim 4, and the conductive plate 5. When the
conductive plate 5 is connected to a potential of about

Lo 5V, for example, the data storage capacitance element C
defines a depletion layer extending inward from the main

surface of the semiconductor substrate 1, and stores as

20 data a charge that is transmitted from the bit lines to

the depletion layer through a switching element.
Since.the sharp corners of the small trench are

smoothed, the marked reductions in the film thickness of

the insulating film 4 and the electric field

25 concentration at the corners can be restricted.



.12. Accordingly, the electrostatic destruction voltage of the insulating .-
film4 is inproved, and no short-circuits between the sem conduct or o~
substrate 1 and the conductive plate 5 occur, so that the charge stored as .
data in the 5 data storage capacitance el enent does not di sappear. An
insulating filmis arranged in such a manner that it covers the conductive
plate 5 and electrically isolates the plate froma word |line which will be
formed on the insulating film 10 12an insulating film7 is formed

aver the main surface of the sem conductor substrate 1 in a swtching

el ement region, this insulating film?7 primarily constituting the gate

noutating fpLubpha Sy SHETeheRtaduttG RN it YIRA VS LHE

insulating 1 Fch constifutes t e electrode o

M SFET. A CORHUGH h¥EnEasenudu 1sChdpibned, rRORP S 1 i gt e at o0

wi th, the conductive [fayer 8 in the col um directions, so as to extend over

the insul ati pgtirelm €he2@em i EBnFueRBHM Gubkt riadieen Wrd RNSdriduetigenor d
line W.. In order to reduce resistance and i nprove the data read and wite

speeds, the goadecki vecuryesd Fhamwd thearchargenst diedeosiaitiand nmehel | ayers

having a high nelting point (e.g. refractory nmetals), or layers of a

conpound525 dabet steragehicgpamditineg ediementetdnlesamibtsidiisappe@e.g. a

An insulating film is arranged in such a manner that

it covers the conductive plate 5 and electrically_ o

isolates the plate from a word line ﬁhich will be formed s
on the insulating film.

10 An insulating film 7 is formed over the main surface
of the semicohductor substrate 1 in a switching element
region, this insulating film 7 primarily constituting the
gate insulating film of the MISFET

A conductive layer 8 is formed over the insulating

15 film 7, and which constitutes the gate electrode of the
MISFET.

A conductive layer 9 is electrically connected to, -:;
and integrated with, the conductive layer 8 in the column
directions, so as to extend over the insulating film 6.

20 This conductive layer will constitute a word line WL.

In order to reduce resistance and improve the data
read and write speeds, the conductive layers 8 and 9 are
formed by depositing metal layers having a high melting

point (e.g. refractory metals), or layers of a compound

25 between a high melting point metal and silicon (e.g. a



13 -silicide), onto the polycrystalline silicon layers 8A and 9A,
respectively. They are forned by a second conductive layer-formng step in
t he production process. It is possible to use nol ybdenum tungsten,
titanium tantalum 5 or the like as the high nelting point netal, or a
silicode of oné of those netals. Sem conductor regions 10 which are of the
n+-type are forned in the sem conductor substrate, extending to the main
surface of the seniconductor substrate 1 on1 either side of the
conductive layer 8. These regions are used as source and drain regions,
and constitute part of the M SFET. A M SFET Q acting as the sw tching

I
Cem conduct or - suBSRAEAEED »tfeaco VA TR s %fsoafﬁﬁvﬁﬁ B4npd

d f | fs
tor age. capacit ani Bt (20 EAT%%EVTE%@WGV WP, 4 ot fishe |
5 positioned i n1ayeR -AOFRAMY SUU tid LI PrddudR (RN Yiidets | vy 18 and.

9, and isolates thémelectrically froma bit Iine which will be formed

thereon. A phosphesislibdd & dJhdes rfdilyBd eMiint,h &ﬁﬂ;éﬁtﬁérﬁumieﬁrﬁdmi 0 @rﬁmum,
“flow, can be used as the insulating 25 fi'lm1

5 or the like as the high meltlng point metal, or a

silicode of one of those metals.,
Semiconductor regions 10 which are of the n+-type
~ are formed in the semiconductor substrate, extending to
the main surface of the semiconductor substrate 1 on

10 either side of the conductive layer 8. These regions are
used as source and drain regions, and constitute part of
the MISFET.

