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 #SUR' () *e3eD223L: H< D6VDTDWTN 1 z 4 F E B zoo3 PROCESS FOR MANUFACTURI NG
SEM CONDUCTOR | NTEGRATED CI RCUI T DEVI CE [ Background of the Inventiog%Fg Emﬁ
present invention relates to a process for manufacturing a sem conduct ﬁ
integrated circuit device and, nore particularly, to a techni que for
exposi ng sem conductor regions over the surface of a sem conductor
substrate in self-alignnment to mﬁring‘ho I i nes (incIuﬂMMMWﬂm u ctrodes)
and el enent isolating regions when connection holes ar mmwm,med in a
flattened layer insulating film As a first technique, the,g4¢
(Self-Aligned Contact) technique for form ng connection holes in a 15 | ayer

insul ating fibm-GRwerd @g@ﬁ' - al4 with the
gate el ectroglg‘s |s%gg§i@§ﬁo§é%§h§g% 0 Ig%%ég(lfjﬁl E’g‘&g%ﬂggcti on ED- 43,
No. 11 (1996), for exanple. Here isrghse agpgh@ t echnique in which the gate
el ectrodes are constructed to have the 20 so-called "poly-netal structure",
whi ch neans that a refractory netal filmis |amnated over a | ow esi stance
poly-silicon filmthrough a barrier netal film and a cap insulating film
over the gate el ectrodesBaoRgaoandeofalthe Mawleattimmfil m on the 25 sides of
the gate el ectrodes are fornmed of a silicon 2 4 FE8 2003 -2 nitride
film RAccordi ng Thet preseathrninpent iwherdlreacomed ipredesesfeare to be

formed in the layer insulating film of _ _ _
manufacturing a semiconductor integrated circuit

device and, more particularly, to a technique for
exposing semiconductor regions over the surface of a
semiconductor substrate in self-alignment to wiring
10 lines (including gate electrodes) and element
isolating regions when connection holes are to be
formed in a flattened layer insulating film.
As a first technique, the SAC (Self-Aligned
Contact) technique for forming connection holes in a
15 layer insulating film covering gate electrodes and in
self-alignment with the gate electrodes is described
on pp. 1864 to 1869 of IEEE Transaction ED-43, No. 11
’ (1996), for example. Here is disclosed a technique in
which the gate electrodes are constructed to have the
20 so-called "poly-metal structure", which means that a
refractory metal film is laminated over a low-
resistance poly-silicon film through a barrier metal
film, and a cap insulating film over the gate
electrodes and a side wall insulating film on the

25 sides of the gate electrodes are formed of a silicon
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a silicon oxide film they can be fornmed in self 5 alignment wth the gﬁ)@
el ectrodes by etching them selectively with respect to the silicon i f 3
film This makes it unnecessary to take a margin between the gate

el ectrodes and the connection holes so that the size of a M SFET can be
reduced to increase the nunber 10 of M SFETs to be packaged in a chip of a
predeterm ned size thereby to raise rﬁ%'degree of integration. Here, as
seen fromthe aforenentioned first technique, the main flowis the el enent
isolation structure (as called the "trench isolation”) in which 15 the

el ement isolating insulating filmnmade of a thermally oxidized filmis

repl aced by ‘hLe s fornmed in the surface of the sem conductor
substrate aﬁgegﬁé%eggaﬁfh a C/D oxide filmor the like. In the case of the
af orementioned figsko281hGCRBI QHEs ReBRNAIGh Nained RS eS@Inplcditi’mh bet ween

t he opening of a photoresist mask and the el enent isolating regions that

t he openi nghelesherensk deesordledexinertheOVelydhe Eniitng sillat igyy regi ons
when the connection holes are to be forned. If the opening of 25 the

phot or esi stamaskienhendideerfifling eheyertan sod afidmged ih €1 f= B Z003 -3
regions, the oxide filmin the trenches will also be etched at the tine of
et chi ng® t heal agamentswidhi dpef idlarmet lpdesthyr ades s et ddrgarhad conduct i on
bet ween the sem conductor, regions and the substrate. 5 Thus, it is needless
to say thatSEhEBCEEVERY WA T TEsEetdr Fion Tha e adie Hdid Bpeiiy and t he

el enment isolatin egi Qns raises a cause for preventing the size reduction
of the M SFE&%.S &P{‘ﬁgudﬁ HED&FESS AT oW? itrfSief'né3 &HSG%%W%%&%% hand,

here will b scri hed second . techni que .(.Japanese Patent i cati on No.
92608/ 1997) S?grg %‘F%%ﬁ&%teﬁea @nﬁi" o (ﬁtésorf’ﬁ"@eﬁsf =4 ?Cg‘nanen With the
ate el ectr t Wit i f f‘e?é%’ﬁ hsol ati regi ons.
gS In this ggggngﬁtégﬁﬁggﬁgfQﬁ&%%%{?ﬁ£ﬁ¥%$?ﬁ%hﬁfﬁ%1 ornégﬁgf only a g:licon
nitrideofilsEi grkeEmedeovee Hiekadfed aed radgs oand grhidddmcinal face of

a sem conductor substrate, the side faces of the gate el ectrodes and the
surface (inslindi ngerkbysitde rfadees the degree of integration.

Here, as seen from the aforementioned first
technique, the main flow is the element isoclation
structure (as called the "trench isolation") in which

15 the element isolating insulating film made of a
thermally oxidized film is replaced by the trenches
formed in the surface of the semiconductor substrate
and buried with a CVD oxide film or the like.

In the case of the aforementioned first

20 technique, a margin has to be so retained between the
opening of a photoresist mask and the element
isolating regions that the opening of the mask does
not extend over the element isolating regions when the

connection holes are to be formed. If the opening of

25 the photoresist mask extend over the element isolating



20 and the upper face) of the cap insulating filmare coated with a thin
silicon nitride film In this second technique, the aforenentioneﬁ%AFE 2003
connection holes for exposing the sem conductor substrate are forned ap
first by perform ng an etching treatnment under such a 25 condition that a
| ayer insulating fil mnmade of a 2 4 F EB 2003 -4 silicon oxide filmis
nore easily etched off than the siliéoh nitride film and when the thin
silicon nitride filmis exposed, by perform ng an etching treatnment under
such a condition that the silicon 5 nitride filmis nore easily etched off
than the layer insulating film According to this second technique, it is

possi bl e tQSQIne, e RILRIENFINAl i gVeRe! £ran8hbsCQR1 @XhE80f bkm of the sane
kind as that” of the layer insulating filmis buried in the elenent 10

i sol ati ng gtegicnsad of@dcile tHe SeOheNGUIUREOLagEbSthahieattihg silicon oxide
filmburied in the elenent isolating regions is etched to establish the

conduct i orf ilet vssrdihe sentsvsslust dangegi ofscandutbeoaubstivaeea at the tine
of form ng connection holes. 15 [Summary of the Invention] The invention
rel ates tahe fasnimrndugprarveregions &hé ther enkatraned second techni que,
and we have found out that the aforenentioned second technique has the

fol | o ng probl @is 20LtThis freedlespbtensay Bhatntheaseteating aspect ratio
of the aforenentioned, connection holes. According to the second technique,
at the tim e RIE R thRtUeSR kAt PAREICEBRABEt RBA KBPe§leMe®tt hin
silicon nitride filmover the sem conductor substrate 25 is. finally etched

to expose tIEEUHRCEEHOTheT 2198 £ E2B55063T- BESERNLSRIuELST substrate.
Accordingg&&érga&qégfggwgkogﬁg_%fgpg& ue, however, the cap insulating film
ot € siliconni

is also formed ride"Tilmso that the cap insulating film
portion, as expg3Rthddon mot e LOMRRGHH ODn hehESart$ 8hsenet ehgerof f. Wien

the cap insulating filmis renoved, however, the insulating film between
the gonduddiee, fridre twibe byrdedeknbédeaconnenti eachaligaeand the gate

el ectrodes is thinned to | ower the breakdown vol tage. Wen the 10 cap

i nsul ati ng fapanese chapéet eAypeichtidohoNexpb2608Bla9gat) e felrect r odes, on the
ot her hand, the conduction is established between the conductive film

buri ed i n fihanduhricke i epnhereionndolne gat ecdfeaiigament| witd therefore,

necessary to thicken the cap insulating 15 filmto such an extent that the
cap insmaﬂhqm§q§¢rﬁlectrodes but withdut any margin from the

element isolating regions.

15 In this second technique, a cap insulating film
formed of only a silicon nitride film is formed over
the gate electrodes, and the principal face of a
semiconductor substrate, the side faces of the gate
electrodes and the surface (including the side faces

20 and the upper face) of the cap insulating film are
coated with a thin silicon nitride film. In this
second technique, the aforementioned connection holes
for exposing the semiconductor substrate are formed at
first by performing an etching treatment under such a

25 condition that a layer insulating film made of a



may be formed over the gate el ectrodes after the formati on of the
connection holes was ended. Wth the cap i.nsulating film being t hi 2kdh8d008
the height fromthe principal face of the sem conductor substrate to 20 the
upper face of the cap insulating fil mbecones |arger than the ordinary one
so that the aspect ratio of the connecjion holes increases. This makes it
difficult to formthe connection holes and to bury the conductive filmin

t he connection holes, thereby to 25 cause an increase in the electric

resi stance and a 2 4 F EB 2003 -6 defective conduction in the connection
hol es. The second problemis that the cap insulating filmis scraped or

bul ged by a &eaicbheakimgat raiheist hereapakisyl atiched idfm wasinwydeed. I n the
5 af orenmenti oned second technique, it is necessary to retain the thickness

of the cap issuiebhngitrhiae ALTardang Wwhe@uthentddhi gdliiey esults,
however, it has been found out that as the cap insulating film becones the
t hi cker, thenptobientolmt he srpasatl, obyopetioenpagsiamn edfchtimgy cap
insulating filmis nmade the nore serious by the heat treatnment after the
formation oftréatwapti nsdeat snughf gl ernddtdrdi ffato ther siidvi@ni gat i on
results, on the other hand, it has also been found out that the problemis

seri ous Wwhenttheids §ale épcRprBdeamalyr pAChedspddi Ahap thee Iftssrial at
the portion where the c insulating. filmcontacts) i refractory netal
i O thelBaSTatons: Relnyeri T bHILBH FhetbthoF Shahd, CRETRAGE sear ohed
craml o0 o L0 bBeedh2Bo7 0118 SAE bSRIRAS A de fpupd o
LEora 1950 L04E8 oLigl, EhepPull VB! bahcofubhe ot g Lech e,
oxide is formgger insulating film is buried in the element
10 isolating regions formed in the semiconductor
substrate, the silicon oxide film buried in the
element isolating regions is etched to establish the
conduction between the semiconductor regions and the
substrate at the time of forming connection holes.
15 [Summary of the Invention]
The invention relates to a further improvement
of the aforementioned second technique, and we have
found out that the aforementioned second technique has
the following problems.
20 The first problem is an increase in the aspect
ratio of the aforementioned connection holes.
According to the second technique, at the time of
forming the aforementioned connection holes, the thin

silicon nitride film over the semiconductor substrate

25 is finally etched to expose the surface of the



2 4 F EB 2003 over gate electrodes; a silicon nitride filmis then
deposited and etched back; a side wall of .a silicon nitride filmislédERdONd
on the side walls of the gate electrodes; a thin silicon nitride filmand a
| ayer 5 insulating filmare deposited all over; the layer insulating film
is etched under such a condition that a high etching selection ratio is set
for the thin silicon nitride filmand tThe side wall; and the thin silicon
nitride filmin the bottoms of contact holes 10 is then etched to expose
the substrate. Since the etching selection ratio between the silicon oxide
filmand the silicon nitride filmcannot be made infinite, according to
this firstsataiaiRttiacHisiteratde Maicohsiingcad g ide fil mover the gate
15 electrodes is etched, too, while the layer insulating film between the
gat e el ectafudesndars: ey sdatheudhilsowekes, i thaecgssanyulatingis thin
silicon nitride ' filmto have such a thickness that it can reside till the
end of theigimhisng@lgedtommd of £ tttee | sykic@® nitsuidei Aglhism In Figs. 3 to
6 of the publication of the second searched technique, on the other hand,
there is didl dwl RPprigveska§org fHEH ePEbivRct 2dnexpPesdi RTSEI f - al i gnnent
with gate electrodes. In this 25 technique: a_silicon oxide filmis forned
over the the £negtigpdoles gaie 2l tebeked eRE- siThedR&Xide filmand a

il i itride fiJ deposi ted. all . a_BPSG fil |
nsul ati ng 48 1RSSR HTHer® (HEMECH (FBIETRE unfBR (s sl et fon 1 atf o

to the siliégqgéﬁgggrfl fﬂé{%%%%P%?Q;C5E§¥§£l$go ifﬁt{%dgefiln1is t hen

et ched under condi t1on e etching rate of theé silicon nitride

Filmis highefed han Err@tc&tnéléﬁ&?%iéé Mn@nehé hgate! beaBroxhdg filmis

then etched to formside walls.

is thinned to lower the breakdown voltage. When the

10 cap insulating film is completely etched to expose the
gate electrodes, on the other hand, the conduction is
established between the conductive film buried in the
connection holes and the gate electrodes. It is,
therefore, necessary to thicken the cap insulating

15 film to such an extent that the cap insulating film
may be formed over the gate electrodes after the
formation of the connection holes was ended. With the
cap insulating film being thickened, the height from
the principal face of the semiconductor substrate to

20 the upper face of the cap insulating film becomes
larger than the ordinary one so that the aspect ratio
of the connection holes increases. This makes it
difficult to form the connection holes and to bury the
conductive film in the connection holes, thereby to

25 cause an increase in the electric resistance and a



10 Li ke the foregoing first searched techni que, however, according to this
second searched technique, the silicon nitride filmover the gate 4 FE 3
el ectrodes is also etched while the |ayer insulating film between t%e ggg@
el ectrodes is being etched. This nmakes it 15 necessary for the silicon
nitride filmto have such a thickness that it can reside till the end of
the etching treatnent of the layer insulating film Therefore, an object of
the invention is to provide a technique capable of |owering the aspect 20
rati o of connection holes. Another object of the invention is to provide a
techni que capabl e of preventing separation or bulge of a cap insulating

filmafter dordmdyel e {QICO0 N ANEL Ot hefin 8Pt £64 ShéNes novel 25 features of
the invention will becone apparent from 2 4 F E ~ 2003 -9 the foll ow ng

description to beHadedid gefirances ttgametm@%m%aiwémaﬂmg\ﬁ ngs. O the
invention disclosed herein, a representative will be briefly described in
the 5 fol | dilng. isAcoaraped) d0 HilbgedVvient 4 oeat hereatmept ovfded a process
for manufacturing a sem conductor integrated circuit device. The process
conpri ses tiie stagpsinful {@)ngofit Imgvas senrkedducirorthsubstrate with a first
10 conductive film a first insulating filmand a second insulating film
sequen®i al 1afQreMeRtINRG ILCoRE| techtbuee, | Bels RAEEHIRTBrBPNg the same
to forma plurality of first conductive filmpatterns; (b) formng a third
i nsul ati ng 39%anbvdre tHelalnessi @bntlie t ©*P stb3ptat &naf £ 2k Mt he step (a), on

t he . . . . .
According to our investigation results, however, it

has been found out that as the cap insulating film
becomes the thicker, the problem of the separation or
10 expansion of the cap insulating film is made the more
serious by the heat treatment after the formation of
the cap insulating film. According to our
investigation results, on the other hand, it has also
been found out that the problem is serious when the
15 gate electrode material (especially, the material at
the portion where the cap insulating film contacts) is
a refractory metal film.
On the basis of the invention, on the other
hand, we have searched examples of the prior art on
20 the SAC technique and have found out Japanese Patent
Laid-Open No. 316313/1996 and Japanese Patent Laid-
Open No. 125141/1996.
In Fig. 1 of the publication of the first
searched technique, there is shown a process in which:

25 an offset insulating film of silicon oxide is formed



side walls of the first conductive filmpatterns and over the second
insulating film and formng a fourth . ,insulating filmover the thir@gl FEB 2003
insulating film (c) after the step (b), formng a nask with a first 20
openi ng between the adjoining ones of the plurality of first conductive
filmpatterns over the fourth insulating film and etching the fourth
insulating film as exposed fromthe first opening of the mask, under such
a condition that the fourth insulating film25 is nore easily etched off
than the third and second 2 4 FES8 2003 -to insulating films, to form
a second opening in the fourth insulating film and (d) after the step (c),
ani sot ropi catdy fi€di 8Uetbeolibst dai Bslkabnngiticlide &3lexdesetety om the
second 5 opening of the fourth insulating film under such a condition that
the third idepdsited dndnetshedrbaeksi hysetiehedldf bft rarms itlieon r st
insulating filmand the fourth insulating film to forma third opening for
exposi ng t heltuppde fate bf fhemednpoohdecsddel@addsworfattdie igattehe third
insulating filmbetween the adjoining first conductive fil mpatterns.
[Brief DescigRtiedes;thetDiAwshysToRi gitride fidapapdad Viag®Xshowi ng t he
entirety of, a sem condugctor chip havlng a DRAM forned according 15 to one
embodi ent BISHIRE1RGehE+Bnar i §SP9SLEBdnadduPYaFentPE L@YST di agram of t he
DRAM of Fig. 1..Fig. 3.is a.sectipn.of an_essential r.ti.on qf
sem conductHts SBsERa: 5-ERA:SnehF R HARGFAAF 126 SEPA Tie o i remor y
array and iph Gl QU h RAM. af _Ei.g . +Eg. is a schematic
top pl an v?%aﬁ%#ﬁtﬁégééﬁkc%%%%%?%?hsggg??aﬁg Sﬁgwfﬁé ghfgﬁ¥ﬁéh of the
silicon nitride film and the side wall; and the thin

silicon nitride film in the bottoms of contact holes
10 is then etched to expose the substrate.

Since the etching selection ratio between the
silicon oxide film and the silicon nitride film cannot
be made infinite, according to this first searched
technique, the thin silicon nitride film over the gate

15 electrodes is etched, too, while the layer insulating
film between the gate electrodes is being etched.
This makes it necessary for this thin silicon nitride
’ film to have such a thickness that it can reside till
the end of the etching treatment of the layer
20 insulating film.

In Figs. 3 to 6 of the publication of the second
searched technique, on the other hand, there is
disclosed a process for forming connection holes in
self-alignment with gate electrodes. In this

25 technique: a silicon oxide film is formed over the



menory array of the DRAMof Fig. 1. 25 Fig. 5(a) is an enlarged section of
an essenti al 2 4 F EB Z003 -11 portion taken along line A - A 0f2ﬁﬂ¥8ﬁh3
and Fig. 5(b) is an enlarged section of an essential portion taken al ong
line B- B. Fig. 6 is a section of an essential portion of 5 the

sem conductor substrate showing a procgss for manufacturing the DRAM of
Fig. 1. Fig. 7 is a section of an essential portion of the sem conductor
substrate showi ng the DRAM nmanufacturing process subsequent to Fig. 6. 10
Fig. 8 is a section of an essential portion of the sem conductor substrate
show ng the DRAM manufacturing process subsequent to Fig. 7. Fig. 9is a
secti on of garteesdanttialderoy titon wfl itdmn sem denflulh oxndudss tafeoshow ng t he
DRAM 15 manuf acturing process subsequent to Fig. 8. Fig. 10 is a section of
an essenti aityodd dhilotr arre Wwn derictted saibbtewer; shobPhg £h&mDRAM

manuf act uri ng process subsequent to Fig. 9. Fig. 11 is a section of an
essential P3rta HRAFT 2N D rdhidt okS 2BRReAt@Nd@BWRE a process for

manuf act uri ng a DRAM accordi ng to anot her enbodj nent of the_invention. Fig.
12 is a seGP%(?r%td'rOrhrﬂ’bs‘QHﬁl? attHOTE I t Rt E_nf R ohldGcF of 1S8Bst rat e

shomnng th%i@rfﬁe film is high; the silicon nitride film is then

etched under such a condition that the etching rate of
the silicon nitride film is higher than that of the
BPSG film; and the silicon oxide film is then etched
to form side walls.

10 Like the foregoing first searched technique,
however, according to this second searched technique,
the silicon nitride film over the gate electrodes 1is
also etched while the layer insulating film between
the gate electrodes is being etched. This makes it

15 necessary for the silicon nitride film to have such a
thickness that it can reside till the end of the
etching treatment of the layer insulating film.

Therefore, an object of the invention is to
provide a technique capable of lowering the aspect

20 ratio of connection holes.

Another object of the invention is to provide a
technique capable of preventing separation or bulge of
a cap insulating film after formed.

The foregoing and other objects and novel

25 features of the invention will become apparent from



25 manuf acturing process subsequent to Fig. 10. 2 4 F EB 2003 -12 Fig. 13
is a section of an essential portion of the sem conductor substrat e} &F¢Egio0
t he DRAM manuf acturing process subsequent to Fig. 12. Fig. 14 is a section
of an essential portion of 5 the sem conductor substrate show ng the DRAM
manuf acturi ng process subsequent to Fig. 13. Fig. 15 is a section of an
essential portion of the sem conductor” substrate showi ng the DRAM
manuf act uri ng process subsequent to Fig. 14. 10 Fig. 16 is a section of an
essential portion of the sem conductor substrate show ng the DRAM

manuf acturi ng process subsequent to Fig. 15. Fig. 17 is a section of an
essential potheofiodlowhagseaseengidbar taubet nakde sHew ne fdreddAMGLS
manuf act uri ng process subsequent to Fig. 16. Fig. 18(a) An enlarged section
of an essentthé porbtmpanginghdraerdingsnduct or substrate at the manufacture
step of Fig. 17 and corresponding to line A- Aof Fig. 4, and Fig. 18(b)
is an enl arged sec®fohh@Oinvenhiessdnsicdbspdr heoriof, ®he seni conduct or
substrate at the manufacture step of Fig. 17 and corresponding to line B -
H of Fig. 4.repgeseptpsigeswidiloneobrigtdyseesicaibser tirorkhst the

sem conductor substrate show ng the DRAM 25 manufacturing process
subsequeht tHCFLGWiRG-

According to the invention, there is provided a
process for manufacturing a semiconductor integrated
circuit device. The process comprises the steps of:
(a) coating a semiconductor substrate with a first

10 conductive film, a first insulating film and a second
insulating film sequentially in the order of recited
lower layers and patterning the same to form a
plurality of first conductive film patterns;

(b) forming a third insulating film over the

15 semiconductor substrate after the step (a), on the
side walls of the first conductive film patterns and
over the second insulating film, and forming a fourth
insulating film over the third insulating film;

(c) after the step (b), forming a mask with a first

20 opening between the adjoining ones of the plurality of
first conductive film patterns over the fourth
insulating film, and etching the fourth insulating
film, as exposed from the first opening of the mask,
under such a condition that the fourth insulating film

25 is more easily etched off than the third and second



2 4 F EB 2003 -13 Fig. 20 is an enlarged section of an essential portio

of the sem conductor substrate at the manufacture process of Fig. 192 4FiE 2008
21 is a section of an essential portion of 5 the sem conductor substrate at

t he manuf acture process of Fig. 19 and taken in the direction to intersect
that of Fig. 20. Fig. 22 is an enlarged top plan view of an essenti al

portion of the sem conductor substrateafi 10 the nmanufacture process of

Fig. 19. Fig. 23 is a section of an essential portion of the sem conductor
substrate show ng the DRAM nmanufacturing process subsequent to Fig. 19.

Fig. 24(a) is an enlarged section of an 15 essential portion of the

cor copondi ho te T AReA SP EPGH B°NCHR A S0 ThEeh ar geo

section off@@rgﬁsgﬂghﬁgtgggtqumpfa e semi conductor substrate at the
manuf acture step of Fig. 23 and 20 corresponding to line B - Hof Fig. 4.

Fig. 25 is(a)secifearothanseepential apasoitedpikallny semmcanrdutor substrate
showi ng t he DRAM manuf acturing process subsequent to Fig. 23. Fig. 26(a) is
an enl ar gethsedt insudbtdng2fidasentsi &xpoardd dromf thee ssemmdnduct or
substrate at 2 4 F EB 2003 -14
5 opening of the fourth insulating f£ilm, under such a
condition that the third insulating film is more
easily etched off than the first insulating film and
the fourth insulating f£ilm, to form a third opening
for exposing the upper face of the semiconductor
i0 substrate, in the third insulating film between the
adjoining first conductive film patterns.
[Brief Description of the Drawings]
Fig. 1 is a top plan view showing the entirety
of a semiconductor chip having a DRAM formed according
15 to one embodiment of the invention.
Fig. 2 is an equivalent circuit diagram of the
DRAM of Fig. 1.
Fig. 3 is a section of an essential portion of a
semiconductor substrate and showing individual
20 portions of a memory array and a peripheral circuit of
the DRAM of Fig. 1.
Fig. 4 is a schematic top plan view of the
semiconductor substrate showing a portion of the

memory array of the DRAM of Fig. 1.

25 Fig. 5(a) is an enlarged section of an essential



t he manufacture step of Fig. 25 and corresponding to line A - A of ZMQTBﬁﬂ%
and Fig. 26(b) is an enlarged section, of an essential portion of th

sem conductor substrate at the manufacture step of Fig. 25 and 5
corresponding to line B- Bof Fig. 4. Fig. 27 is an enlarged top plan view
of an essential portion of the senicoqguctor substrate at the manufacture
process of Fig. 25. Fig. 28 is a secfiron of an essential portion of 10 the
sem conduct or substrate show ng the DRAM manufacturing process subsequent
to Fig. 25. Fig. 29 is a section of an essential portion of the

sem conductor substrate show ng the DRAM manufacturing process subsequent

to Fig. 28. 15 Fig. 30 is a,section of an_esseptial ,porti,on.of the
seniconductcﬁogﬁﬁg?rgfﬁeghﬁ%fﬁa bﬁae NdﬁaﬂgfgﬁgurﬁhgaB otéds subsequent

Fia 20 Fi . . . ' '

e conduct o 2Lne 148 PRRERPRS PR ERAS 20 Mmatf SFURTnEOEF Gohss

subsequent t©0Flg. 30, Fi%nesg Lsﬁa section of an essential portion of the
S

sem conduct or substr at owi ng thé DRAM - manufacturing process subsequent

to Fig. 31. Fig. 33ids @ s&chigBcPicANoLSERNEERENPOELT BBrefiodSckhe
sem conductor substrate show ng the M 2 4FEB2.003 -15
manuf actsur i nghrOaRscosdhseaveptibkerktg. sBdwihyga g#otesa ttogp pl an view of

an essential portion of the sem conductor substrate at the manufacture
process of mapuBdctdbrEng. tB& DBAM efcFign df an essential portion of

Fig. 7 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 6.

10 Fig. 8 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 7.

Fig. 9 is a section of an essential portion of

the semiconductor substrate showing the DRAM
15 manufacturing process subsequent'to Fig. 8.

Fig. 10 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 9.

Fig. 11 is a section of an essential portion of

20 a semiconductor substrate showing a process for
manufacturing a DRAM according to another embodiment
of the invention.

Fig. 12 is a section of an essential portion of

the semiconductor substrate showing the DRAM

25 manufacturing process subsequent to Fig. 10.



t he sem conduct or substrate show ng the DRAM manufacturing process
subsequent to Fig. 33. Fig. 36(a) is an enlarged section of an essemtltiElem“3
portion of the sem conductor substrate at 10 the nmanufacture step of Fig. .
35 and corresponding to line A- Aof Fig. 4, and Fig. 36(b) is an enl arged
section of an essential portion of thi sem conductor substrate at the

manuf acture step of Fig. 35 and corrée %énding toline B- Bof Fig. 4. 15
Fig. 37 is a section of an essential portion of the sem conductor substrate
show ng the DRAM manufacturing process subsequent to Fig. 35. Fig. 38 is a
section of an essential portion of the sem conductor substrate show ng the

DRAM 20 manuf act urj.ng pr,0ocess subsequent. to Fi 7, Fi IS section
of an essenti al p(g'lrltgi‘o 3of]‘st e S;éecmlcdhé)ufctaonr ésu esrf%%la%ie: @?1%%9%% ?fﬁe DRAM

nanufacturiQ%fp%%ﬁﬁﬁaﬁ?%ﬁﬁ?ymggbgé& ﬂé*sﬁg%%é%gthéob. a section of an

essential portio sem conduct or su rate show ng the DRAM 2 4

FEB T003 -1®a%@£@ﬁ%rd4;g}ﬁ%§%@%%?@tta opFkg.189. Fig. 4l is a

section of an essent| tion of the sen!conductor substrape shomﬁng t he
DRAM manuf act uri ngr ipy,00@SS 5 sREENn tdX Rif.eMen®idl dpofRids &f section of

an essential portion of the sem conductor substrate show ng the DRAM
manuf ackur i RtheprEisO Rl enibdtrdtie. sidwing the DRAM
manufacturing process subsequent to Fig. 13.

Fig. 15 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 14.

10 Fig. 16 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 15.

Fig. 17 is a section of an essential portion of
the semiconductor substrate showing the DRAM

15 manufacturing process subsequent to Fig. 16.

Fig. 18(a) An enlarged section of an essential
portion of the semiconductor substrate at the
manufacture step of Fig. 17 and corresponding to line
A - A of Fig. 4, and Fig. 18(b) is an enlarged section

20 of an essential portion of the semiconductor substrate
at the manufacture step of Fig. 17 and corresponding
to line B - B of Fig. 4.

Fig. 19 is a section of an essential portion of

the semiconductor substrate showing the DRAM

25 manufacturing process subsequent to Fig. 17.



