1A NETHOD OF PRODUCI NG A SEM CONDUCTOR DEVI CE" The present iggpﬂlkqu 52
relates to a technique which 5 is effective when applied to 'LFY' _
gem cenductor integrated circuit device. Mire particularly, the present
invenh&pn relates:to a technique which is gffective when applied to a

sem conductor <integrated circuit- device provided with snmall hol es or

grooves (e.g. noats, or trenches, forned 10 In the substrate surface). In
order to increase nmenory capacity, the integration density of a

sem conduct or i nt edPatMBRTHOD COF t PRRDUCENEqAI SEMIECONDNCTORY MBWICE"

random access nMeno+y—hkeret-hatt-er—eatt-ed——bRAM—us+Rg—Ssertes—e+fcuits of a
15 data storage capacitance el ement and a switching el ement as nenory .
cells tends to increase. There has previously been proposed a technique of
‘inmproving the integration density of-a DRAM by form ng small holes or

grooves (e.g. noats or-trenches) in a mai-n 20 surface of a sem conductor
substrate by ani sothhmpipresemt njnvendipnovieliatesarto rsut ethngqhe! whaletng

the surface within each noat or trench and-a conductive | ayer over the noat
or trench5to fie reffeative athent appldedge oc @p denivordwt pornint ageatieds
reduce the plan area of 25 each nmenory cell (Japanese Patent Publication
No. 2. 127239243 device. More particularly, the present invention

B 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

~ 10 in the substrate surface).

-In-brder:to inérease memory capécity, the
integration density of a'semiconductor integréted circuit
device equipped with a dynamic random-access memory

“'(hebeinafter called "DRAM") using series cireuit# of a
15 data storaée capacitance element and a switching element
E_as.memory cells tends to_increase._ | | |

o 'There has pfeviously been prppogeg a technique of

U imprbving.the integration dehsity of%aﬁDRAM:by forming

small holes or grooveé.(e.g. moats or -trenches) in a main
20 _Surf&cé 6f a semiconductor substrate by ‘anisotropic
éﬁchihg, and providing an insulating film along the
surface'within_each.moat or trench and a conductive layer
pyer_the moat or trehch.to form a vertical daté storage
capacitahce elément,-and thus reduce the plah~area of

25 each memory cell (Japanese Patent Publication No.



.

‘As d result of experiments and studies on this prior technique, however, we

-have di scovered that, since the corners of the small npbats or -trenches,

produced by 5 ani sotropi c etching, have an acute-angl ed shape, redlctions
in the thickness of the insulating filmand the electric field «~. ¥
concentration are likely to occur at the2gorners, so that the ‘el ectrostatic
destruction voltage (dielectric breakdown voltage) of the insulating 10

~filmof each data storage capacitance el enent drops nmarkedly. The results

of experinments which we have carried out has reveal ed that the

el ectrost at 12788¢018830i.on vol tage of the insulating filmof a
vertically-forned data 15 st orage capacitance elenent is only about 50 to
60% of the el ect Assthatiesuddstafuciperimentgeanil shadiesulont it s ipmiat a
flat (horizontal) data storage capacitance element. If the electrostatic
destructi onteehnigueof howevey, wehrshave i diyseoverefl fhast,a sdinmeagehe

capaci tance elenent drops, it is very likely that short-circuits wll occur
bet ween t hec@BRRESn@dctide smakl MeatsrerntrengBes,apradyeedett® ni ned
potential, and a conductive |ayer which i.s held at_a different potential.

| f a shbrt-anisgtropic etchimng, thave n gacuterangisddshaPsis | be | ost, and
hence the. electrical reliability of the DRAMw || deterjorate. It is
therefore ane8BpEdong: ithéhe dddknegenef ohhe insulating film and

the electric field concentration are likely to occur at
the corners, so that the electrostatic destrﬁction |
'voltage (dielectric breakdown voltage).of the in;ulating
10 film of each data storage capaeitanée éiemedt drops
markedly. | N
The results of'expefiments whiéh we have cérried out
‘has revealed that the electrostatic destruction ﬁoiﬁage
of the insulating film of a verticailY-fbrmed data
15 storage capacitance element is only about 50 to 60% of
the electrostétic destructioﬁ voltage of:the insﬁlating
fi;m of a flat (horizontal) data storage cabacitance .
element. ' | “ ' -
If the electrostatic destruction voltage of the
20 insulating film of a data storage capacitance élément
drops, it is very likely that short-circuits wiil 6¢cur
betweeh the semiconductor substrate, which is held at a
predetermined potential, and a conductive'layer #ﬁich is
held at a different potential. If a short-circuit'

25 occufs, the charge stored as data will be lost;-ahd hence'



o i mprove the electrical reliability of sem conductor device, in
particul ar a sem conductor integrated circuit 5 device. It is another

obj ect. of the present invention to snooth the acute-angled shape of each
cornen _of small trenches or noats (holes or grooves) in a sem conductor

i ntegrated cirkcuit device having such small3trenches or 10 noats (hol es

or grooves). It is a third object of the present invention to provide an

i nprovenment in the electrostatic destruction voltage of an insulating film
in a sem conductor integrated circuit device provided with small trenches

or 15 noats ER8I-edegtrdgroddyv gl faRikity of khenDBAMf sédlodeseriorate.
semi conductor substrate, the insulating filnibeing provi ded al ong the _ :
surface wi.thin the d¥aiis tthanafre mmiopieel, obr theopvepenind nyeddidnct i ve .

| ayer being fornmed over.the insulating film 20, It is a fourth .
obj ect of the pPedBRTOVE dhE ek kR deehiaPipibyerEnsemd copductor

el ectrostatic destruction voltage of an insulating filmand the prevention
of the |oss of 4€Narge difpoParY 33 SemiceRdUehar; iakegratedepirceuit
consisting,in turn, of a small trench or noat 25 (hol e or groove) forned
in a main §urf9€¥¥8?'a 4 sem conductor substrate, an insulating film

arranged along the gurface wohin the SPll LEEnsRebnlP3hvba2i%n ko
- smooth the acute-angled shapé of each corner of small
_;tpenches or moats (holes or grooves) in a semiconductbr
W integrated circuit device having such smail trenches or
lgh._moats (ho1es or grooveé). | |
It is a third object of the preéent invéntioﬁ Eo
_ _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
semiconductdr éubstrate, the insulating film being
provided along the surface within the smali trench or
. @oat (ho;é;pr groove), and a éOndﬁctiﬁe iayer being
[-fdrmed.over;the insulating'film. |
20 It is a fourth object of the present invention to
provide 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, pf a small'trench ar moat