A MISFET Q acting as the switching element of the
memory cell of a DRAM consists primafily of the

15 semiconductor substrate 1, the conductive layer 8, the
insulating film 7, and a pair of semiconductor regions

L 10.
Each memory cell includes a data storage capacitance
element and a MISFET Q.

20 An insulating film 11 is positioned in such a manner
that it covers the conductive layers 8 and 9, and
isolates them electrically from a bit line which will be
formed thereon. A phosphosilicate glass film, which can
be subjected to glass flow, can be used as the insulating

25 film 11.
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14. A contact hole 12 is forned by selectively renoving the insulating ;
films 7 and 11 over the sem conductor region 10, which provides an Y

el ectrical connection with the bit line which will be dispased on the .
insulating 5 film1l. A conductive layer is electrically connected to the
seni conduct or region 10 through the contact hole 12, and extends in the row
direction over the insulating film211l. This |ayer constitutes the bit |ine
BL. The conductive 10 | ayer 13 consistgyof, for exanple, an alum nium
layer, and is fornmed by a third conductive |ayer-formng step in the
production process. Specific details of the production nethod of this

enbodi nent of this invention will now be described wth 15 reference to
Figures 4 to 9 whiAcleoartactedtdlenst2 hirsouRpraped rigi e 1 gartritvedys rafmdvimglat a
storage capacitance el enent of a nmenory cell of a DRAM at each production
step. First dhealinsud ading fulldsi T @Entlict browrbstheatsenli cand@@® torpr epar ed.
An insulating film2A is formed over one nmain surface of the sem conductor

substrate i nregian P t iy anevwifieh amekgiinaluqumegtdammsith | | be

formed, and a field-insulating film2 is, formed over the portions of the
substrate 1 &t"’r?erbltth%"f"'cené"%jé%\ d&%ﬁi%rdiﬂ?“"é Qferfthe ddistating

5 film 11,

A conductive layer is electrically connected to the
semiconductor region 10 through the contact hole 12, and
extends in the row direction over the insulating film 11.
This layer constitutes the bit line BL. The conductive

10 layer 13 consists of, for example, an aluminium layer,
and is formed by a third conductive layer-forming step in
the production process.

"Specific details of the production method of this
embodiment of this invention will now be described with

15 reference to Figures 4 to 9 which are sections through
principal portions of the data storage éapacitance
element of a memory cell of a DRAM at each production N
step.

First of all, a p -type semiconductor substrate 1 is

20 prepared. An insulating film 24 is formed'over one méin
surface of the semiconductor substrate in a region
thereof in which the semiconductor elements will be
formed, and a field-insulating film 2 is formed over the
portions of the substrate 1 other than the semiconductor

25 element region.



I5 Mask-form ng materials 14 and 15 are sequentially deposited onto the
|q~ylat|ng film2A and the field- insulating film2, respectively, as shown
ijn Figure 4, for - the formation of a small trench. A phosphosilicate 5

glass filmformed by chem cal vapour deposition (hereinafter called "CVvD"),
for exanple, i‘s used as the mask-form ng material 15 acting as an etching
mask for the formation of the small trench, and the filmthickness can
range fromabout 0.8 to about 1.2 pm for el@mple. A 10 silicon nitride
filmformed by CVD, for exanple, is used as the mask-formng material 14
for the mask used to snDoth the sharp corners of the small trench, its

;{%E?Ee;;ei’ﬁggaiﬁ"% 'fs’:f fn%ﬁtgﬁ?sﬁ"igeig%ﬁ ;ﬁa%?rete %Eﬁeﬁafiafﬂ‘”“d' '
enove

by dry el eing Uit PYSTRet | arte BRE°LALETRPLAERAER £ SUCEhE FHAS

etching. The nasgnéﬁigtfﬂg”§ifﬁ'§| ?ﬁsp&ﬂ@ib@i?'aEF”Qhth”lﬁAF1§HFet@e

sem conduct or strate 1 are reaned sel ectivel y using nmaln

the mask 15A, torégprghé heopdBtioh8NCA Shall thenenin a%ﬁassn@éﬂheate
sem conductor substrate 1 as shown in Figure 5. A mask 14A for a