Fig. 43 is a section of an essential portion of the sem conductor substrate
showi ng the DRAM 10 nmanufacturing process.subsequent to Fig. 42. Fig-Aﬁ%@Z@}
a section of an essential portion of the sem conductor substrate sho&nng

t he DRAM manuf acturing process subsequent to Fig. 43. Fig. 45 is a section
of an essential portion of 15 the senH onduct or substrate show ng the DRAM
manuf acturi ng process subsequent to Figf 44, Fig. 46 is a section of an
essential portion of the sem conductor substrate show ng the DRAM
manuf act uri ng process subsequent to Fig. 45. 20 Fig. 47 is a section of an
essential portion of the sem conductor substrate show ng the DRAM

manuf act uri ng proggss a%bsl%q. %nteatlgﬁrg& %g?ﬁf‘%‘g'% SaAse ?%gg%nwl (2)1; an

essential portion of 't K& sémi‘con substra oW ng

nanufacturiggrQHQEF%%i?gﬁ§g%#$$%ﬂﬁéﬁg%%£ Sostried EEBLRQ03 -17 Fig. 49 is

a section of an esse sem conduct or substrate show ng

the DRAM mapdhadhbddi® QeSS sbsegyenigto Fig. 48. Fig. 50 is a section
of an essential portion of 5 the sem tonductor substrate show ng t he DRAM

manuf acturing progggs 2Ubsequeedtdidd Gf 4h ddfendial Spersesiion of an
essential portion of the sem conductor substrate show ng the DRAM
5 the semiconductor substrate at the manufacture process
of Fig. 19 and taken in the direction to intersect
that of Fig. 20.

Fig. 22 is an enlarged top plan view of an

essential portion of the semiconductor substrate at
10 the manufacture process of Fig. 189.

Fig. 23 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 19.

Fig. 24(a) is an enlarged section of an

15 essential portion of the semiconductor substrate at
the manufacture step of Fig. 23 and corresponding to
line A - A of Fig. 4, and Fig. 24(b) is an enlarged
section of an essential portion of the semiconductor
substrate at the manufacture step of Fig. 23 and

20 corresponding to line B - B of Fig. 4.

Fig. 25 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 23.

Fig. 26(a) is an enlarged section of an

25 essential portion of the semiconductor substrate at



manuf act uri ng process subsequent to Fig. 50. 10 Fig. 52(a) is a section of
a portion of a sem conductor substrate after the step of formng con§@¢ggqm3
e

hol es when the cap insulating filmis formed of only a silicon nitri
film and Fig. 52(b) is a section of a portion of the sem conductor 15
substrate in an intersecting direction. Fig. 53 is a section of a portion
of a semi conductor substrate after thé4step of forming ' connection hol es
when the cap insulating filmis fornmed of only the silicon nitride film but
when the 20 silicon nitride filmis not formed over the sem conductor
substrate. [Description of the Preferred Enbodi nents] The invention wll be

4 bed i P P i i di . "
the 25 accompiis: ME HPARINGE Clare dindtndat S1 T Hmid® 5F0%F
2003 -1Sf iy DI i sl t i pt i f
conponent soLaglg%%r ?‘dézfgi %?Fﬁgﬁgg:’g%s%td\fm Iﬁ&]'geiegﬁge)?t% %gséézaj’s%%g?i (rjlg t hem

by common ref@é%@&%nnBEE%%|%Eséiﬂﬂdi-Pbﬂﬁid%‘Hﬁ!ﬂﬁ%téﬁhiﬁéﬁhﬂéﬁkaf a
sem conductor chip having a DRAM according to this enbodi nent. Over the

principal facguekt®atema&oRHec dnuFRidt ul off siigl e2xrysdal line
silicon, as shown, a nunber of menory arrays RY are 10 arranged in a

matri x shape coraes¥ogidieet iten 1(ieve BN -t e dorgiey. sd de direction of the

sem conductor chip 1A) and in a Y-direction (or in the shorter side
direction of the seRiigendlctisr aphieplasgedA togngelamplidy e@f SM i s arranged
between the nenory arrays 15 MARY which are adjacent to each other in the X
direction. AtegsSeditied! Pestdioon off thiee SEMIRIPHICERE S WPS E L8 et conduct or
chip 1A there are arranged word drivers WD, control circuits such as data

line sel ecti n§N& PAREECHUNSLERGGESS O FdH 1 <2 bondi ng 20 pads and so on
Fig. 2 is an equivagentwgircuit dia%nan1of t he afor%m%giég1 L DRAM As

shown, a nenory arr &g( ﬁst a section of an essenti

10 the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 25.

Fig. 29 is a section of an essential portion of
the semiconductor substrate showing the bRAM
manufacturing process subsequent to Fig. 28.

15 Fig. 30 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 29.

Fig. 31 is a section of an essential portion of
the semiconductor substrate showing the DRAM

20 manufacturing process subsequent to Fig. 30.

Fig. 32 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 31.

Fig. 33 is a section of an essential portion of

25 the semiconductor substrate showing the DRAM



of this DRAMis constructed to include: a plurality of word Iines W
(Wn-1, Wen, WLn+1, - - -) extending.in 25 the row direction; a plurality
of bit lines BL 2 4 F ED 2003 -19 extending in the columm direction; and
a plurality of memory cells (MC) arranged at their intersections. Ché FEB 2003
menory cell for storing 1 bit of information is constructed to include one
information storing 5 capacity el ement5€, and one nmenory cell selecting

M SFET s connected in series with the capacity elenent C. One of the
source and drain of the nmenory cell selecting MSFET 5 is electrically
connected with the information storing capacity elenment C, and 10 the ot her
IS electricallﬁfconnected with th L. _One g d of the word |ines

e bit |line
W is conndBRRELAFFHIEAE REPHeﬁFi§EBSﬁEPe§ﬁd%8ngl§hd “the bit lines BL is

connected with th .sengg anpli%ier is_a sectiaqn.,of an essentia
u

A, Fi.g. 3
portion of a 15 s ﬁ?to_ ttof aBspiﬁpevg%H Shodt Fﬁ&ﬁ&ﬁd%g1 portions of a
memory arr ayoapdog B LABCL Al Ehhalk Y e DR il g s a schemalic
W 0 he S € an

top plan vi sem conductor substra shows a portion of the

Menory arr ayanfkgctatd) prscalsenlkarggd sgction taken 20 along line A - A of
Fig. 4 and shows a contact hole portiron of the nenory array; and Fig. 5(b)

is an enlarged septjjonitakgnaakepgibhnesBan Bskentliane goyaiseds ng cont act
holes for bit lines) and along a direction to intersect Fig. 5(a) (although
the 25 i nf othat sefmigbatduBgocapadsty atlecshioeng ahe @RAM ed) . 2 4FEB
Z003 -20 Here, Fig. 4 shows only conductive |layers (excepting plate

el ectrodes)mgpnfacturiing phecresvsyubselguentuttcofiitgs t3%e il | ustrati ons of
insulating films between the conductive |ayers and the wiring lines to be 5
formed over the nBaBry36éR)siSTRE RBABEPedesEStdPrn: 9L BRAM are forned in
ptype wells 2 forned over .the Erincipal,face of a seni conductor substrate 1

f
(or sem conBREEBFLighi BPTHAA8 8f Hhey 5T RGN CEAFs SIS HE YT 13%on. The

p-typ%o the manufacture step of Fig. 35 and corresponding to
line A - A of Fig. 4, and Fig. 36(b) is an enlarged
section of an essential portion of the semiconductor
substrate at the manufacture step of Fig. 35 and
corresponding to line B - B of Fig. 4.

15 Fig. 37 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 35.

Fig. 38 is a section of an essential portion of
the semiconductor substrate showing the DRAM

20 manufacturing process subsequent to Fig. 37.

Fig. 39 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 38.

Fig. 40 is a section of an essential portion of

25 the semiconductor substrate showing the DRAM



10 wells 2 of the region (or nenory array), in which the nenory cells are
formed, are electrically isolated fronlthe sem conductor substrate 1

t hrough an n-type seniconductor region 3 formed thereunder, so g% FiB 2003
prevent invasion of noises froman input/output 15 circuit forned in

anot her region of the sem conductor srgstrate | and the like. A nenory cel
is constructed to have the stacked strucCture in which the information
storing capacity element Cis arranged over the nenory cell selecting 20

M SFET Qs. This nmenory cell selecting MSFET  is constructed of the
n-channel type and is fornmed, in Fig. 4, in an active region L which is
constructed ofnaf,£heagalfd FébéBQsSEﬁ%@qQé%e'&B @xendiong straight in the

X-direction (or the colum~™drrection). In“each 25 active region L, two
nmenory cell selectingiyl SEETSs & sedt 4ohEBf Z8R3esddntshar bogteBe ogr an
n-type sen conductor region 9) of the source and drain are formed adjacent
to each other tRetbenXcoh&eetbensubberakenenbwiagl ahien@rA®Yi on encl osi ng
the 5 active region L is forned of elenment isolating trenches 6 which are
formed in the pahypecuetlisg2prbneshesebergnentsobatiigg #lenches 6, there is
buried a silicon oxide film5 which is flattened to have a surface
substantially at theFégme4?evel aagsechaenopitan e6ssntfiadeporting adtive
region L. In short, the trench isolation is established. The el enent

i sol ati ng regi BAet REBIFERARATEY EHBSETAlENERPYILEEl &hiengRAenches 6 has no

bird' s beak forned at the end portion of the %0%8 % reglgP L so that it has
a larger effecP?#iB QFEHIngtﬁﬁ A&t SUPSEAESE 19sol*dt'i ng regi on (or

field oxide. 111 m whieh | £57PLMBdsLe, UaKeoanaRINaL oRldg1DYCLRG RS (or

| ocal oxidation of si Rer 2wor ement i sol ating

region by the eheneah;bankabtny LLBUEDSSeD sEaNihEPkALe il dear ee of 20

el enent integration because it can effect t ment isolation with a

smel | er ar@a tpafuthatueinghpreasssobubbeqhieakd texirde.fidom structure to
such an extent as can elimnate the bird' s beak which wll not effectively

function as the el eneng. |$®Ias|ansea516heoﬂeanr¢ssehtlael@@t¢ngan$EET (@3
i's 2 4 FEB8 2003 -22 constructed mainly of a gate insulating film?7, a
gate el ectrodetBA apwigopdiftofr mubgpyasensbomdast dher @fpdhs 9 and 9

formng the source and drain. This gate insulating film7 is made of
silicon oxi de, m?BPfBCEkéﬁBBeprPSeﬁﬁvéuES@HPéﬁﬁe§§ &i-9%bddt- 8 nm The gate

| ectrod f afirgt t f 8A of .t N
el oot ing M SFETs QufaFe NRGS i At BGPAROR PR ERESRBFA P AcEORE Wi obr o

Ty o4 S BhER B BoSRB c lgn ol space 1

manufacturing process subsequent to Fig. 44.

Fig. 46 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 45.

20 Fig. 47 is a section of an essential portion of
the semiconductor substrate showing the DRAM
manufacturing process subsequent to Fig. 46.

Fig. 48 is a section of an essential portion of

the semiconductor substrate showing the DRAM

25 manufacturing process subsequent to Fig. 47.



the gate electrodes 8A (or the word lines W), i.e., the gate I ength and

t he space of the two adjoining gate el ectrodes 8A (or the word |ines W)
are substantially equal to the mninmumworking size that 15 is detyer '@ﬂﬂ3
by the resolution imt of the photography; Here, the width of the ga

el ectrodes 8A and the space between thz two adj oi ning gate el ectrodes 8A
are exenplified by about 220 nm The'é te el ectrodes 8A have a pol y-netal
20 structure which is constructed, for exanple, to include: a

| owresi stance polycrystalline silicon filmdoped with an inpurity such as
P (phosphor); a barrier nmetal filmformed of a WN (tungsten nitride) and

the Ii ke over the olyc%ystalline §Llicog fil and .a. 25 r tr%pt%ry met al
%55 1 ion” o

filmand the Iike T7hed” ot a®wW e -1°128 epu £ a%ipﬁfbver the barrier

tal fil t |, f th | y- net al
Struct ur e haviea T Begr "Gl SEort B P BSr et ancE oLt S Sl I ter m of & Sheet

ctric resistance

resi stance) RARchERL: Ohg! BRoBeRd! Supkeeiades Jutisch are for med of a

pol ycrystalline silicon m or a polycide film so that they can reduce a

signal delay in th?i?‘@@’o'ié‘e&-séétioheé@' bn B8 eR¢GRISIPIF irke i the DRAM
can be inproved. On the other hand, the nunber of nenory cells to be 10

connect esl wi theosemiobddhicnes ¥hibeamahe ismerdasedHe pDreguce the area
occupied by the entire nenory region and accordingly the size of the

sem conduct omanhifpctiinihyi premkedi sabisequentexamiligg. 392 nenory cells can
be connected with the word lines W.. This can reduce 15 the size of the
sem conduct or chi pFby- abbuiseat sectisn af eonsasedtiwlt pamtdamas in which
256 nmenory cells can be connected with the word lines W.. As a result, the

product i on yF8FdSERACBRIPREPEASBESES Ak PO 1t W6 PRAYuction in the
DRAM Wth th i f.the 20 i duct i i h d, th
other hand,  PRBVGAGFAEL0H BFERERE FABBSTATH Wk ok i oved. Fere. the
| | f ot . .8A, . €. | talli

S 1T con i | m has e LR cRLEL S BLEUERER o BopoRt i O et Iyi ng

t EZQSt en 2 4gbmkcBndB8o25sbkitirde el hlffias e ks ssimahput 5 nmfor

connection holes when the cap insulating film is
formed of only a silicon nitride film, and Fig. 52(b)
is a section of a portion of the semiconductor

15 substrate in an intersecting direction.

Fig. 53 is a section of a portion of a
semiconductor substrate after the step of forming
connection holes when the cap insulating film is
formed of only the silicon nitride film but when the

20 silicon nitride f£ilm is not formed over the
semiconductor substrate.

[Description of the Preferred Embodiments]

The invention will be described in detail in
connection with its embodiments with reference to the

25 accompanying drawings (Here throughout all the Figures



exanpl e; and the overlying tungsten filmhas a thickness of about 50 to 100
nm for exanple. The peripheral circuit of the DRAMIi s constructedzrl.q'EBm3

i ncl ude n-channel M SFETs O and p 5 channel M SFETs . The n-channel

M SFETs On are fornmed in the p-type wells 2 and constructed mainly of a
gate insulating film?7, gate electrodﬁ 8B and a pair of n+-type

sem conductor regions 10 and 10 form g'the sources and drains. On the

ot her hand, 10 the p-channel M SFETs (@ are forned in n-type wells 4 and
constructed mainly of a gate insulating film7, gate electrodes 8C and a
pair of p+-type sem conductor regions 11 and 11 form ng the sources and

drains. Thecgalieserept hgdese( emboldgmentst, eprducidew-dd | m pattern) 15 8B
and 8C are constructed to have the sanme poly-netal structure as that of the

gate el ectdedesifAifnr ofheowpotientzehawing Thentrict@neinddigsl On and t he
p channel M SFET (@ constructing the peripheral circuit are manufactured
accordi ng vbla beosmittedi py delsd.gasti@gt hdterobyt mwmmemry cells. O the

M SFETs in the peripheral circuit region, the M SFET, as denanded to have a
hi gh speedreferfaage aumeilelgat-e insulating film7 to have a thickness of
about 4 nmfor exanple, which is smaller _than that of the gate oxide film
of 2 #F E B 2008125 1 héSMASEEFAIPn CPRePABRDNY-SWelPf &rray. S - 25 Over
the gate el ectrod

e 00t SR EBAaRC B R R L BB L Ty, ol | sl ect
(LM 32 | SeRBORLRUEREC. ob g Bhg BIVRELIER! raf 2:5) amnareo 11 m (as wil
Insul ati ngsbhh Bhnddachbe BRI VY rlie 93t & i9AE QRS H4 1 ANd a
silicon, as shown, a number of memory arrays MARY are
10 arranged in a matrix shape in an X-direction (or in
the longer side direction of the semiconductor chip
1A) and in a Y-direction (or in the shorter side
direction of the semiconductor chip 1A). A sense
amplifier SA is arranged between the memory arrays
15 MARY which are adjacent to each other in the X-
direction. At a central portion of the principal face
of the semiconductor chip 1A, there are arranged word
drivers WD, control circuits such as data line
selecting circuits, input/output circuits, bonding
20 pads and so on.
Fig. 2 is an equivalent circuit diagram of the
aforementioned DRAM. As shown, a memory array (MARY)
of this DRAM is constructed to include: a plurality of
word lines WL (WLn-1, WLn, WLn+l, - - -) extending in

25 the row direction; a plurality of bit lines BL



silicon nitride film(or a second insulating film 12b fornmed over the
silicon oxide film1l2a. This silicon 10 oxide film 12a has a thic&¢ﬁ§g ng
about 100 nm for exanple, and the silicon nitride film 12b has a i & ess
of about 40 nm However, the thicknesses of those silicon oxide film 12a
and silicon nitride film 12b shoul d noﬁ%be limted thereto but could be 15
nmodi fied in various manners. These fi'lmthi cknesses will be described in
detail hereinafter. The silicon oxide film 1l2a has the following first to
third functions, for exanple. The first function is to relax the film
shrinkage, as caused by 20 a heat treatnent step, of the silicon nitride
film12b so ¢kaéntihegi $al aheonobiimhhdicaptiiosyl anidng follumallA tyasofin ght

ot herwi se be caused by the heat treatnment after the cap insulating film 12
was forned, memoby seppses¥Ed. a2ranged Bt200®@i25 ifttersesdnidrfunction is to
act as an etching 2 4 F E B 2003 -2G stopper when | ater-described contact
hol es are tdOBe RMERAEH. CASlafpssgtoriag ﬂh%nﬂlﬂi(ﬁnﬂQﬁmﬁﬁk?Rrkﬁcontact

hol es, the silicon oxide filml1l2a is not etched off so nmuch that it can
retain its tRAPRRREYSTSI: Ker éBFlige RPLov-ETORE A AOIK FGRT WS t age bet ween t he
conductiye filmin_the_contact hol es and theﬁggte | ectrodes 8A. On the

ot her hé%q, TRARASHFY cSHERPRFi fe AR mPEZ0 "8RG %ﬁﬁ?qﬁﬁﬂﬂening film12
Can"be e FRo By e 10, TR Spbaneian ol he 10 5 on

nitride film cause @ silicon nitride

film12b Wase%@fhgﬁg’ ccanphe éfdt'ﬁﬁdséﬁ’féép%ﬂfsér&gg ;pla‘:lotcﬁtei E\%mgfryt he

silicon nitride film1l2b. Since the silicon nitri m 12b can~be

thinned, on ¢&g1otBeechand, misrihe gsevel oflle@brtike 1y Romrlcdare of the
sem conductor substrate 1,to the upper face of the cap insulating film 12

can be | owerweilthothedin€ot-iha tdspeettotrdinigo cafpadia yafelreareit idhechdont act

hol es. The third function is to act as a passivation 20 filmfor the
tungst e fi | bhénothergaseedkeetricddd y8aonhectadesuiltth tthee o datnien of the
thin tungsten filmof the gate el ectrodes 8A can be prevented in the
process for %ﬁnuf%&?u?@%goghﬁhgeﬁv§6nhhﬁﬁérWﬁnﬂégﬁﬁﬂééc§?ﬂcwﬂﬁhdevice.

Alter the sillcon.oxi de TLim22 vas 23 Lorred 90 4 qUhey, hgndyg the

connected with the sense amplifier SA.
Fig. 3 is a section of an essential portion of a
15 semiconductor substrate and shows individual portions
of a memory array and a peripheral circuit of the
DRAM; Fig. 4 is a schematic top plan view of the
, semiconductor substrate and shows a portion of the
memory array; Fig. 5(a) is an enlarged section taken
20 along line A - A of Fig. 4 and shows a contact hole
portion of the memory array; and Fig. 5(b) is an
enlarged section taken along line B - B (or line
intersecting contact holes for bit lines) and along a
direction to intersect Fig. 5(a) (although the

25 information storing capacity elements C are omitted).



2 4 F EB 2003 -27 oxidation of the tungsten filmof the gate el ectrodes
during the manufacture process can be reduced to rel ax the manufacture
conditions or the environnental conditions for the DRAM 5 On the ot LR 2003
hand, the silicon nitride film12b formng the cap insulating film1 hgs
the followng first to third functions,, for exanple. The first function is
to act as the etching stopper at the'1$%% of form ng the aforenentioned
contact holes. The 10 second function to act as the etching stopper when
the side wall spacers are to be fornmed on the side faces of the gate

el ectrodes and the cap insulating film212. By these first and second

function, gbeef,i Pggcont akbwolods vCadndrRidtareed Welds i (expesidinn but w t hout
any 15 short-circuiting trouble. The third function is to act as the

et chi ng nagk atleerlele rgdes Jeletistetes iave dhe heerfaryret1 1By wsi ng t he
silicon nitride film12b as the etching mask at the tine of treating the
gat e el ect pmdés, thiee ijdusematfions od dcswladyicart b Patypraved to reduce
generation of foreign substances when the photoresist filmis used. In the
menory ar r peogendufsits. vee fiayerdudiner thebsiiing Lines Him B 1 icon nitride
film(or a third insulating film 13 is forned to cover the surface of 25
the cad i ndQrAELnGVEN fher MemeEYsiCed fSace of the gate 2 4 F E B 2003 - 28

el ectrodes 8A (or_the word |ines nd t he upper_face of the
sem conduct or subB€r BEEOTY ?ﬁﬁi i \F/’\i@c&%‘eninﬁ%é" ISR &% Rved to refl ect

Lo st o0 OLYHIS IR 78000 B0 A MEkeSs pleabeu o o for 8
e "o SO SRA BLR 0er o N KOS, Sy a0 e o
conpl et el yohuplegpen stihg 1% ld§@talitinéd®&ilicon. The p-type
10 wells 2 of the region (or memory array), in which the
memory cells are formed, are electrically isolated
from the semiconductor substrate 1 through an n~type
semiconductor region 3 formed thereunder, so as to
prevent invasion of noises from an input/output
15 circuit formed in another region of the semiconductor
substrate 1. and the like.
A memory cell is constructed to have the stacked
structure in which the information storing capacity
element C is arranged over the memory cell selecting
20 MISFET Qs. This memory cell selecting MISFET Qs is
constructed of the n-channel type and is formed, in
Fig. 4, in an active region L which 1s constructed of
an elongated island shaped pattern extending straight

in the X-direction (or the column direction). In each

25 active region L, two memory cell selecting MISFETs Qs



10 film13. In short, the thickness of the silicon nitride film 13 should
be snuller than half of the distance between the gate el ectrodes 8A

adj acent to each other. Here, the silicon nitride film 13 does not nakgB 2003
direct contact with the sem conductor 15 substrate 1, but a thin oxide film
is present between the upper face of the sem conductor substrate 1 and the
silicon nitride film13. Over the indidlidual gate el ectrodes 8H and 8c of
the M SFETs of the peripheral circuit, on the other 20 hand, there are
formed the cap insulating film212. This cap insulating film12 is also
given the lamnated cap structure simlar to the aforenentioned one. In the
peri pher alshairrigly todeegicn, ahovnemese sSéfitcordhcspaceegidasg)astfornmed of the
silicon nitride 25 film 13, are formed on the side walls of the gate 24
FEBr 003 - 2% ee|ssntrasemdBRliranih tdwee oferhyd ngd gapentsubatany dtherl2 and on
the side walls of the gate el ectrodes 8C and the overlying cap insulating
film12. Tne tdup ¥+rbidettiignfilm 12 and the silicon 5 nitride film 13 of
the menory array are enployed as the etching stopper for formng the
contact hol es i FhselglegigngniEnladiang trRgsoureeslapingrthas (or the ntype

sem cgnductor, regions 9 and 9) of the rrermr% cell selecting MSFETs s, as
will Be d@SEYIeded-Herlei Fartdrmednct nel 8TRRF hS3AH2EELRE side wal | spacers

13s of th i.ph | .ci it I f ' | Lght doped
regi on and BN 19 D Hhe BT rE fb ShorBetERE BEAER 87 U n-channel
M SFET d | ' he,.p- : . SRE . 15 Ov
t he nem?f%c%ele%l%ééa%}gtctsl%fﬁ%E%‘Ilgf%gh%%eg h?E S%ZEQ?}F%&‘% Qzgnd t he °!
p- channel NhSffels dabiad el Mh OBanquﬁychtb@rﬂsétéﬁéaeéoaﬂa?@Ga( Spin On d ass)

film(or a fourth insulating film 16. Over this SOG film 16, on the other

hand, thers@irffed Quma 4ol 201 ¢ ayerehof sahei tevedXxhgdethhknmer(ehea fourth
insulating film 17 and 18, of which the upper silicon oxide film18 is

fl at 1 @ned stux frrane af sthrd capet swdbstegional Ly dln tdteosarethevetemdi over the

sem conductor substrate 1. Over the paired n-type sem conductor regions 9
25 and 9 fiG¥atgiathels ratousl beiedr aiTie @lenrntheplating

region thus formed by those element isolating trenches
6 has no bird's beak formed at the end portion of the
active region L so that it has a larger effective area
15 than that of the element isolating region (or field
oxide. film). which is formed to have an equal size by
the LOCOS (or local oxidation of silicon) method. 1In
other words, the element isolating region by the
element isolating trenches 6 can improve the degree of
20 element integration because it can effect the element
isolation with a smaller area than that of the case of
the field oxide film structure to such an extent as
can eliminate the bird's beak which will not
effectively function as the element isoclation.

25 The memory cell selecting MISFET Qs 1is



2 4 F EB 2003 -30 cell selecting M SFETs Q, there are fornmed contact hol es
19 and 20 which extend through the silicon oxide filnms 18 and 17 and the
SOG film 16. In these contact holes 19 and 20, there are buried pl u?zﬁé 003
which are 5 formed of a polycrystalline silicon filmof a lowresis

doped with an n-type inpurity (e.g., P, (phosphor)). The dianeters, as taken
in the X direction, of the indivi dual~ Hot t om portions of the contact holes
19 and 20 are defined by the space 10 between the silicon nitride film 13
of the side wall of one of the two opposed gate el ectrodes 8A (or the word
lines W.) and the silicon nitride film213 of the side wall of the other. In
short, the cedhaeiruleleds mbd mRd 20 Argdorimmaliat 58 fralm gnpentgaesh the
space 15 of the gate el ectrodes 8A (or the word lines W). In this

embodi ment, eNkearede Bae amEPer OIMeIt (g qaiideamdotsed where the
side face and the upper face of the silicon oxide film 12a intersect) and
its vicinityregioms $9i lancor® ddmelrg |the Zowfcd hendajr@in i ndiat i ng film 12
are exposed fromthe insides of the contact holes 19 and 20 (as shown in
Fig. 5(a)). ¢eee tinsudaysingsflidm g i Imade df Figrimah ofxbdey foe silicon
nitride film the portion corresponding to that upper corner portion is
removed at tKEIRLEr 20 PEYVF ibddiGReT FordhNY- the®ont act hol es 19 and

20. Z4 FEB~.003 -31 As a result, the upper_portion of the silicon
nitride film 13 onTfRe 98tGe SrECEL RS Hé”gét & S IGBBE BV S SEB1R o scraped

to a lower |level. | S e, when the p.insul ati i i S scraped too
nuch, the depg‘%tt%rﬁl%ts?‘hé)fg%}aﬁ(&b%o%lcie ﬁeslecc:iﬁfsré%%$ﬂftﬂ% @%per face of
the gate el egtlo i d, .t rﬁﬂéjﬁ ortscircuiting
defect occurs, ean ?t%thef %r e,q' t%lg{hca%ﬁ? ﬁi‘%ﬁ_tji ng |‘fi]me?1§€ %%e be so

thi ckened as i@ i®lildianake ex4+dhdtef eptraildht RiScerpdideat , wheeruUsEat he
upper 10 corner portion of the silicon oxide film12a can be |eft at the

ti me of 1bor mamg egialcempared iwltdse IB-dinted)i o he Botduhltld Rg.dtH rafcan retain
its thickness at the upper corner portion and its vicinity thereby to

i nprove its Bhealgdden eleictapaies] BAX (athetlpaiwad coimestWihpl es. €9, and 20,
the Ydirection dianmeter of the contact holes 20 for connecting the

i nformati on $06r 93¢ ec Pagtty AR SHRTS Shaihertihadinteind the active

region L. On the other nd, the Y-directiopn dianeter of the contact 20

holes 19 (i.&2t% @ eEé‘r’F[é (6 LT -1 yp e ebrititt or region 9, as
Phar e DY, (B S RTINS S0 AL SHELE IR0 EpROSERARY Le
hol es 19sare ;k0RArhAndd by the resolution limit of the
photography. Here, the width of the gate electrodes
8A and the space between the two adjoining gate
! electrodes 8A are exemplified by about 220 nm.
The gate electrodes 8A have a poly-metal
20 structure which is constructed, for example, to
include: a low-resistance polycrystalline silicon film
doped with an impurity such as P (phosphor); a barrier
metal film formed of a WN (tungsten nitride) and the

like over the polycrystalline silicon film; and a

25 refractory metal film and the like formed of a W



25 generally rectangular top plan pattern in which the' Y 2 4 F E B 2003
-32 direction dianeter is larger than the. X-direction dianmeter (of the
upper end portion), and is partially extended over the el ement isolat FRyl003
trenches 6 out of the active region L (as shown in Figs. 4 and 5). The 5
upper face of the elenent isolating [%gipn, as exposed fromthe contact

hol es 19 and 20, has a generally flat “0Opper face. Since the contact holes
19 are formed in such pattern, it is unnecessary, when the bit lines BL and
the n-type sem conductor region 9 are to be 10 electrically connected
through the plugs 21 in the contact holes 19, to enlarge the width of the
bit lines Btupgsteall fiadmdoertrentiet barrierf artaderf itllve athevegaregi on L and
to extend the active region L partially in the direction of the bit lines
BL, so 15 ehattrhdesefdr yorethesiwpedcannke Weduodd.theyeolivhenesidli con oxi de
film18, there is fornmed a silicon oxide film28. In this silicon oxide
fil m28 ovetruhetucrenhave hBolewei9gelektrdcaresfistmadte Hriough 2hdlés 22, in
which there are buried plugs 35 forned of 20 a conductive film by

| ani nati nglh I ¥e1ms T Nheetin zeriiztansde ] nikayuehétabFytha the order of
recit |l ower layers. I.n the.interface between the plugs 35 _and the plugs
21 burl ed PRCEhEL SERFRAPShEPEEN16%6ndCF TEe Oth Aot HOTHEE B2 Hher o | s
formed a T| S Lt aniu iLici. l.ayer _37 i,ch.i enerated by the