251,-(hole or groove) formed in a main surface of a



A )
groove), and a conductive |ayer arranged over the insulating film and a
switching el enent connected in series with the 5 data storage capacitance
el ement. According to a first aspect of the present invention there 7§ ‘
provi ded a nmet hod of producing a sen éonductor device incruding+bhe;§?%ps
of : forni sgmiconducitam substrate; f ane iosud atdmg: Fidm tarrangedr alonguch
that said trench 10 extends fromsaid main surface into the interior of
sai d seni tbedsurdacaisithin thacsapylsirenche oah moat Uheleodrers; forn ng
by thermal oxidation an initial insulating filmalong the surface within
sai d trengrooNe sclangd ia Fonduativaglayes arFangechever rithentnsviating
corners are 15 rounded off; formng a further insulating filmover said
mai n surf £4dmMef ang @ SRk t gtengpd: connaegted | i gsentes uwisbe thet hin
said trench; and form ng a conductive |ayer over said further insulating
fil mSAcc8adengtarage caprchtpece 81emeBdty csent invention 20 there is

provi ded a net hod of , produci ng sem conduct o evice including the steps
of: formng a tﬁ"&ﬂﬁ?f’?’g atﬂa?nfgﬁﬁgaééw %érﬁ RERSPt simvepgiens ch

0 e AT, B, AR b it S
havi ng. an devase g o fE o g, BR%5e 04 Bt R T epeRnge, Aeneiden
Ut 112100 Salh Sl 4Ok BhdoRubRBE W itAld Yt it Bhab™WeRh
10 extends from said main surface into the interior of said
semiconductor substrate, whereby said trench includes o/
corners; forming by thermal oxidation an initial insulating
film along the surface within said trench and selectively
reﬁoving said insulating film, whereby said corners are
15 rounded off; forming a further insulating film over said
main surface of said semiconductor substrate and along the
surface within said trench; and forming a conductive layer
over said further insulating film.
According to a second aspect of the present invention
20 fhere is provided a method of producing a semiconductor _ -Q)
device including the steps of: forming a trench in a main
surface of a semiconductof substrate such that said trench
exténds~from séid main surface into the interior or said
Hsgmiconductor substrate,.whereby-said trench has corners,
25 said.fdrmipg the trench including forming a mask on the
substrafe su:fa&e, said_mask having an opening at the
loéétion of thé trench, and forming the trench utilizing
said mask; forming by thermal oxidation an initial

insulating film along the



£ surface within the trench, using said mask, and sel ectively renoving said
initial insulating filmalong the surface within the trench, whereby said
corners are rounded off; forming an insulatgng filmover said main surface
of sakg,5 sem conductor substrate and al ohg the surface within said

trench” and fgrue 3 quigvliftérvé LAEEh OVEEin ig?ggfrg&éki NQnld 'gaﬁgé%gr%d

be noted that "Int ng descri ption an the "trenc

descri bed. i ncLudes o SaiP! G tidl 186QPYEEng"BALR albRBCRER RiFacd OF Med

in the sem conductor “substrat-e and, 1n general, refers t0 any openl ng

formed in they,deRieORHE W¥erictDS (Wi FeBY Us88d| 86rn8rS atelroulEdEbEE;
corners, and. being usable for purposes of the present invention. 15

In a preferregoipiifgofar NhdulStEAPNEL Bm Sbve£08anilt bde BurPatil o L4Ldi ng
mask are sequentially formed over a main surface of a sem conduct or

substrat eg andemiechducitt iubstitaté | sha@ndlohg thel sardaceowithii rededare
then sel ectively etched using the etching mask, to forma heat- 20

resistant treareph; d Afskminged | conducbive lagesreoveandaiidrimukiting.
Thereafter, an insulating filmis formed along the surface within the snall
trench, usingftillm.heat-resistant treatnment mask, and is then renoved
selectively to forma small trench whose sharp corners 25 (acut e-angl ed
corners) are snoot lsd strauidiche oidted Thnat ysnshel fpllowing sirseripiiomi on
provi des for trenches, in the sem conductor substrate, wherein the
and claims, the "trench" as described includes, e.g. holes,
10 grooves, moats, trenches, etc., formed in the semiconductor
\/f .substrate_and,_in general, refers to any opening formed in
the_semiconductor_substrate and having, e.g. acute-angled
-~ corners, and being usable for purposes of the present
invention. |
5 In a preferred form of the invention, a silicon nitride
film and an etching mask are sequentially formed over a main
surface of a semiconduct@r substrate, and the silicdh
nitride film and the semiconductor substrate are then
selectively etched using the etching mask, to form a heat-:
\_ 20 resistant treatment mask and a small trench in the
. semiconductor substrate. Thereafter, an insulating film isi'
formed along the surface within the small trench, using the
heat-resistant treatment'mask,_and is thgn removed
selectively to form a small trench whose sharp corners
25 (acute-angled corners) are smoothed (rounded off).
_'Thus, generally, the present invention provides for

trenches, in the semiconductor substrate, wherein the

corners thereof are rounded off, e.g. curved. Since the



. _ ¢
corners thereof are rounded off, e.g. curved. Since the reduction in the
t hi ckness of the insulating filmat the corners and the field concentration
at these portions can be restricted by formng the insulating filmand.a .
conductive layer in a small trench whosé sharp corners have been, b Ng¥
snoot hed (rounded off), in the way descri bed above, for exanple, the-

el ect r ost swedugetenuini sheyShigkaess ofe the unsulatingnfidm Bk ithe oved.
The present invention will now be described in greater detail by way of
exanpl e wicernersrandethe i@l concentrakion at thesacPeEtdensnRan be
drawi ngs, wherein:- Figure 1 is an equivalent circuit diagran1of pri nci pal

portions OfeStREFERY b¥ formipg Hhe, atipgnfiim @apf, P Fondugtine ating
ot nci pal FreF ok o SBS1S LonBily piitHe RIS GPTAeBRIRAVRNPERN s useru

I 0 _ ! s usefu
Pglnfgiﬁstrati ah str ctur% f an eq?odinen ofzige inﬁentid , Figure 3
is a cti%ﬂ‘P‘Pgﬁ% gFBHBHFHeq ifae Iajﬂ the waY degrribed,gbove, fag jres 4
to 9 ti t ' ' I I f d : St it
el enent - ofSKEFRIRY ning: 5 Lo Rt Jp e B PioR Tahtalh oA Hor r et o o

f d h ' ' t of th t o ti ;

E{Sufério ?%g%£g§g§ggﬁggﬁfg%§hq%%ﬁ% I pa pbr?ionseofrzsgg Dkznfgehgpy cel
provided as a npfgl plakeMRASHVEMLLIS will now be described in greater

detail by way of example with reference to and as

10 illustrated in the accompanying drawings, wherein:-

Figure 1 is an equivalent"Cifcuit diagram of principal ~
portions of a memory cell array of a DRAM, which is useful
for illustrating an embodiment of the present invention;
Figure 2 is a plan Qiew of principal portions of a
15 memory cell array of a DRAM, which is useful for
illustrating the structure of an embodiment of the
invention;
Fiéure 3 is a section taken along the line III-III of
Figure 2; .
20 ~ Figures 4 to 9 are sections_throhgh principal portions

of a data storage capacitance element of a DRAM memory cell

at each production step, which illustrate a_preferred method

of prodﬁcing an embodiment of the present invention; |
Figure 10 is a section through principal portions of a