heat -resi st afit tgeassenilnsfornedf by nenelycalbsapourabieypokheéisane process
of formng small trench 25 3A, which nmask 14A is self-aligned with the
smal | trench (hereinafter called "CVD"), for example, is used as the
mask-forming material 15 acting as an etching mask for
- the formation of the small trench, and the film thickness
can range from about 0.8 to about 1.2 um, for example. A
10 silicon nitride film formed by CVD, for example, is used
as the mask-forming material 14 for the mask used to
smooth the sharp corners of the small trench, its
thickness being about 0.04 to 0.06 pm, for example.
After the step shown in Figure 4, the mask-forming
15 material 15 of the small-trench region within the data
storage capacitance element region is selectively removed
{ by dry etching utilizing CHF

N 3
resistant to etching. The mask-forming material 14, the

gas, to form a mask 154

insulating film 2A, and the semiconductor substrate 1 are
20 then removed selectively using mainly the mask 154, to
form the small trench 3A in the main surface of the
semiconductor substrate 1 as shown in Figure 5. A mask
14A for a heat-resistant treatment is also formed by
substantially the same process of forming small trench

25 34, which mask 14A is self;aligned with the small trench



. 16. 3A. The small trench 3A has a size of about 1.0 x 1.5 [err], for
exanple, and is fornmed by anisotropic (dry) etching utilizing CHF3 gas im
order to mnimze the plan area of the data storage capacitance elenent. It .
has a 5 depth of about 4.0 to 6.0 pm extending inward fromthe nmain
surface of the sem conductor substrate 1. Since the small trench 3Ais
formed by anisotropic etching, its corners have an acute-angl ed shape.

After the step shown in Figure 5, the mabk. 15A is 10 renoved to expose

t-he mask 14A. Using this mask 14A, an insulating film 116 is fornmed over

the main surface of the sem conductor substrate 1 along the surface within

h |1 h ' d h th f th |
Lrench 3A  aknou (A G oAk 88 5 e o6 cabRry T60 Bntitis of

f | e, 3l |.de fi f by th | daf | . SR
and 1o Thi cifibos HF AT ot 08 PTade Y B e edRke Clup A B, © )
' | ati fi f th
mal 120 1SR B B TR gL GRAOE P AL TR R Of e

smal | trench g3/ea r (K ddtd SsESFdpel aOplcibhn & e Yed¥st 2l | 1t Hoyever, the
sharp corners 16A and 16B in the main surface of the sem conductor

substrates 1 had tde aul 4Ot d i 6 10 Litm AT €x M@ QUi nward hedomntid ¢ 25
shape is provided thereat (e.g. the corners are rounded
main surface of the semiconductor substrate 1. Since the
small trench 3A is formed by anisotropic etching, its
corners have an acute-angled shape.
After the step shown in Figure 5, the mask 15A is

10 removed to expose the mask 14A. Using this mask 14A, an
insulating film 16 is formed over the main surface of the
semiconductor substrate 1 along the surface within the
small trench 3A, in order to smooth the sharp corners of
the small trench 3A, as shown in Figure 6. The

15 insulating film 16 consists of, for example, a silicon
oxide film formed by thermal oxidation (e.g. SiOz), and
its thickness of about 0.03 to 0.20 pm. ;;

The thickness of the insulating film 16 drops

markedly at sharp corners 16B at the bottom of the small

20 trench 3A and increases at sharp corners 16A at the mouth
of the small trench 3A, so that it is formed non-
uniformly overall. However, the sharp corners 16A and
16B in the main surface of the semiconductor substrate 1

below the insulating film 16 are smoothed, so that an arc

25 shape is provided thereat (e.g. the corners are rounded



17.=~off).. Thus, in the present enbodinent, the formng of the insulating
filka1 16, using the sem conductor substrat for the formation thereof, acts
t® round off the corners. After the step shown in Figure 6, the insulating
5 film16 is selectively renoved by conventional wet etching using the mask
14A as an etching mask, and the small trench 3 whose sharp corners have
been snoothed is formed as shown in Figure 7. The steps of form ng and
removi ng the insulating 10 film16 do not ‘drert any adverse effect on the
ot herportions, such as changing the thickness of the field insulating film
2, because the mask 14A is provided. As will be described |ater, we have