2 ~ ~Eg ~a%§i§§§§rg%%%i§% gg%ﬁgg%lggéffﬁ%FiF%%ﬁ%ﬁ%%t%?%?vggy¥ion of the
plugs S5 andahBie ROLyghs! Bbhbge b kheogolid Mt nest Be -Bkugs 21 The

t hrough hol es 22 are arrange ver the elenent 1solating trenches 6 apart
fromthe aghéveceek88hagNrhteOser thize pRiaki can ®d dendridvad8, ohhere are

formed the bit lines BL. These bit lines BL are arranged over the el enent
i sol ati ng thenobherbhand,exhendafber of memory cells to be
10 connected with one word lines WL can be increased to
reduce the area occupied by the entire memory region
and accordingly the size of the semiconductor chip.
In this embodiment, for example, 512 memory cells can
be connected with the word lines WL. This can reduce
15 the size of the semiconductor chip by about 6 to 10 %,
as compared, with the case in which 256 memory cells
can be connected with the word lines WL. As a result,
| the production yield can be increased to promote the
cost reduction in the DRAM. With the size of the
20 semiconductor chip being unchanged, on the other hand,
the degree of element integration can be improved.
Here: the lowermost layer of the gate electrodes 8A,
i.e., the polycrystalline silicon film has a thickness

of about 100 nm, for example; the overlying tungsten

25 nitride film has a thickness of about 5 nm, for



straight in the X-direction with an equal wdth and an 10 equal space. The
bit lines BL are made of a W(tungsten) filmand are electrically codnhekdBeli]
with one (or the n-type semnmi conductor region 9 shared by the two nmenory

cell selecting M SFETs ) of the sources and drains of the nenory cel

selecting 15 M SFETs & through the through holes 22 fornmed in the silicon

oxide film 28 and through the contact” bees 19 formed in the underlying

insulating film(or the silicon oxide filns 28, 18 and 17, the SOG film 16
and the gate insulating film7). on the other hand, the 20 bit lines BL are
wi dened in their space as nuch as possible so that the parasitic capacity

to be eStab'eixséxlliﬁféet}eta‘ﬁ‘%e'%Hé‘%@éﬁ]ﬁ)eﬂ%ﬁ‘?tﬁ%s{é%efiﬁk ¥y he reduced as nuch

as possi bl e. e the space of t es BL 1s enlarged 25 to reduce

the parasiticqiCARREd bor HOE HRlty0l §@%8n, Zoft ExEnP18003 -34 at the tine
when the electric charge (or information), as stored in the information

storing capacity mm@n@agigﬁeﬂgitdlgghfgxﬁt(nﬁe s bes rai sed even i f the
menory cell size is reduced. By enlarging the space of the 5 bit lines BL,

on the ot herdmdudterl apenmeElgie ofchidoapyhMberess48n(andt prough hol es
for connecting the information storing capacity elenments C and the contact
hol es 26) t chearfedr MIERETS Hp spadbhe megihannel tMESHERerQmdesee i bed bit |ines
BL can be sufficiently 10 retained so that the bit lines BL and the through
hol es 48 cadg@gk|impile e aelkwm aagd sperserretedi mgladEnofhen t he
menory cell size is reduced. Mpreover, the bit lines BL are enabled to

| over  t hei r 3I986te eSS thidbolt 22F2rf12CbyOHA8RI BB 289t Rensel ves of
the netal (¥y so(%pau %he infgﬁnatio%tp%p Qg.r§%g t %pq% itten in at a
i gh speed. POTY IF O REVERaRETPREBIES FES i (IR 14l er descri bed
wiring i ne%o%:%\frﬁg %@fs&ﬁecé)seré-rp&ecﬁﬂins. On the other hand,
10 the p-channel MISFETs Qp are formed in n-type wells 4
and constructed mainly of a gate insulating film 7,
gate electrodes 8C and a pair of p'-type semiconductor
regions 11 and 11 forming the sources and drains. The
gate electrodes (of the first conductive film pattern)
15 8B and 8C are constructed to have the same poly-metal
structure as that of the gate electrodes 8A (or the
word lines WL). The n-channel MISFET Qn and the p-
’ channel MISFET Qp constructing the peripheral circuit
are manufactured according to a looser design rule as
20 that of the memory cells. Of the MISFETs in the
peripheral circuit region, the MISFET, as demanded to
have a high speed, is made at the gate insulating film
7 to have a thickness of about 4 nm, for example,
which is smaller than that of the gate oxide film of

25 the MISFETs in the memory cell array.



circuit can be sinmultaneously fornmed at a common step 20 so that the
process for manufacturing the DRAM can be .sinplified. By nmaking the bit
lines BL of the nmetal (W having high resistances to heat and 24 FEB 2003
el ectrom gration, on the other hand, break of the bit |lines BL can be
reliably prevented even when their 25 \g/idth is mniaturized. 24 EEB
2003 - 35 Over the silicon oxide fiF#PZ8 of the peripheral circuit, there
are formed of the first layer wiring lines 23 to 26. These wiring lines 23
to 26 are nade of the same conductive material (W as that of the bit 5
lines BL and are forned sinultaneously with the step of formng the bit

lines BL, as wlgyhe QﬁéP?E\QEdeﬁ@E%EBé@seraA The wiHd N dAd nes 43 to 26 are
el ectrically connected with the M SFETs (or the nchannel M SFETs Qn and the

p- channel Wi $FEES tBB) mehoky bféglp%reilré&etriaig Mrsrdts gy oudteoniact hol es 30
to 34 formed in the silicon oxide filns 2 18 and 17 and the SOG fil m 16.

I n the confaeinellobesaplihguld4tiioyg ddnmeat2 .ngThihe MaEFERSuafattilmg peri pheral
circuit and the wiring lines 15 23 to 26, there are buried the plugs 35
whi ch are folmed2ofisacoasduarited,f ilnmtinid anlnatiments, ffalm a TiN film
and a Wfilmsequentially in the order of recited |ower layers. O these
contacd holemiseted 34lmofash&iddhedsiPame adddesbrithet" Iamesaysd to 33) 20
fornmed over the sources _and drains (or the n+-type sem conductor region 10
and the p+S&Ppe SénPcEAddCOdr OXddicord 11T (FT tthef MSFERS W2 %I peri pher al

circuit haye,the Ti Si.2 |ayer 37 formed .in their bottom portions by the
reaction b %&Eénlgﬁef?FmFFIﬁWF&rﬁ%ﬁbﬁE?ﬁBﬁﬁﬁqq St 4%&3?&%@% 35 and the

cem Sonduh ot cof hyErtal, B0D R8T IBAE b Sl v,
n+-type segpepeduelh@r 8 8115@and ik Ry RS SeMrfqRduGhledregi on 11).
10 oxide film 12a has a thickness of about 100 nm, for
example, and the silicon nitride film 12b has a
thickness of about 40 nm. However, the thicknesses of
those silicon oxide film l12a and silicon nitride film
12b should not be limited thereto but could be
15 modified in various manners. These film thicknesses
will be described in detail hereinafter.
The silicon oxide film 12a has the following
! first to third functions, for example. The first
function is to relax the film shrinkage, as caused by
20 a heat treatment step, of the silicon nitride film 12b
so that the isolation of the cap insulating film 12,
as might otherwise be caused by the heat treatment
after the cap insulating film 12 was formed, can be

suppressed.

25 The second function is to act as an etching



5 Over the bit lines BL and the first layer wiring lines 23 to 26,
individually, there is formed a silicon oxide film38, which is VeFE@'mey
an SOG film39. This SOG film39 is flattened to have a general

| evel all over the sem conductor 10 substrate 1. Over the SOG film 39 of
the nenory array, there is forned a siJjcon nitride film44, which is
overlain by the information storing ca% City elenments C. This information
storing capacity elements Cis constructed 15 to include a | ower el ectrode
(or storage el ectrode) 45, an upper electrode (or plate electrode) 47, and
a Ta205 (tantalumoxide) film46 fornmed i nbetween. The ' |ower el ectrodes
45 are forg@eggterawh@w rl%%'e%t-%%%r&%acraﬁtt@aﬂ M 18d 1600 d |ga doped with P

(phosphor) for exanple, and the upper electrodes 47 are forned of a Ti N
film for exafile. Abeal pueniel estr edest4meobst RernAher fAkl on storing
capacity elenents C are forned in an elongated pattern extending straight
in the X-decobaechcanhefleki, gthdb 4.1 1B loxikle aiget nodes Amare electrically
connect ed 24 FEB Z003 -37 with the plugs 21 in the contact holes 20

t hrough pl egsh48 wiifcoamachurihed iit tdam tetaigh itd ehdt&kmedendi ng t hr ough
the silicon nitride film44, the SOG film 39 and the underlying silicon

oxi de ¥il nthegehydtd 18prave itdef lnnedidosiresaliteald yoedovarsettee t hr ough

t hose plugs 21 with the other (or the n-type sem conductor region 9) of the

sour ces aneoafi&FﬁéV@f fida é‘é’lﬂtaé:éq deliasy AMSHHRS 93te The t hr ough
hol es 48, a tween th ect.rodes 45 10 and .t he cont act
hol es 20, 8i§¢ﬁ§g§ ﬁave g E eﬂlgﬁﬁpert g 5¢: lcﬁnlﬁlﬁléfﬁhs) t han

h
e, B 80 40 g0 8 t%aey@?“%éﬁatt‘i@ I B840 ae buri e

in the thr | es 15 r oW n lycrystalline
silicon fi F%g"gg%gd Tﬁﬁref%geésghg yed ﬂgtgigmrggﬁgg? BﬁeE%Oe)’G filmof the

peri pher al sgilfedint nithake Ifs.lfnprlrmﬂ Q sSidaueei ¢ Ged iHdr0 which is given
a large thickness to have a | evel subst ant | ally equal 20 to that of the

| ower el ectredemedt afftiele tihef @rilmidoon milttoriidyy fddpadi2ty wsenents C. Since
the silicon oxide film50 of the peripheral circuit is given such a |arge
t hi ckness, fo@edur Faoe bef redugest tHonswipgtiesy filemiB® ltag dgn fof ned over the

information storing 25 capacity elenments C takes substantially the sane
| evel the silicon nitride film 12b. Since the silicon

nitride f£ilm 12b can be thinned, on the other hand,

15 the level from the principal face of the semiconductor
substrate 1'to the upper face of the cap insulating
film 12 can be lowered to reduce the aspect ratio of
the aforementioned contact holes.

The third function is to act as a passivation

20 film for the tungsten film in the gate electrodes 8aA.
As a result, the oxidation of the thin tungsten film
of the gate electrodes 8A can be prevented in the
process for manufacturing the semiconductor integrated
circuit device. After the silicon oxide film 12a was

25 formed, on the other hand, the consideration into the



2 4 ~E D 2003 -38 at the nenory array and the peripheral circuit. Over the
information storing capacity elenments C, there is fornmed the | ayer 0
insulating film56, which is overlain by second | ayer wiring IineszéQFQ%@
53. 5 The layer insulating film56 is formed of a silicon oxide film and
the second layer wiring lines 52 and ?ﬁ are formed of a conductive film
made mainly of Al (alum nun). The secdnd |layer wiring |ines 53, as forned
in the peripheral circuit, are electrically 10 connected with the first

| ayer wiring lines 26 through through holes 54 formed in the underlying
insulating films (or the layer insulating filmb56, the silicon oxide film

50, the SOG#idan 89nand the sihyseanoxidm bifl Ah38hatln dike trvdeugh hol es
54, there are buried 15 plugs 55 which are fornmed of a Ti film a TiNfilm

and a Wfildering ekanphpuf&venrthpreeesndchayee wedurgd itvesxeAaxand 53,
there is fornmed a second |l ayer insulating film®63, which is overlain by
third | ayerthe rinagufapesrg7cos8ikfonadosothehenvayenmens@lating filme63 is
formed of a silicon oxide-based insulating film(e. g., a threelayered

i nsul ati ng 39044 bEOoRSSEPrcBheoRRBY-film an SOG filmand a silicon oxide
film, and simlarly to the second layer wiring lines 52, 53, the third
layer 25 wiring |9hesh&70tBar Jhgndg Egﬁ falpEANoR1ETdEfddddmvd2b 2 4 F ~ 9

08555, B Wl e DGR A0S TS o
ncer i ng TaeY FReUTBFin5 b ERds She BERRdS  LaRR i Fayer w'ting

lines 59 oftkier pohi phetal agkr qUi tndr erehenly’ edbpeCUNGt LY Wid h the
second layer wring Iines 53
of forming the aforementioned contact holes. The
10 second function to act as the etching stopper when the
side wall spacers are to be formed on the side faces
of the gate electrodes and the cap insulating film 12.
By these first and second function, the fine contact
holes can be formed well in position but without any
15 short-circuiting trouble. The third function is to
act as the etching mask when the gate electrodes are
to be formed. By using the silicon nitride film 12b
as the etching mask at the time of treating the gate
electrodes, the pattern forming accuracy can be
20 improved to reduce generation of foreign substances
when the photoresist f£ilm is used.
In the memory array over this semiconductor
substrate 1, a thin silicon nitride film (or a third

insulating film) 13 is formed to cover the surface of

25 the cap insulating film 12, the side face of the gate



t hrough t hrough holes 61 which are formed in the 10 underlying | ayer
insulating film®63. In these through holes 60 and 61, there are buried
plugs 62 which are fornmed of a Ti film a TiNfilmand a Wfilm £ Fpa 803
be described the thicknesses of the silicon oxide film 12a and the silicon
nitride film15 12b of the aforenenthﬂgd cap insulating film21l2 with
reference to Fig. 5. Here, reference l'etter D of Fig. 5 designates a

t hi ckness of the SOG film 16 fromthe upper face of the silicon nitride
film 13 over the sem conductor substrate 1 to the upper face of the 20
silicon nitride film 13 over the gate el ectrodes 8A. First of all, the

t hi ckness efletheoslielsi 8an (mirt rihee waddnllitesviWll ) Eendlesice i Wpplern t he
following. This silicon nitride film12b is required to function as the

et chi ng st §pper ofhahet Isendownactc ool et zatee 25. 20 har ¢ itla.dse f or ned.
Specifically, the silicon 2 4 F EB 2003 -40 nitride filnms 12b and 13
have to beRdirdssy&dlmhilPe ish€ogmad dw srefIret HilvkrdlesP P Bf th@e SOG film
16 is being etched off so as to bore the contact holes 19 and 20. Ignoring
t he over- egBHFﬁ§atﬁh€P§f grigen @ thiskness &f pRW St st afPEl ation of D /

afirs selectlgn ra ion < thﬁ thlgkn%ss of %h |I| Qn nitride film12b +
t he th? ckn&E8MEF S he 8V?V85n f e PrH518: o SHEMLGOR assuned that t he

thickness Byz libg thgknassyal, %osel;;%ﬁﬁeé%d@ 100 T m 20ty the

t hi ckness e silicon oxi ness o

el ect r odesp8A1 230, haﬁ:nagethgheégl 98! 1eR 15:24 Qo0aR Ak about 8 at the

mnimm |If thesé are introduced into the foregoing relation, this relation
can be expaespedshplleheolrHat aess R idihey a;t]dﬂ@%uébﬁfw@sfﬂm 12b + the
t

t hi ckness of the silicon nitride film13 >

may not be completely buried in the silicon nitride

10 film 13. In short, the thickness of the silicon
nitride film 13 should be smaller than half of the
distance between the gate electrodes 8A adjacent to
each other. Here, the silicon nitride film 13 does
not make direct contact with the semiconductor

15 substrate 1, but a thin oxide film is present between
the upper face of the semiconductor substrate 1 and
the silicon nitride film 13.

Over the individual gate electrodes 8B and 8C of

the MISFETs of the peripheral circuit, on the other

20 hand, there are formed the cap insulating film 12.
This cap insulating f£film 12 is also given the
laminated cap structure similar to the aforementioned
one. In the peripheral circuit region, however, side

wall spacers 13s, as formed of the silicon nitride

25 film 13, are formed on the side walls of the gate



t hi ckness of the silicon nitride film13 + the thickness of the silicon
oxide film12a + the thickness of the gate el ectrodes 8A) / 8. The ¥4 FEB 08D
selection ratio is the ratio of the etching rate of the SOG film 16 and the
insulating films 17 and 18 to the etching rate of the silicon nitride film
12b. Here will be described the thlckagss of the silicon oxide film 12a.
This silicon oxide film 12a 25 has to“function as the etching stopper when
t he 2 4 FEB 2003 -41 silicon nitride film13 is to be renoved fromthe
sem conductor substrate 1 so as to formthe contact holes 19 and 20.

I gnoring the over-etching, therefore, the relation of the thickness of the
5 silicon exederbies 8Baand(the bhegkpesy ehpt hasuillatdory milm de film 13 /
the second selection ratio) has to be satisfied. Here, the second sel ection
ratio i s taedrahi bhef siHe ehihsngfr ahe ghtehelsicitirodesnisiCriate fil mto that
of the silicon oxide film and takes about 3 10 when the silicon oxide film
12a i s madthef opkaswanIECBP( Tasndethogy fillandR.. If this value is introduced
into the aforenentioned relation, this relation can be expressed by the

t hi ckness of theT%?IFéBnlBﬁPaét#PEnfléﬁ 32(pRe thEcRAd4€Odf the silicon

nitride film11l3 / 153 exangpe of a process for manufacturing the
DRAM t+hus EbﬁEF?BCFéamwﬂplogetags PREY §€56§n@Fﬁl§V9¥?ﬁ9ﬂa%ﬁder of steps.

First of t | at 20 of th | f f
he sem collicEorS08eF FAPR=For oFn g CetP Bardde FOR-AG e odES S ot age)  made
of S n9le SEYSLalibARCAL! boan hel BBLRCLUPSNKIG 8 SRSCiIC fesi stance of

about 10 cm as 6, ere are trorne e el enent i sol ating

25 trencheg Be. sbRseoRLARRRL E% hﬁhbn@ bhe&Nehes 6 ¥ memdrd 1B 2003 -42
formed by e?chlng the surface of the sem conductor substrate 1 to form

trenches hggilegtandemtbrafrsabsyt ad0@ilo %0 Jedcripediepositing the silicon
oxide film5 by the CVD nethod over the sem conductor substrate 1 5
i ncl udd ng hbeeiinsiftles.ofOnhehérehbéeshandd bhe side wall spacers

13s of the peripheral circuit are employed for forming

a lightly doped region and a heavily doped region in

the source and drain of the n-channel MISFET QOn and in

the source and drain of the p-channel MISFET Qp.

15 Over the memory cell selecting MISFETs Qs, the
n-channel MISFETs Qn and the p-channel MISFETs Qp,
individually, there is formed an SOG (Spin On Glass)
film (or a fourth insulating film) 16. Over this SO0G
film 16, on the other hand, there are formed two

20 layers of silicon oxide films (or a fourth insulating
film) 17 and 18, of which the upper silicon oxide film
18 is flattened to have a surface substantially at the
same level all over the semiconductor substrate 1.

Over the paired n-type semiconductor regions 9

25 and 9 forming the sources and drains of the memory



polishing back the silicon oxide film5 by the chem cal nechani cal B 2003
polishing (CWP) nethod. Next, the n-type sem conductor region 3 is f2011' IEﬂ%d,
as shown in Fig. 7, by doping the 10 sem conductor substrate 1 in the
region (or .the nmenory array) for formng the nenory cells, with ions of P
(phosphor), for exanple. After this, the p-type wells 2 are fornmed by
doping the nenory array and a portion tegion (for formng the n-channel

M SFETs 1) of the 15 peripheral circuit with ions of B (boron), for
exanple, and the n-type wells 4 are fornmed by doping the remaining portions
(for formng the p-channel M SFETs Q) with ions of P (phosphor), for

exanpl e. Subseqentelt.ingherdrears i e dHstd ald N dihen e dayi ng a
t hi ckness of about 8 nmis forned over the individual surfaces of the

p-type wel hel2sand the 2oy pa i lexterdy tdomugh tdee priypeonedksd@ and the
ntype wells 4 with an inpurity such as HF2 (boron fluoride) for adjusting

t he t hr eshélidmgollBagadofl 7t end23: M SRETSE 1y MashiImg tthesd maindashtal sur f aces
of the p Z4 FE ~ 2003 - 43 type wells 2 and the n-type wells 4 with a
HF (hydr of h@éepc 18ciadd Pdsedhdreardingy Hunjigd plargs K31 wehiokialkei ng t he

sem conductor substrate 1. Next, a polycrystalline silicon film(or the 5
first TondherMee Fifl @) POLYSTYS tah ke skl loic bk lm 00t min 1@ prepared by
doping the _gate insulating film7 with an inpurity such as P (phosphor), is
deposi t ed 5§§F5Fﬁ8c§eﬁi°@§%d&&t$ APET RS Wlt%‘é &P nethod, as shown in
Fig. 8. 10 tly, e natural oxide filmi.s renmoved by a |ight

et chi ng trégk{%%ﬁ%%gﬁd tﬁé% glﬁglrertleé:rs'n@tsaltalkielnml(nort%tehé(efi rst conductive
film 8bm forpged;oh a MN(Hd s i i v thj ckness of
about 5 nm anggalr ef'r gct p&{/ %eqﬁa_ cliqén% (tgcfettcﬁﬁe %%d% %(f)n u%ti ve film 8m
made of W £buBasteRb1eaViIg #hd hickies o i mbouly 100 nepader exanple, are

deposited on the polycrystalline silicon film8s by the

10 between the silicon nitride film 13 of the side wall
of one of the two opposed gate electrodes 8A (or the
word lines WL) and the silicon nitride £f£ilm 13 of the
side wall of the other. 1In short, the contact holes
19 and 20 are formed in self-alignment with the space

15 of the gate electrodes 8A (or the word lines WL). 1In
this embodiment, moreover, the upper corner (or the
portion formed where the side face and the upper face

) of the silicon oxide film 12a intersect) and its

vicinity of the silicon oxide film 12a of the cap

20 insulating film 12 are exposed from the insides of the
contact holes 19 and 20 (as shown in Fig. 5(a)). When
the cap insulating film 12 is formed of only the
silicon nitride film, the portion corresponding to

that upper corner portion is removed at the later-

25 described time of forming the contact holes 19 and 20.



sputtering nmethod. Here, the barrier netal film 8bmfunctions as a barrier

| ayer for preventing the Wfilm 20 and the polycrystalline silicon fLWHBZMH
fromreacting at the hot heat treatnment to forma silicide |layer of a high
resistance in the interface i nbetween. This barrier nmetal film 8bm could be
formed of a TiN (titaniumnitride) fil for exanple. 2 5 After this, the
silicon oxide film 12a having a 2 4-F E B 2003 -44 thickness of about 100
nm for exanple, is deposited over the refractory nmetal film 8m by the

pl asma CVD net hod using the TECS gas. Thus, the plasma CVD nethod is

enpl oyed for the treatnment of depositing the 5 silicon oxide film 12a,
because thg fd |res@Lt f eehseappeanpde: imtleoM thel sillieoanhiairigent of oxygen
in the manufacture chanber and at a | ow tenperature (e. g., about 400 C) so
t hat the siiX¥mce’ odnttieer eidacfacys lofretlaé faten 8irecsrhdedl $Aoxisdi zed.

Here, this silicon 10 oxide film 12a may be fornmed by the hot CVD net hod of
about 400 a@.sd rsoraeedtbopaevewerthevekf r dot orlyisetasef iwhednthieom bei ng
oxidi zed, this nodification is perfornmed either by introducing a gas

cont ai ni ngF&® bngnlacingef THOSLIgasCERPeY | BPe Hash¢Skhg) deAestt Ba 15
treatment chanber and then_by introduciqg a gas containi ng oxygen into the
treat Rent CHAMEP2KELPWBYVPAERBBUEF ntREFRI S| ﬁ%n‘%%‘? MPREHa52%Rd°Ehe oxygen
contai nin as, as specjfied above, similtanepusly into. the treatnent
chanber . ATTerdthe STERTEPIsH HepckRetRY: (AB SIFi PERCGx PARSY| [BC12a, t he
manuf act ur C . L h Lt ideration_into the
oxidationé§é¥§k§?€$§g€ g§y8§%%§F%¥#¥#%h1é%&t%g?gggékgéngﬁFigﬁ for the
manuf act ur g, &t £ I8y eﬁy%ﬁgﬂgggc% cggogé fﬁ%@%@ﬁeﬁoaga%bl ehak8 nbhe 25

manuf act ure process:
such defect. In this embodiment, because the upper

10 corner portion of the silicon oxide film 12a can be
left at the time of forming the contact holes 19 and
20, the insulating film can retain its thickness at
the upper corner portion and its vicinity thereby to
improve its breakdown voltage.

15 0f the paired contact holes 19 and 20, the Y-
direction diameter of the contact holes 20 for
connecting the information storing capacity elements C

) is smaller than that of the active region L. On the
other hand, the Y-direction diameter of the contact

20 holes 19 (i.e., the contact holes in the n-type
semiconductor region 9, as shared by the two memory
cell selecting MISFETs Qs) for connecting the bit
lines BL is larger than that of the active region L.

In short, the contact holes 19 are formed in a

25 generally rectangular top plan pattern in which the Y-



In this enbodi ment, after the coating of the silicon oxide film 12a, the
sem conduct or substrate 1 is then subjected to a heat treatnent at 800 C
for about one minute in the atnosphere of a nitrogen gas, 5 for 3&@?P$gm%
This makes it possible to relax the stress in the refractory net rrmam
or the barrier netal film8bmand to densify the barrier nmetal film8bmto
i nprove the washi ng resistance. Unl ess’4 his heat treatnent is nmade to
densify 10 the barrier netal film8bm the barrier netal film8bmis etched
off at the washing treatnment prior to the light oxidation after the cap
insulating filmformng step, thereby to cause a problemthat the
refractory aetalctfiidimdBmne: sepd alftherT Milsanekes tidesessany 15 to make
the heat treatnment at |east before the washing treatnent. {In the case of
the techni gdeametdy qlofl thecaippgers Wil ipwriidm j samddes ofaoniylsyl i con
nitride, however, it is desirable fromthe standpoint of preventing the

oxi dati on ofxtlemdest radmrvharetlamdntd MRO B ne avenchehedt heat ofeat nent of
the refractory netal film8mjust after its coating. In this technique,
after the cé&E egtoive Heesidn don ad tshayen fin 9. theaRdpSi nsW@ing film
the silicon nitride filmis subjected to the heat treatnent. If this
silicon®25 HPPEMIEFGS AT Shaicdemneinellat g eregiees 25 ppobPedd 2 4 F -~

9 ?003 -46 that the silico itride filmis, separated. This, separation is
caused fromERR f G2 thloc]t?éif f]iJciae'?l:a1 %9' t'h&T nl 9%’%?)5?1§}§5n9g‘?tt he
refractor | film 8m..s |arger rder. ar, re y 5 of the
i nsul at i né P@&%\r A?sac{%fen?illnf:goﬁg%i I’%?A&%%f%l &lﬁqﬁg’cgr?es%i e ciqﬁrl[%cigj‘%% t he

r obl em of r atd c : i O LS. 1S Pe e silicon
hitride fil %ﬁaﬁ@dtﬁﬁeﬁfaﬁﬁf‘%ﬁuﬂ%ﬁﬁ ’a;%%e’ggéﬁ? h%”? %ﬁ#é%eéﬂfi Im 10

Subsequent | wnd heheSidd Qdntiedriduptedd tSgLoRtedatbecgoyer With the
silicon nitride film 12b having a thickness of about 100 to 150 nm for

exanpl 80 The leetdrdcadflf ayorimegtidie tdidowgin tixe deldgs n2128ni shexenpl i fied by
the plasnma CVD nethod, the | ow 15 pressure CVD nethod or the PECVD net hod.
Wien t he si kcioedaati thalks {19 mtienlatas rdke byidte ¢HweheeBstire CVD net hod,
its quality _can be inproved.. Since the surface of the refractory netal film
8mis al ready"Esv & ePattiftldid Prbroeienrf ByeheSQi FREoPVRKi BR®f i I m

active region L and to extend the active region L
partially in the direction of the bit lines BL, so

15 that the memory cell size can be reduced.

Over the silicon oxide film 18, there is formed
a silicon oxide film 28. In this silicon oxide film
) 28 over the contact holes 19, there are formed through

holes 22, in which there are buried plugs 35 formed of

20 a conductive film by laminating a Ti film, a TiN film
and a W film sequentially in the order of recited
lower layers. In the interface between the plugs 35
and the plugs 21 buried in the contact holes 19 under
the through holes 22, there is formed a TiSi,

25 (titanium silicide) layer 37 which is generated by the



20 12a, on the other hand, the silicon nitride film12b can be fornmed with
little consideration into the oxidation of the refractory netal film8mso
that the manufacturing and environnental conditions at the tine of E Ldkk NQ
the silicon nitride film 12b such as the 25 exhausting condi ti ot bf SH
inside of a | oad | ock 24 FEB 2003 -47 chanber can be rel axed. After
this, a photoresist pattern RL for fo %Tng the gate el ectrodes are forned
over the silicon nitride film12b. This photoresist pattern RL for 5
formng the gate el ectrodes 8A (or the word lines W) of the nenory cel
selecting M SFETs s is forned by enpl oyi ng an exposure techni que using a
Kr F exi ma rkesetibavbegwaenatdleedgt f idim Z48mimg faorpaexaingl e9f dnte a phase
shift technique. After this, the photoresist 10 pattern Rl is used as the
et chi ng mapkugér 3an asdc theg Podysmysiia tlo e rah ltieersifiloorferminge film 12b
having a gate el ectrode shape (or a word line shape in the nenory cel
array), astBRoRAUgs Rilg. BheThhzowgBhhrdesr 83t AERt AEHINGES &VELuori ne- based
gas, for exanple. 15 Next, the photoresist pattern RL is renmoved, and the
silicon oxFHE FLPMEREa 1SCHE HiESr SLRS SRt 2RIT I EA™ tHRe BREYIER et al
film8bm and the Bolycrystalline silicon film8s are patterned by using the
patterned §FPHR8n™itride film 12b as the etching mask to form 20 the gate

el ectrodes 8A (%Vgge‘iwgi&itiﬁg’ﬂga g d ?&lg‘ﬁtz% eltqﬂ%trﬁre(;%eﬁze ﬁﬂa% 8C and the

cap insulating frimilZ over ein i'nd fi S 'shown in Fig.

