;e3e>; | *6° T"OL JUL 2003 SPECI FI CATION TI TLE OF THE | NVENTI ON SEM CONDUCTOR
| NTEGRATED Cl RCUI T DEVI CE AND 5 METHOD FOR MANUFACTURI NG THE SAME! JUL 2003
BACKGROUND OF THE | NVENTI ON The present invention relates to a

sem conductor integrated circuit device and a technique for 10

manuf acturing the sane and, nore particularly, to a technique which is

ef fective when applied to a sem conductor integrated circuit i i

a nmenory cell by making a capacitor insulating filmof a capaammwwgmwﬂaw%Ft
(capacitor), of a highly dielectric 15 material. In a |arge capachgi 1
(Dynam ¢ Random Access Menory) of recent years, in order to conpeng $e the
reduction in the accunul ated charge of a capacitive elenent, resulting from
the mniaturization of a 20 nenory cel been adopted a stacked
capacitor structure in which the capac%?Fégsiﬁéﬁiﬁw is arranged over a
menory cell selecting M SFET. Moreover, the surface area of the capacitive
elenment is enlarged by formng its |ower electrode (storage 25 el ectrode)

into a fin shape otTascyri fAdei ERVESRRBR, 01 JUL 2003 2 and the capacitor
insulating filmis made of a material having a high dielectric constant.

Especi al |y, a tantal unsexidenbe26R) ratcerareh B&ﬁ@b!TdbﬁbﬁehrhﬁD”aterials
has a dielectric constant as high 5 as 20 to 25 and has a high matching

with the DRAMBprocess BETHOR POROMARUFACBORLKS! riBesampl i cation of the DRAM
to the capacitive elenent is being advanced. \When the capacitor insulating
filmof the capacitive elenent is made of tantalum oxide, a 10 material for
preventing the deterioration of the filmaquality of tantal um oxide has to
be sel ected as thRAFRTROVMP OF THE LPPENTEDEctrode (or plate electrode) to
be forned over the capacitor insulating film This upper electrode materi al
may be suitably exenpl TR¥ RFE5eRy IYerFaeRorglakeal taushsasivwhtungsten),
Pt (platinum or ggténPqugenqu or éts_nitride such as Ti N (titanium
nitride). According To *Jpn. CHhppldephye. avg 2 Bachndgus Per 1, No. 3A"

havi ng i nvesi#gat ' nces of 20 the | eakage current_upon the
t ant al um oxi %I% fif%%%%ég%ﬁ g’?‘? et TR ANneBPT NPT LSBT he- eFectr ode
material, it has feemh{igRordietd.n base f@b{f@eQ%ﬁgri”En al .results the

e

el ectric characteristics of the tantalum oxid P 2R et TRt BY nfned by the
wor k 25 function §émi$&hdﬂé¥3f(Ekkéﬁﬁé%ééjcfgghf@adééfg%lﬂé&ingcél JUL 2003

memory cell by making a capacitor insulating £film of a
capacitive element (capacitor), of a highly dielectric
15 material.
In a large capacity DRAM (Dynamic Random Access
Memory) of recent years, in order to compensate the
reduction in the accumulated charge of a capacitive
element, resulting from the miniaturization'of a
20 memory cell, there has been adopted a stacked
capacitor structure in which the capacitive element is
arranged over a memory cell selecting MISFET.
Moreover, the surface area of the capacitive element
is enlarged by forming its lower electrode (storage

25 electrode) into a fin shape or a cylindrical shape,

AR
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3 of the interface between the upper el ectrode and the tantalun18ihgg, hat
the nost appropriate material is TiN for the annealing at a | ow BBur e
(about 400C) and Mo or MN (nol ybdenumnitride) for the 5 annealing at a

hi gh tenperature (about 800C). Since the |ower electrode of the capacitive
el ement of the DRAM has a conplicated surface shape, as described above,
the CVD (Chem cal Vapor Deposition) nethod having an excellent step
coverage 10 has to be used rather tharf the sputtering nethod when a
tantalumoxide filmis deposited over the | ower el ectrode. However, the
tantal um oxide fil mdeposited by the CVD nethod has to be anneal ed, after
formed, at a tenperature as high as about 700 to 800C because a 15 desired

die'ectriC,ConstaaadC%ﬂaoaa?sékeﬁﬁdia§uh5t5ﬁ Yith tBi saaangal kng, however,
an oxide filmis forned at the interface mnt% the | ower el ectrode materi al

(the polycrystall haeegiibhcaavihhmh gfighhaistubstiatechbaskawer the effective
dielectric constant of the 20 capacitor insulating film Another problemis

that the oxygen imspbeitanial umeaxicdeuhi biibecemasogcaicenteo drowgghihe
breakdown voltage of the filmthereby to increase the | eakage current.
Japanese Patent LaidlepenriNomalb4861986abaa AGedkbstirasedoastaaknagurigar
correcting the defect due to O 1 JUL 2003 4 the oxygen vacancy in the
tant al um oxi dé fi kem @0pasi £é€daodehas sehiigbndactobingubithateebPrRbMe CVD
nmet hod, thereby to inprove the insulating breakdown voltage of the film by
anneal i ng the surPaesest rHe thef Pirdoirnarlte gentbplieitbeotr@iycakygenctin
"I'nternational Conference on Solidstate Devices and Materials L992" (pp.
521 to 523) has dit§€l 688N &t EERNFERECLSEVEr 8VERENTg 18n PEATEe 2AVPRFRAOM

being fornmed on the surface of a polycrystalline 10 silicon film
cons?ituting a | oner eM&@Pr&%& GF%QC%%BECFPFV&aEFQﬁe%ﬁ}mwﬁ ntéetantalum
oxide filmis to sited, nneal i e .poal stal.liine_silicon
filmin the atnos%% %§H§%VﬁH%lF§§R%nﬁ§)mﬁggf%Eannﬁ%§%%d§§ FFW]Sn t he

surface of ¢ POLKGASLA i o} 3 Ribhoin chll e ok DBAMGG! sekosedn 1

Japanese Patent Lal _ 1995, capaci tor insulating film of
the capacitive el epmnt tyS oFad@andh 108 ot dkh®akarbalbdmsetbd@edshsORheUM

titanate (SrTi03) or bariumtitanate 20 deposited by the CVD net hod, and
t he upper el ectrodetesirade fofthd uBpear elieNtdegesi(bed phytehe le¥bragthod or
to be formed over the capacitor insulating film. This
upper electrode material may be suitably exemplified
15 by a refractory metal such as W (tungsten), Pt
(platinum) or Mo (molybdenum) or its nitride such as
TiN (titanium nitride).
According to "Jpn. J. Appl. Phys. Vol. 33 (1994)
Pt. 1, No. 3A" having investigated the influences of
20 the leakage current upon the tantalum oxide film
before and after the annealing step of the electrode
material, it has been reported, based on the
experimental results the electric characteristics of

the tantalum oxide film are determined by the work

25 function of the electrode material and the stability



the sputtering nethod. Moreover, the |ower electrode is made of such a
material as zinc oxide (Zn0) or tin oxide (SnQz) exhibiting a hi §d JUL 2003
resi stance to oxidation, 25 so that any oxidized filmis prevented from

bei ng O 1 JUL 2003 5 forned at the interface with the | ower el ectrode at
the time of annealing the capacitor insulating film In the DRAM di scl osed
i n Japanese Patent Laid Open No. 66369/;995, the capacitor insulating film
of 5 a capacitive elenent is nade of tantal um oxi de deposited by the CVD
met hod. By annealing the forned filmat a | ower tenperature (lower than
about 600C) than that for crystallization, thereby to hold the filmin an
anor phous structure, noreover, the 10 occurrence of the grain boundary, the

crack or the nicrgedefigct spRi-gh-ai ﬁgrtrzééhal&hESBP?@EhElEertrBB% Leakage

current is suppressed to I nprove t eakage current characteristics. In

the DRAM di scl osedahRalaRangsacPatgat kabdméétCE?BrHQri%%%4§8&é%§%a ke
capacitor insulating filmof a capacitive elenent is made of tantal um oxide

or haf ni um oxi de (HWOZprdepesehadabynihatC¥D1agt Radpezaduaebanbier il m of
TiNis fornmed between the tantal um oxide (or hafnium oxide) and the

el ectrodes (the upperc20aeberbr odeMand (inbeybaeaumehectriade) fof- the
polycrystalline silicon thereby to prevent the reaction between the silicon
and t he tantaPbum erndelihg tlieaDRAyhditsmbesedure Japanes80Pdtent Lai d Open
No. 232344/1994, the capacitor insulating filmof 25 a capacitive el enent
is made of tantal um oxBdecer theQlogek 2068t&oHaf nifuthexicdeadapoyiet ed by the
CVD net hod, and the upper electrode is made of TiN By form ng a nonnetal
buf fering fil m of epEMgELySfatPenBRAM PagnaoFerrlheateN, stRéacgpsbirPeye

el ement is prevented _from
P as described above, the CVD (Chemical Vapor

Deposition) method having an excellent step coverage

10 has to be used rather than the sputtering method when
a tantalum oxide film is deposited over the lower
electrode. However, the tantalum oxide film deposited
by the CVD method has to be annealed, after formed, at
a temperature as high as about 700 to 800°C because a

15 desired dielectric constant cannot achieved as it is.
With this annealing, however, an oxide film is formed
at the interface with the lower electrode material
(the polycrystalline silicon film) of the substrate to
lower the effective dielectric constant of the

20 capacitor insulating film. Another problem is that
the oxygen in the tantalum oxide film becomes scarce
to lower the breakdown voltage of the film thereby to
increase the leakage current.