confirmed that tg?fgr.ml rhseNgl %h‘@”%%s-%g&r %mg%r({lg{” th,fa eb%}'m}o d.tot}ed 15

to an arc shape radi us of at |east, e inthis'e i ment

ensures that theghasyhaulBging Pidn &6laha OIS LARAIIARGDre RiRitrat
which is formed three- dinensionally therein can provide an electrostatic

destruction vol t gge @healfernatd ono tHeteddTgt adtft 52 tid FHoutld offfl |the Aldrelerishe
step shown in Figure 7, the mask 14A and the insulating film 2A are

renoved, as done convAfttieonihey step shomn im Figpresifl,i die rinsulcd iag
silicon oxide filnms, to expose the main surface of the 25 sem conduct or
substrate, a® sh@@ﬁmiﬁﬁFﬁguﬁelsptively removed by conventional wet
etching using the mask 14A as an etching mask, and the
small trench 3 whose sharp corners have been smoothed is
formed as shown in Figure 7.
The steps of forming and removing the insulating
10 film 16 do not exert any adverse effect on the other
portions, such as changing the thickness of the field
insulating film 2, because the mask 14A is provided.
As will be described later, we have confirmed that
the small trench 3 whose sharp corners have been smoothed
15 to an arec shape of radius of at least, e.g. 0.03 pm in
this embodiment ensures that the insulating film of a
W data storage capacitance element which is formed three-
dimensionally therein can provide an electrostatic
destruction voltage of about 70 to 90% that of a flat
20 film.
After the step shown in Figure 7, the mask 144 and
the insulating film 2A are removed, as done
conventionally for removing, e.g. silicon nitride and

silicon oxide films, to expose the main surface of the

25 semiconductor substrate, as shown in Figure 8.
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18. .After the step shown in Figure 8 an insulating film4 is fornmed over ~
t he exposed main surface of the sem conductor substrate 1, as shown in
Figure 9. In order to formthe insulating filmof the data storage 5 v
capaci tance elenent, the insulating film4 can be a silicon oxide film

(e.g. Si®) formed by thermal oxidation, for exanple, and its film

t hi ckness can be about 0.01 to 0.03 [err In order to increase its
dielectric constant and store a greater h§ant|ty of 10 charge as data,

the insulating film4 may consist of an approximately 0.01 pmthick silicon
oxide film(e.g. Si2) fornmed by thermal oxidation, and an approxinmately

0.02 [err] thi ck shpbepnshbt idp BhbinIgAHsEafeds OUR 9fshigcshl ¢90q0%i de

film for exanple arp-angl es a € cornefs are

smoot hed, theyi fgukghhBd bybM éhése&%g&d RYgh %he-f%b,n ofUthace of the
sen1conductor substrate 1, and along the surface wthin the small trench 3,

at a substant sahl YoHaik o6 Ehbskrase. 130as shownTher eaghee, 9st amdard
production steps are used to conplete the DRAM of this enbodi ment shown in

Fi gures 2 andoBderfhetoefbent thé thsalethag fddm ofl kheodaba €¢secagbed.

Figure 10 is a section through principal portions of 25 t he DRAM nenory

cel | provbdedcapaaitedet ehemedb;, the insulating film 4 can be a
silicon oxide film (é.g. 3102) formed by thermal
oxidation,.fof examnple, and its film thickness can be
about 0.01 to 0.03 pm. In order to increase its
dielectric cdnstant and stqre a greater quantity of

10 charge as data, the insulating film ¥ may consist of an
approximately 0.01 pm thick silicon oxide film (e.g.
Sioz) formed by thermal oxidation, and an approximately
0.02 pum thick silicon nitride film deposited by CVD on
the silicon oxide film, for example.

15 Since the sharp angles.at the corners are smoothed,
the insulating film 4 is formed over the main surface of
the semiconductor substrate 1, and along the surface ;;;
within the small trench 3, at a substantially uniform
thickness.