10. I'n thignel ehicng 1he@aBBNt TnbBE bekr aGheLY piehdk fhidr®nd@d s worked with
a m xed gas of chlorine and 25 oxygen, for exanple. In the over-etching

treat nent efrer Zhé ElemBn20Q3 o014 ilMe WidaHinus te ealdenitaicdey that gas, the
pol ycrystalline silicon has an etching rate about three tines as high as

t hat of tusgstéghto inhathet Xedialemtriyat atitimearsidquadn width 8snd san
consi derably etched
10 equal space. The bit lines BL are made of a W
(tungsten) film and are electrically connected with
one (or the n-type semiconductor region 9 shared by
the two memory cell selecting MISFETs Qs) of the
sources and drains of the memory cell selecting
15 MISFETs Qs through the through holes 22 formed in the
silicon oxide film 28 and through the contact holes 19
formed in the underlying insulating film (or the
silicon oxide films 28, 18 and 17, the SOG film 16 and
the gate insulating film 7). On the other hand, the
20 bit lines BL are widened in their space as much as
possible so that the parasitic capacity to be
established between the adjoining bit lines BL may be
reduced as much as possible.

Since the space of the bit lines BL is enlarged

25 to reduce the parasitic capacity, the signal voltage



5 off. The remaining polycrystalline silicon filmis etched off while
retaining a higher selection ratio relative to that of the thin oxide filna
by using the chlorine-based or brom ne-based gas used generally. Thids FEB 200
this enbodinment, the silicon nitride 10 film 12b for form ng the cap
insulating film12 is used as the etgghqg mask to formthe gate el ectrodes
8A (or the word lines W.) and the gaté ‘el ectrodes 8B and 8C. Odinarily,
the gate el ectrodes are patterned by using the photoresist pattern RL as
the etching 15 mask. If the photoresist pattern is used as the etching mask
when the gate electrodes are forned of the refractory netal film8m the
barrier netabtfthm 8bhmeawdenhehsolejaotstia |dheergs |(icconifidm@sion he
photoresi st pattern may be deformed during the etching 20 treatnment to

| oner the paffefhorgdming thec dnd@rmadiameé tGiHag IfARRC L porienpntey t he
phot or esi st Eattern may be renoved or separated into a foreign substance to
cause a probFem-fhiP PReIeéd &Mt/ QRMPS/ITAIF T SURD sichi o FRRUFY

i ntegrated ciriﬂit.devLce is 25 lowered. Wien the cap insu%g;in film
(including tfigtt S1Zepig BesReed-10BY; FNEBRIATEr FBE FPAMSL 08 ¢ he
silicon gxideg.fikm12a)_is us as .the etching.,msk, it is neither deforned
nor rem)ged ?ﬁ%ohtlﬁgsf %F‘éi éjr? gzglnestoé: ce. EI:Lfi"rﬂds’ %ﬁkeesoq%n 5’(‘)%%?301? e€to i nprove
not only the n I ifigh f al so the
reliability Bﬁi‘%l&]éhdhgfﬂe%hg%sgr%%g?r# uctgoHr) q‘%%g%ﬁ%ﬁcﬁ%%?ﬁ%e%e. Now,

at this etch&ﬁgo_&:ﬁlg@wﬁntstta&rinygordafgﬂ:it el L rafdesshd he upper
portion of the silicon 10 nitride filmI2b is etched off so that the
si|icon nitredathckmblest 0y tyedieed dmpnitein dhghigacd htembsn tdlin that at
the formed time such as about 40 nm In order to reduce this etching-off of
the silicon bherildsefri-dest2libeadhdiftolllioeanBinetdmodersubiicbkenly 15 Fir st
of all, a coating of the silicon nitride film12b is forned and is then
coat ed 1Per e5fERLARENSPhEDSY jtdeh kbl deles Ay WdY or the | ke.

Subsequent |y hot or esi st rn RLis formed and is used as the

he att
Stohi ng: mashipbe8 RBorAn: he GeiAR BEEI TS AT EIh SRS T can ni tr i de

film12b theEE?Xu&%ing even when the memory cell size is reduced.

Moreover, the bit lines BL are enabled to lower

their sheet resistance to about 2 Q/[0 by making

15 themselves of the metal (W) so that the information
can be read out and written in at a high speed. On
the other hand, the bit lines BL and the later-
described wiring lines 23 to 26 of the peripheral
circuit can be simultaneously formed at a common step

20 so that the process for manufacturing the DRAM can be
simplified. By making the bit lines BL of the metal
(W) having high resistances to heat and
electromigration, on the other hand, break of the bit
lines BL can be reliably prevented even when their

25 width is miniaturized.



pattern the silicon nitride film 12b of the gate el ectrode shape (or the
word |ine shape in the menory cell array) and an overlying silicon b8 HE
film1l2m as shown in Fig. 11. After this, the photoresist 25 pattern Rl is
removed, and the gate el ectrodes 8A and Z 4 ~ E~ zoo3 -50 so on are
patterned by using the patterned siliygon nitride film12b and silicon oxide
filml2mas the etching mask. At this tinme, the silicon oxide film 12m can
protect the underlying silicon nitride filmb5 12b to reduce its etching-off
so that the silicon nitride film12b can retain its thickness. Here, the
silicon oxide film12mmay or may not be left over the silicon nitride film
12b after the gat @velredthenddisl ig@Rmamkisle diilmerds vf ke periyheralhis, the
sem conductor substrate 1 is washed with a washing |iquid containing
hydr ogen pefdac¥e t(,HAOWre R renirened palcidre yE 1Rt phaYE| 5TERGm t he back
face of the_sem conductor substrate 1. At this time, the barrier netal film
8bm i s densiMin@$ 2 tB fescAsss #Meidg ddnafar?d tt9 LhAATe diRd. After
this, the sem conductor substrate 1 is subjected to_fhe an ement j oned
a%h?hgl

light oxidi 2Ihdhs S RORBThaYe BABE R ¥ 28 Fbrhed End

ti f . t.h | ectrodes_8. and. dy, £ he, pl 20 d .
Next, a8 shavitas i gnd 2 ¢ nEmmed st Pahasus SPaREeh SrBreEehs o B
(boron), for,e fhg tohd ¥4 Pry éfsoeaﬁ,grascqs'fyftﬁé §EGLLRBedS 1 N the

n-type wells 4 on two sides of the gate electrodes 8 t he 25 ot her

hand, the pHome npider 2 ahe dAREGMILIMLONS Ao 2 #rd EB 2003 -51 P

(phosphor), for exanple, to formthe n'-type sem conductor regions 9a in
the p-type waldexrd ol Ihecdweststeseofh titee Qi SFRTECl6pdERe8A-and n--type

sem conductor regions 14 in the p-type wells 2 on the
channel MISFETs Qn and the p-channel MISFETs Qp) of

10 the peripheral circuit through contact holes 30 to 34
formed in the silicon oxide films 28, 18 and 17 and
the SOG film 16.

In the contact holes 30 to 34 for connecting the
MISFETs of the peripheral circuit and the wiring lines

15 23 to 26, there are buried the plugs 35 which are
formed of a conductive film by laminating a Ti film, a
TiN film and a W film seguentially in the order of

| recited lower layers. Of these contact holes 30 to
34, on the other hand, the contact holes (30 to 33)

20 formed over the sources and drains (or the n'-type
semiconductor region 10 and the p'-type semiconductor
region 11) of the MISFETs of the peripheral circuit
have the TiSi, layer 37 formed in their bottom

portions by the reaction between the Ti film forming a

25 portion of the plugs 35 and the semiconductor



5 two sides of the gate electrodes 8B. At this stage of these steps, the
menory cell selecting M SFETs (& are substantially conpl eted. Next, as
shown in Fig. 13, the silicon nitride film 13 having a thickness df B30
50 nmis deposited 10 over the sem conductor substrate 1 by the CVD net hod.
After this, the silicon nitride film21l3 of the menory array is coated with
a photoresist film and the silicon nPPride film 13 of the peri phera
circuit is anisotropically etched to formthe side wall spacers 15 13s on
the side walls of the gate el ectrodes 8B and 8C of the peripheral circuit.
This etching is perforned by using a gas for etching the silicon nitride
filmi13 at asfbghraeleat i@y )ratiner ap LEMNIdHZ &dl@amount s of scrape
of the silicon oxide film5'and the 20 gate insulating film7, as buried in
the el enent resligtanget befeRes &hel PlUdEersd and NN >dheeamnmmt s of
scrape of the silicon nitride film12 over the gate el ectrodes 8B and 8C,
on the ot herdiradds t(loe omher nétchpagsambuohdustbel degtionhhé Onanes sey

m nimum 25 Next, as shown in Fig. 14, the n-type wells 4 of 24 FEB
2003 -52 t hepperyphesehiconductonreedoprdlmi)th i ons of B (baron), for
exanple, to formthe p+-type sem conductor regions 11 (or sources and

drai ns) of the p-cR¥BHelLhR BEETS 1Qesi Blsa@nd dheyfiigit diavwen helming de wal |
spacers 13s, _.and the p-type wells 2 of the peripheral circuit are doped
with ions of 1ABeEarSekioc)2® /f dnddwamnad 1o $hi4R tife FRMSHe sem conduct or

i 10 . .and i f .t n-ch |. M .SFET. i
el'toar i gneRtIRCER Bd R St T st el 54T e W 98 of these
steps, the prehanngl MiSFETsoCP and bhe:u- chanael M SEELS M, as provi ded

with lightly doped regions and seriousSly doped regions. Xt, as shown in

Fig. 15, thegaRerkihfp Hukd Havdld a1t ivdaste YerRUHaROGHAM I S

spin-applied’to the Sem'conductor substrate 1 and is baked in an oxygen
at nospheoe atudb@uiat40Q .C cont ai ni ng water vapor and then subjected to a
heat treatnment of 800 c for about one mnute so that it is densified. This
20 SOG film 16 is cwee dhepSOEsiflidaand- kesearthe maEmgary GI1SAY , fdremsxanpl e.
The SOG film 16 has a higher re-flow ng property than that of the gl ass
fl ow fil m solfhdermedhds sdd ioedeMidmida ¥in 149 Wrisperiy ¢oerkainne
space. 25 Theref%re,. the SOG film 16 forns no, void even if_ it is,
by the information storing capacity elements C. This
information storing capacity elements C is constructed
15 to include a lower electrode (or storage electrode)
45, an upper electrode (or plate electrode) 47, and a
Ta,0, (tantalum oxide) film 46 formed inbetween. The
lower electrodes 45 are formed of a low-resistance
polycrystalline silicon film doped with P (phosphor),
20 for example, and the upper electrodes 47 are formed of
a TiN film, for example.
The lower electrodes 45 of the information
storing capacity elements C are formed in an elongated

pattern extending straight in the X-direction of Fig.

25 4. The lower electrodes 45 are electrically connected



2 4 F E 8 2003 -53 buried in the space of the gate el ectrodes 8A (or the
word lines W.) which are mniaturized as far as the resolution limt_of

phot ol i t hogr aphy. On the other hand, the SOG film 16 achi eves thelhiffl 2003
re-flowng 5 property even without the heat treatnent at the high
tenperature and for the long tinme, so_that it is enabled to effect a

shal | ow junction by suppressing the fHérmal diffusions of the inpurity

whi ch has been i incorporated into the sources and drains of the menory 10
cell selecting MSFETs (& or the sources and drains of the M SFETs (e.g.,

t he n-channel M SFETs Qn and the p channel M SFETs Q) of the peripheral
circuit. At witeh hged pXepd nENt innoheoyentathehbebsagvornrorgal film (or the
Wfilm formng the gate el ectrodes 8A (word 15 line W.) and the gate

el ect rodes §B.wgnl 8T whairlsuppe elssribé axi dhei bhrbogheabiles #le hi gh
performances of the nenory cell selecting M SFETs (& and the M SFETs of the
peri pheral @&¥eendindehroudgle thenaildaoof niheidgy&ilmnddl, atihegSOG ms of
the SOG 20 film 16 and_the overlying silicon oxide filns 17 and 18 may be
repl aced ei thef™ p3P t3nd et PRRC Y LRFeSLA}EPD| A¥EAGt A4S P¥s ands ef f ect ed
by coati_ng the Qﬁ%ﬂn'/ hosphor silicate glass BPSG), followed with
re-flowrng trEatht T2 BYIeT B L PRErERatdBpEPPREEESHT tHEONEE coating by

t he CVMP net hqad, . or t formatjon o 2 4 FEB ~~0~_-54 the | ayer

noul ati ng. 15H0RS GIYH V71 1ol S8R, REnpex(SrabRenaaaveR F o 16 the
silicon oxi ' [ hi ckpes f 6 nLi epgsi ted over
t he SOG fﬂig% iéﬁ%ﬁqga?%eng%g?ﬁs%gdggyﬁggtﬁggggésnggﬁogkkgn Iggten its
surface. Af 6fe iddfory e Bl | § £PBcOXhgemi EFBIrd8ohavifge a-fRbggRESS of about
100 nmis deposited over the flattened silicon oxide film 177 This

overlying siHole 49K des ffoihd® bétween the lower electrodes 45
10 and the contact holes 20, are made to have a smaller
diameter (e.g., 0.14 microns) than the minimum working
size so as to ensure to prevent the short-circuiting
with the bit lines BL or the underlying plugs 35. The
plugs 49, as buried in the through holes 48, are
15 formed of a low-resistance polycrystalline silicon
film doped with P (phosphor), for example.
Over the SOG film of the peripheral circuit,
there is formed a silicon oxide film 50 which is given
a large thickness to have a level substantially equal
20 to that of the lower electrodes 45 of the information
storing capacity elements C. Since the silicon oxide
film 50 of the peripheral circuit is given such a
large thickness, the surface of a layer insulating

film 56 to be formed over the information storing

25 capacity elements C takes substantially the same level



deposited to renmedy the fine flaws, as caused at the 10 polishing tinme by
the CWP nethod, in the surface of the underlying silicon oxide film17.
Here, the thickness fromthe upper face of the gate insulating f&kq&ﬁ @

t he upper face of the silicon oxide film 18 is about 550 nm for ~exanple.
15 Next, as shown in Figs. 17 and 18, ,the silicon oxide filns 18 and 17 and
the SOG film 16 over the n- type senié nduct or regions (or the sources and
drains) 9a of the menory cell selecting M SFETs Q are renoved to form
second openings by the dry-etching treatnment 20 using a photoresist film27
havi ng first openings as the mask. This etching treatnment is perfornmed by

using a gastf @hecinehiony e aS laneDreeXigler fgdnall’ dtrautt gh sel ection
ratio, so as to prevent the silicon nitride film 13 underlying the silicon
oxi de film 17 250fee@mchei ig fetraaed cof fstoSnee fdapaldity tdleemsdredi ng 2 4 FEB
20D3 -55 treatnent is performed to formcontact holes 19a and 20a under the
condition Cn whiegk tilse foirimecort hexildey € |ims sl agtiched oft 7y evledsh | y t han
the silicon nitride film The etching selection rate at this tine 5 between
t he silicoAsoevéslEiinmbyng edendsilaysm wiiningld fidsmiz amdui3d . 8 to 10.
Fig. 18(a) is an enlarged section showi ng an essential portion of a nmenory
cell and c8PCedpyfd AdsudAGing A1ilm 3 i fommed 1f a HatlEEehi ng
treatment, 1Q and . Fig. 18(h) is an eplarged section showi hg an_essenti al
portion anﬂxégﬁrg§ﬂﬁhdﬁﬁ§ t qiﬁﬁ???i]ﬁﬁ(ﬁrfﬂﬁleﬂ %%ﬁst%g i ng
treatnment. .Here, in Fa. .18(.a he silicon oxjde fi 12a of the
cap insul aél‘o’ng‘%ﬁ I%%ri'%%iws&fno% Ceo%p?ouscgc(dn)aeur%%gn t“haedee%(l:a}ﬁ%\iglgl%hég]at ment. On

the other handmsbi )3l ChLBOSEEEALTIAL S w3RYRY 100keALS Lhe il [ con nitride
ilm 13 between the ‘gate el ectrodes 8A. The et'ching operation advances from
the portiofowheide inhehd IPegapradade diddiit, are electrically
10 connected with the first layer wiring lines 26 through
through holes 54 formed in the underlying insulating
films (or the layer insulating film 56, the silicon
oxide film 50, the SOG film 39 and the silicon oxide
film 38). In the through holes 54, there are buried
15 plugs 55 which are formed of a Ti film, a TiN film and
a W film, for example.
Over the second layer wiring lines 52 and 53,
! there is formed a second layer insulating film 63,
which is overlain by third layer wiring lines 57, 58
20 and 59. The layer insulating film 63 is formed of a
silicon oxide-based insulating film (e.g., a three-
layered insulating film of a silicon oxide film, an
SOG film and a silicon oxide film), and similarly to

the second layer wiring lines 52, 53, the third layer

25 wiring lines 57, 58 and 59 are formed of a conductive



12a is exposed, to expose the upper face of the gate 20 el ectrodes 8A
because the silicon oxide film1l2a and the SOG film 16 are made ?Q qu ﬁan
material. As shown in Fig. 18(b), on the other hand, the silicon"ni # @
film13 of the sem conductor substrate 1 acts as the etching stopper at
this stage and is 25 | eft over the sem conductor substrate 1. Here, the 2
4 F E B 2003 -56 case in which the stP?con nitride film13 is not formed is
shown in Fig. 52, in which the upper portion of a buried insulating film
102 is etched off to formrecesses 103 when an SOG film 100 is to be etched
off, 5 because the buried insulating film 102 in elenent isolating trenches
101 is made pfimheagangaimierodl pas that of the SOG film 100. In this
enbodi ment, the contact holes 19 overlaps the el enent isolating trenches
spatially, as descridechabdveayandwdhéreines 98 &he aleremintildoped

t echni que capabl e avoiding the recesses of the buried insulating filmis
effective. Evemnéqtedewthetbe tphpest elecbredea whi of the contact holes 19
are not designed to overlap the elenment isolating trenches spatially, on

t he ot her hakRfC¥RRLIGN cEROHEENRIhERRICIYY nAyeBENEHUSedhEe®UGPer| ap t he

el ement isolating trenches by the spatial positional displacenent of the
cont act hol esPEQUIFhR1eEnfE” ERBBEANERt TREPUBABTAY 186 Vi@¥§%t he probl em of

Lhe def ect1 Ve SLETBILS, GVEekophne hogBossh pnan iLechive, 20 Lochnl aue
phot or esi st iiﬁgg239aéft9ﬁengé§igﬁeral circuit are electrically
connected with the second layer wiring lines 53
through through holes 61 which are formed in the
10 underlying layer insulating film 63. In these through
holes 60 and 61, there are buried plugs 62 which are
formed of a Ti film, a TiN film and a W film.
Here will be described the thicknesses of the
silicon oxide film 12a and the silicon nitride film
15 12b of the aforementioned cap insulating film 12 with
reference to Fig. 5. Here, reference letter D of Fig.
5 designates a thickness of the SOG film 16 from the
. upper face of the silicon nitride film 13 over the
semiconductor substrate 1 to the upper face of the
20 silicon nitride film 13 over the gate electrodes 8A.
First of all, the thickness of the silicon
nitride film 12b will be described in the following.
This silicon nitride film 12b is required to function
as the etching stopper when the contact holes 19 and

25 20 are to be formed. Specifically, the silicon



formthird openings over an n--type sem conductor region (or the source and
drain) 9a, the silicon 25 nitride film 13 and then the underlying gate 2
4 F EB ?003 -57 insulating film7 are renoved to formthe contact holes_19
and 20 exposing the surface of the n--type seniconductor region (bk FEBQ003
source and drain) 9a, as shown in Figs, 19, 20, 21 and 22. This etching 5
treatnent is' ended to | eave the silicgn oxide film 12a over the gate

el ectrodes 8A. Here: Fig. 20 is an enlarged section showi ng an essenti al
portion and taken along line A- A of Fig. 4 after that treatnment; Fig. 21
is an enlarged section showi ng an essential 10 portion and taken along |ine
B - B of Fhgtrddeffédmshé 2br eadnmdadt hasmed thi dgpe 2 remavadwipllan vi ew show ng
an essential portion of the nenory cell array after the treatment. This
etching trERenBACtérnt RE &hie coacknesisd® DS fGHemSI& fsidsn d fyass for et ching
it at a high selection ratio so as;to mnimze the anounts of scrape of the
seni conduck®inguBsErgte 0ffafe ARetel beat thevlcantagt Medd@fesl%. In short,

t he etching %rgﬁtnent is.gerforned under the condition in which the silicon
20 nitri de®Rf APirs HEPRrLagi Fye et tREacbfR1PHantPRECSPERcoAtoRRde film The

SO ShESRLRR ALk e 00 B JEHEED th 1 gan, ox de 1 ]m and the
treatment ig;28:REh! @LTREN Q¢ &hENthiRididsCUY Hirfd id8 fddm 13
nitride film 12b + the thickness of the silicon
nitride film 13. Here, it is assumed that the
thickness D = the thickness of the silicon nitride
10 film 12b + the thickness of the silicon oxide film 12a
+ the thickness of the gate electrodes 8A, and that
the first selection ratio can take about 8 at the
minimum. If these are introduced into the foregoing
relation, this relation can be expressed by the
15 thickness of the silicon nitride film 12b + the
thickness of the silicon nitride film 13 > (the
thickness of the silicon nitride film 13 + the
; thickness of the silicon oxide film 12a + the
thickness of the gate electrodes 8A) / 8. The first
20 selection ratio is the ratio of the etching rate of
the SOG film 16 and the insulating films 17 and 18 to
the etching rate of the silicon nitride film 12b.
Here will be described the thickness of the
silicon oxide film 12a. This silicon oxide film 12a

25 has to function as the etching stopper when the



2 4 FEB Z003 -58 anisotropically thereby to | eave the silicon nitride
film13 on the side walls of the gate electrodes 8A (or the word lines W).
As a result, the contact holes 19 and 20, in which the bottom dianeter (or
the 5 X-direction dianeter) is so snall as the resolution limt oi t?gz
phot ol i t hography or |ess, can be forn%g in self-alignnent to the %J gp
the gate el ectrodes 8A (or the word li'nés W.). Here, Fig. 53 shows the case
for conparison, in 10 which a cap insulating film2104 is formed of only a
silicon nitride film In this case, when a silicon nitride film107 is to
be renmoved from a sem conductor substrate 106 so as to form contact hol es
105, the capliaenl attngdei Emln0ad3and tive bsi Ivepoved tixioge thd m 107 15 on the
upper and side faces of gate el ectrodes 108 may al so be renoved to expose

t he upper $@R&SOBAUERRIgRUESEraELr 6d69 £E8 too fordm Jdesic®Rtamti s nakes it
necessary to_thicken the cap insulating filmwhile considering the

requi renentCt8f 42nhRBR ALcurBEFPF AR hER90CUBEsREFBATE! the etching ternina

i nt dth ti f .the def [ he . br eakd | t th
bxposur & oF 'CRBEGRES. BRBCEFIABAOmAB LG T 6 ORE o Mestidat | on resul ts.
h , 0L : hat [ [ t hi.ck f th
cap 29 | nettAEERE PRR Ropask ) (P8 cRURARES Da B VORE %G D00

59 ratio pleihaccenifct shol encsaakhal e Lanductiua dy adagores

difficult to bury in the contact holes thereby to increase the defect

percent agepeagdtibat eliNe Pepb| epnef sbbengepalatt98no0rabiibgesoknhe cap 5
insulating filmis nade serious by the heat treatnent after the fornmation

of the capratsdl afi ngef ekahihg thte efbatiereritl,idoe,niwirend I | i con
nitride film 13 over the sem conductor substrate 1 is to be renoved to
expose t hetappbatfafetbe shéit®nsemidendiidimor agwbdtakatse abouthed sil i con
nitride filnms 12b and_ 13 on the upper and side faces of the gate el ectrodes
8A arld al sBheRcRBE 8ifipeBag¥ddendylay d 2fadé SR L e Sha &E%ﬁ. As a
result. thepsl heRRoysdfah) T 192 Q18L (07,8218 Sheshhades §Ads
the aforementioned relation, this relation can be
expressed by the thickness of the silicon oxide film
12a > (the thickness of the silicon nitride £ilm 13 /
15  3).
One example of a process for manufacturing the
DRAM thus constructed will be described sequentially
) in the order of steps.
First of all, in the element isolating regions
20 of the principal face of the semiconductor substrate
(or the semiconductor wafer at this stage) made of
single crystalline silicon of the p-type having a
specific resistance of about 10 { cm, as shown in

Fig. 6, there are formed the element isolating

25 trenches 6. These element isolating trenches 6 are



15 partially exposed as the etching treatnment advances. Since this etching
treatnent is so conditioned that the silicon nitride filmis nore easily
etched off, ' however, the silicon oxide film 12a functions as tHe, eEg&llhg
stopper so that it is not renmoved so nuch. 20 Fig. 20 shows the behaviors
schematically after that etching trep%ggnt, and the upper corners (where

t he upper face and the side faces of e silicon oxide film 12a intersect)
of the silicon oxide film 12a, as exposed fromthe contact holes 19 and 20,
and the 25 silicon oxide film12a in the vicinity are not renoved 2 4 FEB
c003 -60 but left. Thus, the height of the silicon oxide film 13 on the

si de faces of fohmedaby etebingdébesAuirfacet gifngde FemsiacatdialP he

t hi ckness of the insulating filmto cover the upper corners (where the 5
upper face anf8ubREratge lf 48efosm LHEeNCcESaBEFARIMEt Aerth MBmdMter sect) of
the gate electrodes 8A, that is, the distance between the conductive film

to be buried PROt ke 48Rt a8y Ry 8€PPF TR Y frdeyStld 186 (PR BAR O

el ongated so that the_hbreakdo vol tage can .be 10 i nproved. Therefore, the
cap insulatinEYfFPﬁ1fyDcEﬁtg8g?ﬁV ed o SFEGGE uﬁ?&%ﬂ%ﬁ%SFQ?) the upper

face of the senicgnduct of Substiate o Lo e toner fage of, the cap

i nsul atin he'¢ap 1T nsul ating m i's Torfmed of only the

silicon nitrigﬁégghghg?%ﬁkg ??@T%f%}éaﬁ*°f§3@ f&gﬁlquﬂgw§heit i's necessary

toretain ar tron ry over-etching ratio) x (1 + a dry

di sper si on rakhehichll WeenkRicness1afsHiHe |(@ver- desaidded silicon nitride
film1l3 is designated by A By introducing the dry over 20 etching ratio of
40 % the dry di sperNeaf,r aheonotype@ aethisondactem irgddrha irsel ation, the

t hi ckness of the cap insulating film as formed of only silicon nitride,
has to be abodibr8édnmasl shoke dasé iaf. tthe Hyadiopetned tdep of this enbodi nment,
on the other hand, 25 an anount of 84/3 = 28 nmmay be retained for the

7 4 F B8 208emicgndustospsupsiagde tlhensdher thiegiomt(aF dthe Menqng of

array) for forming the memory cells, with ions of P
(phosphor), for example. After this, the p-type wells
2 are formed by doping the memory array and a portion
region (for forming the n-channel MISFETs Qn) of the
15 peripheral circuit with ions of B (boron), for
example, and the n-type wells 4 are formed by doping
the remaining portions (for forming the p-channel
MISFETs Qp) with ions of P (phosphor), for example.
Subsequently, the clean gate insulating film 7
20 having a thickness of about 8 nm is formed over the
individual surfaces of the p-type wells 2 and the n-
type wells 4 by doping the p-type wells 2 and the n-
type wells 4 with an impurity such as BF2 (boron
fluoride) for adjusting the threshold voltage of the

25 MISFETs, by washing the individual surfaces of the p-



formng the contact holes is given about 3 by the silicon oxide film 12a
under the silicon nitride film 12b. Therefore, the | am nated cap can reduce
the 5 height fromthe upper face of the sem conductor substrate 17LQEBH&3
upper face of the cap insulating film212 by 56 nm (= 84 - 28). As a result,
the aspect ratio of the contact holes 19 and 20 can be reduced to bury the
conductive filmeasily in the cont act *Acl es 10 19 and 20 thereby to avoid
the insufficient burial of the conductive film Therefore, the increase in
the electric resistance or the conductive defect in the contact holes 19
and 20 can be avoided to inprove the reliability and yield of the

seni conductype weddisatednts tdia auttymewWedlels 14 witils &nbodi nent, on the
other hand, the top plan view of the contact holes 19 has a rectangul ar
shape and &éR&Argds uohd Celagrisht-Has@htd IRpnkhchiesusd, s Bhevetti con
nitride film 13 exposed fromthe 20 contact holes 19 is renoved, therefore,
the upper P¥dEiGHANGh&hE SEEWHCINENCHIMFUREHFHES 6 i s al so exposed

However, the buried insul ati fil

in i.n the el enent, jsolati trenches 6 is
not renmoved so nﬂ@ﬁtataiPQHgF HiStg ﬁ&ﬁlQﬁﬁmﬁhﬁﬂiQoﬁég%%rned of the
silicop 25_oxide filmb5.. This .behayior.is schematically shown. ] 24 FE
B 2003§- 62fl%irg¢’% ff,ndi%mecﬁ‘sltlﬁ@ 33pspecf'f e ot e @ e?r%?’n‘fti ]sé){)]ati ng
trenches 6, _as r hg Qﬁii ﬁ%§§ f oles 16, are
not scr apeaméoa?u%%%%%tgeldg?i. ?me{ p%glf%%@?gﬁ%iaf%’g#i S renoved,
and the sugfiage 0f PRSP GRRWEL P YRS S £S &XHOSEded 0 the bottons
of the contébt ﬁbles 19 aﬁﬁ 20, is then maé%gd &fth a Hggrofluoric
aci d- based o®leghithg |detiicdrididhor ubstathtd QUi ofthdycvofheonod, acid + 10
anmoni um fl uoride) to renove the dry-etching residuals or the photoresist
resi dual s. aat stiows tiinm®ig.he8 SOG fil m 16, as exposed to the side walls of

the contact holes 19 and 20, is also exposed to the etching |iquid.
Howevk®, the SOGStibsequentdy .ddsi Miadmral pxide film is removed

by a light etching treatment, and then a barrier metal
film (or the first conductive film) 8bm formed of a WN
(tungsten nitride) film having a thickness of about 5
nm and a refractory metal film (or the first

15 conductive film) 8m made of W (tungsten) having a
thickness of:about 100 nm, for example, are deposited
on the polycrystalline silicon film 8s by the

| sputtering method. Here, the barrier metal film 8bm

functions as a barrier layer for preventing the W film

20 and the polycrystalline silicon film from reacting at
the hot heat treatment to form a silicide layer of a
high resistance in the interface inbetween. This
barrier metal film 8bm could be formed of a TiN
(titanium nitride) film, for example.