Japanese Patent Laid-Open No. 3548/1986 has

25 disclosed a technique for correcting the defect due to



5 deteriorating when a BPSG (Boron-doped Phospho Silicate d ass) f@lq@
deposited over the capacitive elenent is subjected to hot reflow ( { Jelbdll
850C for 30 mnutes). 10 SUMVARY OF THE | NVENTI ON W deposited a conductive
filmof polycrystalline silicon over a sem conductor substrate and then a
tantal um oxide fil mover them and deposited a TiN fil mover the tantal um
oxide filmby the CVD nethod using a 15 titani um containing source gas such
as Tid L4 (titaniumtetrachl oride) TOVAY (Tetraxy Di-Methyl Amino Titanium
or TDEAT (Tetraxy D -Ethyl Amino Titanium and a nitrogen-containing
reduci ng gas such as NH3 or MVH (Mono- Met hyl Hydrazine). Then, these filns
were 20 patterned to forma capacitive elenent and the breakdown vol t age of

the capacitor insyhat baggghl %&5ptegt ant ahumegxide | bgld&ﬂhgeﬁam ned and a

phenonenon that the bre own Vo ge was deteriorated and the | eakage

current increasedqupssQRaar¥edr 35sdhec6aHset8t thbstpheropgneRchagpnot
been 01 JUL 20@B sufficiently clarified yet, but we consider that the

cause is that if wbensdrfaserebytBe taptabemcaxi dashibfihg Betaandwaontacts
with the reducing gas, the oxygen (O atonms in the filmpartially react
with the 5 reduci nglgageand anhe felmabgdanhbeldagglkhagshemdseobsTaner O
increase in the film An object of the present invention is to provide a

t echni que for Sprevedm ng the dtambpbkrehaf tihg brggkdown vol tage of a
capacitor insulating filmmade 10 of a highly dielectric material such as
tant al um oxi de i s det eAPor AnEerwhEhonaluppaieckaeer otleSRRLEsItalke s
deposited over the capacitor insulating filmby the CVD nethod using a
reacti ve gas cont ZPMilk§Sacredierngigas. 12821héPPor 8gdi i akd)obREr objects
and novel featureg,of t he resenbpinvention w || becone aggarent fromthe

p . )
description of thEiFFESERE PnYERTPIAYENdOrhB 5¥EB PpAAY PRy CE IR Hds™ A
ly
i

representative ong ot the Lnysprians discl gsed 20 hergl pouilLl e brigt!
summari zed in the ];O oW ng. ccordi ng to FHe present i vex I on, ere

10 silicon film constituting a lower electrode of a

S

capacitive element, when a tantalum oxide film is to
be deposited, by annealing the polycrystalline silicon
film in the atmosphere of NH, (ammonia) to form a
nitride film on the surface of the polycrystalline

15 silicon film.

In the DRAM disclosed in Japanese Patent Laid-

Open No. 66300/1995, the capacitor insulating f£film of
the capacitive element is made of one of the tantalum
oxide, strontium titanate (SrTiO,) or barium titanate

20 deposited by the CVD method, and the upper electrode
is made of W, Pt or TiN deposited by the CVD method or
the sputtering method. Moreover, the lower electrode
is made of such a material as zinc oxide (Zn0) or tin
oxide (Sn0,) exhibiting a high resistance to oxidation,

25 so that any oxidized film is prevented from being



provi ded a sem conductor integrated circuit device conprising a ﬁﬁﬂ;ﬁL%@ﬁe
el ement including: a |lower electrode; a capacitor insulating fil

one or 25 nore filmnms including a highly dielectric filmfornmed 01 JUL
2003 s over the |lower electrode; and an upper el ectrode made of one or nore
films including a titaniumnitride filmforned over the capacitor
insulating film wherein the upper elect?ode of the capacitive elenent is
formed 5 over the highly dielectric filmthrough a passivation filmforned
by a | ow tenperature CVD net hod under the condition that no reducing gas is
contained. In a sem conductor integrated circuit device of the present

i nvention, the capacitor insulating film 10 includes a tantalum oxide film

In a sem conduct of, it §95 At £4 CiﬁEé'f%aQE%E@hOf:h%hfo@éfséﬂécitmﬁg%fr Len, the

capacitive elenent 1s arranged over a nenory cell selecting MS

constituting a mepREYtERé ! 0 Bf aRnORAMg 1EnéCEfp NP0t 0i hBR1AEERENE i 1m.

i nvention, there is provided a nethod for manufacturing a sem conductor
integrated circuit devigeth&OpRAMSANGc163¢dt he Shpanekefl phREAY aafiigrst
conductor filmconstituting a | ower el ectrode of a capacitive 20 el enent,
over the princi pabpéaceoof cessenieonduehercaphsitateingb)athagstepmobs
formng a capacitor insulating filmmde of one or nore filns including a
hi ghly di el ecbri cafcappcodvievet dkehienst isomddet o¥etinkajlu@5okdyiet he step of
formng a passivation filmover the Ol JUL 2003 9 capacitor insulating
filmby a | ow tenpepasiuted Qv heehedPundenodhe Byndhneohinbathro freaegdi ng
gas is contained; and (d) the step of formng a second conductive film nmade
5 of one or nore fil®s2fnel Lavag geWPFEHFHﬁ?n(%PWEé FPem £BPHIENGCAn Cdpper

el ectrode of the capacitive_el enent er the passivation fil Ln a nethod
f or nanufacturingtaggeﬁpéBnﬁﬁEtS?YFﬁFgéFﬁ?EﬂoeirEEFFQEEVFBek8EEtﬁgepresent

i nvention, 10 thefgf acitor ingglgghggs E nkincludes a tant%%%n1oxide film

1 an _am ure noreover,. . .
In a method for manu ac?urlng a sem conductor |ntegra9e8 ¢ircuit device of

the present havengbearr%ﬁeepa§$£xer%99-3'Lghhagkyqe%ﬂa E?BEQhBQSthbta”!“m
15 filmor a polycrystalline titani mfilm I'n afrethod for manuf acturing a
sem conductor intggrabedeebEeUihidR8VinEgnef ekRELRE8RERLthRBYVERBL @he t he
capacitive elenent is arranged over a nenory cell selecting M SFET
constituting a nemeakagel tupteatDRAMsugfrdspethed fieaproesuftaet Leiakgga

sem conductor integrated circuit device of the present invention further
conpri ses the stepupfepat tbanangeatisitéast a portion of the | ower el ectrode
of the capacitive elenent into a fin shape or a cylindrical shape. 25
According to the preseAdf FheeRRPYndishépeefsin Japanese Patent Laid-

15 Open No. 222469/1989, the capacitor insulating film of

L
c

a capacitive element is made of tantalum oxide or
hafnium oxide (HfO,) deposited by the CVD method, and a
barrier film of TiN is formed between the tantalum
oxide (or hafnium oxide) and the electrodes (the upper
20 electrode and the lower electrode) of polycrystalline

silicon thereby to prevent the reaction between the
silicon and the tantalum oxide.

In the DRAM disclosed in Japanese Patent Laid-
Open No. 232344/1994, the capacitor insulating film of

25 a capacitive element is made of tantalum oxide or



01 JUL 2003 10 provided a nmethod for manufacturing a seniconduct%h
integrated circuit device, conprising: (a) the step of formng a dre3003
over the principal face of a sem conductor substrate; 5 (b) the step of
formng a first conductive filmnade of one or nore filnms, over the M SFET;
(c) the step of formng a | ower electrode_of a capacitive el ement by
patterning at |east a portion of the firs? conductive filminto a fin shape
or a 10 cylindrical shape; (d) the step of form ng a capacitor insulating
filmmade of one or nore filns including a highly dielectric film over the
| ower el ectrode; (e) the step of formng a passivation filmover the 15
capacitor insulating filmby a | ow tenperature CVD net hod under the

condi tion that @.(diapi U 6aNkahBLIGLROBLCEIaR LS nEAALE] NEMlabuheNO
nitrogen containing reducing gaS I s contai ned; X ) the step of Tormng a
second COPdUCt'W%p%&|@h%E@%p%Q ot ARBeOrsmMeLR filk fb?ﬁEHQ'an%nth%Q'um
nitride film over the passivation filmby a | ow tenperatture CVD net hod
under the condi tj@Feliay il afi 4B GeRaiAINGnS0WL 8BRS 0d8E &he

ni t rogen-contai ning reducing gas are contai ned; and 25 (g) the step of

form ng an upperrigl, ee¢heodpecithee eDehedld i200Zelintapagirbve el ement by
patterning the second conductive film the passivation filmand the

capaci tor i risul atateg ibiramingn waeneths®#sizor Borpuf-dopedi ryoapkem conductor 5
integrated circuit device of the present invention, the passivation film
and t he second donddgettiev&lfaslsh diémcdrpiosddes] pviear bg¢ bppigtitadeci ng t he
titani uncontai ning source gas and then the nitrogen-containing reduci ng gas
into the chanberelemeatoVs sypdeates. teo hpi aeﬁépr&aﬁoab@uﬁuﬁg@f6+ﬁ@g a

sem conductor integrated circuit device of the present invention,
30 minutes).