20 Thereafter, standard production steps are used to
complete the DRAM of this embodiment shown in Figures 2
and 3.

The effect of this embodiment will now be described.
Figure 10 is a section through principal portions of

25 the DRAM memory cell provided as a model in order to



19_.nmeasure the electrostatic destruction voltage of the insulating film of
a ggta storage capacitance element utilizing a small trench; Figure 11 is
ah enl arged section through a corner of the small trench in Figure 5 10;
Figure 12 is a graph of the results of calculations of the electrostatic
destruction voltage of the insulating film obtained by using the nodel
shown in Figures 10 and 11; Figure 13 is a graph of the results of
experiments on.the electrostatic destruction'%oltage of 10 an insulating
filmwhen the present invention is not applied; and Figures 14 to 16 are
graphs of the results of experinments on the electrostatic destruction

| t f ' lat i il t f,d t] ' |ied. 15
' Fioares 10 andersurtiee, Rititas e SR BN St o Roe $groce
h I h t ' ' 1 ti
2t whi eh'a prop eaatatiie cldh (@ & hedWeditled ke fhel artlbie) | O
of forming the St iAieiclh Yha11s syt i 20 19 nlierdialr @hppe

Symbol [err] denotes the thickness of the insulating film4, and r denotes
the radius of theedtddmivibuin tdhedididrelofoftidardml | trido i Filgurd gure

12, the ratio of the radius r to the 25 thickness [err] of the insulating
film4 (r/[elr]) 105 Figure 12 is a graph of the results of calculations
of the electrostatic destruction voltage of the
insulating film, obtained by using the model shown in
Figures 10 and 11; Figure 13 is a graph of the results of
‘experiments on.the electrostatic destruction voltage of
10 an insulating film when the present invention is not
applied; and Figures 14 to 16 are graphs of the results
of experiments on the electrostatic destruction voltage
of an insulating film when the present invention is
applied;
15 In Figures 10 and 11, reference numerals 3a and 3b
denote portions-whosg sharp angles have been smoothed to
kz, a cylindrical shape, and 3¢ is a portion at which a
projection, formed by the effect of foreign matter in the
step of forming the small trench 3A, is smoothed to a
20 spherical shape.
Symbol tox denotes the thickness of the insulating
film 4, and r denotes the radius of the arc formed at the
corner of the small trench 3.

In Figure 12, the ratio of the radius r to the
25 thickness tox of the insulating film 4 (r/tox) is shown
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20. along the axis of the abscissa, and the electrostatic destruction >

voltage of the insulating film4 at the snmall trench 3, when the U,
el ectrostatic destruction voltage of the insulating film4.s 1.0 at a +
pl anar surface portion, 5 is showmn along the axis of the ordinate. Curve

A shows the el ectrostatic destruction veltage of the insulating film4 at
the portions 3a and 3b shaped into the cy, ?lndrlcal form and curve B shows
the el ectrostatic destruction voltage of the insulating film 10 4 at the
portion 3c shaped into the spherical form As can be seen clearly from
Figures 10 to 12, the breakdown voltage of the insulating film4 can be

i nproved to ﬁ%?\ts thel QP00 6F the éwéw@a;Ieﬂdveheeewc%%%wt% t he

sharp corners the small trench 3 to a 15 radi us which is at |east

three tines yeatiriiictiibSvdltagé oK the insuiating Film 4. atf viee sgaiiakness

[err] of the insulating film4 is about 0.01 [err for exanple, the radlus

r is to be ahpénch G5 iR Chéi €Yect Fes BOYE- destribed onevellta ge20fr
Therefore, if the insulating film16 is fornmed about 0.03 [err] thlck t he

radius r canghe dhildrHvgpNilendl dsell ebtabsaaplandpssupiaicen ﬁdi'ltti%(i\e of
about 70 to 90% of the flat-portion value can be obtained for the

|nsulat|5g | gwershbwnl Rl drig ckhesaxdé oNnsthetondihatel 16 can be, 25 e.g.

at least 0.03 [err].

Curve A shows the electrostatic destruction voltage
of the insulating film 4 at the portions 3a and 3b shaped -
into the eylindrical form, and curve B shows the ~
electrostatic destruction voltage of the insulating film

10 ¥ at the portion 3¢ shaped into the spherical form.