25 DRAM memory cell provided as a model for measuring the



7. diel éctric breakdown voltage of an insulating filmof a data storage
capaci tance elenent utilizing a small trench; Figure 11 is an enl arged
gection through-a corner of 5. the small trench of Figure 10; Figure 12 is
a grapyof the results of calculations on the electrostatic destruction
voltage of an-insulating film obtained usipg the nodel shown in Figures 10
and 11; 10 Figure 13 is a graph of the results of experinents on the
el ectrostatic destruction voltage of an insulating filmwhen the present
invention is not- applied; and Figures 14 to 16 are graphs of the results of
experi ments ondibkestedier dseakdowiestoliage ol amgbnstlabihg filmswfatd ng
filmwhen the present invention is applied. Referring to Figure 1 which is
an equi val ent @ataustonrggr sapafcitianqge iebémant potil dbringfaasmaddry cel
array of a DRAM the circuit includes: (a) sense anplifiers SAl, SA2...
each of which boenchaplify a minute potential difference between a

predeterm ned menory cell and a predeterm ned dummy cell, which will be
described | ater; (b¥iBure| ildedspiani emdiangedtaeathonftnough sn¢osmerhef
sense anplifier SAL in the row direction, and bit 25 | i nes BL21, BL22

ext endi ng 5ronﬁbﬁesgﬁéloﬁrﬁﬁéhs@@yfiSure 103
Figure 12 is a graph of the résults of calculations
on the electrostatic destruction voltage of an insulating
film, obtained using the model shown in Figures 10 and
N\ J1;
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 graphs 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
_diagram of the principal portions of a memory cell array
, of a DRAM, the cirecuit incl-l-._ld.e:éi;:?;.;'.-'-.". =
| (a) sense amplifiers.SA1,:SAZ..;‘eéch of which
20 | amplify a minute potential differénégfbetﬁeen a
- predetermined memory cell and a predetermined dummy cell,
which will be described later;
(b) bit lines_BL11, BL12 eitending 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



' . L 4
- ‘8. anplifier SA2 in the row direction, these bit lines transmtting charge
as - data; (c) word lines W.1, W.Z2 mhlch extend in the colum direction belng

connected to predeterm ned gate 5 el ectrodes constituting switching .

M SFETs of the dummy cells, and which turn on and off each' M SFET;: (¥
lines W.3, W.4 which extend in the colun®.direction being connect 67 t 0
predeterm ned gate el ectrodes constituting switching MSFETs of the nenory
10 cells, and which turn on and off each M SFET. (e) nenory cells M1,
M2, M1, MR2 ... which hold charge acting as data each of the nmenory cells
ML1, ML2, Namplifer. SAgodpritdiengaw MiSreqtipn, GheseQRit Qddhes . of which
one end is connected to a predetermned bit |line 15 BL, and a gate .

el ectrode thearspitsiogneberde @8 fafradet ermiried word line W, and a data

storage capacitance elenent di, Cl2, C1, C22 ... of which one end is :
connected to the(GﬂhUpPéndlaﬁStm&kwak%pﬂhﬂchgewtsﬂngQﬂtheQEbluum_ Q2

.., and the other end thereof 20 Is connected to a fixed potential Vss
t er mi nal atdi¥6¢tiﬁ§taﬁéés &%ﬂﬂ?%ﬁﬁQﬂﬁQaPr?QeQ?Pméﬂeé galstrate bias

potential (-2.5t0 3.0 V) hg mry cells D11, D12, D21, D22 which hold a
char ge -¥hi cﬁlﬁﬁﬁrEQPt?cth‘é&l utﬁ_.n-g Mb@“iGSeﬂIﬁgEgét 8fi fhes dumm nenory

cells each cel D11, D12, D21, D22
M lfsnngnd which turn ‘on and off each MISFET;

(d) word lines WL3, WL4 which extend in the column
direetion being connected to predetermined gate .
electrodes constituting switching MISFETs of the memory s
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, M12,
M21, M22 ... comprisipg a MISFET Q11, Q12, sz,'022 .o
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 CI1;ZC12,.C21, €22 ... of which one
end is connected to the other end of the corresponding '\/
MISFET Q11, Q12, Q21, Q22 «esy and the other end thereof
20 is connected to a fixed potential Vse 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 "0" used as data in

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



f..'conbrising a M SFET QD11, QD12, QD21, QD22 ... of which one end is
connected to a predetermned bit line, and whose gate el ectrode is
connected to a predeterm ned word line W, a dat a- det ecti ng capacitance
el.emeny ,CD11, 5 CD12, CD21, CD22 ... of which one end is connected to the
ot her &nd of t.he corresponding M SFET QD11,9QD12, QD21, QD22 ... and whose
other end is connected to the fixed potential Vss termnal at, for

i nstance, earth potential or the substrate bias potential, and a cl ear

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

capaci tance el enenfOBBTising 2 MISFET @BD1, QP13ndQP3Y,aQP8RM.nal ofD which
is connected to, th gate el ectrode of the clear M SFET CQ The specific
construction thPﬁﬁs BEp&Tdet sanneated touapRredeterninedi od tr diimeance

to Figures 2 and 3. * The DRAM s constituted by a p -type seni conductor
substrate made?Bf §PR§FeEEFf%F%eQﬁq94§wﬁs onneeted; heupabraegetiermined

Sem conduct o SRR8: 4PE T darist et Ba Fhacl eanor s Slputrfornd 15
such a5 oot coRBIBe of DBTamERE2: o fif PEbE SheoRe eRd el 0BRSS 44 the
o ess 0L <CtoERERHh B AL, Ytk P iy S ol e
' QD22 ... and whose other end is connected to the fixed
. potential Vss terminal at, for -instance, earth potential
\_ i_“._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; Ch22 ...; and
| (g) a terminal QD which is connected to the gate
electrcde of the clear MISFET CQ.
H l_.Ihe_Specific construction of this embodiment will
15~ aow_be described with réference to Figures 2 and 3.
The DRAM is constituted by a p -type semiconductor
- sup§trate:made of single-crystal silicon. A field-
?i‘ia;g}ating film (device-sepafation insulating film) is
fcrﬁec on the main surface of the semiconductof substrate
20 ”:1 in such a manner that it is positioned between a
H predetcrmined memory cell and peripheral. circuits (not
shcwn) sﬁch as semiconductor element-forming rcgions
(active regions) of an address select circuit, a read
circuic, a write ecircuit, ete., known in the art. The