25 After this, the silicon oxide film 12a having a



15 tenperature as high as about 800 C, has a higher resistance to the
hydrofl uoric acid etching liquid than the SOG fil mwhich is not denS|f|%

so that the ' side walls of the contact holes 19 and 20 are not sariths &
under-cut by that wet-etching treatnment. As 20 a result, it is possible to
prevent the short circuiting reliably between the plugs 21 which are buried
at a next step in the contact holes 144and 20. After these contact holes 19
and 20 were fornmed, on the other hand, the p-type wells 2 nay be doped 25

t hrough the contact holes 19 and 20 with an inpurity 2 4 FEB 2003 -63
(e. 9., phosphor) to forman n-type sem conductor |layer in the p-type wells
2 of the deerpeknesgi ofi tbantt heosamr,cEdrarttatpdiens ief ddpesierary cel
selecting M SFETs . This n-type sem conductor layer is 5 effective for

rel axi ng tbeeel eberrefrrektdryhimehaw Ifhiline Soohgyenthreatpddisata ICV® end porti ons
of the source and drain, so that it can reduce the | eakage current at the
end porti onstbpdt heiggutbe FEBASdpasn tBhusprbhe phasmaf £¥Bhi ng
characteristics of the nenory cells. 10 Next, the plugs 21 are formed in
the cont acmeﬁapésligeaﬁaozed 59TskBfntrRALNGRL 25 SRPOPAt NG &herig. 24(a)
is an enlarggd sectiQ shomnn ssentlal portlon after this treatnent

and taken SfOAGORi AELASA 6ﬂmFg§a'4 e&ﬁﬁsﬁié e?f@&?ﬁ@ﬁa%?%ﬁﬂmﬁpﬁéd section

15 sh | d tak HB.of .Fig. 4. Th
o ugs 21 a7 ahs BPnBaCh, “4ERod EERG ARRRGAFCRAR (YA doh P m of a

t hi ckness Hénﬁ?ggiui"gocﬂ pa% daed M, tgo%“ t'e%%'ga%%x%eéoegt%é“ (arsenic))

by the CVD net over the silicon oxide fil n by polishing

the polyerysbakl ups sblisoncilt Y LheeCVE gptbad tacbsauset 10 the

cont act ho enbodi nent, the own vOl tage can be
i nproved byethe gtfimcem asi darBiikmokidivkidch Herkent enpesedibebween the

plugs 21 and the gate 25 electrodes 8A. Since the silicon oxide film 12a
has a0 oxide film 12a may be formed by the hot CVD method of
about 400 °C. 1In order to prevent the refractory
metal film 8m from being oxidized, this modification
is performed either by introducing a gas containing Si
such as the TEOS gas or silane gas (SiH,) into the
15 treatment chamber and then by introducing a gas
containing oxygen into the treatment chamber, or by
introducing the Si containing gas and the oxygen
containing gas, as specified above, simultaneously
into the treatment chamber. After the step of
20 depositing the silicon oxide film 12a, the manufacture
process can be performed with little consideration
into the oxidation of the refractory metal film 8m so
that the conditions for the manufacture and the

environment can be relaxed to facilitate the

25 manufacture process.



2 4 FEB 2003 -64 |lower dielectric constant than that of the silicon
nitride film on the other hand, the dielectric constant of the ig@ykgﬁb@?
filmbetween the plugs 21 and the gate el ectrodes 8A can be | ower

reduce 5 the parasitic capacity. Subsequently, the silicon oxide film 28
havi ng a thickness of about 200 nmis, deposited over the silicon oxide film
18 by the CVD nethod and is then subj@%ted to a heat treatnent at 800 C for
about one 10 minute in a nitrogen gas atnosphere. By this heat treatnent,
the inmpurities in the polycrystalline silicon film making the plugs 21
diffuse fromthe bottons of the contact holes 19 and 20 into the n-type

sem conduct or regiIon t9d sofentbvel imerror y afttér 1Shaseteasting M SHEEs 5 to form
the n-type sem conductor region (or the source and drain) 9 of a | ow

resi stance. sNexitcomosidavtilm Fi2g, 2ehet pemscdndoatexi gebstratreslover the
contact holes 19 are renoved by the 20 dry-etching treatnment using a

phot or esi st ifsi ltheR? b jemtaerhsico ta feam theatheotghth8Pes’@2foThese t hr ough
hol es 22 are arranged over the elenent isolating trenches 6 away fromthe
active regi Gfout Hﬂﬁam#ﬂ%fe:&Reﬁh$sa%WP%BhﬁF@eﬂfsécPFBﬁogﬁBmﬂﬁé'an

gs;gggl gl 2% porti or}:_glaf Zerﬁthl S Ereatﬁr{_vsant an ecg Ig% o‘lf‘f‘é]ﬁoém g 521n4 F E
essential p%ﬁe%@, 2 §ind méfégce@égﬂaeggf k%ﬁsﬁnsfa' Bp0chbnBatles o Of FI O

4: and Fi ["an Vi an essent I al Fon o

menory cel ! nétaarraﬁ/lﬁ{ta%m tdh§ {4 caL Ay %QSSQEEEEL:YmeEQQ mincon ox. de
films 28, 18 and 17, the SOG film 16 and the gate insulating film?7 of the

peripheral @pncuid Jaﬁ;efd@rwteél wyshheg df ¥s @6 €hhag.t reat nent using a
photoresist filmR3 as the mask, as 10 shown in Fig. 25, to formthe
contact holes 30 wmdéﬁh(ﬁhmstHEathr@qmmsnn1m@nﬂadEOtorégnsmin (or the
sources and drains) of the n-channel M SFETs On and to formthe contact
hol es 32 andI@3 hamrienhengmal ybelmedbmonthet barrégrometal( §ilmhé8bsour ces

and drains) of 15 the p-channel M SFETs Si mul t aneousl mnth this, on
t he ot her éﬁjGQQQ?Qxﬁﬁ%uﬂtrﬁﬂ%§wgﬂhb¥% 6?ﬁﬁﬁeé§eprﬂﬁ§ 8t 18l ect rodes 8C
3{,; he p-channgle MRS P - AN 108 "o SRu, §094,8Ck ; 89l 8] 84 O Med

step, thereby to cause a problem that the refractory
metal film 8m is separated. This makes it necessary
15 to make the heat treatment at least before the washing
treatment. i:In the case of the technique in which the
cap insulating film is made of only silicon nitride,
however, it is desirable from the standpoint of
preventing the oxidation of the refractory metal film
20 8m to avoid the heat treatment of the refractory metal
film 8m just after its coating. In this technique,
after the coating of the silicon nitride film for the
cap insulating film, the silicon nitride film is
subjected to the heat treatment. If this silicon

25 nitride film is thick, however, there arises a problem



the gate el ectrodes 8B of the n-channel M SFETs . 20 These contact hol es
30 to 34 have to be so forned retaining nmargins with respect to t %'Eggﬂﬁgt
i solating regions as may not overlap the elenment isolating regions. S
perform ng the etching treatnment for 25 form ng the through holes 22 and
t he etching treatnent 2 ~ F EB 2003 -66 for formng the contact holes 30
to 34 at the different steps, it is p6§§ible to prevent the defect that the
pl ugs 21, as exposed to the bottons of the shallow t hrough holes 22 of the
menory array, fromb5 being deeply scraped when the deep contact holes 30 to
34 of the peripheral circuit are to be fornmed. Here, it is arbitrary to
reverse thehaequeacesliconfoinrndet fielmhieughphoktsed22 @hdst he cont act
holes 30 to 34, fromthe aforenenti oned ones. 10 Next, as shown in Fig. 28,
a Ti fil mSaeathgnalshrewnaedsispmabbet £agtnshag #8gosited over the
silicon oxide film 28 containin? the contact holes 30 to 34 and the through
hol es 22. aPgEiirientnriethernaldeppanedanpyiushRgrathRGHOFYdi recti ve
sputtering 15 ge%hfd guch ag_a col | i mati on putterin% ne%gﬁg hat a film
t hi ckness Bt &mobt- R0 Am8r LAPPETNRY BBer 8FarRedfefen Catt % ons of the
contagt holegs, 30 to_34_having.a hi aspect.ratio. Subsequently, the Ti
(T gs | SEBTecHERtiob b, RATP bobmg B pbbbi 0D PRE Ri ol HBr &, Lo a heat
t r eat ment r 30 C i I t nrosphere and
E@cﬁ@% C§£8 tﬁ?Bgégf 5&% g&ﬁﬁle ag é%pQQaQ Bh 3%}

further to a reatnen of "about mnufte 1n a nitrogen gas

at”DSpherethghhérgeéér§5§§t”Bﬂﬁi§a£§e§e@aﬁ§§ZE%§E§%?%g@ﬁ“ﬁ?ﬂriaé S

substrate in the bottons of the contact 03 -67 holes 30 to 34

and the Tifilhnm3Resagshehdubgelr FbJumdritochanget HerTichie? | ayer 37 having
a thickness of about 10 nmon the surface of the n+-type sem conduct or
region 10 {hickée Solmees and drains) of 5 the n-channel M SFETs Qn and the
surface of the p+ type seniconductor region 11 (or_the sources and drains)
of tHR& p- channel SWpSFETSNTYHY  Byhehaihégent pEadaefit LMn12Re 1&f or enent i oned

nitrogen gas atnosphere, on the other hand, the surface of the thin 10 Ti
film 36, d%oﬂEﬁﬂng%HGBVEF VhEhsithe ﬁéﬂPEOBfnﬁﬁglgﬁn%&gp HdPes 30 to 34, is

nitrided to fohg' 8 £haBkRels! MeMLEh:' $082%LS 490" GRS AN S
example. The method of forming the silicon oxide film
l12a is exemplified by the plasma CVD method, the low-

15 pressure CVD method or the PECVD method. When the
silicon nitride film 12b is formed by the low-pressure
CVD method, its quality can be improved. Since the

) surface of the refractory metal film 8m is already

covered with and protected by the silicon oxide film

20 l12a, on the other hand, the silicon nitride film 12b
can be formed with little consideration into the
oxidation of the refractory metal film 8m so that the
manufacturing and environmental conditions at the time
of forming the silicon nitride film 12b such as the

25 exhausting condition of the inside of a load lock



Here, at this tine, the surface of the Ti film 36 over the silicon oxide
film28 is also nitrided, 15 but the remaining portions is not niﬂ]i\:ggqnglgut
| eft unreacted. on the surface of the plugs 21 in the bottons of e

t hrough holes 22 (as shown in Fig. 26), on the other hand, there is forned
the TiSi2 film37 by the reaction between the polycrystalline silicon 20
filmformng the plugs 21 and the Ti "fffI'm 36. By formng the Ti Si2 | ayer 37
in the bottonms of the contact holes 30 to 33, the contact resistance of the
portion, in which the plugs 35 to be forned at the next step in the contact
holes 30 to 33 and the 25 sources and drains (or the n+-type sem conductor
2 4 F EB 206083mbé8 reg be i@laxed.he p+-type sem conductor region 11) of
the M SFETs of the peripheral circuit contact, can be lowered to 1 Klerr]
or less, so that Rfitepethpher al pboteuies istcpads anre Rlerfsy aipiminger SA or
the word 5 driver WD can operate at a high speed. The silicide layer in the
bottons of the @8iiraecterdireses0 are FPrd@sd ARy Hehemfel B30 refractory
nmetal silicide other than TiSi 2, such as CoSi2 (cobalt silicide) , Tasi2

(t ant al um sPEEEiEde) fadmidiy (FBLFbRBAGARTSSESE @ALLr® MextEoTas shown in

Fig. 30, a TiN film40 having.a thickness of abaut 30 i S _deposited over
the T Fi | BTG E4CH8 G CHGE CIRASS U VA HOUE IS bHRTRr ] ep
coverage th t i t hod..s. 1 deposi iNfilm40
havi ng a thlggktr@%sﬁ%oggggi%nngﬁme%t}%émsoﬂé%ﬁfﬁ%fl%hééﬁ%?ebpgrti on in
the bottons gt 14 a dHhi ayd a; i gh aspggt ratio.
Subsequent | 3?, E)a ?’EP?E% %hﬂnﬁgﬁ%h}\% r@lgﬁ!t{i ciir}g%s of about 300 nmis

deposi ted ovageirh@aliiNg ial MaARidAdHE JVR aetiivd £t NExdmipDS] ednd

hexaf | uori de 20 (WF6), "hydrogen and nonosilane (Si H4) as the source gas, to
bury the indi phdsa shisitdediniidue .coafaetr hdies Ihd pitcaresidte t hrough

hol es 22 (as shown in Fig. 26) conpletely with the S film41l. Here, if the
unr eact@ed Tpatitlemn3®li isr ars@bdeds the etching mask for an etching

treatment to form the silicon nitride film 12b having
a gate electrode shape (or a word line shape in the
memory cell array), as shown in Fig. 9. This etching
treatment employs a fluorine-based gas, for example.
15 Next, the photoresist pattern R1 is removed, and
the silicon oxide film 12a, the refractory metal film
8m, the barrier metal film 8bm and the polycrystalline
| silicon film 8s are patterned by using the patterned
silicon nitride film 12b as the etching mask to form
20 the gate electrodes 8A (or the word lines WL), the
gate electrodes 8B and 8C and the cap insulating film
12 over the gate insulating film 7, as shown in Fig.
10. In this etching treatment, the refractory metal
film 8m is worked with a mixed gas of chlorine and

25 oxyden, for example. In the over-etching treatment of



25 with the etching liquid just after the TiSi2 |ayer 37 2 4 FED ?DD3 -69
was fornmed, the etching liquid invades into not only the insides of the
contact holes 34 formed over the gate el ectrodes 8C of the p-channﬁé EB 2003
M SFETs @ but also the insides of the not-shown contact holes for J g
over the gate electrodes 8B of the n:%?qnnel M SFETs On so that the
surfaces (or the Wfilnm of the gate electrodes 8H and 8C constructed of

the polynetal structure are etched. In order to prevent this, according to
this enbodinment, the TiSi2 layer 37 is 10 formed in the bottons of the
contact holes 30 to 33, and the TiNfilm40 and the Wfilm4l are

deposi t ed, tHheadtmp it Wreadarctred s iMg |Th86 gaer the silicon oxide film 28
and in the contact holes 30 to 34. Next, as shown in Fig. 31, the Wfilm
41, the 15pRlydnyshaidinel siHelcrin fhasn 36 evehingeratei ebdubxi de film 28
are renoved (or polished back) by using the CVP nethod, to formthe plugs
35 of the dGrSrmemad Wigh msithat o f it adtanaSTi tRatntBS i ndividual Iy

in the contact holes 30 to 34 and the through hol es 22 éo (as shown in Fig.
26). These BRGE YR Hying SHHokEor Y5 r BPov P e EBF 2R ¥nPRE BACKk) the W

film4l, the TiN_filmd40.and the Ti fil 6 the sili . oxide film 28
by 1 hedry20hi AGeBERadT LT PoRSFENSIA e Fiige 55 Hefb 5 | ow 25

i st ' at i st t ~.F E B 2003 -70
ggflmssdaxierﬁqgho‘?d %%P\)%%ﬁem&%é%r % %?@%ﬁr%g%% afgnoﬁthg ot her hand,
the Ti N filyayth;as dodmt weermd h&ﬂxféimélﬁiw%yoagiﬂ%t ttgélc y as a

barrier layer for preventing the tungsten hexafluoride and rom
reacting t@rgensimi-eoai® s Hiditinash£56d 0gehEsed genepamL ol es) when the

Wfilm4l is to
Thus in this embodiment, the silicon nitride
10 film 12b for forming the cap insulating film 12 is
used as the etching mask to form the gate electrodes
8A (or the word lines WL) and the gate electrodes 8B
and 8C. Ordinarily, the gate electrodes are patterned
by using the photoresist pattern Rl as the etching
15 mask. If the photoresist pattern is used as the
etching mask when the gate electrodes are formed of
the refractory metal film 8m, the barrier metal film
) 8bm and the polycrystalline silicon film 8s, the
photoresist pattern may be deformed during the etching
20 treatment to lower the pattern forming accuracy. On
the other hand, a portion of the photoresist pattern
may be removed or separated into a foreign substance
to cause a problem that the reliability or yield of

the semiconductor integrated circuit device is

25 lowered. When the cap insulating film (including the



be deposited by the CVD nethod but also as a barrier |ayer for preventing
the Wfilm41l and the Si substrate fromreacting (or siliciding) at a@%ﬁh&?
10 heat treatnent at a high tenperature. This barrier |ayer can al 3¢

made of a refractory netal nitride (e. g., a W filn) or the |like other
than the TiN. The plugs 35 may al so bg formed mainly of the TiN film 40

wi thout using the Wfilma4l. 15 Speci ?éally, the plugs 35 may al so be
formed by burying the,thick TIiNfilm40 individually in the contact holes
30 to 34 and the through holes 22 (as shown in Fig. 26). In this case, the
pl ugs 35 have a rather high resistance, as conpared with the case in 20

whi ch they ar e ifloided medmide of itmel W faha 4e Eoveven, okhaeTiEW1fi | m 40
acts as the etching stopper when the Wfilm42 to be deposited at the next
step over the 19d) cion wsedlead ithe 28t¢ising heskyyiet dhedetiahbarm the bit
lines BL and the first layer wiring lines 25 23 to 26 of the peripheral
circuit. As adafuimed timr rémavéed ELBtQ00Be- fdrepgngbnbsvantke nTsa$i gnnent
of the wiring lines 23 to 26 and the contact holes 30 to 34 is drastically
i nproved to i MAkse theorgpieke dto f HepHeWef BPtt ABlYalB6t PBLTEHRA Wi ri ng
lines 23 to 26 remarkably. 5 Next,the bit lines BL and the first |ayer
wiring |ides ZPTHIE FCHIREDR T pHR? a¥2ERr BUPELAPECF oPHE24F8r thfe silicon

oxide film 28 by, the follow ng, hod. First of all, as shown in Fig. 32,
the surface 10 of*d %ﬁXi%%d&bgf%eogiFﬁ%2§eW§cﬁBégﬁ§8ﬁe&ngggFgﬁﬁge t he
pol i shing resig fficiently, and a Wfilm 42 having a thickness of
about 100 nmié?%ﬁﬂéﬁgéégﬁfgéreover by the sputtering nethod. Next, as

shown in Fig. 33, thgWIfdd mxflgsiét&w%&tefégtﬁxnesws @o%ﬁiﬁ?oEﬁEGSi st

film 43 forned over the Wfilm42 as the nas to formthe bi | i nes BL and

the first |ayejatd réngeticwss 23che @ﬁ%éf pbetpeni pietak elingdon. The bit
lines BL and the wiring lines 23 to 2
10 nitride film 12b is etched off so that the silicon
nitride film 12b thus treated becomes slightly thinner
than that at the formed time such as about 40 nm. 1In
order to reduce this etching-off of the silicon
nitride film 12b, the following method may be taken.
15 First of all, a coating of the silicon nitride film
12b is formed and is then coated thereover with the
silicon oxide film by the CVD method or the like.
Subsequently, the photoresist pattern Rl is formed and
is used as the etching mask to pattern the silicon
20 oxide film and the silicon nitride film 12b thereby to
pattern the silicon nitride film 12b of the gate
electrode shape (or the word line shape in the memory
cell array) and an overlying silicon oxide film 12m,

as shown in Fig. 11. After this, the photoresist

25 pattern Rl is removed, and the gate electrodes 8A and



may al so be fornmed by using either the Wfilm 20 deposited by the CVD

met hod or the lamnated filmof the Wfilmand the TINfilm Alternati
there may al so be used either a single layer filmof a refractory nﬂﬁaﬁﬁ#ém
g., a M filmor a Ta filnm having an excellent contactability with the
silicon oxide 25 based insulating filglor its nitrides, or their Z 4 FE
B 2003 -72 lamnated film Here, Fig’- 84 is a top plan view show ng an
essential portion of the nenory cell array after the bit lines BL were
formed. These bit lines BL are fornmed in the shape of bands and are 5

el ectrically connected through the through holes 22 with the plugs 21
havi ng a r & AYyALze papteraed shapes ingxthe apathewnednskilgson3s to 36, the
silicon oxide film 38 having a_thickness of about 100 nmis_ deposited

i ndi vi dual IBA%RAte thielmi 12 aed BLlipentpeide fiist 1RBy8F WEing |ines 23
to 26. Subsequently, the SOG film39 having a thickness. of about 250 nmis
spi n- appl | EFIBRhERDper Morthich M mdhg 1§ VX L4 758 and is then

baked i t h t _about .400 C t ai ni t Mo
the surface 46 G1F (HROSRXE 1 PR 309PELY HRE RS FFARc BAEATHS Sabflecting it to

a_heat gt regljpnl, al 800 Ciéé’xeﬁggm!d}rxlaﬁ’%f”EQ“I:{?aJcotgg”?EﬂcE . Here, Fig.

36(a) i's an ‘enl arged Sséection S an essentr al rtion after this

treat ment mfﬁ!ﬁ@r‘fﬁiﬁnﬂzﬂai8§nArét£‘]i.Hfia;.gthf:ckﬁggsgo fibge, 3648) is an

enl arged section show ng an essential portion after this treatnent and

taken al ongiiieo® oBi® Film f2mHRER oWhRAyt hetSbep1bytt beeki tnlei nes BL
and the first layer wiring lines 23 to 26 is small, the 25 flattening can

al so be effeCtitbmatityidei Aglnhe2B608ftetdtheEgBt20@3ectZddeki I8m 39 but
only by depositing the silicon oxide film38 thick. Wen the bit |ines BL
and the wirdngy $¢ ez wSre ow@bkeédve a | arge density difference so that the

sufficient flatness cannot be achieved nerely by the )
10 After this, the semiconductdr Substrate 1 is

washed with a washing liquid containing hydrogen
peroxide (H,0,) to remove especially the particles from
the back face of the semiconductor substrate 1. At
this time, the barrier metal film 8bm is densified, as

15 described above, so that it is not removed. After
this, the semiconductor substrate 1 is subjected to
the aforementioned light oxidizing treatment so that

| an oxide film is formed at the end portions of the

gate electrodes 8 and so on to remedy the plasma

20 damage.

Next, as shown in Fig. 12, the n-type wells 4

are doped with ions of B (boron), for example, to form
p -type semiconductor regions 15 in the n-type wells 4
on the two sides of the gate electrodes 8C. On the

25 other hand, the p-type wells 2 are doped with ions of



5 SOG film39, the surface of this SOG film 39 may be polished by the CW
nmet hod, and the silicon oxide filmfor remedying the fine polishing flaws
on the surface of the SOG film 39 nay al so be deposited over the FE8 008D
39. When the tenperature for densifying the SOG 10 film 39 cannot be so

hi gh, on the other hand, a silicon ngpg filmmay be further deposited

t hereover so as to conpensate the drop in the noisture resistance. Next,,
as shown in Fig. 37, a polycrystalline 15 silicon film 70 having a

t hi ckness of about 200 nmis deposited over the SOG film 39 and is
dry-etched by using a photoresist filmas the mask, to formthrough holes

71 over the Eco@mgpm;a,s ) Jf@ﬁ@léhrwghoﬁaleﬁem:aﬁ dorned to have
their diameter 20 substantially equal to the mnimum working size. Next, as
shown in Fi gsemdBsosduetowl tegpacera 72n at ke f propfdeowed lpolyonyshal | i ne
silicon filmon the side walls of the through holes 71. The side wall
spacers 72 drweo fordes ¢of teposite nglectseedas $hoand5SnShuwwsg pol ycrystal line
silicon filmas thin as:about 2 4 FFB ?~P.3 -74 60 nm over the

pol ycryst al |9emicdndeetor i Feg Fons ol almi Blyet betyRsi ves1lsf 2t RB theough hol es
71 by the CVD nethod and then by etching back this polycrystalline silicon
filmto3 eaveq tS LT Hetf iR FaTRI $LetFLPRest BRought Nt &% ¥9298y°% or i ng

t hese side || spacers 72, the intern diine%er of EE% t hrough holes 71

i s made smaltRTSE EFCRRie Wi BEMRWorkeny SF2z8C fBHt MI8EESRoRA PRoFig. 39,
the 'nSU|aI'§Ebé&A§§ially completed.

] Next, as shown in Fig. 13, the silicon nitride
film 13 having a thickness of about 50 nm is deposited
10 over the semiconductor substrate 1 by the CVD method.
After this, the silicon nitride film 13 of the memory
array is coated with a photoresist film, and the
silicon nitride film 13 of the peripheral circuit is
anisotropically etched to form the side wall spacers
15 13s on the side walls of the gate electrodes 8B and 8C
of the peripheral circuit. This etching is performed
by using a gas for etching the silicon nitride f£ilm 13
) at a high selection ration so as to minimize the
amounts of scrape of the silicon oxide film 5 and the
20 gate insulating film 7, as buried in the element
isolating trenches 6. In order to minimize the
amounts of scrape of the silicon nitride film 12 over
the gate electrodes 8B and 8C, on the other hand, the

over-etching amount is held at the necessary minimum.

25 Next, as shown in Fig. 14, the n-type wells 4 of



10 (or the SOG film39 and the silicon oxide filnms 38 and 28) in the
bottons of the through holes 71 are dryetched by using the polycrystalline
silicon film70 and the side wall spacers 72 as the nmask to formthe

t hrough hol es 48 which extend to the contact holes 20 15 through §bdESd88e
regi on between the bit lines HL and t adjoining bit lines BL. The through
holes 48 are formed by using the side Wall spacers 72 on the side walls of
the through holes 71 having a smaller internal dianeter than the 20 m ni num
working size as the mask, so that their internal dianeter is smaller than

t he nininun1morkin% size.. As a result, the pargin for allgnlng t he space

regi ons of tHE BEE Hq%§§¥BE%£ﬂP%qu9§QH4ﬁRﬁg WAt bR sufficiently

r et ai ned to revent rel i abl the 25 %%% 4h e buried in the through
hol es 48 at ¢ D)y o # Xt %t%p P&m short-circuiting with

(ot i%&%{‘%&*&?@?@é&%"”ﬁder 'qvqs”%&p' e tand et iR o5 Shout 200
d d ted

over the ot Jer Pt BBy def $bis S S LGSt Lo PR, ©

throughs hol g3 448 fahar @igaddrd hes LVR et panghé Svbhes gt ghegnhback

together with the polycrystalllne silicon f|| 0 10 and the side wall

spacers 72 perfigh@riale qilngsi thred doged weidist 8bhs nef sakicon filmin the
t hrough holes 4 Next, as shown in Fig. 41, the silicon nitride film44

havi ng a thkakmemicof mmmneﬂaﬁpknnlﬁncﬁnxmltmd wwarytehe SOG film 39 by the
CVD nethod, and 15 the silicon nitride film44 of the peripheral circuit is
t hen renoveéequqm§QQQpnnnﬂgxqparkﬁu«nrusqu¢@paand drains) of

the n~-channel MISFETs Qn in self-alignment with the
10 side wall spacers 13s. At the stage of these steps,
the p-channel MISFETs Qp and the n-channel MISFETs Qn,
as provided with lightly doped regions and seriously
doped regions.
Next, as shown in Fig. 15, the SOG'film 16
15 having a thickness of about 300 nm is spin-applied to
the semiconductor substrate 1 and is baked in an
oxygen atmosphere at about 400 °C containing water
: vapor and then subjected to a heat treatment of 800 °C
for about one minute so that it is densified. This
20 SOG film 16 is made of polysilazane-based inorganic
S0G, for example.
The SOG film 16 has a higher re-flowing property
than that of the glass flow film so that it has an
excellent gap filling property for a fine space.