As can be seen clearly from Figures 10 to 12, the
breakdown voltage of the insulating film 4 can be
improved to about 70 to 90% of the flat-portion value by
smoothing the sharp corners of the small trench 3 to a

15 radius which is at least three times the thickness tox of
the insulating film 4, |

If the thickness tox'of the insulating film 4 is
about 0.01 pﬁ, for example, the radius r is to be about
0.03 pm to achieve the above-described results. '

20 Therefore, if the insulating film 16 is formed about 0.03
ﬁm thick, the radius r can be about 0.03 um, and a
electrostatic destruction voltage of about 70 to 90% of
the flat-portion value can be obtained for the insulating

layer 4. The thickness of insulating film 16 can be,
25 e.g. at least 0.03 um.



71, In Figures 13 to 16, the electrostatic destruction voltage (V) of the
|qsﬁlat|ng film4 is shown along the axis of the abscissa, and the nunber
of “devi ce which is destroyed when the voltage shown in abscissa is applied
5 between the substrate 1 and el ectrode 5 along the axis of the ordinate.
Figure 13 shows the electrostatic destruction voltage when the insulating
film4 is formed directly over the surface of a small trench 3A whose sharp
corners 10 have not been snoothed. Figure 34,shows the electrostatic
destruction voltage when the insulating film4 is fornmed over the surface
of a small trench 3 whose sharp corners have been snoothed by the formation
of an about 0.05 [err]_thick 15 insulating film16. Figure 15 shows the
el ectrostatic destructibF EHtegelfed 1he the e becturstatica desfouetibrover
the surface of a < | | trggfqﬁg whose sharp corners have been snoot hed by
the formation of % pre hjr%%u%tiw nStA B Y nbs fshown Rl guhe 16

h th | ect | t wh t.h at filma4
formed over the SNThcE o AA¢Tes orefl iR R T B A WAS AP bt
ignothed by tfﬁff&a&%ﬁdehcuhéH‘éﬂé“%ofkéﬁé[éﬂéJnt ﬁngsc1ssa é“é%ﬁf%%J'l m

5 between the substrate 1 and electrode 5 along the axis of
the ordinate.
_ Figure 13 shows the electrostatiec destruction
\n/ voltage when the insulating film 4 is formed directly
over the surface of a small trench 3A whose sharp cornefs
10 have not been smoothed.

Figure 14 shows the electrostatic destruction
voltage when the insulating film 4 is formed over the
surface of a small trench 3 whose sharp corners have been
smoothed by the forﬁation of an about 0.05 um thick

15- insulating film 16,

Figure 15 shows the electrostatic destruction
voltage when the insulating film 4 is formed over the
surface of a small trench 3 whose sharp corners have been

| shoothed by the formation of an about 0.10 um thick
20 insulating film 16,

Figure 16 shows the electrostatic destruction
voltage whén the insulating film 4 is formed over the
surface of a small trench 3 whose sharp corners have been
smoothed by the formation of an about 0.20 um thieck

25 insulating film 16. |
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22. In all these cases, the thickness t of the insulating film4 is 0.02.
[err]. As can be seen clearly fromFigures 13 to 16, the formation of a NP
data storage capacitance elenment in a5 smal | trench 3 whose sharp i
corners have been snoothed can inprove the electrostatic destruction

voltage of the insulating film4 by at |east about 20% conpared to the

case in which the corners are not snoothed. The above descri bed enbodi nent
has the follow ng 10 ef fects and advarRages: (a) A small trench whose
sharp corners have been snoothed (rounded off) can be formed by formng
(etching or boring) a small trench in the main surface of a seni conduct or
substrate so as tgQ exteng i nward fromthe 15 mai n surface, formng an

i nsul ating fi!n1aF8n§19h_nﬁﬁqeﬁ§§qﬁ'tqﬂ?sﬁﬁﬂ?kﬂ?ﬁﬁuﬁbxeﬂﬁiqm%n sel ectively
have. been SmiBRRIACERE St AR P18 THE of fect described in 20 & (2)
cbove, Lhe e ked o el windoh US4l PAeap £l ghley  FRUGIAE T 200,
oL e RSB SO gt LAY, R 1 el e
substrat g andmahqn@rehensy W eVidnirp (d¥rners have been smoothed can
improve the electrostatic destruction voltage of the
insulating film'u by at least about 20%, compared to the _
case in which the corners are not smoothed. -/
The above described embodiment has the following
10 effects and advantages:
(a) A small trench whose sharp corners have been
smoothed (rounded off) .can be formed by forming (etching
or boring) a small trench in the main surface of a
semiconductor substrate so as to extend inward from the
15 main surface, forming an insulating film along the
surface of the small trench, and then selectively
removing the insulating film. \;/
(b) Since a small trench whose sharp corners have
been smoothed can be obtained by the effect described in
20 (a) above, the marked reductions in the thickness of ‘the
insulating film, and the electric field concentration at
the eorne(s.of the small trench, can be restricted; and
in a semiconductor device including the small trench, the