10 SUMMARY OF THE INVENTION
We deposited a conductive film of polycrystalline

silicon over a semiconductor substrate and then a
tantalum oxide film over them and deposited a TiN film
over the tantalum oxide film by the CVD method using a

15 titanium containing source gas such as TiC&, (titanium
tetrachloride) TDMAT (Tetraxy Di-Methyl Amino
Titanium) or TDEAT (Tetraxy Di-Ethyl Amino Titanium)
and a nitrogen-containing reducing gas such as NH; or
MMH (Mono-Methyl Hydrazine). Then, these films were

20 patterned to form a capacitive element and the
breakdown voltage of the capacitor insulating film
(the tantalum oxide film) was examined and a
phenomenon that the breakdown voltage was deteriorated

and the leakage current increased was observed.

25 The cause of this phenomenon has not been



the capacitor insulating filmincludes a tantalumoxide film In a nmethod
for manufacturing a sem conductor 15 integrated circuit device of th@l 2003
present invention, the passivation filmincludes an anorphous titaniumfilm
or a polycrystalllne titaniumfilm In a nmethod for manufacturing a

sem conductor integrated circuit device of the present invention, 20 the
titani um containing source gas contains tetrachloride titanium

tetraxydi methylam no titaniumor tetraxydi nethylamno titanium or their

m xed gas. In a nmethod for manufacturing a sem conductor integrated circuit
device of the present invention, 25 the nitrogen containing reducing gas
contai ns ammoni a 01 JU 2D03 ,z or nnnonethyl hydrazine, or their m xed

gas. BRI EF DES@%Jﬂchnceagem C@;@ﬂﬁh&g&m ¢ & @ aaeiional.diagram of an

essential 5 portion sdb rate, ow ng a nethod for

fact t
manuf act uring g RAM 4 c%l agram of t{%rur@ac&é)r% ng,d otgr{@a]w[gs&pf agd nvention;

Fig. 2 is a sectional ssenti portion of the senlconductor

substrate, showing, tihe nk- nBidhd fcr@nif actind %&J&M@ {he
enbodi ment according to the present invention; Flg i's a sectional

di agram of the ®sspM @) rxlfamg)mroftﬁélefmmm BF Sdist raten Show ng
the nmethod for manufacturing the DRAM of the enbodinent 15 according to the
present inventimejuding gbd sarad sest i mgadashagrime ofaridiel e Sesridal of
Ta or 0 increase in the film.
An object of the present invention is to provide
a technique for preventing the drawback that the
breakdown voltage of a capacitor insulating film made

10 of a highly dielectric material such as tantalum oxide
is deterjorated when an upper electrode material is
deposited over the capacitor insulating film by the
CVD method using a reactive gas containing a reducing
gas.

15 The foregoing and other objects and novel
features of the present invention will become apparent
from the description of the present invention and the
accompanying drawings.

A representative one of the inventions disclosed

20 herein will be briefly summarized in the following.

According to the present invention, there is
provided a semiconductor integrated circuit device
comprising a capacitive element including: a lower

electrode; a capacitor insulating film made of one or

25 more films including a highly dielectric film formed



portion of the sem conductor substrate, show ng the nethod for 01 JUL 2003
manuf acturing the DRAM of the enbodi nent according to the present
invention; 20 Fig. 5 is a sectional diagramof the essential portion of the
sem conduct or substrate, show ng the nethod for manufacturing the DRAM of

t he enbodi nent according to the present invention; Fig. 6 is a secti
di agram of the essential 25 portion of the sem conductor substrate,
t he O 1 JUL 2003 13 nethod for manufact uri ncg the DRAM of the enbodi nent
according to the present invention; Fig. 7 is a sectional diagramof the

essential portion of the sem conductor substrate,

manuf acturing the DRAM of the enbodi nent according to the present
invention; Fig. drS theSa&icaNall @@ ehd ke e idledd@fddOmpie t he
sem conduct or substrate, show ng the nethod for manufacturing the DRAM of

t he enbodi nent ¥ aeeoicd R AiNesPrieSaRidindV Nty idsn ifdng .ni%kdised maGd | onal
di agram of the essential portion of the sem conductor substrate, show ng

t he nmethod for el towen cHeh e RN tefr tilke varitodigrenitl rac catedidlich tithd he
present invention; 15 Fig. 10 is a sectional diagramof the essenti al
portion of the sgmesordecttorodsulist rdiee caglaaviitigyet e exetritodi  oformed
manuf acturing the DRAM of the enbodi nent according to the present
invention; Fg. averd ghe deghlohdiediemfrradm ol Urh e hexsegit isalps jpartiaon of
t he sem conduct or substrate, show ng the
film formed by a low temperature CVD method under the

10

15

20

25

condition that no reducing gas is contained.

In a semiconductor integrated circuit device of
the present invention, the capacitor insulating film
includes a tantalum oxide film.

In a semiconductor integrated circuit device of
the present invention, the capacitive element is
arranged over a memory cell selecting MISFET
constituting a memory cell of a DRAM.

According to the present invention, there is
provided a method for manufacturing a semiconductor
integrated circuit device, comprising:

(a) the step of forming a first conductor film
constituting a lower electrode of a capacitive
element, over the principal face of a semiconductor
substrate;

(b) the step of forming a capacitor insulating film
made of one or more films including a highly
dielectric film, over the first conductive film;

(c) the step of forming a passivation film over the

onal
show ng

showi ng the 5 nethod for



met hod for manufacturing the DRAM of the enbodi nent according to ﬁq

present invention; Fig. 12 is a sectional diagramof the essent i Bl gbﬂmnon
of the sem conductor substrate, showi ng the 25 nethod for nmanufacturing the
DRAM of t he enbodi nent 01 JUL 2003 14 according to the present invention;
Fig. 13 is a sectional diagramof the essential portion of the

sem conduct or substrate, show ng the net hod for manufacturing the DRAM of

t he enbodi nent 5 according to the present invention; Fig. 14 is a sectional
di agram of the essential portion of the sem conductor substrate, show ng

t he met hod for manufacturing the DRAM of the enbodi nent according to the
present invention; 10 Fig. 15 is a sectional diagramof the essenti al

portion of the semaperdueton nsulsidiae fighowyna Lbe rempedatare cvp
manuf acturi ng the DRAM of the enbodi ment according to the present

invention; Fig. ladthod seckerontle dioadiamosf thhe esseridualingbgper tison of
t he sem conduct or substrate, showi ng the nethod for manufacturing the DRAM
of the enbodi mnent carderitiedg tamd he present invention; Fig. 17 is a
sectional diagram of the essential portion of the sem conductor substrate,
showi ng the 20 net(ldod ftive meew adt foongnche BRANMINGE comdugriiogi mddm made
according to the present invention, Fig. 18 is a construction di agram of
t he essenti al YortOfo®nef cF O@Yeagddigt deadsednor dfeaeunilig idge THRMM of
t he enbodi nent according to 25 the present_invention; o
forming an upper electrode of the capacitive element,
over the passivation film.
In a method for manufacturing a semiconductor
integrated circuit device of the present invention,
10 the capacitor insulating film includes a tantalum
oxide film.
In a method for manufacturing a semiconductor
integrated circuit device of the present invention,
the passivation film includes a amorphous titanium
15 film or a polycrystalline titanium film.
In a method for manufacturing a semiconductor
integrated circuit device of the present invention,
the capacitive element is arranged over a memory cell
selecting MISFET constituting a memory cell of a DRAM.
20 A method for manufacturing a semiconductor
integrated circuit device of the present invention
further comprises the step of patterning at least a
portion of the lower electrode of the capacitive

element into a fin shape or a cylindrical shape.

25 According to the present invention, there is



01 JUL 2003 15 Fig. 19 is a block diagram show ng a DRAM of anoth%ﬁ | 2003
enbodi nent according to the present invention; Fig. 20 is a circuit-Wi&@gan1
of a nmenory array and a sense anplifier of the DRAM of the enbodi nent 5
according to the present invention; Fig. 21 is a sectional diagramof an
essential portion of a sem conductor substrate, show ng the nethod for

manuf acturing the DRAM of the enbodi nent according to the present

invention; 10 Fig. 22 is a sectional diagjamof the essential portion of

t he sem conductor substrate, show ng the nethod for manufacturing the DRAM
of the enbodi nent according to the present invention; Fig. 23 is a

sectional diagramof the essential 15 portion of the sem conductor

substrate, shovifig e el had Lo AFRNLAGLAD NG (e DRANLOf Jde. eibodi nent

according to the present invention; Fig. IS a sectiona I'agram of the

essential porti an Qg ihess e eRNAUCTRS: SHbHIRES s 1330w ng the 20 method for
manuf acturing the M of the enbodi nent according to the present

invention; Fig. (25 i sRey oFalrimeian ofidme eseentdnd fordigniof the
sem conduct or substrate, show ng the nethod for manufacturing the DRAM of
t he enbodi nent Za@RCF @ RE@nlieINIRGHRS SRibIyHeasR;i on; 01 JUL 2003 16 Fig.