25  insulating film_2 isolates these semiconductor element-



:ld.'forning regions fromone another. The nenory cells of the DRAM are
surrounded and defined by the field insulating film2 which defines a pair
of patterns that repeat in the direction in which 5 bit lines extend. A * -
small trench 3 is forned (e.g., etched, bored, etc.) in the main surhﬁ%e of
t he 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, this small trench constituting part of
the data storage capacitance elenent. The small trench 3 forns a _
t hree- di refoiraialg dé @i sher inpemcenecanatherel enent, to reduce the plan area
needed for the formation of the data storage capacitance 15 el emrent and
to inprove the iMHegiemopy debist pfotheh®RANAMrelheumcotrdedgand shape of
all the corners of the small trench 3 is snoothed (rounded off) to a
pr edet er m nied igtexbeby 26he fieldAdnspndatdmigd iflin i@ Which odefiinesea t he main
surface of the sem conductor substrate 1 in the data storage capacitance
el enent regadT, off patterasohbatheepaptadm vinehidireet foml intwbhheh 3. This
insulating film4 will constitute part of an MS data storage capacitance
25 ePemeit lSine® exteddute-angl ed shape of the corners of
A small trench 3 is formed (e.g., etched, bored,
ete.) in the main surface of the semiconductor substrate
1 within the region in which the data stdrage 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_thé'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 eapacitanée

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



f1."the’small trench 3 has been snmoothed, no marked reduction in the film

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

el ectrigal ly connected to other conductive plates adjacent thereto. The
conductive plate 5 will constitute part of 9he M S data storage capacitance
el ement. The conductive plate 5 consists of, e.g. a doped polycrystalline
silicon |ayer, for exanple, 10 and is forned by a conductive '

| ayer-formng step at the first layer in the production process. The data

storage capaci thecsmallantren@nf3 dead B@éﬁFSmﬁetheQF hibe mRRrAlaC aed i t5i on
primarily of the sem conductor substrate 1, the small trench 3, the 15

insulating filim4thendillme timrokmésyeopl the bnsuYhebngheicendyctd ue plage 5
is connected to a potential of about 5V, for exanple; the data storage
capaci t ance. el Ehencotnesisi,nescaurtepl eti on | ayer extending inward fromthe
mai n surface of the sem conductor substrate 1, and stores as 20 data a
charge that is trandnicondmcftrior tpkatetS| iaeposbtibredepieri dhel ayer
through a switching el enent. Since the sharp corners of the small trench
are snoot h2d, ihsukatiog fddutl @ndihstebeetricabiykoennectedhdd reiient i ng
film4 and the electric field 25 concentration at the corners can be
restricted. . conductive plates adjacent thereto. The conductive plate
5 will constitute part of the MIS data storage
-:capacitance element. The conductive plate 5 consists of,
(N 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 film 4, and the conductive plate 5. When the
conductive plate 5 is connected to a potential of about
5V, for example, the data storage capacitance element C
\ - defines a depletion layer extending inward from the Hain’ "
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 cornePSbe 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.



e

*12. -Accordingly, the electrostatic destruction voltage of the insulating

film4 is inproved, and no short-circuits between the sem conduct or
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. A
insulating filmis arranged in such a mggner that it covers the conductive
plate 5 and electrically isolates the plate froma word |line which will be
formed on the insulating film 10 An insulating film7 is fornmed

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

el ement regheRordiingliy)s W igledtrdd Yapi baeisktyve?vn tvélitigd Ner 0ghe
insulating filmof the M SFET A conductive |layer 8 is forned over the

i nsul ating 1hsulbitlimg’.fiangd Wiichigprovetyt anat ho @noeteldGidipdes of the
M SFET. A conductive layer 9 is electrically connected to, and integrated

wi th, the coedwelenyehedyssmitdrnidditoLosubs teatectli and the aorduekiead over
the insulating filmé6. 20 This conductive layer will constitute a word

line W.. |nphader 5 @ccenuceso et avice ehdrigepstorediasiaiatd eiasl cined wite

speeds, the conductive layers 8 and 9 are forned by depositing netal |ayers

havi ng & hi dataelstiora geoicapaedi tancefe heheny deeal ot didappesrof a

conpound 25 between a high nelting point netal and silicon (e.g. a

An insulating film is arranged in such a manner that

it covers the cohductive plate 5 and electrically
‘isolates the plate from a word line which will be formed
on the insulgting-film.

10 An insulating film 7 is formed over the main surféce
of the semiconductor substrate 1 in a switching element
region, this insuiating 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 layeb 9 is electrically connected to,
and integrated with, the conductive layer 8 in the column. N
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 improvg thé 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 metais), or layers of a compound

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



13."sil-icide), onto the polycrystalline silicon layers 8A and 9A,
respectively. They are fornmed by a second conductive |ayer-formng step in
the production process. It is possible to use nol ybdenum tungsten,
titaniwm tantalum 5 or the like as the high nelting point netal, or a
silicode of ‘one of those netals. Semni condut8er regions 10 which are of the
n -type are fornmed in the sem conductor substrate, extending to the nmain
surface of the sem conductor substrate 1 on 10 either side of the
conductive layer 8. These regions are used as source and drain regions,
and constit ut e spadteiafe X,heoriccRfe polySFFEStalddhengidd come lajierchidy and
el ement of the nenory cell of a DRAM consists primarily of the 15

sem conduct or 9dhsmesipeclt i wdiky cortitey i aee| figpemed, byha iseswinat icopdudtn i
and a pair of sem conductor regions 10. Each nenory cell includes a data
storage capaci flayes-dlamsing atem i SHE prodoction prageisgsul &Y igg film 11
is positioned in such a nmanner that it covers the conductive |ayers 8 and
9, and isol at eposidipl® &q rusnglybdenumnpi Eungasenni &4 taniumhe Fantadum,

t hereon. A phosphosilicate glass film which can be subjected to gl ass
flow, can Be us®dthe tlike iyl he ngieh meitingipoint metal, or a

silicode of one of those metals.
| Semiconductor regions 10 which are of the n*-type
 are_forméd in the semiconductor substrate, extending to
v | the.main surface of the semiconductor substrate 1 on
16 .éither side of the conductive layer 8. These regions are
.ldsed as source and drain regions, ahd constitute part of
thé MISFET.
A MISFET Q acting as the switching_element of the
@emoky cell of a DRAM consists primarily of the
15 semiconductor substrate 1, the conductive-layer 8,'thé
insulating film 7, and a pair of semiconductor regions
_10,..
U .Eacﬁ memory céll inniﬁdeS“a-data storage capacitance
~element and a MISFET Q. o
20_ . An insulating film 11 is positioned in such a manner
that it covers the conductive 1ayérs 8 and 9, and
isoiates_them electricélly.from a bit line which will be
:formed thereoﬁ. 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 fornmed by selectively renoving the insulating
films 7 and 11 over the sem conductor region 10, which provides an
el ectrical connection with the bit Iine which will be disposed on the; =
insulating 5 film11l. A conductive layer is electrically connected¥® the
sem conductor regi on 10 through the congact hole 12, and extends iri the row
direction over the insulating filma11l. THis layer constitutes the bit |ine
BL. The conductive 10 | ayer 13 consists of, for exanple, an al um nium
| ayer, and is formed by a third conductive |layer-formng step in the

roduction procegs eet fherdeyal 'fgﬁya' Lot d p{ ho i _
gpbodi ment gf tﬁ?;"?'ﬁ%ﬁ%i'&ﬁl% I1? %%W?t?e es?{yl)g%%f%/\ﬂ%% P p?‘g g?'gﬁie to
Figures 4 tyged i’l’i&&f‘a@fﬁgsﬁﬂ?gn? sRgoyah oﬂémgr@'saﬁ&éﬁ&écsrt he data

st orage capacitance. el enent of a nmenory ce of a DRAM at each production

step. Firstragficd |10 ﬁhiéupﬁrgeﬂhégnﬁﬁcﬁreﬁmiﬁt@bﬂnéé%:?’gn wptgpar ed.