25 Therefore, the SOG film 16 forms no void even if it is



photoresist filmas the mask. The silicon nitride film44, as left in the
menory array, is used as the etching stopper for etching the silicon oxide
filmat 20 the step of form ng the | ower electrodes 45 of the

| at er -described information storing capacity elenents C. Next, as shqwtg 103
Fig. 42, the silicon oxide film?50 |ssgep05|ted over the silicon nitride
film44 25 by the CVD nethod, and the”Silicon oxide film50 and 24 FEB
2003 -76 the underlying silicon nitride filma44 are dry-etched by using a
photoresist filmas the mask, to form grooves 73 over the through hol es 48.
Since the |lower electrodes 45 of the information storing capacity 5

el ement s Charmsiddrinedhd aippcheo ] ke galt¢ sebéctiedes WvekoZ3thehe silicon
oxide film50 has to be deposited to have a |arge thickness (e.g., about
1.3 m crondPxsh Has Wine reakeh taee st bt ehbzed dy 63 axgi Blget he surface
area of the |ower electrodes 45. 10 Next, as shown in Fig. 43, a

gol ygryst ﬁqusri’é-“s"iliqrbo]rﬂ-“ﬁ'rtr ﬁﬁ@%%*h@%i?ﬁ%&ne%’ (thedb}ﬁhe%anm as )

sﬂoicgﬁ“ E’ﬁ' rLE @ﬁ%éi@ﬁﬁ l% A8 finideddy Osgh'?ﬂ“}%hre ﬂ%@ﬁéig b?vte he' (Cj:\e/D
T 5

ebibes B TSR %“% ﬂ‘g‘i *Jhéc’?or. It PLitieie A ”“Zlefgfh%n?i et s

shown in Fig mpAe% ﬂ}es% gne§§ ﬁ a@b 300 nmis
spip-appliec to f%e 20 po ycrysta Ilne SI con m 4 contalnlng t he
i nsides of diihIHPAUE e ffie@10a | $hd 1ES\ DRkl Dyn apheaiphFeas iRt at about

400 C, and the SOG film 74 outside of the grooves 73 i's etched back and
rem)ved Nevtie taserstevnd i s Yongl So £ tiiee phiyar y5¢ abhidle Rassbeenon fil m 45A
of 'the peripheral circuit is covered
incorporated into the sources and drains of the memory
10 cell selecting MISFETs Qs or the sources and drains of
the MISFETs (e.g., the n-channel MISFETs Qn and the p-
channel MISFETs Qp) of the peripheral circuit. At the
heat treatment, moreover, the refractory metal film
(or the W £ilm) forming the gate electrodes 8A (word
15 line WL) and the gate electrodes 8B and 8C can
suppress the oxidation to realize the high
performances of the memory cell selecting MISFETs Qs
; and the MISFETs of the peripheral circuit. Here, the
formation of the layer insulating films of the SOG
20 film 16 and the overlying silicon oxide films 17 and
18 may be replaced either by the formation of the
layer insulating films, as effected by coating the
boron / phosphor silicate glass (BPSG) followed with

re-flowing treatment and by flatting the upper face of

25 the coating by the CMP method, or by the formation of



24 FEG6 2003 with the photoresist film75, and the polycrystalline
silicon filmA45A over the silicon oxide filmb50 of the nenory arrﬁngﬁq

et ched back (by the anisotropically etched) and renoved to formt I ng
el ectrodes 45 5 along the inner walls of the grooves 73. These | ower

el ectrodes 45 can also be fornmed of a gonductive filmother than the
polycrystalline silicon film45A. The "conductive filmfor the |ower

el ectrodes may desirably be made of a conductive material which has such a
heat 10 resistance and an anti-oxidation that it is not deteriorated by a
hot heat treatnment of the capacitive insulating filmto be perfornmed at the
next step, st8R aqver dnsadedrindrdtidinofofvalRERe AP¥enfiHy; or a
conductive metal oxide of Ruo (rutheniumoxide) or lro 15 (iridi um oxide).
Next, as shown in FN§XT462st §8o#Y iidof i6ki de f iY0A 50-1 6300 3%14% the gap

bet th . 7 dth . 73, th oG fil 74 i th

e e st oy iR G2 haingl R eRe IR T S D AR (120 baced ot ot g
[ i id, d . ist fi 75 1 s. ¢ Y t t h

ol yor yst al | ERBCEIteEEven ml K05 S ks R SHPTVENM 4 ¥eq by
the dry-gtchipg hwwé%glwseonng ahot Lsfaz{é | mAqs%veg{ i43g 4 he menmory

array as the mask, to 25 conplete the cylindrical 1ower ectrddes 45. The

2 4 F E B 2008e_631i%dn eXidy tige fd IMavhd @ fiiimehddsthe hoddem of the
silicon oxide film50 in the gaps of the grooves so that the underlying SOG

film39 is netlehahdd Wepoditedsidiaortioxitiadtidiadkisioeh-ektded. At this
time, on 5 the other hand, the surface of the peripheral circuit is covered
with the pol fddwsildl.| i Tkisi bveohyfingms4d3Acsa biatet e lunder I3 ng t hi ck
silicon oxide filmb50 is not etched. By leaving the silicon oxide film 50
havi ng t he 19ePgsd&edhitek remedh thiee Hiare phlawd, A ctaused het stheaces of

the | ay é insuhatiqgﬁéiLnB 56 and 63 to be formed qver the infornation
stori ngf apaBPly-SEfeftdechRt Wi MR &Hetdixsh 4k BT ERt2S8 195 at the sane

el 2, ALyl ok e IGIHY Al P Al ALl adg Clsgy {; This makes
L anoe oveP IR B nd ddl dgist 4 R e ARY OF Lo b
for connectigglihg 20 seeorghpd fidid b Ay Mridih |d:0B%e film 18
is about 550 nm, for example.
15 Next, as shown in Figs. 17 and 18, the silicon
oxide films 18 and 17 and the SOG film 16 over the n™-
type semiconductor regions (or the sources and drains)
9a of the memory cell selecting MISFETs Q are removed
to form second openings by the dry-etching treatment
20 using a photoresist film 27 having first openings as
the mask. This etching treatment is performed by
using a gas for etching the silicon oxide film 17 at a
high selection ratio, so as to prevent the silicon
nitride film 13 underlying the silicon oxide film 17

25 from being etched off. Specifically, the etching



Next, a heat treatnent at 800 C for about 3 minutes is perfornmed in an
ammoni a at nosphere to forma (not-shown) thin nitride filmon the surface
of the I ower electrodes 45. After this, as shown in Fig. 47, 25 the téE 2
Ta205 (tantal umoxide) filma46 having a 2 4 F E B 2003 -79 t hi ckAés B3
about 14 mmis deposited over the |owe electrodes 45. The nitride film
over the lower electrodes 45 is forned to prevent the polycrystalline
silicon film (45A) formng the | ower electrodes 45 5 from bei ng oxi di zed by
a next heat treatnment. On the other hand, the Ta205 film 46 is deposited by
t he CVD net hod usi ng pentaethoxy tantalum (Ta(OCZHS)5), for exanple, as the
sour ce gastraaemdnaR05bsfpenfdémetusodéponi tedtbytt hel€wDlRet kad has an
excellent step 10 coverage so that it is deposited with a substantially
equal t hi ckfrsenderrthpecopdfibdenoint Weirbwsheebddiradesx48ehaving a
stereoscopic_cylindrical shape. Subsequently, the Ta205 film46 is
thermal |y b8t 28 ¢bFbedpebf MorPnBREALYVNnTtRANOLPEI EAAdCR NDSphere 15 at 800
C. By this hot, hea the crystal defects in.the. filmare renedi ed

.t reatent, .
to form t L5529% %"?‘i’ﬁr 46F e feHrC R i £t R atRiSuF et he | eakage

curre of . the information storing c city .elements.C can .be .reduced to
manuf ctur%GQW%ﬁ%Nghngﬁ lFﬂBr8§égeZgEi8fPégh%ﬁ8 EﬁiFggpeﬁﬂgﬁ%gg. On the
ot her hand iiﬂe'éoﬁﬁéuﬁl cgrﬁdgg 4g.of the information storing capacity

el enent s C;are torfed IntotRe St ér éoscopi c cylindrical shape to enlarge

Fig. 18(a) is an enlarged section showing an
essential portion of a memory cell and corresponding
to line A - A of Fig. 4 after that etching treatment,

10 and Fig. 18(b) is an enlarged section showing an
essential portion and corresponding to line B - B of
Fig. 4 after the etching treatment. Here, as shown in
Fig. 18(a), the silicon oxide film 12a of the cap
insulating film 12 is not exposed during the etching

15 treatment. On the other hand, the etching treatment
is ended to leave the silicon nitride film 13 between
the gate electrodes 8A. The etching operation

| advances from the portion where the silicon oxide film

12a is exposed, to expose the upper face of the gate

20 electrodes 8A because the silicon oxide film 12a and
the SOG film 16 are made of the same material.

As shown in Fig. 18(b), on the other hand, the
silicon nitride film 13 of the semiconductor substrate
1 acts as the etching stopper at this stage and 1is

25 left over the semiconductor substrate 1. Here, the



their surface area, and the capacity insulating film25 is fornmed of the
Ta205 film 46 having a dielectric 2 4 F EB 2003 -80 constant O%é

to 25, so that a storing charge sufficient for latching the infor i

be retained even if the nmenory cells are mniaturized. On the other hand,

t he underlying bit lines BL 5 and thesgirst | ayer wiring lines 23 to 26, as
formed prior to the deposition of théeé-7a205 film 46, are fornmed of the W
filmhaving an excellent contactability with the silicon oxide-based
insulating film This makes it possible to reliably prevent a 10 defect
that the filmof the bit lines BL and the wiring lines 23 to 26 is scraped
due to thedft heathickathensibiconenfopdgef Fibmal8 isShage the bit lines
are formed of the Wfilmhaving a high heat resistance, on the other hand,
it 151is M% elg osh@mabmﬁpgevéat hnd‘éhééh tRat UPRETHPPTELABS BL f or med

to have a ne width of the m ni numworking size or |less are deteriorated
or broken (?t?PE%ﬁ?r&ﬁs%%%leGeg%ﬁ%n%o%fl?hEtTHEQSOfﬁIﬁP4§°r§|nce t he

e AR oy R
the canduGiidg Jmtard alyflog 1nlRPaWUhE! BV AnthE, TEN Lilhufethe T film

having a hig eat resistance es n4 p055| £0 prevent a defect

b g e e B
of the that of the SOG film 100. In this embodiment, the
contact holes 19 overlaps the element isolating
trenches spatially, as described above, and therefore
10 the aforementioned technique capable avoiding the
recesses of the buried insulating film is effective.
Even in the case of the structure in which the contact
holes 19 are not designed to overlap the element
isolating trenches spatially, on the other hand, the
15 contact holes 19 may be caused to overlap the element
isolating trenches by the spatial positional
displacement of the contact holes 19. Thus, this
] embodiment capable of solving the problem of the
defective elements due to the recesses is an effective
20 technique.
Subsequently, by the dry-etching treatment using
the aforementioned photoresist film 27 as the mask to
form third openings over an n"-type semiconductor

region (or the source and drain) 9a, the silicon

25 nitride film 13 and then the underlying gate



Ta205 film 46. The capacity insulating filmof the information storing
capacity elenents C can also be forned of a 5 high (ferro) electric film
made of a metal oxide such as BST, STO BaTiO (bariumtitanate), PbTi 03
(lead titanate), PZT (PbZr XTil-X03), PLT (PbLaXTil-X0O ) or PLZT. 2% hd2003
these high (ferro) electric filns are commonly required to have a hot heat
treatnent of at 10 | east about 750 C &fter formed so as to provi de a high
quality of less crystal defects, effects simlar to the aforenenti oned ones
can be achi eved even when such high (ferro) electric filns are used.
Next,.as shown in Fig. 48, the TiNfilmis 15 deposited over the Ta205 film

46 by usingnihe a@YRAgretied and-4 heeprdd etd Ngo Rt PRE togedber, and then the
TiNfilmand the TaZ05 film 46 are patterned by the dry-etching treatnent

usi ng the photeer 69 ind iJnagpddindastke $orfacpl ef echdeni+dygearati on storing
capacity 20 elenents C which are constructed to include the upper

el ect r odes séwn ifcomiet tofr they I fot nthe heocapacany dnsihat Pag &sl m f or med
of the Ta205 film 46, and the | ower electrodes 45 forned of the

pol ycryst alshiomm sinl ifigrs £ i1% (45A)21 Bynd hede Stheiss,etorhire ot her 25 hand,
there are conpleted the nenory cells which are, 2 4 F E B 2003 -82

const r Bct edrEtMeaItude tIRdenen L 2aTe SkfetiihgoM SXEd8 Eilmnd2fhe
information staring ca acité el epents. C connected in series with the

former. ThEV§FpéleIFLS YOS tHe: | ATt ¥ tbrihPD capacity

| ts C | be f f. d i fil h h the Ti N fi
STerents Coo AR A BT ol A CONUELLNEL L MaList Lhan e 71K 1L
s Tormed ougid ha il OFfIL QN S 08k 8 A0RCk bYce! epDl £ Cargpdiinen Lhe

| ayer insulating of the peripheral circuit, the silicbn oxide

film50, thgqS0Q1fildna3? enithtd&d sééb€Oin 0¥h8Q1ihy! Ah38saegtehthed by using
the photoresi'st filmas the mask, to formthe through hol es 54 over the

firstibayepostiidig didiesallén diend aybme i Bsdl Bt bAgrigl m5Safterlbhkor ned of a
silicon oxide filmdeposited by the CVD nethod, for exanple, to have a
t hi ckness dfresiioegntG0mINFig. 22 is a top plan view showing an
essential portion of the memory cell array after the
treatment.
This etching treatment of the silicon nitride
15 film 13 uses a gas for etching it at a high selection
ratio so as«to minimize the amounts of scrape of the
semiconductor substrate 1 and the element isolating
‘ trenches 6. In short, the etching treatment is
performed under the condition in which the silicon
20 nitride film is more easily etched off than the
silicon oxide film. The etching selection ratio at
this time between the silicon oxide film and the
silicon nitride film is about 1 : 3.

On the other hand, this etching treatment is

25 performed to etch the silicon nitride film 13



" Next, as shown in Fig. 50, the plugs 55 are forned in the through hol es
54, and the second layer 20 wiring lines 52 and 53 are forned over the

| ayer insulating film56. The plugs 55 are fornmed by depositing the {TFEH piIn
over the layer insulating filmb56, for exanple, by the sputtering method,
by depositing the TiN filmand the w fjil mthereover by 25 the CVD net hod,
and then by etching back (or dry 2°4°~ E B 1003 -83 etching) those fil ns
and leaving themonly in the through holes 54. The second | ayer wring
lines 52 and 53 are forned by depositing a Ti filmhaving a thickness of
about 50 nm an Al (alumnum filmhaving 5 a thickness of about 500 nm a
Ti filmhanhgoaropickhdgstbbrabguto50eameantdhea sTilNcon miHandidey a t hi ckness
of about 50 nm sequentially over the layer insulating film56 by the

sput t eri ngE Wemhbd, oantihehendbywpalseprdi fde lgage fillarsapdashddry- et chi ng
treatnment 10 using a photoresist filmas the mask. After the capacity

i nsul ati ng(9¥ | BhefwpRe LARGENHL)on RfoRi A§SBAPackR§ EPBREBRTs C was forned,

there is involved no step acconpanied by a high heat treatnent. Therefore,
the mat eri¥®le$ot 9t ﬁ@dségmn&nlgvgllﬁf)‘eﬂzh\ﬁ lbiorﬁo% ReemeEeind 3 &I be f or ned

t I i lati,ng film56 b lified by .the ducti
over e LpLgt-LReULRl L1gallL 52030 e Grem) Ko d b e gonduet ve
lIth h i i i h . i t f t t al its 20
o Mo |LBELOCeT BBpheRA S RRLaLBRGe oo ke BRSO o 11 2

st ep accompank edeDy14BRnAT BEALnE! SpRERNE ¥l Baedd Bledi¥Uhed he T 11 m

can be used for the barrier nmetal at "'the portion-interfacing the |ayer
i nsul atingsAi [ 8x56nhvheBrihe inegond)l.ayer wiring 25 lines 52 and 53 are to

be formed over the |ayer 2 4 F E 8 2003 -84 insulating film 56 nade of
silicon oxide. Here, Fig. 53 shows the case for comparison, in
10 which a cap insulating film 104 is formed of only a
silicon nitride film. In this case, when a silicon
nitride film 107 is to be removed from a semiconductor
substrate 106 so as to form contact holes 105, the cap
insulating film 104 and the silicon nitride film 107
15 on the upper and side faces of gate electrodes 108 may
also be removed to expose the upper faces of the gate
electrodes 108 to the outside. This makes it
j necessary to thicken the cap insulating film while
considering the requirement for a high accuracy in the
20 detection of the etching terminal point and the
prevention of the defect in the breakdown voltage or
the exposure of the gate electrodes. According to our
investigation results, however, it has been found out

that the increase in the thickness of the cap

25 insulating film invites an increase in the aspect



Next, as shown in Fig. 51, after the second |ayer insulating film®63 was
formed over the second |ayer wiring lines 52 and 53, the layer insulating 5
films 63 and 56 over the information storing capacity elements C afé fdBcig3d
to formthe through holes 60, and the layer insulating film63 over the
second wiring |ines 53 of the peripher circuit is etched to formthe

t hrough holes 61. The second layer 10 i’nsulating film 63 is constructed,

for exanple, to include a silicon oxide filmhaving a thickness of about
300 nm deposited by the CVD nethod, an SOG fil m having a thickness of about
400 nm spin-applied to the forner, and a silicon oxide film having a

t hi ckness of d&:iabaft B cuvnteposhdels ther ehaerthy tbadtybinet hadm The SOG
filmformng a portion of the layer insulating film®63 is baked at a

t enper at ure decximre O st aso tloupy eentheetentectt hohsesofhekhebgecond

| ayer wiring lines 52 and 53 made nmainly of Al and the 20 capacity

i nsul ati ng fidanisfcndnrse e Mefest spercegtagpackng thehenhe C. After this,
the plugs 62 are fornmed in the through holes_60 and 61, and the third |ayer
wiring lines BYRbIxm oy Be sferarahionreoedeeied Pheth8y8RP2 5 insul ating

film thys conpleting supstantially the . 2 4 F E B TO03 -85 af orenenti oned
DRAM sho iI#H%Q}a%§%§T£;%WLk% Tﬁggf%eﬁéﬂgso?ytFﬁesﬁﬁétcﬁﬁaﬁEFPPE mat eri a
(i.e., theVVféwHtﬁh%TTNgiHn/t{§ Ti fih% ?sthm oithe

af or enent i onétt Pruge 5T APt e AT 2R & PRI A EBY| E9AP wiring i nes

57, 58 and 59 are fiof Mgk Pfedufif SANE SOOI HNEN BAETS M £bne . the TIN
film/ the Ti ! !

nitride film 13 over the semiconductor substrate 1 is
to be removed to expose the upper face of the

10 semiconductor substrate 1, the silicon nitride films
12b and 13 on the upper and side faces of the gate
electrodes 8A are also etched off because they are
made of the same material. As a result, the silicon
oxide film 12a over the gate electrodes 8A is

15 partially exposed as the etching treatment advances.
Since this etching treatment is so conditioned that
the silicon nitride film is more easily etched off,

! however, the silicon oxide film 12a functions as the
etching stopper so that it is not removed so much.

20 Fig. 20 shows the behaviors schematically after that
etching treatment, and the upper corners (where the
upper face and the side faces of the silicon oxide
film 12a intersect) of the silicon oxide film 12a, as
exposed from the contact holes 19 and 20, and the

25 silicon oxide film 12a in the vicinity are not removed



film/ the AL film/ the Ti film as that of the second layer wiring |lines
52 and 53, for exanple. Here, a high water-resistance dense insulating film
10 (i.e., a two-layered insulating filmconposed of a silicon oxide; £F§ mo3
deposited by the plasma CVD nethod and a silicon nitride filn) is deposited
over the third layer wiring lines 57, 58 and 59, although not shown. 15

Al t hough our invention has been specifically described in connection wth
its enbodinments, it should not be limted thereto but could naturally be
nodi fied in various manners w thout departing fromthe gist thereof. 20 For
exanpl e, the foregoing enbodi nents have been described on the case in which
the infor rrﬁ)ﬂlitoﬁ-esftgbrl %Quéapaeﬁt yredigdyre ftfs ey & e gy [9%de ddilshape, but
the inventigon should not be limted thereto but could be variously applied

to fin typé3i ol iSoistiRGesy Ok thpatdty elemerRdes i ample. 2 4 -
E s zoo3 -86 On the other hand, the _ foregoing enmbodi nents have been
descri bed &f & seTBﬁswﬁFEﬁlPﬁe%WﬁV 'Q§ﬁ%3§ éﬁgﬂﬂgﬁ to the gate
el ect r odes .havi .t he Ly netal structure ut _the invention_should not be
o T Doq AR e AYey (Il R HiSse b lontiEed CUFREEEOCRICL "ok o

the gage eh‘i‘a‘bterxo%%%heara%aeiéﬂlﬂsef#’él‘sﬂé@é e@'ft&é‘ai’&{fé‘&éﬁcﬁ%igﬂ "pol yci de

structure”, "rn which a silic I'm such ‘as tungsten sificide 1s forned
over a | owgias| ShanGR A3 RA YUy stind | doee sé1dEorodids a0l cRRde; 9f only a

metal filmsuch as tungsten.

the distance between the conductive film to be buried
in the contact holes 19 and the gate electrodes 8A is
elongated so that the breakdown voltage can be

10 improved. Therefore, the cap insulating film 12 can
be thinned to reduce the height from the upper face of
the semiconductor substrate 1 to the upper face of the
cap insulating film 12. When the cap insulating film
12 is formed of only the silicon nitride film (as

15 shown in Fig. 53), for example, it is necessary to
retain a relation of A x (1 + a dry over-etching
ratio) x (1 + a dry dispersion ratio), if the
thickness of the later-described silicon nitride film
13 is designated by A. By introducing the dry over-

20 etching ratio of 40 %, the dry dispersion ratio of 20
% and A = 50 nm into that relation, the thickness of
the cap insulating film, as formed of only silicon
nitride, has to be about 84 nm. In the case of the

laminated cap of this embodiment, on the other hand,

25 an amount of 84/3 = 28 nm may be retained for the



On the other hand, the foregoing enbodi nents have been described on the
case.in which the connection holes for electrically connecting the bit 15
lines and the nmenory cell selecting M SFETs have the rectangul ar }t0fE Bl0éhn
shape. However, the invention should not be Iimted thereto, but the
connection holes may have an ordinary fircular shape. In this nodification,
the bit lines and the connection hol 28/ 20 are electrically connected by
extending the bit lines partially in a planar direction to intersect their
extending direction, and by laying the extending portions over the
connection holes. Alternatively, the two may be electrically connected by
extendi ng 25 & $ESAQ8e OftnkNgeBBELYEN! 2ELOB he Raveclhe ggnory 2 4 F
E B ?003 s~ cell selecting MSFETs in the bit line direction as to form
the connecti ofsritd@sthOrcéheadttnbiagsisbyibtenmpeuthe egnraetion holes in
the extended portion and by laying the straight bit |lines over the 5
connecti on hadEsicdm dheddestimpt2zanuhiegs the sadécoauniitmiert ifddmhas been
described on the case in which it is applied to the DRAM techni que or the
field of appliZati dhexfefidre badigriamihated ¢ap shawl dedetebeheéi mted
thereto. 10 The invention could be applied to another sem conductor

i ntegrat & cilteight JExe®etBRcHPRSTafidEReP Inther §emicenducERitp such as a
SRAM (St ati ¢ Random Access Menory) or a flash nmenory (EEPROM El ectrically
Er asabl e Pr ogf3hded & ROVO EhPoBPEGESféFPceﬁttéﬁlﬁa§uéﬁs&§aﬁﬂeﬁbprocessor

| ogi hip, h I t t
on & conmon SEhPofAIeY oS R (“THE & PBArS K5 e BBEAEnelitByoapett |
t at t h I fl
Gebor bed i n THES off ohaBgrotfRe o455 ARt Ao 207 kon, BRoAeefiet 2k ness

can be made %@*%hé f@ana@@tiaéefammwehgElg,h@nceael e%wcatcttn%oﬁlésm s
formed of only the silicon nitride film so"that the aspect ratio of the

connect ilan hol ®sagdn betRérepgucedavldsidathestihbufithe ieprdwatiive il m can be
2 4 FEB 2003 ss_
the conductive film. Therefore, the increase in the
electric resistance or the conductive defect in the
contact holes 19 and 20 can be avoided to improve the
reliability and yield of the semiconductor integrated
15 circuit device.
In this embodiment, on the other hand, the top
plan view of the contact holes 19 has a rectangular
J shape and overlaps the element isolating trenches 6.
When the silicon nitride film 13 exposed from the
20 contact holes 19 is removed, therefore, the upper face
of the element isolating trenches 6 is also exposed.
However, the buried insulating film in the element
isolating trenches 6 is not removed so much at its

etching treatment because it is formed of the silicon

25 oxide film 5. This behavior is schematically shown in



easily buried in the connection holes to avoid the problens such as the
increase in the electric resistance and the defective conduction, as 'éﬂa
ot herwi se be caused due to shortage of the burial of 5 the conductﬁ%eﬁg bﬁ
so that the yield and reliability of the sem conductor integrated circuit
devi ce can be inproved. (2) According 50 the invention, the silicon nitride
filmof the cap insulating film can bg fhinned to 10 avoid the problemthat
the cap insulating filmmy otherw se be separated or bul ged by the heat
treatment after the cap insulating filmwas fornmed. As a result, the yield
and reliability of the sem conductor integrated circuit device can be
inproved. 15 £3).AeeQr dnnghtient Reel Ryppeil Facdshe Cahd rEWmdidg fil mover
the gate el ectrodes has the | am nated structure of the silicon oxide film
and the silicasobatindetkiehoheand,t he skepped Ifayar dhe hedfwmethasser the
sem conductor substrate and the cap insulating 20 filmis fornmed of the
silicon nitridé thencoAsaatr @ésllets, lhe agid inodn swirtapede sa Immaf ddte st opper

| ayer can be thinned to | ower the contact resistance sufficiently even when
t he spaci ng béefi&en the adjoining gate electrodes is small. Mreover, the
25 total thickness of the cap insulating filmcan be 14 F EB 2003 -89
reduced td reduce tH8XkspEhe PBRPFELEF iffke fddfnadt il6n I§HIYELd, argh 2 4 F E B