26 is a sectional diagramof the essenti al

5 (b) the step of forming a first conductive film made
of one or more films, over the MISFET;
(c) the step of forming a lower electrode of a
capacitive element by patterning at least a portion of
the first conductive film into a fin shape or a

10 cylindrical shape;
(d) the step of forming a capacitor insulating film
made of one or more films including a highly
dielectric film, over the lower electrode;
(e) the step of forming a passivation film over the

15 capacitor insulating film by a low temperature CVD
method under the condition that a titanium-containing
source gas 1is contained but no nitrogen containing
reducing gas is contained;
(f) the step of forming a second conductive film made

20 of one or more films including a titanium nitride
film, over the passivation film by a low temperature
CvD method under the condition that a titanium-
containing source gas and a nitrogen-containing

reducing gas are contained; and

25 {g) the step of forming an upper electrode of the



portion of the sem conductor substrate, show ng the nethod for 01 JUL 2003
manuf acturing the DRAM of the enbodi nent according to the present

invention; 5 Fig. 27 is a sectional diagramof the essential portion of the
sem conduct or substrate, show ng the nethod for manufacturing the DRAM of

t he enbodi nent according to the present invention; Fig. 28 is a sectional

di agram of the essential 10 portion of the sem conductor substrate, show ng
t he method for manufacturing the DRAM of the enbodi nent according to the
present invention; Fig. 29 is a sectional diagramof the essential portion
of the sem conductor substrate, show ng the 15 nmethod for manufacturing the
DRAM of the enbodi nent according to the present invention; Fig. 30 is a

howi ng 1 he. Mot ReRTor Tanit GRTbEi 7 T hG DRANT ! CRBc erian: remuSgre =t

showi ng the net manuf act uri ng odi nment

according to the; presemd pAWeNthO0on FEgim 3dnd Stide SEELAQONAb di agram of the
essential portion of the sem conductor substrate, show ng the nethod for
manuf acturi ng thesPRAM @ #hemenbodi nent according to the present
invention; 25 Fig. 32 is a sectional diagramof the essenti al 01 Jil

Q003 portion of thersesa toEbEt D6 r SHBAH F &t Eur SHYW: Ngeh heon@hdosh f or

manuf acturing the DRAM of the enbodi nent according to the present

i nvention; ¥ig.idBegsatedecironat deagcanndHf thdepessent i ahvénposihj on of the

sem conduct or substrate, show ng the nethod for manufacturing the DRAM of

t he enbodi nrent the passivation film and the second conductive film
are continuously formed by introducing the titanium-
containing source gas and then the nitrogen-containing
reducing gas into the chamber of a CVD apparatus.

10 In a method for manufacturing a semiconductor
integrated circuit device of the present invention,
the capacitor insulating film includes a tantalum
oxide film.

In a method for manufacturing a semiconductor

15 integrated circuit device of the present invention,
the passivation film includes an amorphous titanium
film or a polycrystalline titanium f£film.

In a method for manufacturing a semiconductor
integrated circuit device of the present invention,

20 the titanium-containing source gas contains
tetrachloride titanium, tetraxydimethylamino titanium
or tetraxydimethylamino titanium, or their mixed gas.

In a method for manufacturing a semiconductor

integrated circuit device of the present invention,

25 the nitrogen containing reducing gas contains ammonia



according to the present invention; . Fig. 34 is a sectional diagramof the
essential portion of the sem conductor substrate, show ng the 10)nmgihqglif or
manuf acturi ng the DRAM of the enbodi ment according to the present

invention; Fig. 35 is a graph illustrating the step of forming a TiN film
for an upper electrode; Fig. 36 is a sectional diagramof an essential 15
portion of a sem conductor substrate, shewi ng a nethod for manufacturing a
DRAM of anot her enbodi nent according to the present invention; Fig. 37 is a
sectional diagram of the essential portion of the sem conductor substrate,
showi ng the 20 nethod for manufacturing the DRAM of the enbodi nent
according to the present invention; Fig. 38 is a diagram show ng fornul as

expressing the reachbABfebBRyNERPdbEARRUMEORKhAL B RExEQUEES . Jases and

ni trogen containing reducing gases; 25 Fig. 39 is a graph illustrating the
step of OL JUL 2003 ,s forming a TiNfilmfor an upper electrode; Fig. 40
is agraph illustrating the step of formng a TiNfilmfor an upper

el ectrode; Fig. BRIEE BREGCRPRTIDNUSFr aHENGRAWENGSI| ati ons 5 bet ween t he
tenperatures at which the passivation filmand the TiNfilmare forned and
the field strength of Fagtaht dbum sricddohalndiEgyam42£fi snaegsgpliial
illustrating the relations between the tenperatures at which the

passi vation ?il nP20t4A8 PhKeaTERMiCPRARESOroFHBE taAGSY hEhPWEPE 3t PERGOR of a

tantal um oxi de fi.lm ) )
for manufacturing a DRAM of one embodiment according

to the present invention;

Fig. 2 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the

10 method for manufacturing the DRAM of the embodiment
according to the present invention;

Fig. 3 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment

15 according to the present invention;

Fig. 4 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment
according to the present invention; ‘

20 Fig. 5 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment
according to the present invention:;

Fig. 6 is a sectional diagram of the essential

25 portion of the semiconductor substrate, showing the



Fig. 43 is a graph illustrating the relations between the tenperatures at
whi ch the passivation filmand the TiNfilmare forned and the 01 JUL 2003
concentration of 15 chloride introduced into the filns; Fig. 44 is a
sectional diagram of an essential portion of a sem conductor substrate,
showi ng a nethod for manufacturing a DRAMyof anot her enbodi nent accordi ng
to the present invention; 20 Fig. 45 is a sectional diagram of the
essential portion of the sem conductor substrate, show ng the method for
manuf acturi ng the DRAM of the enbodi ment according to the present
invention; Fig. 46 is a sectional diagramof the essential 25 portion of
the sem conductor substrate, show ng the O 1 JUL 2003 nethod for

manuf acturi ng the DRAM of the enbodi ment according to the present

i nvention; and Fingethba i B msevtianal ridiagrien IFAM hef ddsemritadd i@t on of

t he sem conductor substrate, showing the 5 nethod for manufacturing the
DRAM of the enbodigrsmding drditiy (RF e9RNprieseantianvent i on. DESCRI PTION OF
THE PREFERRED EMBODI MENTS The present invention will be described in detail
10 in the following i F¥bnrects éh SBIF-INSL R HeME WS LT EHerce to

the acconpanying draw ngs. Incidental | t hroughout all the draw ngs for
expl ai ni ng the erdiiEh tQE t%ewls‘/@ﬁ‘b P Fe Mg it i ons

wi |l be designated o n eference qjthelr eat ed
description will T Cd?ff’é’rff nﬁg%?e%é% %ﬁe‘t alt'I
applied to a DRAl\égcao &&gnqgor%é:egggsgt almiérg)r over-bit line (COB)

Fig. 8 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment

10 according to the present invention;

Fig. 9 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment
according to the present invention;

15 Fig. 10 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment
according to the present invention;

Fig. 11 is a sectional diagram of the essential

20 portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment
according to the present invention;

Fig. 12 is a sectional diagram of the essential

portion of the semiconductor substrate, showing the

25 method for manufacturing the DRAM of the embodiment



20 structure in which bit lines are arranged over nenory cell seleﬁgupgzma
M SFETs and data storing capacitive elenents are arranged over the

lines. In order to formsuch a nenory cell, first of all, the principal
face of a sem conductor substrate 1 25 nade of p-type nonocrystalline
silicon is doped with 01 JUL 2003 zo ions of a p-type inpurity (boron) to
forma p-type well 2, as shown in Fig. 1. After this, elenent isolating
field oxide film3 and gate oxide film are formed over the surface of the
p-type well 2 by a 5 well-known LOCCS net hod. Next, the p-type well 2,
including the ower portion of the field oxide film3, is doped with ions
of a p-type inpurity (boron) to forman elenent isolating p-type channel

stopper |ayer 5., oPﬁ%ﬂg ?ﬁt@h§8§9%§9§?5%ﬁVé§99°MDrd lines W. to be forned

integrally with the gate electro e menory cell selecting M SFET
are formed over the priypeiyell 2,s85tSHMN &Daftlm 3¢ THESEsP@hLial

el ectrodes 6 act as the word lines W. of the nenory 15 cell. The gate

el ectrodes 6 arepbptidd by €LPOSEHiBEnAuPLbYCEYISEBLELAE shbhveag thém (a
pol ycide filmconprising a polycrystalline silicon filmand a refractory
metal silicide fihnétho@nfora sahufastoxidg thénbRamver the pmbypemmet! 2 by a
CVD net hod, and by 20 subsequently patterning those filns by the etching
met hod usi ngSa photorésngttasthbdepras&ntNemventihenp-type well 2 is doped
with an n-type inpurity (phosphor) to formn-type sem conductor regions 8
(the source regi on andigheldrasnaregebhynat Qbearamnofytbel essensiaing