An insulating firlm2A is formed over one nain surface of the sem conductor

substrate ithed 5Egi Diné "Wheeh wh1Mhbeh dilpowd G AN Of n@hERERE Wi || be
formed, and a field-insulating film2 is rmed over the portions of the

“substrgte ¥igier1fhan the seni conduct or Zg el ement region
A conducfive layer is electricailf éonnected.td the
semiconductor region 10 through the contact hole 12, and.
extends in the row direction over the insulatiné'film 11, -
This layer constitutes the bit line BL. The conductive ~
10 -layér 13 consists of, for example,'ap aluminihm layer,
-and is formed by a third conductive layer-forming sfep in
the production process. ‘
Specifie 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 thrdugh
‘prineipal portions of the daté:stofage capéciﬁanbe
element of a memory cell of a DRAM at each production
. step. | |
First of all, a p -type semiconductor substrate 1 is
20 prepared. . An insulating film 2A is formed over one maiﬂ
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 bver the
portions of the substrate 1 other than the semicdhductor

25 element region.



15.* Mask-formng materials 14 and 15 are sequentially deposited onto the
insulating film2A and the field- ..insulating film2, respectively, as
shown:in Figure.4, for .the formation of a small trench. A phosphosilicate 5
glassgglrnforned.by chem cal vapour deposition (hereinafter called "CVvD"),
for exdhple, i.s used as the mask-form ng magerial 15 acting as an etching
mask for the formation of the small trench, and the filmthickness can
range from about 0.8 to about 1.2 pm for exanple. A 10 silicon nitride
filmforned by CVD, for exanple, is used as the mask-form ng material 14

for the mask. used tMaskedidroing AiwterLalsens ghdthe srel lsdqu@mtiyally
t hi ckness being about 0.04 to 0.06 pm for exanple. After the step shown in
Figure 4, the depksfided optib theratresubatingofiline2amahk- thenah g1ei on
within the data storage capacitance el enent region is selectively renoved
by. dry etchi nginsulpking CHEm gs, respéotivelypsiaslSAown ineFishas 40
etching. . The mask-formng material 14, the insulating film2A and the
sem conduct or fapsthat formatd arp of taesmakhoteenehl eci pabyg phoisid isaivd v
the mask 15A, to formthe small trench 3Ain the main surface of the
sem conduc?or 8Lassr fidm farmadh Wy ichemical vapourmadepbsdtion a
heat-resistant treatment is also formed by substantially the same process
of forning snafherpépaftes cajied\H!GHP'hhskfanAexampdes- dlsi gsed aist [thehe
smal | trench - _ '
~  mask-forming material 15 acting as an etching mask for
the formation of the small trench, and the film thickness
W ' 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-fofming
15 material 15 of the small-trench region within the data
storage capacitance element region is selectively removed
by dry etching utilizing CHF3 gas, to form a mask 15A
\/-.?"f;;;re§;stant to etching. The mask-forming material 14, the
f ;nsy1ating film 2A, and the semiconductor substrate 1 are
20 “theh removed selectively using mainly the mask f5A, to
form the small trench 3A in the main surface of the
semiconductor substrate 1 as shown in Figure 5. A mask
144 for a heat-resistant treatment is also formed by
;gbsﬁantially the same process of forming small trench

25 _3A, 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 2 [err], for
exanple, and is fornmed by anisotropic (dry) etching utilizing CHF3 gas in
order to mnimze the plan area of the data storage capacitance element. It=
has a 5 depth of about 4.0 to 6.0 um extending inward from the:' maixg®
surface of the sem conductor substrate 4g,Since the small treneh 3A'is
formed by anisotropic etching, its corners have an acute-angl ed shape.

After the step shown in Figure 5 the mask 15A is 10 renoved t o expose

the mask 14A. Using this mask 14A, an insulating film16 is forned over

the mai n sugRAaceThé shealdermiremuhuc3drhasbatshze adfahbogtt Hew fad within
the small tregch 3A, in order to snooth the sharp corners of the smal

trench 3A, pm~shfon exa@pde,c #hd The fiérmednbyl ahisgttbpiel@degrsi sts of,

for exanple, a silicon oxide filmfornmed by thermal oxidation (e.g. [err]),
and its thiekobingotdBdzing @HRp ga20invorder thi pindmd zef tihee plemul ati ng
film16 drops nmarkedly at sharp rners 16B at the bottom of the small 20
trench 3A aadeanofe&bes dataststiqrage neapactpancet adementh oflt Hasml |
trench 3A, so that it is fornmed non- uniformy overall. However, the sharp
cor ner s5 16AdanthieB ahoufe dvdl it § Qckmof exhendéngcénwardof romstheat e 1
below the insulating film 16 are snoothed, so that an arc 25 shape is

provi ded t hmadat suefgeet 96 dhenssemigenduchaedsubstrate 1. Since the
small trench 3A is formed by anisotropic etching, its