2003 What is ainmed _is: 1. A process faor nuf act yri sem conduct or

i nt egrated ci%Eﬁi?uﬁéﬁFﬁePfc5Hﬁrﬁ?@ﬁ&qﬂ%gégaﬁx?égé{ﬂégg atthg a

sem conduct or r,a pth.a first ctive fjl ISt | ating
filmand a seggﬁggkﬁstﬁ:ﬁa&ﬁgb?itlt%mgeggg%?ﬁ%aﬁof%f#&: prﬂﬁltaeesl; n]ig';gadcg?ﬂs’ane to

form a Pl ural by chen WasheBORAUE! b fyidoRIRRLLES N d ad O M g 1 1 d

insulating filmover the sem conduct0r substrate after said step ), over
the side wall 3ighigai@.4.rsth aanddctiiveild loR patdyMiAit axeld sai d second
insulating film and formng a fourth insulating filmover said third

insul atihg fi bmmodpmafflebridie]d bepemve fuheridiy -etasingv tds sddd st
openi ng between the adjoining ones of said plurality of first conductive
fil m patternsosvéhesphotosestisti meslisviadg f | A thad &tioki ngheaiS@E ourt h

i nsul ati ng fi%gbmas exposed fromthe first opening of said mask, under such

a condition t safd PSUPKROSASUIES: IThE SilldR M@ lidy ©Teddie y*REAHEY of f t han
Fourth i nsul alPAgST TomPiRerDrn ‘ehe 50 S PS5 dos e s |ar ger
after said ot SpOLdy anvdstety: EORTSOR: sprhot el B0 EER AT B A8 T m as
c e {5, FEROSERNE OISO Lol Rl uncer such

resistance to the hydrofluoric acid etching liquid

than the SOG film which is not densified, so that the

' side walls of the contact holes 19 and 20 are not
seriously under-cut by that wet-etching treatment. As
20 a result, it is possible to prevent the short-
circuiting reliably between the plugs 21 which are
buried at a next step in the contact holes 19 and 20.
After these contact holes 19 and 20 were formed,

on the other hand, the p-type wells 2 may be doped

25 through the contact holes 19 and 20 with an impurity



2 4 FEB 2003 -91 easily etched off than said first insulating film and
said-fourth insulating film to forma third opening for exposing thF}IiBJR@Pr
face of said sem conductor substrate, in the third insulating fil r7n between
said 5 adjoining first conductive filmpatterns. 2. A sem conductor
integrated circuit device manufacturigg process according to claiml,
wherein the etching of said step (c) 1's stopped so that the fourth
insulating fil mexposed fromsaid first opening 10 nay be renoved whereas
the first insulating filmover said adjoining first conductive film
patterns may not be exposed. 3. A sem conductor integrated circuit device
manuf act ur i(ieg Jr,0¢dsss plcoor dingfamn drmaim dypeheeri codduther etepeéng of said
step (d) is stopped so that the third insulating film exposed fromsaid
second opeAMn§heap1i&peempldd tD Ekpdve derperentedhductbanstbst rat e wher eas
the first insulating fil mover said adjoining first_ conductive film
patterns mEPUEaSeARd Hyauinsa oo kRO RRRATY RtbgFate@tindcuit device

manuf act urgﬁ% 0CeSSs acgordi ng to claim1, wherein said first insulating

filmand s 45 i nSOLSt PAGYPA RIS TP o a¥ & 15 on oxi de film
wher eag sai nd insul ating filmand said.third, insulatin ilm25 are
formedgof g(}éﬂ]sﬁ%%gé’% rﬁnrr ir?Fel%)%TI}ﬁ trﬂez %’?cagf Z%b%lc-iQ‘ﬁH%éﬁAwg% i conduct or

i ntegratedpg Iy rﬁﬁi‘g t | S, AC dj ima1,

wher ein th]eD Stj:(r%lﬂ()c;e th ettcsfﬂ %Legsrg&o %%ﬂ%ﬁ%fﬁnﬁﬁ%a%?ﬁﬁégl %Jr]ﬁﬁland the
thickness efrasal, d ddhidithd nsul &d Neddddnthé S1eAHGE LhaPefPeayal ue which is
cal cul ated by dividing the thickness of the fourth insulating film which
exi sts fromhehendprifiaes off tdiee tdbdrbe Ned adradn f tbmiapesveai d

seém conductor substrate to the upper face of the third insulating filmover
said 10 fi rite cwmfdesthivg fdlawaatdristsichHyof hehe ahemony ¢chakletching rate of
said fourth insulating filmto said second insulating filmand said third
insul&fing film Nexta $&e adwiisctdr ang dprmed B rehe tcelebvaee manufacturing
process ac%%rdi nqsgto claim1l, wherein 15 the thickness of said first

i nsul at i ng*PASH IS 130890 1 17 SRV U W chdf s2RAI ehit atEF By di vi di ng

the thickness, of idi:t ird insul at filmby the ratio of ¢ aftching

rate of sai gt'hi‘?rq‘ga“"l)nsu &% n n‘%’ﬁﬁ‘% g%cafrlcf”?i%Iré?w?‘%%u?%t?ﬁae'f\??m 20 7. A
Sem conducksl AU Al el ARAS JINU ALY LG, o1 pegesaacCOrdiNg O

claim1, erein the thickness o saldt_l_rd_lnsu!atln mis srr!aller
than one hal b fofrilie gaphetmeen saikh atd ddni swn di§ed seadushive film

patterns. 25 8. A sem conductor integrated circuit device
15 showing an essential portion and taken along line B -
B of Fig. 4., The plugs 21 are formed by depositing a
polycrystalline silicon film of a thickness of about
\ 300 nm, as doped with an impurity (e.g., As (arsenic))
by the CVD method, over the silicon oxide film 18, and
20 then by polishing the polycrystalline silicon film by
the CMP method to leave it in the contact holes 19 and
20. In this embodiment, the breakdown voltage can be
improved by the silicon oxide film 12a which is

interposed between the plugs 21 and the gate

25 electrodes B8A. Since the silicon oxide film 12a has a



2 4 FEB Z003 - 93 manufacturing process according to claim1l, further
conprising, before said step (a): (e) formng trenches in said
sem conduct or substrate; and (f) burying said trenches with an i nshkdtEiBrigo3
film 5 9. A sem conductor integrated circuit device manufacturing process
according to claim1, wherein the step of formng said fourth insulating
filmincludes coating a SOG film 10. A sem conductor integrated circuit
devi ce 10 manufacturing process according to claim1l, wherein the step of
formng said fourth insulating filmincludes the steps of: coating an SOG
film coating a silicon oxide filmthereover; and polishing the silicon
oxide film 1dydd.debeit EDRMLSEOEah Ot €9aAt €Hati BEULhedeYl ceomaNUf act uring
process according to claiml, wherein the step of formng said fourth
i nsul ati ng faltwidel fdes, toe Shiepsthér haadi ngha Haetetplbasphor silicate
glass film re-flow ng the boron/phosphor 20 silicate glass film and
pol i shing t honugpipent fafetloé iheulatihgwiibor batphesphbe pilhigeaté gl ass
film 12. A sem conductor integrated circuit device nmanufacturing process
accordi ng t and athe 1gahdecebiatrodest 8p ofnf bemlayesgdd thi Ksdugénducti ve
film25 includes the steps of: coating a polycrystalline 2 4 EEB 2403
-94 silixon ¥1¢ paERslEEP nFABR@L8Yticide fil mthereover. 13. A
sem conductor integrated circuit devicg.nanufacéuring pégcgss.according to
t Btrve

claim1, wherein tTRPIEERERILY orhRg® $hiGOR| PEL9Eohd PV RE53i nel udes
th t f. i [ ]] NN A, fil i b
motal £ m (HFORNerd 8 oERdN LY 208 b ate ShpROR s el Pt S cover | 14, A

sem conduct Oéiif'éc%gré‘&f eCELEM § dlﬁ%i:?ﬁe”@{}ﬂf ACEHELNG AR 96e%ReaccOrding to

chaim 1, wherein 10 said step (a udes the steps of: patterning said
first insul %ﬁﬂ%été&“ 2850, SRb g Se£QREmbATULR BBE PL! By DYalShPIoRe

photoresist filmas the etching mask, and then renoving said photoresi st
film and patimiteénint henitrsyesogdschimesphemeby Bgi thisahdatirst 15
insulating filmand said second insulating filmpatterned as the etching
mask, to fortweatmepturbhéet jmphirities dondbet peéyEirymtgdtftiaens. 15. A

process for nmpnufacturing a sem conductor integrated circuit device,
conpri sing thelseepstsim Dakiny EBEt PhEIa dénfledhdset droBubs€rate with a

POl YT VSt AL LA St 52" Lol I ARdCLTER, S0t kgL Pelxer ML aRLine 5111 oon
LLgféCf?Rgucégﬂﬁ %ééﬁ%gé%gé@%gé?é&l@ﬁ 8af bESknkNHhALLNGhhl m for
15 selecting MISFETs Qs to form the n-type semiconductor
region (or the source and drain) 9 of a low
resistance.
Next, as shown in Fig. 26, the silicon oxide
film 28 over the contact holes 19 are removed by the
20 dry-etching treatment using a photoresist film R2 as
the mask to form the through holes 22. These through
holes 22 are arranged over the element isolating
trenches 6 away from the active region L. Here: Fig.

26(a) 1s an enlarged section showing an essential

25 portion after this treatment and taken along line A -



said first conductive filmover the first conductive film (c) subjecting
the sem conductor substrate after said step (b) to a heat treatnent; 5 (d)
after said step (b), formng a second insulating filmover said first
conductive filmprotecting first insulating film (e) patterning salé FEB 2003
second insulating film said first in yl ating filmand said first
conductive film10 to forma plurality’ of conductive filmpatterns; and (f)
after said step (e), washing and then oxidizing the sem conduct or
substrate. 16. A sem conductor integrated circuit device manufacturing
process according to claim15, further 15 conprising: (g) formng a third
i nsul ati ngAf oEnFager 43aiFd.gsenisq@nduct @n slistrgdd sddterosasibwirey (f), on
the side walls of said first conductive filmpatterns and over said second
i nsul ati ngahi easeandatlhgoftdom @df ter2@ Fisuttteatmarntatamg tfakem over said
third insulating film (h) after said step (g), formng a mask with a first
openi ng betherd thacad oi B 9 s df S8dd Flldr A7 138 F §9p selabnducti ve
filmpatterns over said fourth 25 insulating film and etching said fourth
i nsul at i ng"1eWoRNPWLRI AR &FFEIEH-Flr RAKHOT iqfsttr%ﬁ)é‘%ﬁ"i‘fgﬂbfc%g]rd mask,
under such_a condiggci on that said fourth insulating filmis nore easily

i

et ched’ of f 2FhaK 8464t hitrd IFFaI& T insulating films, to forma second
opening in said h i | ati fi.l erej.n t | Z f id second
opening is lar ge%’%%%ﬁuﬁﬁgﬁéﬁ’sttg%cesl%g]tc%er?%%edqgﬂjﬂasc?n ! fllsgras%mionduct ive

films ; angd;(i}nafkek %aﬂls’udsl]zeeanmunea |5 LRl In PLEM MG Sgkd third

insulating film as expose romthe second opening of said fourth

i nsul ati ngthel peripieraluel r@uGandird denidiald 38} dididsyiasehaigng filmis
nore easily etched off than said first insulating filmand said fourth

i nsul ati ngttehtment ferimga a fhot cogeanistyg fidm R ass Nchd heasippess f ace of

sai d sem conductor substrate, in the third insulating filmbetween said
adj oi¥® ng shewn dondugti @& ,f itomfeam dihes cartadt demiepmlicard 3 ht egr at ed
circuit device manufacturing process according to claim15, wherein said
first condQ¥EFvENE PnrBYBEeEeRAGORRARSECrnEGEAPRNG Of i(PH it or med by t he

I CVD_net hod. | 8. ' duct i nt ted ci it devi

et act ur PO (P00 858 SRa0ing & G A8 AAPEshh SHE PR Ca, O b9 £ et al
filmi f i tri.de; [ [ hi t t t
washi ng 11 GFH SO SORCRG Iyl agen sk o Ry L IRSLetor Tt egr at od

circuit deybmecBRAUERGHUMIIE B AGESDHAGHY HAFdL: i Mddindesein 2 4 F E
B 2003 2 4 FEB ?003 saidfirst conductive filmprotecting first

i nsullg i ngthel p-chahderemIsFErssidy .co8ifxl dankoledl yard.tihn tHiat, sai d second
insulating filmis made of silicon nitride. 5 20. A process for
manuf act ur Phgthesetheandaaidor tihet epmdtaedt diales t3demieefouwepri si ng:
over the gate electrodes 8C of the p-channel MISFETs
| Op, and the not-shown contact holes are formed over
the gate electrodes 8B of the n-channel MISFETs Qn.
20 These contact holes 30 to 34 have to be so formed
retaining margins with respect to the element
isolating regions as may not overlap the element
isolating regions.
By thus performing the etching treatment for

25 forming the through holes 22 and the etching treatment



(a) formng a gate insulating filmover a sem conductor substrate and then
formng a first conductive film 10 (b) formng a first insulatinqﬂﬁ&&ﬂ%3
over said first conductive film (c) formng a second insulating film over
said first insulating film (d) patterning said second insulating film
said 15 first insulating filmand saigd first conductive film to forma
plurality of word lines and a plurality of gate el ectrodes over said

sem conductor substrate, and a cap insulating filmconposed of said first
insulating filmand said second insulating filmover 20 said word |ines and
said gate el ectrodes; (e) formng a third_insulating filmover said
seniconductE?rsGBEWF&EeF£8nCPHEangQOaGFIéooFoséﬁd &€ on the side walls
of said gate.electrodes and oyer said ¢ insulating. film after said step
()26 SncTiFERePBEnFRGPR f Gbr i PRESIALEnGor PERVBM W (eTsbe 2 4 P
2.003 third_{pnsu [ il ( [ Sali p ] Orm a mask with a
first open?%%gge%§%eﬁgPﬁg a ro%%i%é%§ﬁ5§ gg gg%db%%éP 58 gg“hnrd l i nes
over said foprihoinsHk-atigRInbhb® 2and reteglli Ranedld fourt h dnsulating film
as exposed ?ronl?he_ﬁkrsp openi ng of sai§ wasw,%gngg?% dcﬁ!a condi tion that
sai d fourt hybngyl ate_tepgyf blc%hFédmh@newel YeRpC ke talde hansad dhird and
second insulating filnms, to forma second opening in said fourth insulating
film(g) afsgrogattdespepiphpralagisetiapiagal ky ©lkcCoithezni dukhir,d
insulating film as exposed fromthe second opening of said fourth

i nsul ating i1ftl isundbitsacly &ocoetierisen thieats es@ieticielsi ftbd Mudmetigng filmis
nore easily etched off than said first insulating filmand said fourth

i nsul ati ng thenthrhugsi hotlks 22zangf thg ¢onsasitd P it I3krger than the

di stance between said adjacent first conductive filnms ,to forma third
openi ng f or EEPoEPRg2ERE CHEPELOPEE OB Ssai d seni conductor substrate, in the

third | ati il bet i.d adj ol ni .d _li o (h) .b i
(IS Aqsul 2119 LLl bepuegn, ol adlol abno mmud ey, () buring o
lines to be gleg Els%%'fyfa?ﬁ%@e%eﬂ{n"“ﬂsh dedRsltled 0¥ L UMY NG Fonduct i ve

film of sai% conductive and (jJ) formng information storing capacity

el ements toopeqel estim 08l kyneanneaednd nkthetcapRaeEd yehement 2 4 F E B
2003 -99 connecting conductive filmof said conductive film 21. A

sem conduct &nidi thegtakredqghi heliek deui cehianpiacimi Bg psoeess according to
claim 20, further conprising, prior to said step (a), formng trenches 5 in
t he isol at i agpeegitedsbyf usang selilgbigucticmecsilyst sgue taaxinghen coating the
sem conductor substrate including the trenches with an insulating film and
removily sargth@aduBrehngst Bl Frdd Unazven sPuAtexiad matdiass thatt &rm t he

buried insulating filmin said, 10 trenches thereby to_ formtrench type
i sol ati ng r%bi%nghl§§PeﬂSSBﬁi889&&c9§rnﬂh?égﬁﬁf&dﬁﬁXWHﬁtr?ﬁﬁﬁ yP

manuf act uri 0gopr 9£e%5.ARERE A0S0 EIALMAGe ARs BN g Stp of Torm ng
said first conductive filTm i NCl udes the steps of coating a
po“ycrystalﬁa@gng a high aspect ratio.
Subsequently, the Ti film 36 is subjected,
20 without being exposed to the atmosphere, to a heat

treatment at 650 °C for about 30 seconds in an Ar

(argon) gas atmosphere and further to a heat treatment

at 750 °C for about 1 minute in a nitrogen gas

atmosphere. This heat treatment causes a reaction

25 between the Si substrate in the bottoms of the contact



silicon film coating said polycrystalline silicon filmwth a bafr BB 2008
nmetal film and coating said barrier netal filmwth a refractory netal
film 23. A sem conductor integrated circuit device 20 manufacturing
process according to claim22, further conprising the steps of: perform ng
a heat treatnent after the step of formng said first insulating filmto
densify tungsten nitride nmaking said barrier netal film and after said
step (d), performng a washing 25 treatnent by using a washing |iquid
contai ni ng an 2 4 F EB 2003 - oo aqueous solution of hydrogen
peroxi de, and then an oxidizing treatnment. 24. A sem conductor integrated
circuit devi chodmsuBacttor i3dg amdo cdes THic cloirddn NXp + ;| sigwrR20in wheJein 5 said
first insulating filmis fornmed by the plasma CVD net hod whereas said
second i nsul aBPng toi Iferims ther Add lhylaner| v predadr @ CUDCHBRIFGdCt25. A
sem conductor integrated circuit device manufactuyring process according to
clai m 20, wheR®PHt160samd ofy tde ispgifiags Rf fihent st¥eened of a silicon

oxide fil mwhereas sajid second .insulating filmis nade q$ iljcon nitride.
26. A seni con8GFEEPTIONCEGTat&d i@ A t{ Hevilte SRIMASR L3R ré}?ﬁ%&bs

di t i 20, wh j inth I i id.bit |
Comneet 103 ConeeieRarin HEEhe, 2rb e ot 19t PP Bet endi g
connect i ny t ¢ ot d n !

i rection so FREEEeIRRaditecl LA {on e IR e &7 L0 e
i sol ating 20 pegi;oRS it 2HORIAhnA7 uASIEASasS. | & maRufragiuring a

sem conductor integrated circuit device, conprising the steps of: (a)
formng a firstrea@p@na! iive thd Rfoxcndratidnedl @it fggdn |l gaseind a second

insulating film25 sequentially over a sem conductor substrate and
atmosphere, on the other hand, the surface of the thin

10 Ti film 36, as deposited over the side walls of the
contact holes 30 to 34, is nitrided to form a stable
film which is hard to react with Si.

Here, at this time, the surface of the Ti film
36 over the silicon oxide film 28 is also nitrided,

15 but the remaining portions is not nitrided but left
unreacted. On the surface of the plugs 21 in the
bottoms of the through holes 22 (as shown in Fig. 26),
on the other hand, there is formed the Tisi, film 37
by the reaction between the polycrystalline silicon

20 film forming the plugs 21 and the Ti film 36.

By forming the TiSi, layer 37 in the bottoms of
the contact holes 30 to 33, the contact resistance of
the portion, in which the plugs 35 to be formed at the

next step in the contact holes 30 to 33 and the

25 sources and drains (or the n'-type semiconductor



-101 patterning the sane to forma first conductor pattern in a first
regi on and a second conductor pattern in a second region; (b) for@2¢93qm3
third insulating filmover the side walls of said first and secon
conductor patterns; (c) doping the surface of said sem conductor substrate
in said second region with a first chgqption type inpurity in
self-alignment with said third insulating film (d) formng a fourth
insulating filmover said third insulating filmin said first and second
regions to bury said first region between said first patterns; (e) formng

a first opemidied neaidd fiy tdi-kppel aknigohithiitor Faigddni naty egi on bet ween
said first patterns under such a condition that said fourth insulating film
is nore easiHey MIASHETE off tHwpemiphdieY dcirsuiateagtdet maodwerieén the size
of said second opening is larger than the di stance between said adjacent
first condustwesssd idarel ;K @ndr(fLesker sbnghatsehengeaigniergli n said third
insulating film_ as exposed in said first opening. 28. A process for

manuf act ur iGig @ e fiYBhdsctidre i SRR AR ©f X0 $A devi Blee ¥oRdri sing the
steps of: (%% formng a first conductive film first silicon 2 4 FEB
2003 oxi de FIRBAP £31 REATE B hitiTHeSreesm ThroFiddfidftially over a

sem conduct.or_ substrate .a atterni.ng the s to fo a first conductor
pattern in La¥%eY st” r% %%%hoo ER E:%)rh%_%oor_h%au%ngrﬁog%? t%lrznnt? n§'% $%ond
region; (b), iy Mgy sSerond Sidigannftyd f%i:[‘l&‘!&% LOfe s Pgapal s of
said first and second conductor patterns; (c oprng the surface of said
sem conductiors SUbgshEat 8si Bo8al d( SN & e0i @M { hragi N todgdiidst 1 mpurity

in self-alignment with said second silicon
' silicide) or MoSi, (molybdenum silicide).

10 Next, as shown in Fig. 30, a TiN film 40 having
a thickness of about 30 nm is deposited over the Ti
film 36 by the CVD method. This CVD method has a
better step coverage than the sputtering method so
that it can deposit the TiN film 40 having a thickness

15 substantially equal to that of the flat portion in the
bottoms of the contact holes 30 to 34 having a high
aspect ratio. Subsequently, a thick W film 41 having
a thickness of about 300 nm is deposited over the TiN
film 40 by the CVD method using tungsten hexafluoride

20 (WF¢), hydrogen and monosilane (SiH,) as the source
gas, to bury the individual insides of the contact
holes 30 to 34 and the through holes 22 (as shown in
Fig. 26) completely with the S film 41.

Here, if the unreacted Ti film 36 is removed

25 with the etching liquid just after the TiSi, layer 37



nitride film (d) formng a second silicon oxide filmover said Sef?ﬁ@B?%l
silicon nitride filmin said first and second regions to bury said first
region between said first patterns; (e) formng a first opening in said
second silicon oxide filmin said first region between said first patterns
under such a condition that said secpgg_silicon oxide filmis nore easily
etched off than said 2 4 F E B 2003 second silicon nitride filmwherein the
si ze of said second opening is larger than the di stance between said

adj acent first conductive filns ; and (f) formng a second opening in said
second silicon nitride film as exposed in said first opening, to expose

sai d sem coRALctryrnd)stit etdbind\ S LoOned s | Dhegrasedosiycuit device
-103 manufacturing process according to C aim 28, further conpri sing,

bet ween sai dhet @ps ildds afl {HY . cdiactophdgesd ®4 sfsfaee ofesatte

sem conductor substrate in said second region wwth an N-type second
inmpurity ingsélef A eddmrient8idh see dho-setamue patISFETs 3Qp Busem conduct or
integrated circuit device manufacturing process according to C aim 28,
further comadissi ridie bigtswetas s d-hxt apst{dowimdcgryact hhohassberopdcal |y
etching said second silicon nitride 10 filmto forma first side wall

i nsul at Png PvVieF dhe [ats RLegtirades &R sEkenr-ebranet oMIPBRETErn, wherein

t he dopi ng of said,sem conductor substrate sur e wth said first inpurity
s per for e FCsaNR | GHSHE AGEE T FH8 Y S4B WBF| ThASEREE ng f11m 15

N medn _ {4P set TS VR
according SR Fherte PE Ui b T n ks E i s for med
on the si de ikl e Sidl dief ONPCLYGAALL L Afeddeiptgps of forming

said first and second openings. 2 2003
according to this embodiment, the Tisi, layer 37 is

10 formed in the bottoms of the contact holes 30 to 33,
and the TiN film 40 and the W film 41 are deposited,
leaving the unreacted Ti film 36 over the silicon
oxide film 28 and in the contact holes 30 to 34.

Next, as shown in Fig. 31, the W film 41, the

15 TiN film 40 and the Ti film 36 over the silicon oxide
film 28 are removed (or polished back) by using the
CMP method, to form the plugs 35 of the aforementioned
W film 41, TiN film 40 and Ti film 36 individually in
the contact holes 30 to 34 and the through holes 22

20 (as shown in Fig. 26). These plugs 35 may also be
formed by removing (or etching back) the W film 41,
the TiN film 40 and the Ti film 36 over the silicon
oxide film 28 by the dry-etching method.

The aforementioned plugs 35 have a low

25 resistance but a high heat resistance because they are



20 32. A process for manufacturing a sem conductor integrated circuit
device that has a nenory cell array region and a peripheral circui tl, \gg@imp)
conprising the steps of 2 4 F EB 2003 -104 (a) formng a first 1
conductive film a first insulating filmand a second insulating film
sequentially over a sem conductor subz&r_ate, and patterning the sane to
forma first conductor pattern in said nenory cell array region and a
second conductor pattern in said peripheral circuit region; (b) formng a
third insulating filmover the sem conductor substrate after said step (a),
over the side walls of said first and said second conductor patterns (c)
ani sot ropi calfbymelC hane 132icF ke G IfiSWl afl R fdddn i sat€bper i pher al
circuit region to formside walls (d) formng a fourth insulating filmover
said third i netlaat.i ngnf the evRersabddserheomdNciralms 4lost raat ormer) formi ng
a first mask with a first opening) in sand nenory cell array region,

bet ween t he adidenithg ®hedloaf 4951 dwplatrialng ynaof drikwtasondertoiepatt er ns
over ,said fourth insulating film and etching quid fourth insulating film
exposed frozéayaird fior pireyeartiing dfhesdivhdstran hewsktlumdgede sard i condition
that said fourth insulating filmis nore easily etched off than said third
i nsul atifg fEEeM EeACHIMG toe GaNErGFEdRf Gt S FDWAE h insul ating film

wherein she size of said second opening is |arger thap, the, di stance between
sai d adj acenEPEEPSCIRERFSc O &5 RO I&S? é‘mes’bt%bepl% HrettntfHigtaid third

insulating filmijn said nor.y c arr i,on,, under such _a.condition
that sai d t hPEd SeROHES rTS’Yf e ?Js?}Drrd‘}eé‘e}é’é’;?ﬁq?t AR ADIT TRERSE d first
and said fou i i fids fpram.a, thir p&ggf . for ' exposing

t he surface g%l}selgrgwsfg#f(%ﬁé%c% it%bgfrgﬁ]ilg 4:1” <%‘aﬁod t r@%i insulating film
bet ween sai dsagis@irditR0 fidons tr R QoA 18dNa iy ) bak Y4 NDaBesecond
conductive filmin said second opening and said third opening. (h) formng
a secondo naskewaitt treafomarith aapenimigf arembratursal d Ihers paarmlerci rcui t
region) over said fourth insulating film and etching said fourth

i nsul ati ng f Leyeex geged lfscomes aiadief af teh mgfardatpry metal setontdemsk to
forma fifth opening in said fourth insulating fil mFor exposing the
surface of sdPd9-sed ¥dhdudtor Fubdie dtikaarFiey hayitee aL+hi rd conducti ve
filmin said fifth_openi,ng. 2 4 FEB?2003 -1 33 sem conduct or
integrated circuit T &vP&&%ﬁaﬁL?f E@Vurailiﬁé’ éﬁodfé’@e%&ﬁ f}'g ?g’%f%i m 32,
after step (i.)x) further rising .the.ste fi. (jo formng bit lines, in
said nmenory 'g)el%ql fgrlﬁnagor g’gﬁ or?,usct 0 lé)rbeltgnc% cha ]Inil 4c]g)'nnect ed with the bit

| ane coppect S@%c&%’l@é‘iﬁ'y}’,e thid fBlegsS%'sd W%@&W%M@df}w m and (k)
formng inforimation storing capacity elenmeénts) in said nenory cell array
region, to beaueldelr ithal lhiexnmeot exd 1w t4v tiheiicapRd 1)y elenEné connecti ng
conductive filmof said second conductive film 34, A sem conductor

i nt egrat ed crroticctdéviles B@nHadduramy reoddsowgrdiaiem 22 tdaim 32, said
plurality of first conductor patterns in said nenory cell array region
conpri se wor 8hPWRed 85.9.A28dr cdAdUBESr CRACegtALe® laigsc Bt D@SAE @e

manuf act ur i ngiagrhocess according to claim34, the length of said, first

openi ng of s&PGNELr HINaSIeSLE RS nidd SARRAFFHIWET i The oF2s@rillines . is
| ar ger an the space_ of _adjacent, word . lines, .so th sajd first opening
over | apés t he¥ FE‘ I%?‘ﬁé{s t§ zfaotrgk?dpln}frfn]é’&o Atgbemvio%[d)[ﬂt%f i nt egr at ed

circui t devi e, apnul Ak g B95P9% 266N Ao AMMI% UL Lo the

step (a), formng enches i n7i'sol ation " regions sal d” semTonduct or

substrate angnhbReRneogt ifidnsaid 13 l¥edh URSTHIAL &nd pE! $dhpg sai d
trenches with an insulating filmand renoving said insulating filmto | eave
it in said teeeghesnet Bengkynt @xfidlenAingney il iy Il Och&T, td
sem conductor integrated circuit device manufacturing process according to
claim 36, safdrfi the bpeniliges BIsaind pdd Fiarsal ldyetiwir Hgy ohigkes not
overlap said trench isol ation region. 2 4 F EB z003 -106

25 23 to 26 of the peripheral circuit. As a result, the



38. A process for manufacturing a sem conductor integrated circuit device
that .has a nenory cell array region and a peripheral circuit regi o[p B 2003
conprising the steps of: (a) formng a first conductive film a f2i gE
insulating filmand a second insulating filmsequentially over a

sem conductor substrate, and patterni ng the sane to forma first conductor
pattern in said nenory cell array re‘g? N and a second conductor pattern in
said peripheral circuit region (b) doping the surface of said sem conductor
substrate in said peripheral circuit and nenory cell array region with a
first inmpurity (c) forming a third insulating filmover the sem conductors
substrate af marqgal dost epe( dlisaQvemmidia el odg spited i 75tt@nd said
second conductor patterns (d) anisotropically etching said third insul ating
filmin sai d26 perd pher abntiakcauino reagidan Hoo Forie sdrkeswaldsilg¢e) doping the
surface of said sem conductor substrate in said peripheral circuit region)
whi ch i s not iopreved wot Lmpaiodres itdenwaldgr eand S etmeetd@onfioct oire pattern with
a second inpurity 39. A sem conductor integrated circuit device

manuf act uri ngayovdess Fbeowdirdga 4 iglef M3 &o tfe M FIRRbNcentrati on of

said second inpurity is higher than that of said first inpurity dO0. A,
seni cond®ct or i nt e§eEtedtdEr Bditt lddFESc SIndnc é&%rﬁjrﬁsfprjggﬁ%% according to

| ai m 38, idsid | | [ i fosili itride) 41.A
or acess or  WERIR LR 1. oAttt cl BB el SHEBIE B801 co t hai
P f e B el Sriehit $evice that
the steps. of £l ariath £ it Tufifle DSAia 67 hbe BRI 1Y

and a secondmierﬁﬁldqti ng filmsequentially over a sem conductor substrate,
and patterning the same to forma first conductor pattern in said nenory

cell array region gigsa secand ,carduticim Raf trerd), i3n satie paitphesal circuit
region; (b) doping the surface of said sem conductor substrate in said 2
4 F E B12003 of~ahepeariilfleenaloxdide Wiitlm eXf ais wét-wadhedt to npemoty (C)
formng a third insulating fil mover the sem conductor substrate after said
step (a), ovéhe Ipoldishdngalres isfuadaish i1 iskenthy sarrd sec®nfitdnéidict or
patterns (d) anisotropically etching said third jnsulati ng filmin said

peri pheral ci@¥in9 PeditdFRr@sEodf & 1120 @y HopierPtheeSurface of said
sem conductor_.substrate in . said ripheral circuit. regiaon ich.is not
covered wit htgﬁr(fosvie(fe%gl Itgiearﬁ?‘gcgc ‘-’cd’h‘?f&bcf%‘r é‘ftxt er £ iR "econd
inmpurity; .42.A seiic u s~ 1 NELOr t(ﬁg,_' i Vi & puf acturing
process a_ccof%d'éng {?d gl%%lﬁ?fl“t R’ef%o%@ n gép{ncccﬁe%é rkgfi%ng%?asai d second
i npuritysis bindhrdsiar jfam QA3 SRirdd 'Sferd NS iV VE1i R Ao SgE1 €paductor
integrated circuit device manufacturing pxocess according to claim4l, said
si dewal | nadeaisk,sttep fodm itherade: dfirsdd iBIOmamd tthelefirdf . PyeA3(f2 . AfE . A
JATE DA, AP CA[@
wiring lines 23 to 26 of the peripheral circuit.
» The bit lines BL and the wiring lines 23 to 26
may also be formed by using either the W film
20 deposited by the CVD method or the laminated film of
the W film and the TiN film. Alternatively, there may
also be used either a single layer film of a
refractory metal (e.g., a Mo film or a Ta f£ilm) having

an excellent contactability with the silicon oxide-

25 based insulating film or its nitrides, or their
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laminated film. Here, Fig. 34 is a top plan view
showing an essential portion of the memory cell array
after the bit lines BL were formed. These bit lines
BL are formed in the shape of bands and are
electrically connected through the through holes 22
with the plugs 21 having a rectangular top plan shape.

Next, as shown in Figs. 35 to 36, the silicon
oxide film 38 having a thickness of about 100 nm is
deposited individually over the bit lines BL and the
first layer wiring lines 23 to 26. Subsequently, the
SOG film 39 having a thickness of about 250 nm is
spin-applied to the upper portion of the silicon oxide
film 38 and is then baked in an oxygen atmosphere at
about 400 °C containing steam. Moreover, the surface
of the SOG film 39 is further flattened by subjecting
it to a heat treatment at 800 °C for about one minute
to densify it. Here, Fig. 36(a) 1s an enlarged
section showing an essential portion after this
treatment and taken along line A - A of Fig. 4, and
Fig. 36(b) is an enlarged section showing an essential
portion after this treatment and taken along line B -
B of Fig. 4.