M SFET, as shown in Fig. 3. 01 JUL 20U3 27 Subsequently, side wall
spacers 9 on t hePSFHECWAPT sthoe ThBigareverett Feaesratet hehasiadl thes W),
as shown in Fig. 4, and_a silicgn oxi de fi is then deposited by the

| m 10
CVD nethod. The ZPHRC%afP sPARBFRCEUELRIf bRfedR8MbGt phbeer Pﬂalwﬁﬁtgilicon

oxide film deposi by t net ho b he.reactive ion etching

met hod. Next, thgcégg?%%- géi%%gaffﬁf? taﬁﬁv% glaﬁfe oxide film4, |ocated
over one Ofébhe SourC§i§hel raknar ggensnht hg: NatyRegerhsonducher af egi on
8) of the 10 nenory cellT selecting M SFET, are %pened to formconnection

holes 11, as shopBrtilofl 8f SheAbbRicbhlSct8R Bub¥Peakel Ysh¥aiag! kAe silicon
film12 is deposited over the silicon oxide film10 by the CVD net hod and

is then patterneflethSdshemwmanuFagtubingSthexbram BPSEnéi Enbddimdaposi t ed
by the CVD nethod, is subjected to reflow thereby to flatten its surface,
as shown in Fig. aBcoMiteg thi shet heeBPSE LinventBonthe silicon oxide film 10
and the gate oxide film4, |ocated over the other of the source and drain
20 regions (the n-typBigeni@ohdudt8ecrégneh 8jagfamhefnther ¢sgentisél ecting
M SFET, are_gpened to forma connection hole 14, Next, the n-t

. -type
pol ycryst al FPne BPFFEBR PF1 FPSdEpBSFPREVGYRT FﬂﬁsﬁﬁgéﬁfiﬁﬁPY%DéstPﬁe CVD

method, is 25 paffefngdeLo fOLMA L LN, BogRingEt el Wbl h Gen:01 JU-

according to the present invention;

Fig. 17 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the

20 method for manufacturing the DRAM of the embodiment

according to the present invention;

Fig. 18 is a construction diagram of the
essential portion of a CVD apparatus used for
manufacturing the DRAM of the embodiment according to

25 the present invention;



22 n-type sem conductor region 8 through the connection hole 14, as shown
in Fig. 8 The bit line BL nay be nade of a nultilayered filmof a] TijlN 7606 m
and a Wfilmdeposited by the sputtering nethod. 5 Next, a silicon oxide
film15, a silicon nitride film16 and a silicon oxide film17 are
sequentially deposited over the BPSG film 13 by the CVD nethod, as shown in
Fig. 9. After this, the silicon oxide film17, the silicon nitride film 16
and the silicon oxide 10 film 15, locatgd over the n-type sem conductor
region 8, are opened to form connection holes 18 reaching the

pol ycrystalline silicon film12, as shown in Fig. 10. Next, an n-type
polycrystalline silicon film19 is deposited over the silicon oxide film 17

by the CVD 15 net hod, s hpywy ﬂﬂq é”ﬁékﬂ18ﬂ m20 is
t hen deposited over the oncrystaI:?ﬂgéi?ﬁ rﬁﬁéﬂ by the CVD net hod.

Subsequently, the;sbihLone¥ddtnddl nac?@of@lr@'wdgﬂé: lleys&aétﬁw@%pbldrﬁaw ng

the portions only in and over the connection hol es , as 20 shown in Fig.
12, and an n-type p0|Yﬁi?Stﬁé|i§ea3iiféﬂﬁkfdléqﬁﬁmléité“ﬁbmkﬁyﬁéﬁﬁﬂy'by t he
CVD net hod. Next, the polycrystalline silico ilm21 is patterned by the
reactive ion etCheiuﬁl@ aeidose samphofidt o5 tied tDRAN Yo Ocdeesbarineaid of the
cylindrical 25 silicon oxide film20, as shown in Fig. 13. After oL JuL
2003 this, the patgorgsnal tonehsiprevent iimrd®tiemder!ying the
polycrystalline silicon film12, is patterned and only the portions bel ow
the silicon oxide fil 0. addl pol FcsgstdndhedAgraorrt idmiseiiihg t he
side wall 5 of the fornmer. Next, the silicon oxide film20 and the

under | yi ng si | i coPOBRidRe ®f|#n 39mieend\eriRe S BYS BT FRy SRRTIRG g | qui d
such as an aqueous solution of hydrofluoric acid. At _this tine, the silicon
nitride 10 film 1@85@?%%@%{#&?5&% The | PRAY ALt S 2T T ng
stopper so that the S|I1contox resené or the(;ESG film 13 | ocated bel ow
the silicon nltrla% PFPH Y6 ?s notprenD artesult, there are obtained

eyl ndri cal {grown- shapeg) s4ora0g ele Ia&gfsd%;n%zgm gach, of o ybich: has

three layers of the po rysta |ne 5| Icon fi 19 and 21. Next, a
silicon nitride bem:ggn'éftQth¥eﬂ§@8§&&@gof)v§ub§ﬁ_€a§é”f§1@&dﬂfn g thee st or age
el ectrodes 22 by the CVD nethod, as shown in Fig. 15. After 20 this, a

tant al um oxi de fihatR4di Soi'hdnﬂh&fd@ﬁ@ﬁixﬁ@dtmemRAmeoﬁUtfﬁ@C@mIﬁkidirhm'vsI l i con
nitride film23 by the CVD nethod to forma capacitor insulating film25
for a data storingccapdtngi ve thenpnésent anvemtidmyer film having the
silicon nitride film23 and the 25 tantalum oxide film24. This tantal um
oxide film24 01 JUF200322nifsadeposiordl adiagranpef atheeedterboit 400C
by using Ta(OC2Hs) 5 gethox tantalum as the reaction gas and is then
anneal ed at &°t enBeF FBPeO%ft%ﬁoﬁ?m7@9n?605060%%?%ﬁrﬁg ngS%ﬂw%n%cY??c

f I I t trid f I

f or I‘réﬁebZIISenaI‘E@‘é‘Eﬁﬁ?a'faﬁn BeRREaFlhton HhE PRAT S, kS afhedtdat ' 0 ' °

oxide is forned a%c% eE ag ebg} Htt9§ é?ﬁ%gﬁun]OXIde film24 and the
po

| oner el ectrode 2 |con hi ch may be produced 10

by Iheir reaction at tP? h'Qﬂ R@”HeéééHiénéﬂn§§£§PQm dextnet 88sential
sem conduct or substrate % is transferred into the chanber 41-of a CVD

apparatus 40, as §BQ%@ohnoElﬁhe1§em§@oh8§&tbbesUB§€faeéeCéﬁ@ﬁﬁﬁgthéhe dat a
storing capacitive elenent may be formed over 15 the capacitor i1nsulating

film25. As ghownmeghbhefsanrahigacenrihg Sty DDRpPascat tsed48mbadimestruct ure
in which a titani umcontaining source gas such as Ti CQ4, TDWVAT or TDEAT, a
ni t rogencont ai ni ngcreddt¢hogtgashsupheasnilHdnventbhf or bri ngi ng
Fig. 25 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the

method for manufacturing the DRAM of the embodiment

25 according to the present invention;



as He (helium, Ar (argon) or NZ (nitrogen) individually through

gas supply pipes into the chanber 41. Thanks to this structure, i

possi ble to prevent a drawback that the gases 25 react in the individual
gas supply pipes so that the 01 JUL 2003 25 reactants deposit on the
inner walls of the pipes. This CVD apparabus is so constructed that only

ei ther the nitrogen-containing reducing gas or the inert gas can be
selectively introduced into the 5 chanber 41 by controlling the OV OFF of
val ves 42 and 43 disposed in the gas supply pipe. In this CVD apparatus 40,
nor eover, a vacuum punp 45 other than a vacuum punp 44 for adjusting the

degree of vacuum in the chanbars 41 Js.copnacted.d.o.p 40 Hortion of e gas
u

supply pipe for intro ng the nitrogen-contaimng reducing gas Into the

chamber 41. Thanksdaddicy aastddilddhud Ul dNg gasid, e 6ge supply

pipe is partially discharged by the vacuum punp at the initial stage at
whi ch the nitroge thayd GHAIMNANGE LU NP GRS disad M4 aducednidd and b
chanmber 41, it is possible to prevent the drawback that an excessive anmount
of nitrogen-cont adddi@irRAUYE Rtheddsrd Serdtstrafdd idriit roduced into the
chanber 41. In the present enbodi nent, the sem conductor 20 substrate 1 is
transferred imto the chanba7 4k &f ddretiadrorleneirdd e b O\Viha ppad e tisa 4 0.
After this, the inside of the chanber 41 is evacuated to a predeterm ned
degree of vacuump®rtiven ot uive merpickhd Bulise e tngtea heshowing the
titani um containing source gas and 25 the inert gas are introduced at
predet er m ned fl gethal UL rEgof ams-yzing thi PRAME charererdodnemtit t he

titani um containing source gas is thermally deconposed at about
according to the present invention;

20 the conposition rate of Ti and Nclose to 1 . 1, and an inert S, Su H}
A o
it is

Fig. 28 is a sectional diagram of the essential

10 portion of the semiconductor substrate, showing the

method for manufacturing the DRAM of the embodiment
according to the present invention;