corners have an acute-angled shape.
After the step shown in Figure-s, the mask 15A is
10 removed to expose the mask 144, Using this mask 144, an
insulating film 16 is formed over tﬁe 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 ' e
markedly at sharp corners 16B at the bottom of the small
20. trench 34 and increases at sharp corners 16A at the mduth
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 semicoﬁductor 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 of f). Thus, in the present enbodi nent, the forning of the insulating
film 16, using the sem conductor substrat for the formation thereof, acts
to round off the corners. After the step shown in Figure 6, the insulating
5 film16 is sel.ectively renoved by conventional wet etching using the
mask 14A as an etching nmask, and the smal I1torench 3 whose sharp corners
have been snoothed is formed as shown in Figure 7. The steps of form ng and
renoving the insulating 10 . film 16 do not exert any adverse effect on the
ot her portions, such as changing the thickness of the field insulating film
2, because theofifabk. 1Bpuss pnobhdeareaenti lqmbndirent i bkie | feERringeofave
confirmed that the small trench 3 whose sharp corners have been snoothed 15
to an arc shapshefinsdlating filmedéy, usine ¢ spmicpnduetenpsubatrat
ensures that the insulating filmof a data storage capacitance el enent
whi ch is fornefpn hshe- farnghipniheyeofor &gt P oM 4o bh EPRCLPBELESI C- -
destruction voltage of about 70 to 90%that of a flat 20 fi|£l After the
step shown in Fi gurbf¥erikBengseP12RoMRy i & 18UN% 01 nbPe i 1RPYALIRE
renmoved, as done * conventiognally for renovi e.g. silicon,nitride and
silicon 0¥ de ffﬂ%,‘_gt b%?ﬁ&%ﬁ‘ﬁ@%&i"ﬁmﬁ]’ﬁig@ o?g?%%néﬁonaéewgonduct or
substrate, as éigwfhénugkg%r%hg'mask 14A as an etching mask, and the
small trench 3 whose sharp corners have been smoothed is
formed as shown in Figure 7.
Y | . 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 arc shape of radius of at least, e.g. 0.03 pm in
. this embodiment ensures that'the insulating film of a
.data storage capacitance element which is formed three-
W, dimensionally therein can provide an electrostatic-i..
destruction voltage of about 70 to 90% that of a.flat’
20  film. |
After the step shown in Figure 7, the mask 14A 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.



'18. - After the step shown in Figure 8, an insulating film4 is formed 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+
capacitance el enent, the insulating film4 can be a silicon oxide fil'f
(e.g. SiR) forned by thermal oxidationi8for exanple, and its film -
t hi ckness can be about 0.01 to 0.03 um In order to increase its dielectric
constant and store a greater quantity of 10 - charge as data, the
insulating film4 may consist of an approximately 0.01 pmthick silicon
oxide film (e.g. AStep) ther mte\shdwn nih Biganei 8p, aand namlatdmekifil®| v
0.02 pmthick silicon nitride film deposited by CVD on the silicon oxide
film for ekakpl formed over tdiencmxpomedhoapnanyrfacat ofhdheorners are
smoot hed, the insulating film4 is formed over the main surface of the
sem conduct emigppdugter: substrgtohg! § s sahowde ini Fiigurehd sndll trench 3,
at a substantiallé uni form thi ckness. 20 Thereafter, standard
producti on @rées &pefosad e dnfilatl ngefDRMNPEF thei dag@&dionade shown in
Figures 2 and 3. The effect of this enbodinent will now be descri bed.
Figure 30 i 82Bagétenss edemedtt prihgibesubabingnfidm Jscan the BRAM nenory
cell provided_as a nodel in _order to _ , :
silicon oxide film (e.g. Sioz) formed by thermal
oxidation, for example, and its film thiéknessican“be
about 0.01 to 0.03 um. In order to increase its
dielectric constant and store a greater quantity of
10 charge as data,. the insulating film 4 may consisﬁlbf an
approximately 0.01 pm thick silicon oxide film (e.g.
Sioz) formed by thermal oxidation, and an approximately
0.02 pm 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 insulafing 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 uséd 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 ordef'to



19. *neasure the. el ectrostatic destruction voltage of the insulating film of
a data storage capacitance elenent utilizing a small trench; Figure 11 is
an enlarged 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 'valtage of the insulating fil mygobtained by using the nodel
shown in Figures 10 and 11; Figure 13 is a graph of the results of
experinents on the electrostatic destruction voltage of 10 ~an insulating
filmwhen the present invention is not applied; and Figures 14 to 16 are.

graphs of the rmeagdse othex@ptebtPob3ati o AR sUrREtidH dd CeeStspCLhen |
vol tage of an insulating filmwhen the present invention is applied. 15

In Figures 10 ambulatisgeftbmeofuaedakta 3aoragedleadidl ey té DegepbOSE
sharp angl es have been snoothed to a cylindrical shape, and 3c is a portion

at which a projuriibzingoansmaby thenehf;e@igaire Ooreiign dmptdrerakgedhe step
of formng the small trench 3A, is snoothed to a 20 spheri cal shape.
Synbol [err] dersgtatsi omet bihdeghess cotneire ofnthleatsmag If idrrankh andl Figeret es
the radius of thé arc formed at the corner of the small trench 3. In Figure
12, the ratd o of0g Heigumié us2risoat Braph oft ithekresuliter rdf ofaldel atbohet i ng
film4 (r/[err]) is shown : _
_ of the electrostatic destruction voltage of the
insulatihg film, obtained by using the model shown in
Figures 10 and 11; Figure 13 is a graph of the results of
o 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 expériménts 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 whose sharp angles have been smoothed to
a cylindrical shape, and-3c is a portion at which a
s _"prdjection,'fofdedrgy-the effect of foreign matter in the
_step of forming the small trench 3A, is smoothed to a
20 spherical shape. o
Symbol tox denotes the thickness of the insulating
film 4, and r denotes the radius of the arc formed aﬁ the
corner of the small trench 3. |

In.Figure 12, the ratio of the radius r to the

25 thiékness tox of the insulating film 4 (r/tox) is shown



20. -along the axis of the abscissa, and the electrostatic destruction
voltage of the insulating film4 at the small trench 3, when the

el ectrostatic destruction voltage of the insulating film4 is 1.0 at va - »
pl anar surface portion, 5 i's shown along the axis of thé"ordinate.%ﬂﬁrve-'
A shows the electrostatic destruction v®d0tage of the insulating film4 at
the portions 3a and 3b shaped into the cylindrical form and curve B shows
the electrostatic destruction voltage of the insulating film 10 4 at the
portion 3c shaped into the spherical form As can be seen clearly from

Fi gures 10alon@, thdecakisakbfovhe dbsobssd,t hndi the alewr fFostatian be

| nproved ‘to about 70 to 90% of the flat-portion value by snoothing the

sharp cor nges trfudtibonnmebdll tiagenadr the iAndGlatiang filwhikhatsSthe lsaa3l
three tines the thickness t of the insulating film4. If the thickness t

of the inswradricty 3| | whéni thex elheetrds it im destraxct iy véDeagediofs r is
to be about 0.03 umto achieve the above-described results. 20 Therefore,

if the i nswWnat ingsdiatih@ ifslapriverls abpOta®. @3 ppama Gurtde’ paire dn can
be about 0.03 um and a electrostatic destruction voltage of about 70 to

90% of gt he ifd adhdwnt aDBngAltie cati Heopbthenoedinatiele i nsul ating | ayer 4.
The thickness of insulating film 16 can bg, _ |
Curve A shows the electrostatic destruction voltage
of the insulating film 4 at the portions 3a and'3b shaped
into the cylindrical form, and curve B shows the v
electrostatic destruction voltage of the insulating film

10 4 at the portion 3¢ shaped into the;séhericai'fbrm. |

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

15 radius which is at least three.times.the thiéknegs tox of
the insulating film 4.