insulating film provided over the main surface of the

25 semiconductor substrate and along the surface within the



23. small trench, and a conductive |ayer forned over the insulating film
the-el ectrostatic destruction voltage of the insulating filmcan be
\oproved. (c) Since a small trench whose sharp corners have 5 been

snmoot hed can be obtained by the effect described in (a) above, narked
reductions in*the thickness of the insulating film and the electric fie€eld
concentration at the corners of the small trench, can be restricted in a
dat a storage capacitance el ement of a nenor§3eell of a 10 DRAM i ncl udi ng
the small trench; in a DRAMincluding the insulating filmprovided over the
mai n surface of the sem conductor substrate and along the surface within

th [t h, ' I ' ' '
the Z{“é‘gt roL;:inh s bl Prenfin onf: aoBonrueBivE; naVEk. EPEmeRoov R 1 Plan bo.
I nproved, and thg t h

Since the narkeleéggéfﬁéﬁs??%Qfﬁéggh?%E%ggggqu?%2dgggapgfg%gvgﬁﬁﬁgggggk
the electric fleége?gﬁﬁﬁmgiﬁhFO?igh Egﬁ ggr@ﬁb§pquq smal|l trench can be

restricted, and e eleclrostatic destruction voltage of the

insulating filmcan bgshmeiaueds kRaR1SePeneRduabee @auirgecbirnersi Agve
small trench as described in (b) above, the electrical reliability of the

seni conduct 05 i nbeghab@RBotheduchndbei obtadnede bymphevedfe2s deseribgd) in
Since the marked reductions in the thickness of
(a) above, marked reductions in the thickness of the
insulating film, and the electric field concentration at
o/ . the corners of the small trench, can be restricted in a
data storage capacitance element of a memory cell of a
10 DRAM including the small trench; in a DRAM including the
insulating film provided over the main surface of the
semiconductor substrate and along the surface within the
small trench, and a conductive layer formed over the
insulating film, the electrostatic destruction voltage of
15 the insulating film can be improved, and the loss of the
charge stored as data can be prevented.

(d) Since the marked reductions in the thickness of
the insulating film, and the electric field conéentration
at the corners of a small trench can be restricted, and

20 the electrostatic destruction voltage of the insulating
film can be improved, in a semiconductor device utilizing
a small trench as described in (b) above, the electrical
reliability of the semiconductor integréted circuit
device can be improved.

25 (e) Since the marked reductions in the thickness of



. 24. the insulating film and the electric field concentration at the

cornérs of a small trench can be restricted, and the electrostatic S
destruction voltage can be inproved, in a data storage capacitance el enent "/
of a DRAM nenory cell 5 utilizing a small trench, and, noreover, since

the |l oss of the charge stored as data can be prevented as described in (c)
above, the electrical reliability of the DRAM can be inproved. Wil st the
above described embodi ment illustrates 8d4.10 exanple in which the present
tnvention is applied to a data storage capacitance el enent of a DRAM nenory
cell utilizing a small trench, it will be appreciated that it is not

i fi [ 1 imted d i i I
speci | cal Ly b TSI LIGTE B30 o o8, BBl R R R R
Attenti i di i i 8 i,ch b
ARG on 1 SaflSHE b0cflkec0pRbt ATk LAgh g ReOTLIT Wik ags boen
sem conduct oppdeyy g8 hBSkYdli RIded £rueRidn! Fodt cal bRCEmPlroFe dl’ in

| e gk 3
sem conductor substrate, said trench having substantially vertical walls
and extendi ng §508 s8bPagRi RapHcidanceNed ehlti Birehl DRAM medbty cell

sem conduct or
5 utilizing a small trench, and, moreover, since the loss
of the charge stored as data can be prevented as
described in (c) above, the electrical reliability of the
DRAM can be improved. Kuj
Whilst the above described embodiment illustrates an
10 example in which the present invention is applied to a
data storage capacitance element of a DRAM memory cell
utilizing a small trench, it will be appreciated that it
is not specifically limited thereto, and'can be applied
to a capacitance element of a semiconductor integrated
circuit device utilizing a small trench.
Attention is drawn to our conending anplication Xo §819237

which has be=n divided from the present avovlication.