Fig. 29 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the

15 method for manufacturing the DRAM of the embodiment
according to the present invention;

Fig. 30 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment

20 according to the present invention;

Fig. 31 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment
according to the present invention;

25 Fig. 32 is a sectional diagram of the essential



300 to 600C, nore preferably at about 400 to 450C to deposit an @Wnﬂ@hﬂﬁF
Ti film26 thinly over the 5 surface of the tantal um oxide film 24, ""as
shown in Fig. 16. Incidentally, when either the NZ gas or a m xed gas of Nz
and another inert gas is used as the inert gas, there may be forned the
anor phous Ti film 26 containing anor phous1Ti N partially, which raises no 10
probl em t hough. Next, the titanium containing source gas, the

ni t rogen-contai ning reducing gas and the inert gas are introduced at
predeterm ned flow rates into the chanber 41 of the CVD apparatus 40, so
that the 15 titani um containing source gas and the nitrogen contai ning
reduci ng gas react, as shown in Fig. 17, to deposit a TiNfilm 27 over the
anmor phous Ti film 26 thereby to form an upger el ectrode 28 for the data
storing capaciti vVRCEFEPRME ofha SRMIFPRIEFTRT | FHDTtEHES 205RPBEPHOERS Ti fil m
26 and the TiN film27. According to the nethod thus far described, the
surface of the taREENATh BT By FarBUr$R9 BV R N 2 the SRRrdHBRRETI film

26, so that the nitrogen-contajning reducin as, i s kept from 25 contacting
with the tantal unffBXPHR 1911 2 ?eAér%?e“E>ﬁﬁ%%ﬁFﬁﬁb3 z~ result, the

breakdoun strength of the {50t alum oxideolil Meanhe C8! LabI Xopreuent o

from being deteriorated € nitrogen-contai ni reducrin

di scharging tge ggs.-i{ifhee I%ﬁggﬁléoﬁéﬁétgﬁré&ﬁ%é¥a§ePysﬁgﬁiﬂ CULN punmp

45 at the initial stage at e nitrogen-containing reducing gas is

introduced into tRetRBANBEF AdnlPaPEE¥ERL LHE SXQRSSE VEn&NBHPSA Phent
ni trogen-contai ning reducing gas frombeing instantly introduced into the

chanber 41, the cgeapesaih@ncdftié gPesafitNinvesfitod) N film 27 can be
brought close to the optimumvalue (Ti . N=1 . 1). Thus, according to the

present enbodi nent, whengt h@4 Tid &1 secRIohsl depastdredobythdee &EnEahOd
over the tantalumoxide film24 formng the capacitor 15 insulating film25
of the data staripgrtapacefi veeesenbnondoctor nsthetopper sheeingdehe8, the
anmor phous Ti film 26 inpernmeable to the nitrogen-containing reducing gas is
formed in ad¥8ncem8¥epdt fer stippatachbrring Fhant AR o%i Haef PPAPI4MERD t hat

t he breakdown 20 strength (the _increase in ,.the | eakage current) of the

tant al um oxi de fi FRF2A“caA B%_B?%v%ﬁ?%ﬂnFeFP5%?§?°?6 aresult, it is
possible o Lealize a PRAMyhich hag an.i Ipigued.rely eah chargeleristics.
' forming a TiN film for an upper electrode;
Fig. 36 is a sectional diagram of an essential
15 portion of a semiconductor substrate, showing a method
for manufacturing a DRAM of another embodiment
according to the present invention;
Fig. 37 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
20 method for manufacturing the DRAM of the embodiment
according to the present invention;
Fig. 38 is a diagram showing formulas expressing
the reactions between titanium-containing source gases

and nitrogen containing reducing gases;

25 Fig. 39 is a graph illustrating the step of



25 Fig. 19 is a block diagramof a DRAM of the O 1 JUL 2003 28 present
enbodi nent, and Fig. 20 is a circuit diagramof a nenory array a;ﬂq RLSAMse
anplifier of this DRAM The DRAM of the present enbodi nent basically has a
menory array MARY whi ch occupies the nmgjor portion 5 of the principal face
of a sem conductor substrate. This nmenory array MARY includes, as shown in
Fig. 20, (m+ 1) word lines (WO - Wr arranged in parallel in the

| ongi tudi nal direction of the drawing, #nd (n + 1) conplenentary bit |ines
(non-inverted bit lines HOT 10 HNT and inverted bit |ines HOH - HOB)
arranged in parallel in the horizontal direction. At the intersections of
these word |ines and conplenentary bit lines, there are arranged in a

| atti ce shape (m.+_1) x (n_+ 1) . ry cells which have .data storing 15
capaci tive el emgﬁ?§“‘%'&§) gaHaNn%ﬁgF‘ggﬁ%l PRsEPREF ﬁgeﬁl%EEE% Qa. The drain
regions of (m+ 1) nmepory |, selecting.M SEETs, Qa ranged in a conmon
colum of the nenory g‘#ﬁayﬁm& gaggagp‘t é%é‘f’gffét%‘gpl%éﬁ vsvlgt%ﬁ 8@20
predeterm ned regylarhhy ol 9:Lne; AanzHaven! Gloat LAYRLLEAes gnal |ines of

t he correspondi ng conpFenentary bit Tines. reover, the gate el ectrodes of
the menmory cell sel eckligg U SEETS 2ah the ER A tlhgMRARN ¥eGglliSnsar r anged
in a comon row of 25 the nmenory array MARY, are codpled integrally with
the 01 JUL5200BeteeEehespendRgewardrbsnes. whiphedakepaisRadaplahe ryaki age
VP is commonly fed to the other electrodes of the data storing capacitive
el ements (Cs) of aafll thiee THENELY mC alrks foanetli butli rhet e cl@nBty-citay ofARY. 5
The word lines (WO - 1An), constituting the nenory array MARY, are coupl ed
t her ebel ow t 0 anaxXtaddréss deddeéerfiXB; and one of themis selectively
brought into a selected state. The X-address decoder XD is fed with

i nternal address signdlig.(%@ isxe) gokphi idlustrethings theomedmtioaddr ess
buffer XB and with an internal control signal SDG froma tim ng generator
TG The X-addr es®eHPESr the itempegatyrest e WOHSH AgemeRssl verretgHh 1dddr ess
input termnals (AQ - A ) wth X-address signals (XAQ.- i) and with an
rernal 15100t PR 5o e 1P AL End CETRA g o EF at P LPGT SFRB Ry o6
buf fer XB captures - ad i;gnals (XAOto XAi), fed through the
addr ess i nput ter%mt%gl%éﬁfiogg‘gé%i )%,lqlg‘r’l accordance with the internal control

signal XL and holds them @a tigeab%ga nO0fi 130, <th 38 n% 39Qr 693 24igRal s, the
X-address buffer XB genérates and feeds the internal” address signals (XO

Xi) to the X-addbessedecates té¥Rpethithrisaddr 643 cheaddepaXa ive tieineatiivel y
made to operate to decode the internal address signals (XO- Xi) in
response to 25 thedhitgle Tewelfidh bhe ifatrewdalandorheolcosicgmedraXBGrard 01
JUL 2003 30 brings the corresponding word lines (WO - Wr) of the nenory
array MARY dél ecttih@rydentiotaosiulcedt dartst ahe dfilmse high | evel .

Fig. 44 is a sectional diagram of an essential
portion of a semiconductor substrate, showing a method
for manufacturing a DRAM of another embodiment
according to the present invention;

20 Fig. 45 is a sectional diagram of the essential
portion of the semiconductor substrate, showing the
method for manufacturing the DRAM of the embodiment
according to the present invention;

Fig. 46 is a sectional diagram of the essential

25 portion of the semiconductor substrate, showing the



The conplenentary bit lines (BOT - BNT and BOB 5 BNB), constituti%g.mie
menory array MARY, are coupled to a sense anplifier SA and are selVec v@ﬂ@
connected therethrough with a conplenentary common data |ine CD. This sense
anplifier SAis fed with bit line select signals (YSO - YSn) of (n + 1)
bits froma Y-address 10 decoder YD and with an internal control signal PA
fromthe timng generator TG The Y~address decoder YDis fed with interna
address signals (YO - Yi) of (i + 1) bits froma Y-address buffer YB and
with an internal control signal YDG fromthe timng generator TG 15

Mor eover, the Y-address buffer YBis fed in a tinme sharing manner through
the address input termnals (AO- Al) with Y-address signals (AYO - AYi)

and with an interpakhe@nhel oSi RO LhBRrh ML RIHENER : 20 The
V-adoress butfer VB oot e es G 4 S 08s R gma e P e AS o A

through the addresgcbrBihgt @bMcAal §rEAGNE0 1Al bnthiBnacgaadance with the
internal control signal YL and holds them On the basis of these Y-address
signals, the Y-addressrhyf.fay YB 25sgererakesdangrbaeds the enkenmakl
address signals (YO 01 JUL 2003 mYi) to the Y-address decoder YD. The
Y- addr ess decoder p¥btisnselfe¢hevebyigadauteoepeudtertaedeshdeihbethat er nal
address signals (YO - Yi) in response to the high | evel of the internal
control signab YD@e&hdd5fbri mgaufhetooingspbrdDRgMbt- thaeesbbddimeny
signals (YSO - YSn) selectively into a selected state of the high |evel.
The sense anplifi éECSRALREI f@eShenpFespngninvenité@nts which are so provi ded
as to correspond to the 10 conplenentary bit lines of the nmenory array
MARY. Each of these unit circuits includes, typically shown in Fig. 20: a

i gnal i hes of ¢ RESSBprentnPRr S8 PRRFRER=D, BuRBDThENES ST Tor 15 o
-channel M SFETs N5 NG; uni i fi i -
naving & p-channel M SRET oA ket tel MSFET SRICEAE A CRCRS RVl t er

crossconnect g Wi th the %%&E%%ihPVQBtébn%%@tEB%iQgtﬁ RrehappehiMeREET P2
and an n-channel M SFET N2, 20 al'though especially not limted thereto. O

these, the commonly teouplredenodr €8 e arsofbahheng- ekanrahsM SFETs N5 and
N6, constituting the bit line precharge circuit of each unit circuit, are
commonly fed w thIaesidehesnaly,vehtagghk\t and the dateiebectpedes of the 25
same are commonly fed with an internal control signal 01 JuL 2003 32 PC.