If the thickness'tox'qf the insulating film 4 is B
about 0.01 pm; for.example,.fhe badiuélr is to be about
0.03 pm to achieve the above-desériﬁed results.

20 Therefore, if the insulating film 15 is formed about 0.03
pum thick, the radius r can be about 0,03 um, and a
electrostatic destruction voltage of about 70 to 903 of
the flat-portion value can be obtained'for the insulating
layér 4. The thickness of insulating film 16 can be;

25 e.g. at least 0.03 um.



25 ' e;g. at least 0.03 um 21. In Figures 13 to 16, the electrostatic
destruction voltage (V) of the insulating film4 is shown along the axis of
t he absci ssa, and the nunber of device which is destroyed when the voltage
§hown§Ln abscissa 4s applied 5 bet ween the substrate 1 and el ectrode 5
along the axis of the ordinate. Figure 13 shpws the electrostatic
destruction voltage when the insulating film4 is forned directly over the
surface of a small trench 3A whose sharp corners 10 have not been

snmoot hed. Figure 14 shows the electrostatic destruction voltage when the

insulating film4 islhofiguresen3tbe 26f ate flectrodtatienedsBrubesen
sharp corners have been snoothed by the formation of an about 0.05 pmthick

15 insul ati nvditage 6(VFigfir bhé5Sisbalatimng o i ripsi Nt sfowesalogki 6Re
vol tage when the insulating film4 is formed over the surface of a snal
trench 3 whose a*is3 pPLothrerabsaiesbsgeand dineotrhumbery dtheddwicat whbchf 1an
about 0.10 pmthick -20 insulating film216. Figure 16 shows the

el ectrostatic deaneYedrvhent e whdhagee shown dini mpseissal is appheddover
the surface of a small trench 3 whose sharp corners have been snoot hed by
the formatidon dfetafeemotie osubstinathri dkand electrode 5 along the axis of

the ordinate.
Figure 13 shows the electrostatic destruction
voltage when the insulating film 4 is formed directly
\ ~ over the surface of a small trench 3A whose sharp corners
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 formation of an about 0.0S pum thick
15 insulating film 16.
.~ Figure 15 shows the electrostatic destruction
voltage when the insulating film 4 is formed over the
; surfacé of a small trench 3 whose sharp corners have been
- smoothed by the formation of an about 0.10 pm thick
?2Q : insulating film 16.
~Figure 16 shows the electrostatic destruction
voltage when the insulating film 4 is formed over the
sqrface of a small trench 3 whose sharp cornérs have been
s@gothed_by the formation of an about 0.20 um thick'
25 insulating film 16.



i

25 insulating film 16. 22. In all these cases, the thickness [err] of
the insulating film4 is 0.02 um As can be seen clearly fromFigures 13 to
16, the formation of a data storage capacitance element in a'5 = smatt> *
trench 3 whose sharp corners have been snoot hed can inprove the, o

el ectrostatic destruction voltage of thg., nsulating film4 by at |east
about 20% conpared to the case in which the corners are not snoot hed. The
above described enbodi nent has the follow ng 10 ef fects and advant ages:
(a) Asmall trench whose sharp corners have been snoothed (rounded off) can
be fornmed by forlm rall etidBengeasedpr the) thiekness enclof nthidie main surface
of a seniconductor substrate so as to extend i nward ¥ omthe 15 mai n
surface, fansulgtdmg fhllmt4 npsfOloRapmag the surface of the snmall trench
and then selectively renoving the insulating film (b) Since a small trench
whose sharp cor dexr ambe Eaen scbeahdy faombF igurasnell bo t e, ethect
described in 20 (a) above, the marked reductions in the thickness of the
i nsul at i ngfPrmatian athe data rstoragedcspacdtanse @lamenthelmwoaners of the
smal | trench, can be restricted; and in a sem conductor device including
the sn@l | spaddh tneneh ik whasegsharm peopernsd haver been ramoothed acanof the

improve the electrostatic destruction voltage of the
insulating film 4 by at least about 20%, compared to the
case in which the corners_are-dot smoothed. |
The above described embodiment has the following
10 effects and advantages:

_ (a) A small trench whose sharp éorners 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 filh'along the
surface of the smali,trenoh, and then seiectiVely
‘removing the insulating film. |

| _ _(b);Sinee a small trench whose sharp corners have
béen smoothed can be obtained by the effect described in

20 (a) above, the marked reductions in the thicknesé'of the

insulating film, and the electric field concentration at

the corners of the small ﬁrench, can be restricted;'and.

in a semiconductor device including_the small £rehch;_the
insulating film provided over the'main-$Urface dethe

25 semiconductor substrate and along the surface within the



25 ° senmiconductor substrate and along the surface within the 23. small
trench, and a conductive |layer formed over the insulating film the

el ectrostatic destruction voltage of the insulating filmcan be inpraoved.
fc) Since a snal | .trench whose sharp corners have 5 been snoot hed can be
obt ai ned by ‘the effect described in (a) ab®%e, nmarked reductions in-the

t hi ckness of the insulating film and the electric field concentration at
the corners of the small trench, can be restricted in a data storage
capaC|tance elenekﬁ gf a nmenory cell of a 10 DRAM i ncl udi ng t he snal
trench.; in a BRA EF&&ﬁng§ﬁa3%rﬁﬂﬂ@ﬂ??&ﬂ?l1%¥%FO§PHE8d09¥FPtﬁ@GWaln_
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seni conduct or egrated circu
-insulating film, and the electric field concentration at

the corners of the small trench, can be restricted in a
L _data storagé 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
”ggmiconductor 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 ihproved, 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 elecérié’?zéid concentration
at Ehe corners of a small trench can behéeéérictéd, and

20 the electrostatic destruction voltage of the insuiating
| film can be improved, in a semiconductor device utilizing
a small trench as deseribed in (b) above, the electrical
reliability of the semiconductor integrated cifcuit
device can be improved.

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



*t .

25 (e) Since the marked reductions in the thickness of 24. the
insulating film and the electric field concentration at the corners of a
smal | trench can be restricted, and the el ectrostatic destruction voltage
can be inproved, in a data storage capgqtance el ement of a.DRAM ne

cell 5 utilizing a small trench, and, noreover, since the |oss of the
charge stored as data can be prevented as descrlbed in (c) above, the-
electrical reliability of the DRAM can be inproved. Wilst the above

described eMeodidBlatidgsfi2hsSanld the Gt fi CEOEEF!‘\E?%%E”DW

Invention is applied to a data storage capacitance elenment o
cel| utiliatnghe sdordeds eocha binadil Itﬂ&xe’ﬂﬂ%ﬁ&'@éeﬂesbﬁich&d' Sawalt t
e e enen

specifically limted thereto, and can be applied to a capaci t afc

of a sem CQM@l@cﬁr‘ﬁ%ﬁiéddébt?udti%V'ﬁﬂﬁﬁgé'Eéﬁ‘gb@ gxgglz-bzrg'ae“

Attention is drawn to our co-pending Application No. 85.0

2, 529 cf/i?)wgf 'dAD N tdrd g6 SedPati eahicen ehamdite ofli ¥i SRAM memoryCeelil 'V' s

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 reliabilit}-of the
DRAM can be improved.