shbstrate; said trench having its initially fornmed sharp corners
rounded-of f; an insulating filmforned over said surface of said

-se condct or substrate and along the surface within said trench; and a
conductive |ayer formed over said insulatim@Sidm wherein the radius of

t he rounded-off corners of the trench.is at least three tinmes the thickness
of the insulating film 2. A sem ccording to claim
1, wherein the ragdi qﬁﬂg t he rounded-off corners is at |least 0.03 [err]. 3.
A semi conduct or &R Sccording to cl auu l"ll“ﬂl'mHLn sai d insul ating
filmconprises a filmof silicon oxide surface and al ong
the surface of the trench, and a S|I|con n|tr|de flfn1on,Lhe silicon oxide

film 4. A sem condqpt% HAAMEIRRE f i
precedi ng cl ai ms,” wherein sai senlcon uct or su strate 1S a S|I|con S|ngle
crystal. 5. a iy SPNEGORICtEY d @a&r@m&ec&cwutbs@w;@e ls'aqlauwag.cha

series circuit consisti ng of a data st orage capacltance el errent sal d data

storage capaciHavingy edEYEn tiaA ¥ vdida If Wamé laﬁhdaeﬁi&lehd&hhl’gf Fgomof a
sem conductor substrate in such a manner that said trench has substantially

vertical walls arshikinends dsumrffacsiihtmithes unfteadomicd shdd seaiicondakcteai d
sem conductor 5 substrate, said trench having its initially formed sharp
substrate, said trench having its initially formed sharp
corners rounded-off; an insulating film formed over said
surface of said semicondctor substrate and along the
surface within said trench; and a conductive layer formed
over said insulating film, wherein the radius of the
rounded-off corners of the trench is at least three times
the thickness of the insulating film.
2. A semiconductor device according to claim 1,
wherein the radius of the rounded-off corners is at
least 0.03um.
3. A semiconductor device according to claim 1
or 2, wherein said insulating film cpmprises'a film of
N silicon oxide adjacent the main surface and along the

surface of the trenéh, and a silicon nitride £film on

the silicon oxide film.

4, | A semiconductor device according to any one

of the preceding claims, wherein said semiconductor

substrate is a silicon single crystal.

5. A semiconductor integrated circuit device

including: a series circuit consisting of a data

storage capacitance element, said data storage



corners rounded off; an insulating filmfornmed over said nmain surface of {-
sai d sem conductor substrate and al ong the sur EY '“ trench; a™ .,
conductive layer formed over said insulating f]ﬂmlmlnim"lum ing el ement™,
gonnected in 10 series with said data2étorage*capacttdhcé elenent; e
wherein the radius of the rounded-off corners of said trench is at |least" .
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sem conductor integrated circuit device constructed substantia n
descri bed wphlinr 8hetaB86cotOsad 86mitbhHaLEtbLUshbstidte €8nd 4Dorg Ofhé he
acconpanyi ng draw ngs. .

surface within said trench; a conductive layer formed over

said insulating film; and a switching element connected in

10 series with said data storage capacitance element; wherein k.j
the radius of the rounded-off corners of said trench is at
least three times thé thickness of the insulating film.
6. " A method of producing a semiconductor device
incluéing the steps of: forming a trench in a main surface

15 of a semiconductor substrate such that said trench has
substantially vertical walls and extends from said main
surface into the interior of said semiconductor substrate,
whereby said trench includes sharp corners; rounding off
said sharp corners; forming an insulating film over said

20 main surface of said semiconductor substrate and along the ~/
surface within said trench; and forming a conductive layer
over said insulating film, the'radius of the rounded-off
corners of the trench being at least three times the
thickness of the insulating film.

25 7. A semiconductor integrated circuit device
constructed substantially as herein described with reference
to and as illustrated in Figures 1 to 3 of the accompanying

drawings.