I nci dental |y, theexptleindngytheagebBElimends,i peatsedndt aepbeast havibgt ween
the power supply voltage of the circuit _and the ground potential. The
internal control &P§RALCPE Eynsélerpsi Vélly Brodgriorgtsdt k¥ RPERCPevel when
t he menory cg%l isﬁ&ot sel ected. As a result, when the nmory cell is not
sel ect ed but “the FRCEFFEFSCOHIPERLS) gREF BESIE LEPS3SChESRFGHPICPBI , the
n- channel M SFETs N lagg Ne . aLe selectively turned on together to precharge
t he non-inverted and 1 inverteg'signal |l i nes of the correspondi ng

conpl ementary bit |ineggphohlifcmemny array MARY to the internal voltage
HV. The source regions of the p-channel M SFETs P1 and P2, constituting the
unit anmplifier of eachrWai briaesitl BHbbdidke tCIRMARLY ieaURbed baag conmon
source line SP. This common source line SP is coupled to the-power supply
vol tage of the ci hewihgt hieavgh aepiehainal capive tdh-SbkErPBivhicher ¢cebvyes,
at its gate electrode, an inverted internal control signal PAB, 20 i.e., a
si gnal whi ch2i0s t berunrereednsiwghah bdfitt henest ereakreantedl osegnakmBAyby an
inverter V1. Likew se, the source regions of the n-channel NI SFETs N1 and
N2, constituting tkelusetleawpbhgf MEFFEflseackd daite eitogding, capecddanen! y
coupled to a common source 25 line SN. This commopn source line SN is
coupled to the elements are arranged over the bit lines.

In order to form such a memory cell, first of
all, the principal face of a semiconductor substrate 1

25 made of p-type monocrystalline silicon is doped with



Ol Jl~l. 2003 33 ground potential of the circuit through an n-cha[{lgﬁg 0
drive M SFET N7 which receives the internal control signal PA at i aZQ
el ectrode. As a result, the individual unit anplifiers are selectively nade
to 5 operate altogether, when the internal control signal PAis set at the
hi gh | evel whereas the inverted internal control signal PAB is set at the
|l ow | evel, to anplify the mnute readpi gnal outputted fromthe (n + 1)
menory cells coupled to the selected word 10 lines of the nmenory array MARY
t hrough the corresponding conplenentary bit |lines, thereby to generate

bi nary read signals of the high or low level. Each unit circuit of the
sense anplifier SA further includes a pair of n-channel swtch M SFETs N3
15 and N4 whi chy j it rEpoﬁ% M he, 1) r 1 ted

i nput / out put n&iﬁseoq‘{]taﬁe unit gﬁ&p 1 fi ei% gond thjeneé%nfpfﬂnneaﬂ%rgvﬁc\%mmn dat a
line CD. The gaj& electdpdas@{ ihese, paired Syt chhM SRElsh&f€ comonly
coupled, so that they are individually fed with the 20 bit |ine select
signals (YSO - i¥satiram ¢he) &-aeiliessi tecodaia YatdsoRidesplim 4 herswi tch
M SFETs N3 and N4 of each unit circuit are selectively turned on, when the
correspondi ng bfdrmedieorset etite sd @tdSe (FSQ:he SNy s ewsEl 2atbg he hi gh

| evel , to connect the 25 corresponding unit anplifier of the sense
anplifier 5D Iwdl-KOH8 IO metthodt haNeor r esponeht tgrpavel bf2,
conplenmentary bit lines of the menory array MARY selectively with the

conpl ement ary compHling athe neovGy Owl sieompf chent HF 91l e omwbdhe déibm 13 ne CD,
with 5 which is connected the designated pair of the conplenmentary bit
lines of the neh®riPREG KL VARONF LCERIPPEEYRD HRISE HEY npo®Fotl pt® circuit
0. This data i (gut/outé)ut circuit_.1Qincludes a wite anplifier, a main
amplifier, a dat@ T MPutcHIRGRr LTRtACHT & ot Rt CA BYt f BFOPRFT hbA%RHT not
showmn. O these, the output termnal of the wite anplifier and the input
terminal of the hain anplifier are comonly coupled to the conpl enentary
comon dat aqzl i ne CD.yJ, ié?g_.g 1 fet i a L Ei i upl ed
to the outg%t 15 terNrﬁ}bng'l 0 th%f%%qt:g&?%%u? Qf?%véf%ef?%%%tﬁ%e{ﬁ?ﬁ%%. of
which i's coupl egoted ﬂ%@%f@ﬂ‘} GLER fRd e Miee¥sie &hecputRalt

termnal of the main anplifier 1s coupled to the input termnal of the data
out put buffer thenoty prsll eseiaating MOSEDRT | Sreofipleddt ovar 26hdat a out put
term nal Dout. \Wen the nenory cell is brought into a selected state in the
wite node, thepdayeeiwpllt Dufdierslwbwihheéndata. i Aput Tohaspugatercuit |10
captures the wite data fed through the data input termnal Din to transmt
25 the data to ehectfodes shpr¢tiay . thheserdrlinegdih afethegramguy 2003 35
changed into predeterm ned conpl enent ar%%wri te signals by the wite

anplifier and tReht witheE2 R oehfc thed n%l%ﬁ%nf%?'ﬁeeoﬁ%oﬂeaa?ﬁtjr?%e CDin
S brought 1 nt o P SEGE(EEEkr e ThitHg b (o polyElabNEIRTErY © cel

comprising a polycrystalline silicon film and a

refractory metal silicide film) and a silicon oxide

film 7 over the p-type well 2 by a CVD method, and by

20 subsequently patterning those films by the etching
method using a photoresist as the mask.
Next, the p-type well 2 is doped with an n-type
impurity (phosphor) to form n-type semiconductor

regions 8 (the source region and the drain region) of

25 a memory cell selecting MISFET, as shown in Fig. 3.



node, the main anplifier of the data input/output circuit 10 further
anplifies the binary read signal outputted fromthe sel ected nenmoryld¢dlil 2800
the nenory array MARY through the conpl ementary conmon data line 10 CD, to
transmt the anplified signal to the data output buffer. These read data
are sent out fromthe data output buffer through the data output term nal
Dout. The timng generator TG generates 2he 15 af orenenti oned vari ous
internal control signals selectively on the basis of a row address strobe
signal RASB, a columm address strobe signal CASB and a wite enabl e signal
WEB fed as the start control signals fromthe outside, to feed the
generated 20 internal control signals to the individual parts of the DRAM

Wih reference aptbfientlyloctde U161 Whbbobe geghrihedsaagelieds!g

manuf acturing a preésen I ent I'n order to nanu%acture

this DRAM the gygf as%e%lec@rédég 5 (£HE3384t 'ﬂgnégnwwndagtgﬁmsﬁb%rate 1
made of p-type nonoCrystalline silicon 1s oxidized at first, as shown in

Fig. 21, to formig.thinaghl bcan19xbgeckihm 231mAlbeL st Bhén aago@if@eaet hod
is used to deposift a 5 silicon nitride filmb54 over the silicon oxide film

53. Next, the sbhi epa oibr ndenbil m bAei sigbchadibgpuserg a phet epesikat as

t he nask, to renove the silicon nitride film54 of the elenent isolating
regi on. Next, the penteendugt ahessghiticaheokide d@nmneal édpdBibygdusiynghthe
silicon nitride filmb54 as the mask, as shown in Fig. 22, to formthe field
oxide film 3. NE¥D, melbodi | byothri repdéifviel Apb4eitshiagometthodnd t he regi ons
of the sem conductor substrate 1 where the nenory array and the n-channel

M SFET of the 15 perNﬁﬁén Fhélﬁé&#?o&r@xﬂéebélﬂérﬁ@daéﬁetaépéétﬁnth i ons of

a p-type |npur|ty %Foron to formthe p-type well as shown in Fig.
23. The regi ons % hélégnlcoﬁHE@FSF ?HS§tP8Fe°f t%ﬁe?@“?ﬁ@ pREhgRAE,