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
~eircuit device utilizing a small trench.
Attention is drawn to our co-pending

Application No. 85.08932 (Serial No. 2,159.326)”.

from which this Application has been divided. - = 1\
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ﬁ' A met hod of producing a sem conductor device |ncludrﬁg“rh6‘steps of 1 ——
formng a trench in a main surface of a- senigonductor such that
sai d trench extends fromsaid main surface Thto the int Hlmnﬂ”m !”"L

seni céoduct or bstrate, whereby said trench include
by ther mal oxﬁg§g¥g¥ and initial insulating filmalong the surface mnthln

iilfﬁeFLGQEZ : Sniiée“%ﬂ%ﬁf?y“‘%ﬁﬁd*'é‘%ﬁ%ﬁ%a% gl fi
10
sai d trench: sﬂas%gaﬁe@f‘“’%% SR Lt T

|nsulat|ng

fil 2
1I V\IlTerel n the@%‘?%gﬁahdf said Init Iéff%%?gﬁﬁfg g?&' %? I'mi né;ﬁﬂ%l es for m ng
a silicon oxi Qgiﬁ' lnE‘:L'?»’ JliFdEd htdlainédNinBeriof Bl Bad disenitbifdutccr

sem conduct or device accordi.ng to claim 1l wherein said sem conductor
substratesis gubkiticat®,siwhlrely Ysdad . tPnchiinclides ketmirsy by doy
sem conduct or- devi ce accordlng to claim3 wherein the trench is formed by
ani sot r opi cal theenali Rgkiidet ey awddinitialubasudatinghdian &l drig nkle
having acute corners is fornmed. 5. A nmethod of producing a sem conductor
devi ce accor dgagfaTe vithinisaidweench ahd Belecridvely atanoving ssaid
insulating filmincludes formng a silicon oxide filmby thernmal oxidation.
insulating film, whereby said cornmers are rounded off,

forming a further insulating film over said main surface of
10 said semiconductor substrate and along the surface within
said trench; and forming a conductive layer over said

further insulating film.

2. A methed of producing a semiéonductor device according
to claim 1 wherein the forming of said initial insulating
15.. fiim_incluaes forming_a silicon oxide film by thermal
| .'oxidation; |
3. A method of producing a semiconductor device éééording
to claim'1l wherein said semicondﬁctor substrate is a silicon
single crystal. |
20 4. A method of producing a semicopductor device according
to claim 3.wherein the trench is formed by_anisotropically
-etching the semiconductor substrate, whereby a trench having
acute corners is formed.
5. A method of producing a semiconductor device according
: 25'. to claim_4 wherein the forming of said initial insulating
 £ilm includes férﬁing a silicon oxide film by thermal

oxidation.
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26 *»C L M S * 6. Anmthod of produci h @gnduct or

devi ce according to claim3 wherein the form r'mu‘u\ﬂ lﬁﬂ“ﬁ!ﬁﬂﬂl insulating .
filmincludes formng a silicon oxide f#6m by |{KdH i *on. 5 Y7, A
met hod of producing a sem conductor device according to claim1l mheréf%

said init i£.| i fsumethed of) prrducdng:@ memicanductorkdeviced amcdmiivig
0. 03um 8. A sem conduct or device manufactured in accordance with any one
of the prd&&&IRim| 3 whereip the) forming of maiddinitpadddnsulating

sem conductor device_including the steps of: formng a trench in a main
surface offidMclpchudes: SPTBENG: Aqsd ldqan xkde f tlm, bycshexmalds from

said main s Q{ace into the interior of said sem conductor substrate,

wher eby s&ii 3R has corners, said formng the 15 trench i ncl udi ng
fornigg a Jrask on the ub%trat- syrface, said nask having an openiQP at the
| ocat Pon df t he® {PRIRAS QRqPF, G035 dgvigrd arearding ni ng

e
the trenciF it of deharpih, a1l AuE4Al doalar g kldn; 4 Earmed to
[ | ati fil th f 20 within the t h, wh b id
Lgfze?slg ‘#55%3@§P%¥??g?ggki%&géﬁQ%gméggaqﬂ;*i[ﬁ?gver sg{g ﬁa?ﬁlsurfaCe
f id ' | t f it hi aid t h;
and form 5 o dorftironangyar" PR Mt Sited fol Apcesdanas with
method of Uil e 2eRE"hEBRANINY At AP FI N9

10 9. A method of producing a semiconductor device including

the steps of: forming a_trehch in a main surface of a ~
semiconductor substrate such that said_trench e#tends from

said main surface into the interior of said semiconductor
substrate, whereby said tfench has corners; said forming the

15 trench including forming a mask on the substrate surface,

said mask having an opening at the location of the trench,
and forming the trench utilizing said mask; forming by

thermal oxidation an initial insulating film alohg the

surface within the trench using said mask, and selectively

removing said initial_insuiéfing_film along the surface
20 within the trench, wh;fgbj'éaid_corne;s are rounded off;
fofming an ihsulating film over said main sufface of said
semiconductor substrate aﬁd aloné the_surface within said

trench; and forming a conductive layer over said insulating

£4ilm.
25 10. A method of producing a semiconductor device according

to claim 9 wherein said trench is forméd by etching and said
initial insulating film is formed by thermal oxidation, and

further wherein said mask i1s formed of materials resistant



'ﬁto claim9 wherein said trench is fornmed by etching and said initia

|
nsulating filmis formed by thermal "oxi‘dation, and ];\HIH "l]m Hﬂ ﬂlﬂfml d
Lask is formed of materials resistant 27 L " ™ chant

used MNr.said etching and resistant to said thermal oxi dati on. 11. A nethod

of produci ng &#osd&he @khant ured cinagadddesghdingc eadrnresigtant tessaldask
I ncl udes two |layers, -a first 5, layer of material resistant to said
etching and a el |egddationnterial resistant to-said thernal oxidation
12. A method of produciQ%?s'seniconductor devi ce according to claim1l

wherein said filrst 4 BRYNPE AfRFIRUGHBE pR0SPIECARGUGTERSS -G FSREGHBY
em conduct or "G AR rRET a7, 58Ta BRal, AELERRR A Cie¥AIEr chcELTSE
Fi gures 45t0 %é?éé*5¥fﬁé¥é inﬂgsfégﬁﬁgg%b said etching and a second
.layer of material resistant to said thermal oxidation.
"12. A method of producing a semiconductor dévice according
to claim 11 wherein said first layer is made of
phosphosilicate glass and said second léyer is made of
10  silicon nitride.
U '13. A method of producing a semiconductor device

substantially as herein described with reference to Figures

4 to 9 of the accompanying drawings.