Here, when the step by the bit lines BL and the
first layer wiring lines 23 to 26 is small, the

flattening can also be effected not by using the SOG
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film 39 but only by depositing the silicon oxide film
38 thick. When the bit lines BL and the wiring lines
23 to 26 have a large density difference so that the
sufficient flatness cannot be achieved merely by the
SOG film 39, the surface of this SOG film 39 may be
polished by the CMP method, and the silicon oxide film
for remedying the fine polishing flaws on the surface
of the SOG film 39 may also be deposited over the SOG
film 39. When the temperature for densifying the S0G
film 39 cannot be so high, on the other hand, a
silicon oxide film may be further deposited thereover
SO0 as to compensate the drop in the moisture
resistance.

Next,. as shown in Fig. 37, a polycrystalline
silicon film 70 having a thickness of about 200 nm is
deposited over the SOG film 39 and is dry-etched by
using a photoresist film as the mask, to form through
holes 71 over the contact holes 20. These through
holes 71 are formed to have their diameter
substantially equal to the minimum working size.

Next, as shown in Fig. 38, side wall spacers 72
are formed of a polycrystalline silicon film on the
side walls of the through holes 71. The side wall
spacers 72 are formed by depositing a second (not-

shown) polycrystalline silicon film as thin as about
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holes 71 having a smaller internal diameter than the
20 minimum working size as the mask, so that their
internal diameter is smaller than the minimum working
size. As a result, the margin for aligning the space
regions of the bit lines BL and the through holes 48
can be sufficiently retained to prevent reliably the

25 plugs 49 to be buried in the through holes 48 at the
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conductive film for the lower electrodes may desirably
be made of a conductive material which has such a heat

10 resistance and an anti-oxidation that it is not
deteriorated by a hot heat treatment of the capacitive
insulating film to be performed at the next step, such
as a refractory metal of W or Ru (ruthenium), or a
conductive metal oxide of RuO (ruthenium oxide) or IxO

15 (iridium oxide).

Next, 'as shown in Fig. 46, the silicon oxide
film 50, as left in the gap between the groove 73 and
the groove 73, and the SOG film 74 in the grooves 73
are simultaneously removed with the hydrofluoric acid-

20 based etching liquid, and a photoresist film 75 is
then removed. Subsequently, the polycrystalline
silicon film 45A of the peripheral circuit is removed
by the dry-etching treatment using the photoresist
film covering the memory array as the mask, to

25 complete the cylindrical lower electrodes 45. The
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silicon oxide film 50 is wet-etched. At this time, on
5 the other hand, the surface of the peripheral circuit
is covered with the polycrystalline silicon film 45A
so that the underlying thick silicon oxide film 50 is
not etched.
By leaving the silicon oxide film 50 having the
10 large thickness in the peripheral circuit, the
surfaces of the layer insulating films 56 and 63 to be
formed over the information storing capacity elements
C at the later step are substantially at the same
level as that of the memory array and the peripheral
15 circuit. This makes it easy to form the second layer
wiring lines 52 and 53 to be arranged over the layer
insulating film 56, the third layer wiring lines 57
and 58 to be arranged over the layer insulating film
63, and the through holes 60 and 61 for connecting the
20 second and third layer wiring lines.
Next, a heat treatment at 800 °C for about 3
minutes is performed in an ammonia atmosphere to form
a (not-shown) thin nitride film on the surface of the

lower electrodes 45. After this, as shown in Fig. 47,

25 the thin Ta,0; (tantalum oxide) film 46 having a
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other hand, the Ta,0, film 46 is deposited by the CVD
method using pentaethoxy tantalum (Ta(OC,H;);), for
example, as the source gas. The Ta,0, film 46 thus
deposited by the CVD method has an excellent step
10 coverage so that it is deposited with a substantially
equal thickness over the surface of the lower
electrodes 45 having a sterecoscopic cylindrical shape.
Subsequently, the Ta,0, film 46 is thermally
treated for about 3 minutes in an oxidizing atmosphere
15 at 800 °C. By this hot heat treatment, the crystal
defects in.the film are remedied to form the Ta,0, f£ilm
46 of an excellent quality. As a result, the leakage
current of the information storing capacity elements C
can be reduced to manufacture a DRAM having improved
20 refreshing characteristics.
On the other hand, the lower electrodes 45 of
the information storing capacity elements C are formed
into the stereoscopic cylindrical shape to enlarge

their surface area, and the capacity insulating film

25 is formed of the Ta,0, £ilm 46 having a dielectric
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On the other hand, the underlying bit lines BL
5 and the first layer wiring lines 23 to 26, as formed
prior to the deposition of the Ta,0, film 46, are
formed of the W film having an excellent
contactability with the silicon oxide-based insulating
film. This makes it possible to reliably prevent a
10 defect that the film of the bit lines BL and the
wiring lines 23 to 26 is scraped due to the hot heat
treatment of the Ta,0; film 46.
Since the bit lines are formed of the W film
having a high heat resistance, on the other hand, it
15 is possible to reliably prevent a defect that the bit
lines BL formed to have a fine width of the minimum
working size or less are deteriorated or broken due to
the hot heat treatment of the Ta,0y film 46. Since the
plugs 35 in the contact holes 30 to 35 for connecting
20 the MISFETs of the peripheral circuit and the first
layer wiring lines 23 to 26 are made of the conductive
material (i.e., the W film / the TiN film / the Ti
film) having a high heat resistance. This makes it
possible to prevent a defect that the leakage current

25 of the sources and drains and the contact resistance
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The capacity insulating film of the information

storing capacity elements C can also be formed of a
5 high (ferro) electric film made of a metal oxide such

as BST, STO, BaTiO, (barium titanate), PbTiO, (lead
titanate), P2T (PbZrxTil-X0,), PLT (PbLaXTil-X0,) or
PLZT. Since these high (ferro) electric films are
commonly required to have a hot heat treatment of at

10 least about 750 °C after formed so as to provide a
high quality of less crystal defects, effects similar
to the aforementioned ones can be achieved even when
such high (ferro) electric films are used.

Next, .as shown in Fig. 48, the TiN film is

15 deposited over the Ta,0 film 46 by using the CVD
method and the sputtering method together, and then
the TiN film and the Ta,0, £ilm 46 are patterned by the
dry-etching treatment using the photoresist film as
the mask, to complete the information storing capacity

20 elements C which are constructed to include the upper
electrodes 47 formed of the TiN film, the capacity
insulating film formed of the Ta,0; film 46, and the
lower electrodes 45 formed of the polycrystalline
silicon film (45A). By these steps, on the other

25 hand, there are completed the memory cells which are



/- 1098 () - XXXYYZZAEYNC 10H :!109% & ()-y109% & ()-S&MLO% & () -y

- 10% &.() - YAL0% & () - &10% & ()-2ZZ6[][[[[dEYNC 10H y9a0% & ()-$' ! 10% Lt 03
"MLO% & ()-yS 10% & ()-y1l0% & ()-y10% & ()-[*\]\\\]]]aB7C 10
10"fs6:1109% & ()-f. MLO% & ()-y- 10% & ()-yF+10% & ()-!a&y)!10%";

"& ()-y' s10% & ()-]1]111]~*_JHC 10 10”10l 10%& ()- @ 10% ()-f!fF 10%

& ()-fY-100& ()-' s100%& ()- 10" 10" - 82 aabz[ 9HC 10

LY/ 1109 ()-gY !109%& ()- '!'[Y 1109 ()- '1'110% ()-!1'110% ()-!10% ()- @
bbbbbb cd_= 10 !! "10%\& ()-!. "109B\B\& ()-Y-10% & ()-9' 10% & ()- 10
10 10Y/! 109 () - gddeeffgz[<_ = 10 !

088 ()08 109, () - @IB10PDI 018 (12 QAL LA LAY Lo Bl k@B
MISFETs Qs and the information storing capacity
elements C connected in series with the former. The
upper electrodes 47 of the information storing

5 capacity elements C can also be formed of a conductive
film other than the TiN film, such as a W film.

Next, as shown in Fig. 49, the layer insulating
film 56 is formed over the information storing
capacity elements C, and then the layer insulating

10 film 56 of the peripheral circuit, the silicon oxide
£film 50, the SOG film 39 and the silicon oxide film 39
are etched by using the photoresist film as the mask,
to form the through holes 54 over the first layer
wiring lines 26. The layer insulating film 56 is

15 formed of a silicon oxide film deposited by the CVD
method, for' example, to have a thickness of about 600
nm.

' Next, as shown in Fig. 50, the plugs 55 are
formed in the through holes'54, and the second layer

20 wiring lines 52 and 53 are formed over the layer
insulating film 56. The plugs 55 are formed by
depositing the Ti film over the layer insulating film
56, for example, by the sputtering method, by
depositing the TiN film and the W film thereover by

25 the CVD method, and then by etching back (or dry-
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through holes 54. The second layer wiring lines 52
and 53 are formed by depositing a Ti film having a
thickness of about 50 nm, an Al (aluminum) film having
5 a thickness of about 500 nm, a Ti film having a
thickness of about 50 nm and a TiN film having a
thickness of about 50 nm sequentially over the layer
insulating film 56 by the sputtering method, and then
by patterning those films by the dry-etching treatment
10 using a photoresist f£ilm as the mask.

After the capacity insulating film of the
information storing capacity elements C was formed,
there is involved no step accompanied by a high heat
treatment. Therefore, the material for the second

15 layer wiring lines 52 and 53 to be formed over the
layer insulating film 56 can be exemplified by the
conductive material which is composed mainly of Al
having a low electric resistance although inferior in
the heat resistance to the refractory metal or its

20 nitride. Since the problem of the film scrape is not
caused because of no step accompanied by the hot heat
treatment, on the other hand, the Ti film can be used
for the barrier metal at the portion interfacing the
layer insulating film 56 when the second layer wiring

25 lines 52 and 53 are to be formed over the layer
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Next, as shown in Fig. 51, after the second
layer insulating film 63 was formed over the second
layer wiring lines 52 and 53, the layer insulating
5 films 63 and 56 over the information storing capacity
elements C are etched to form the through holes 60,
and the layer insulating film 63 over the second
wiring lines 53 of the peripheral circuit is etched to
form the through holes 61. The second layer
10 insulating film 63 is constructed, for example, to
include a silicon oxide film having a thickness of
about 300 nm deposited by the CVD method, an SOG film
having a thickness of about 400 nm spin-applied to the
former, and a silicon oxide film having a thickness of
15 about 300 nm deposited thereover by the CVD method.
The SOG film forming a portion of the layer insulating
film 63 is baked at a temperature of about 400 °C so
I as to prevent deteriorations of the second layer
wiring lines 52 and 53 made mainly of Al and the
20 capacity insulating film of the information storing
capacity elements C.
After this, the plugs 62 are formed in the
through holes 60 and 61, and the third layer wiring
lines 57, 58 and 59 are then formed over the layer

25 insulating film, thus completing substantially the
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film / the Al film / the Ti film) as that of the
[ second layer wiring lines 52 and 53, for example.
Here, a high water-resistance dense insulating film

10 (i.e., a two-layered insulating f£ilm composed of a
silicon oxide film deposited by the plasma CVD method
and a silicon nitride film) is deposited over the
third layer wiring lines 57, 58 and 59, although not
shown.

15 Although our invention has been specifically
described in connection with its embodiments, it
should not be limited thereto but could naturally be
modified in various manners without departing from the
gist thereof.

20 For example, the foregoing embodiments have been
described on the case in which the information storing
capacity elements have the cylindrical shape, but the
invention should not be limited thereto but could be

variously applied to fin type information storing

25 capacity elements, for example.
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structure", in which a silicide film such as tungsten
silicide is formed over a low-resistance

10 polycrystalline silicon film, or made of only a metal
film such as tungsten.

On the other hand, the foregoing embodiments
have been described on the case in which the
connection holes for electrically connecting the bit

15 lines and the memory cell selecting MISFETs have the
rectanqgular top plan shape. However, the invention
should not be limited thereto, but the connection
holes may have an ordinary circular shape. 1In this
modification, the bit lines and the connection holes

20 are electrically connected by extending the bit lines
partially in a planar direction to intersect their
extending direction, and by laying the extending
portions over the connection holes. Alternatively,
the two may be electrically connected by extending

25 such a region of the active region to have the memory
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has been described on the case in which it is applied
to the DRAM technique or the field of application of
its background, but it should not be limited thereto.

10 The invention could be applied to another
semiconductor integrated circuit device such as
another memory circuit chip such as a SRAM (Static
Random Access Memory) or a flash memory (EEPROM:
Electrically Erasable Programmable ROM), a logic

15 circuit chip such as microprocessor, or a logic memory
circuit chip having a logic circuit and a memory
circuit on a common semiconductor chip.

} The effects to be obtained by a representative

of the invention disclosed herein will be briefly

20 described in the following.

(1) According to the invention, the thickness can be
made smaller than the case in which the cap insulating
film is formed of only the silicon nitride film, so
that the aspect ratio of the connection holes can be

25 reduced. As a result, the conductive film can be
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otherwise be caused due to shortage of the burial of
5 the conductive film, so that the yield and reliability
of the semiconductor integrated circuit device can be
improved.
(2) According to the invention, the silicon nitride
film of the cap insulating film can be thinned to
10 avoid the problem that the cap insulating film may
otherwise be separated or bulged by the heat treatment
after the cap insulating film was formed. As a
result, the yield and reliability of the semiconductor
integrated circuit device can be improved.
15 (3) According to the invention, the cap insulating
film over the gate electrodes has the laminated
structure of the silicon oxide film and the silicon
nitride film, and the stopper layer to be formed over
the semiconductor substrate and the cap insulating
20 film is formed of the silicon nitride film. As a
result, the silicon nitride film of the stopper layer
can be thinned to lower the contact resistance
sufficiently even when the spacing between the

adjoining gate electrodes is small. Moreover, the

25 total thickness of the cap insulating film can be
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(a) coating a semiconductor substrate with a first

conductive film, a first insulating film and a second

insulating film sequentially and patterning the same

to form a plurality of first conductive film patterns;

(b) forming a third insulating f£ilm over the

semiconductor substrate after said step (a), over the

side walls of said first conductive film patterns and

over said second insulating film, and forming a fourth

insulating film over said third insulating f£ilm;

(c) after said step (b), forming a mask with a first

opening between the adjoining ones of said plurality

of first conductive film patterns over said fourth

insulating f£ilm, and etching said fourth insulating

film, as exposed from the first opening of said mask,
) under such a condition that said fourth insulating

film is more easily etched off than said third and

second insulating films, to form a second opening in

said fourth insulating film wherein the size of said

second opening is larger than the distance between

said adjacent first conductive films ; and

(d) after said step (c), anisotropically etching
said third insulating film, as exposed from the second

opening of said fourth insulating film, under such a

condition that said third insulating film is more
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substrate, in the third insulating film between said
adjoining first conductive film patterns.

2. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
the etching of said step (c) is stopped so that the
fourth insulating film exposed from said first opening
may be removed whereas the first insulating film over
said adjoining first conductive film patterns may not
be exposed.

3. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
the etching of said step (d) is stopped so that the
third insulating film exposed from said second opening
may be removed to expose the semiconductor substrate
whereas the first insulating film over said adjoining
first conductive film patterns may be left.

4. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
said first insulating film and said fourth insulating
film are formed of a silicon oxide film whereas said
second insulating film and said third insulating film

are formed of a silicon nitride film.
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$hgph|exmstgvﬁggmotng\ugger face of the third

insulating f£ilm over said semiconductor substrate to
the upper face of the third insulating film over said
first conductive film patterns, by the ratio of the
etching rate of said fourth insulating film to said
second insulating film and said third insulating f£ilm.
6. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
the thickness of said first insulating film is larger
than the value which is calculated by dividing the
thickness of said third insulating film by the ratio
of the etching rate of said third insulating film to
said first insulating film.

7. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
the thickness of said third insulating film is smaller
than one half of the gap between said adjoining first
conductive film patterns.

8. A semiconductor integrated circuit device
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"0)- B3PS~ §;§6a8Q§semlconductor integrated circuit device
manufacturing process according to claim 1, wherein
the step of forming said fourth insulating film
includes coating a SOG film.

10. A semiconductor integrated circuit device

10 manufacturing process according to claim 1, wherein
the step of forming said fourth insulating film
includes the steps of: coating an SOG film; coating a
silicon oxide film thereover; and polishing the
silicon oxide film.

15 11. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
the step of forming said fourth insulating film
includes the steps of: coating a boron/phosphor
silicate glass film; re-flowing the boron/phosphor

20 silicate glass film; and polishing the upper face of
the re-flown boron/phosphor silicate glass film.

12. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
the step of forming said first conductive film

25 includes the steps of: coating a polycrystalline
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5 includes the steps of: coating a polycrystalline
silicon film; forming a barrier metal film thereover;
and forming a refractory metal film thereover.
14. A semiconductor integrated circuit device
manufacturing process according to claim 1, wherein
10 said step (a) includes the steps of: patterning said
first insulating film and said second insulating film
by using a photoresist film as the etching mask, and
then removing said photoresist film; and patterning
the first conductive film by using said first
15 insulating film and said second insulating film
patterned as the etching mask, to form said plurality
of first conductive film patterns.
15. A process for manufacturing a semiconductor
integrated circuit device, comprising the steps of:
20 (a) coating a semiconductor substrate with a
polycrystalline silicon film and then coating the
polycrystalline silicon film with a refractory metal
film through a barrier metal film to form a first

conductive film;

25 (b) forming a first insulating film for protecting
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5 (d) after said step (b), forming a second insulating
film over said first conductive film protecting first
insulating film;
(e) patterning said second insulating film, said
first insulating film and said first conductive film
10 to form a plurality of conductive film patterns; and
() after said step (e), washing and then oxidizing
the semiconductor substrate.
16. A semiconductor integrated circuit device
manufacturing process according to claim 15, further
15 comprising:
(9) forming a third insulating film over said
semiconductor substrate after said step (f), on the
side walls of said first conductive film patterns and
over said second insulating film, and then forming a
20 fourth insulating film over said third insulating
film;
(h) after said step (g), forming a mask with a first
opening between the adjoining ones of said plurality

of first conductive film patterns over said fourth

25 insulating film, and etching said fourth insulating
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second opening is larger than the distance between
said adjacent first conductive films ; and

(1) after said step (h), anisotropically etching
said third insulating film, as exposed from the second
opening of said fourth insulating film, under such a
condition that said third insulating film is more
easily etched off than said first insulating film and
said fourth insulating film, to form a third opening
for exposing the upper face of said semiconductor
substrate, in the third insulating film between said
adjoining first conductive film patterns.

17. A semiconductor integrated circuit device
manufacturing process according to claim 15, wherein
said first conductive film protecting first insulating
film is formed by the plasma CVD method.

18. A semiconductor integrated circuit device
manufacfuring process according to claim 15, wherein
said barrier metal film is made of tungsten nitride;
and in that said washing treatment uses a washing
liguid containing hydrogen peroxide.

19. A semiconductor integrated circuit device

manufacturing process according to claim 15, wherein

1111 dEDC
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(a) forming a gate insulating film over a
semiconductor substrate and then forming a first
conductive film;
10 (b) forming a first insulating film over said first
conductive film;
(c) forming a second insulating film over said first
insulating £film;
(d) patterning said second insulating film, said
15 first insulating film and said first conductive film,
to form a plurality of word lines and a plurality of
gate electrodes over said semiconductor substrate, and
a cap insulating film composed of said first
insulating film and said second insulating film over
20 said word lines and said gate electrodes;
(e) forming a third insulating film over said
semiconductor substrate, on the side walls of said
word, on the side walls of said gate electrodes and

over said cap insulating film, after said step (d),

25 and then forming a fourth insulating film over said
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of word lines over said fourth insulating film, and
etching said fourth insulating film, as exposed from
the first opening of said mask, under such a condition
that said fourth insulating film is more easily etched
) off than said third and second insulating films, to
form a second opening in said fourth insulating film
(g9) after said step (f), anisotropically etching
said third insulating film, as exposed from the second
opening of said fourth insulating film, under such a
condition that said third insulating film is more
easily etched off than said first insulating film and
said fourth insulating f£ilm, wherein the size of
said second opening is larger than the distance between
said adjacent first conductive films , to foxrm a third opening
for exposing the upper face of said semiconductor
substrate, in the third insulating film between said
adjoining word lines;
(h) burying a conductive £ilm in said plurality of
connection holes;
(1) forming bit lines to be electrically connected

with the bit line connecting conductive film of said

conductive film; and

(3) forming information storing capacity elements to

be electrically connected with the capacity element
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manufacturing process according to claim 20, further
comprising, prior to said step (a), forming trenches
5 in the isolating regions of said semiconductor

substrate and then coating the semiconductor substrate
including the trenches with an insulating film; and
removing said insulating film to leave it in said
trenches to form the buried insulating film in said

10 trenches thereby to form trench type isolating
regions.
22. A semiconductor integrated circuit device
manufacturing process according to claim 20, wherein
the step of forming said first conductive film

15 includes the steps of coating a polycrystalline
silicon film; coating said polycrystalline silicon
film with a barrier metal film; and coating said
barrier metal film with a refractory metal film.
23. A semiconductor integrated circuit device

20 manufacturing process according to claim 22, further
comprising the steps of: performing a heat treatment
after the step of forming said first insulating film
to densify tungsten nitride making said barrier metal
film; and after said step (d), performing a washing

25 treatment by using a washing liquid containing an
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manufacturing process according to claim 20, wherein
5 said first insulating film is formed by the plasma CVD
method whereas said second insulating film is formed
by the low-pressure CVD method.
25. A semiconductor integrated circuit device
manufacturing process according to claim 20, wherein
10 said first insulating film is formed of a silicon
oxide film whereas said second insulating film is made
of silicon nitride.
26. A semiconductor integrated circuit device
manufacturing process according to claim 20, wherein
15 in the top plan size of said bit line connecting
conductive film, the size of said word lines in the
extending direction is longer than that of said word
lines in the intersecting direction so that said bit
line connecting conductive film overlaps the isolating
20 regions in a top plan.

27. A process for manufacturing a semiconductor

integrated circuit device, comprising the steps of:

(a) forming a first conductive film, a first
insulating film and a second insulating film

25 sequentially over a semiconductor substrate and
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second region;

(b) forming a third insulating film over the side

walls of said first and second conductor patterns;

(c) doping the surface of said semiconductor
substrate in said second region with a first
conduction type impurity in self-alignment with said
third insulating film;

(d) forming a fourth insulating film over said third
insulating film in said firct and second regions to
bury said first region between said first patterns;
(e) forming a first opening in said fourth
insulating film in said first region between said
first patterns under such a condition that said fourth
insulating film is more easily etched off than said

third insulating film wherein the size of said second
opening is larger than the distance between said
adjacent first conductive. films ; and

(£) forming a second opening in said third

insulating film, as exposed in said first opening.

28. A process for manufacturing a semiconductor

integrated circuit device, comprising the steps of:

(a) forming a first conductive film, a first silicon

oxide film and a first silicon nitride film
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sequentially over a semiconductor substrate and

patterning the same to form a first conductor pattern

in a first region and a second conductor pattern in a

second region;

(b) forming a second silicon nitride film over the
side walls of said first and second conductor

patterns;

(c) doping the surface of said semiconductor
substrate in said second region with an N-type first
impurity in self-alignment with said second silicon
nitride film;

(d) forming a second silicon oxide film over said
second silicon nitride f£ilm in said first and second
regions to bury said first region between said first
patterns;

(e) forming a first opening in said second silicon
oxide film in said first region between said first
patterns under such a condition that said second
silicon oxide film is more easily etched off than said

second silicon nitride film wherein the size of said
second opening is larger than the distance between said
adjacent first conductive films ; and

(£) forming a second opening in said second silicon
nitride film, as exposed in said first opening, to

expose said semiconductor substrate.

29. A semiconductor integrated circuit device



3hhaBnbC 10! *109%Z&' ()- !
#109%NXN&' () - LR109Z&' () - @10%Z& () - &@*109%Z&' () - &¥A.0%Z&' () - h789: 1 O bid @B 172003
109%& ()- @-10%& ()- '10%& ()- 10Z 10Z 10Zs510%& ()-s110%Z& ()-!'MR }[9b@
10/ F9"10% & ()--! 9"10@88&f()--'P9"10%&'()--&!10%&'()-!&!10%&'()-,
109 () - @?()*+ 7{\— 10! @ 0% & () - &10W“ ? 10M 10M 10M / 10%V&' ()-!,/
109k ()-1'99"1098 8 & ()--?:p@"<{\=1 I10‘%HH& ()-- 10% & ()-C
10%9F9F&' ()-Cl0% & ()-9 10% & ()-@19 10%<K&' ()-@)}rg\= 10!'! S&10% h& () -
100 100 10 /9'10% & ()-@/ 91 10%A L& ()-@10% & ()--!'"110%L& ()--)0"}[9g\=
10!" 10%h& ()-@ 10%$& ()-@ 10%& ()-@ 10%S& ()-@ff 10%h& ()- @@0%
h& ()-}rg\= 10! $10%& ()- 10 ! 10!

manufacturing process according to Claim 28, further

comprising, between said steps (a) and (b), (g) doping

the surface of said semiconductor substrate in said

second region with an N-type second impurity in self-

5 alignment with said second pattern.

30. A semiconductor integrated circuit device
manufacturing process according to Claim 28, further
comprising, between said steps (b) and (c), (h)
anisotropically etching said second silicon nitride

10 film to form a first side wall insulating film on the
side walls of said second conductor pattern, wherein
the doping of said semiconductor substrate surface
with said first impurity is performed in self-

alignment with said first side wall insulating film.

15 31. A semiconductor integrated circuit device
manufacturing process according to Claim 28, wherein a
second side wall insulating film is formed on the side
walls of said fist conductor pattern at the steps of
forming said first and second openings.

20 32. A process for manufacturing a semiconductor integrated

circuit device that has a memory cell array region and a
peripheral circuit region, comprising the steps of
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(b) forming a third insulating film over the semiconductor

substrate after said step (a), over the side walls of said first
and said second conductor patterns;

(c) anisotropically etching said third insulating film in said

peripheral circuit region to form side walls;

(d) forming a fourth insulating film over said third insulating

film over said semiconductor substrate;

(e) forming a first mask with a first opening, in said memory cell

®

array region, between the adjoining ones of said plurality of
first conductor patterns over said fourth insulating film, and
etching said fourth imsulating film exposed from said first
opening of said first mask, under such a condition that said
fourth insulating film is more easily etched off than said
third insulating film, to form a second opening in said fourth
insulating film, wherein the size of said second opening is
larger than the distance between said adjacent first
conductive films; ’

anisotropically etching said third insulating film in said
memory cell array region, under such a condition that said
third insulating film is more easily etched off than said first
and said fourth insulating films, to form a third opening for
exposing the surface of said semiconductor substrate, in said
third insulating film between gaid'adjoining first conductor
patterns,

(g) burying a second conductive film in said second opening and

said third opening:

(h) forming a second mask with a fourth opening formed, in said

(M

peripheral circuit region, over said fourth insulating film,
and etching said fourth insulating film exposed from said
fourth opening of said second mask to form a fifth opening in
said fourth insulating film for exposing the surface of said

semiconductor substrate; and

burying a third conductive film in said fifth opening.
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film of said second conductlve fllm, and

(k) forming information storing capacity elements, in said
memory cell array region, to be electrically connected with
the capacity element connecting conductive film of said
second conductive film.

84. A semiconductor integrated circuit device manufacturing
process according to claim 32, said plurality of first conductor
patterns in said memory cell array region comprise word
lines.

35. A semiconductor integrated circuit device manufacturing
process according to claim 34, the length of said first opening
of said first mask in the intersecting direction of word lines .
is larger than the space of adjacent word lines, so that said
first opening overlaps the word lines in a top plan.

36. A semiconductor integrated circuit device manufacturing
process according to claim 32, prior to the step (a), forming
trenches in isolation regions of said semiconductor substrate
and then coating said semiconductor substrate including said
trenches with an insulating film; and removing said
insulating film to leave it in said trenches thereby to form
trench isolation region.

87. A semiconductor integrated circuit device manufacturing
process according to claim 36, said fifth openings in said
peripheral circuit region do not overlap said trench isolation
region.
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'109B& () - pattern in said memory cell array region and a second
conductor pattern in said peripheral circuit region;

(b) doping the surface of said semiconductor substrate in said
peripheral circuit and memory cell array region with a first
impurity;

(c) forming a third insulating film over the semiconductor
substrate after said step (a), over the side walls of said first
and said second conductor patterns;

(d) anisotropically etching said third insulating film in said
peripheral circuit region to form sidewalls;

(e) doping the surface of said semiconductor substrate in said
peripheral circuit region, which is not covered with said
sidewalls and second conductor pattern, with a second
impurity; '

39. A semiconductor integrated circuit device manufacturing process
according to claim 38, the doping concentration of said second
impurity is higher than that of said first impurity.

40. A semiconductor integrated circuit device manufacturing process
according to claim 88, said sidewall made in step (d) is made of
silicon nitride.

41.A process for mahu;facturing a semiconductor integrated
circuit device that has a memory cell array region and a
peripheral circuit region, comprising the steps oft

(a) forming a first conductive film, a first insulating film and a
second insulating film sequentially over a semiconductor
substrate, and patterning the same to form a first conductor
pattern in said memory cell array region and a second
conductor pattern in said peripheral circuit region;

(b) doping the surface of said semiconductor substrate in said
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sidewalls and secord conductor pattern, with a second
impurity;
.42.A semiconductor integrated circuit device manufacturing
process according to claim 41, the doping concentration of
said second impurity is higher than that of said first
impurity.
43.A semiconductor integrated circuit device manufacturing’
process according to claim 41, said sidewall made in step (d)
is made of silicon nitride.