M SFET of the peripheral ﬁerUIt i S forqu IS agae ? Egd with ions
of an n'-type i ASIHEY (F sBﬁgyprffmfgongﬁlgﬁ ﬁe9598e P

Subsequent | t y (o] Qn he p e inpurity
(B) to for i he %%m% VB8 8l%°lt§f‘§ DSt ho2hgogh %1 (el 2 R e doped
with ions of th%d%ﬁé&%lb%P%ohEEUﬁhtya%PLhB%nfQEU?EBG 'tXE%th%HE%| ~1
JUL s tpPer .~ aYer ~ , v Aftér _t ideal"active're i is, the

surfac Ype wel %no@st@bee@oq&cky%haaaaabYsl1$aoaeﬁhmad1bYle aa@oaikﬁee Vel |
he S rrext o~id ~zed to formhe f'~e-~d oxide f . 2 and the wo , there ar
the gate aim 3 anverathéd siddecvDpxdde tfhla flOr vgd theglVe eZtkoddenfli | m 4.
gate el eC a nenoxY ¢ ectrde 6A electrode 6 erode 6B of the n_ ell 5electin9
Mks (the caru-~is &hen @ﬁtﬁﬁénﬁﬁchaﬁnéh@Wanﬁ@lFWDSFET an FF~~ and (the Wrd

shown in Fx%. 2 1 MISFST of the d a _gat
X Next, a BPSG film 13 deposited by the CVD

method, is subjected to reflow thereby to flatten its
surface, as shown in Fig. 7. After this, the BPSG
film 13, the silicon oxide film 10 and the gate oxide
film 4, located over the other of the source and drain
20 regions (the n~type semiconductor region 8) of the
memory cell selecting MISFET, are opened to form a
connection hole 14.
Next, the n-type polycrystalline silicon film,
deposited over the BPSG film 13 by the CVD method, is

25 patterned to form a bit line BL connected with the



are simul line W) and the ~~ fihe gate el ec peripheral filmover ~aneouSlY
fornmed gate electrdes 6 trode 6A b B nethod b the sem conductor y {1 JUL 2003
depositing a tun and 6~ a ' Y depositin Subst~ra.~A gsten (G-!) i5 pact w
fzZlmbY the pla a s~l~cn nitrid i by the cVp ern~ng thse f sma CvD nethd a
f~Zm S~ ~er pho-~oresist as xxms b~,, the et ~ and then bY Next, the its
mask. ching method usa.n 9' a p "~ w, typg ~nmPuryty (pYpe weld 2 is dope F
~th the zns f t ) and the n~tY d Wth ions f th Ig" 2S. BY the he P tyPe
imPur.i ~e Well 5S is dope a ~nPurity (P) fr latar annex-ding s ty (B)r as
shown d ( the nms the tep, .~h -~n Cell ~ urce region and n' "type senmconduC
a n—-type eleCt~ng MKSF the dramre for regin ZS regzon 58 f the E~ and an

n" "ty 9ion) of the .circuit, and the n gchann F ;

seni conduct or onprégig?ﬁéﬁﬁ?égpf?ft?ﬁgi%ﬁi% é?% u§%fg$%;£%b€€f§¢%n 01
JUL 2003 38 sem ugcj or_, L eg 5 L hesp-c Tnof

peri pher al Circdﬁggghgii,a%h%ﬁgg%égﬂg%féép%bergﬁ%ng%%hqgﬁ%;%goﬂé?ﬁ%e

i ndi vi dual side yahdsopfatne: 0oL oleqt EPHR A LtRenSeyprdahhng Wi iapd the
gate el ectrodes 6B and 6C, as shown in Fig. 26. After this, the p-type well
2 of the periphedg@bosit&dibyi shaopedrvbtingonstRbat he n' -type inpurity (P),
and the n'-type well 55 is doped wth ions of the p-type inpurity (B). The
side wal|l 105spacers egte dosieicdy Sepasi tinf B5s5i4i sOnicbhrhderidém over
t he sem conductor substrate 1 by the plasna CVD net hod and then by
processi ng the sfilmoht netdidesilioobyokhée afii ot idpace esetagtiel hpd.

Next, the sem conductor substrate 1 is annealed 15 in an atnosphere of
nitrogen to diffédseroshecdf overehte oRRICnELilypk3i hpukhe yCYP) mahdod, t §pe
impurity, as shown in Fig. 27, thereby to formthe n'-type sem conductor
region 8 (the sofPeErdyibhdand- t ReEBPRI ARE8gi BRG BElifFe N nerb§ E&ip

sel ecting M SFET, ,20,the n.-type senm conductor_region 58 and an n'-.type

sem conduct or redl on“B® %flfﬁ% n? Fﬁhﬁglgf§%e£ﬁﬂ%é%TQ%%dsfﬂécﬁg-?§bég

sem conduct regi a 5" 1 CO tQr Lon of th

p- channel N?QFETQ%?Qtﬁg’pgg?%ﬁg?a§y%?rgﬁglg E%%gs%%?%gg?gﬁ?g%raﬁﬁéﬁgﬁin 25
region of the n-@hagpgg%b%%ﬁt febhe esahaéé@;aﬁ hoPdsIth 2003n895Chhgui t

i ndi vidually have an L Lightly Doped Drain) structure having t%e n"-type
sem conductor regbbicpPs8adIIRe Hir1ypR semhcondustosnsegi on H9g.and.the
source region and drain region of the p-channel M SFET 5 individually have
an LDD structure havingxtheap-rntypee spalgondacadlinegsdNiSOnandliinhedp' -t ype
sem conductor region 61. Next, a silicon oxide film®62 is deposited over
the menory cell 3eléepoaygtef SFEIT abldet hdlhcehapnifie 101 M SFETbENthe hEVD
p-channel M SFET of the peripheral circuit by the plasma CVD nmethod, as
shown in Fi§° 28mehhedi sepofPeWadiR oF$Pat Len R 3uFihieOByOkkde film

chem nonechani ca olishin CMVP thod. After this, the.silicon. oxide
T B ord T he Al et LoReR % e IR 008 Aht cho byt Bir ha Tt hhob ol eoPEl as
t he mask to nake nnegtion,_hol 6 d.64 gver the nst sem. conduct or
region 8 (the soﬁgg% ?gg%%nt%%d8§%é%%?§?ﬁ’re%?%ﬁ?q%?n?ﬁ yﬁgh r?lgéfgn

sel ecting M SFETq,£80n2et §080 hol €8y $pnAPE-881 QVEL+LEn0a; t YR ving the
portions only in and over the connection holes 18, as
20 shown in Fig. 12, and an n-type polycrystalline
silicon film 21 is then deposited by the CVD method.
Next, the polycrystalline silicon film 21 is
patterned by the reactive ion etching method so that
it is left only on the side wall of the cylindrical

25 silicon oxide f£ilm 20, as shown in Fig. 13. After



20 sem conductor region 60 (the source region and the drain region) of the
n-channel type M SFET of the peripheral circuit, and connection

and 68 over the p+-type sem conductor

iy

region 61 (the source region

drain region) of the p-channel type 25 M SFET. 01 JUL 2003 40 At this
time, the silicon nitride film57 forned over the gate el ectrode 6A (the

word line W) of the nenory cel

sel ecting M SFET, and the side wall

spacers 9 of silicon nitride forned gop the side walls 5 are slightly

et ched,

so that the connection holes 63 and 64 are forned in a

sel f-alignment manner. Likewi se, the silicon nitride film57 formed over
the gate el ectrode 6B of the n-channel M SFET of the peri pheral

t he gate eIectrodwiégieﬁetpglﬁgr?sgggnpgg M BFEIn anfinthe, sisi@er@ingpacers

9 forned on the side walls are s

circu

it and

ightly etched, so that the connection

holes 65 to 68 atkefpobhpdrystaliehé 8i1g9686RNELIMANDES .1idheattephadi agdfil ns

deposited over the nenory 15 cel
and p-channel

sel ecting M SFET and t he n-channel
M SHET bliet berptengheebbwctheusilitaon bextdenpllini 2d dpdnot

only the aforementjoned silicon oxide film®62 but also an ozone (031-
fil mdeposited BBPIVErCYERhbinddSibican 6dne2 TECS iRy rEheosHlAoNelE
deposited by_the CVD nethod. The surfaces of the insulating filns are
flattened |i%ke tE EPfi£8RAM8Xide film 62 by the cheni no-mechani ca

i shing (CVP) net hog. L ugs_69 f til d filmof TIN
25 and Warc buried | 1eFhe EBRRBLEIBRRnOFLaccs B 4, ~28 Eh61 U 2003 41

shown in Fig. 29u
t he bondi ng | ayer

a wet etching liquid such as an aqueous solution of

hydrofluoric acid. At this time, the silicon nitride

10 film 16 below the silicon oxide film 17 acts as

the

etching stopper so that the silicon oxide film 15 or

the BPSG film 13 located below the silicon nitride

film 16 is not removed. As a result, there are

M SFET

BPSG
i | ane)

nJLFES3 R U981 820" S.L8LTEE:RY19R0s  LLRG. ALY Dt bhm o

obtained cylindrical (crown-shaped) storage electrodes

15 22, each of which has three layers of the
polycrystalline silicon films 12, 19 and 21.

Next, a silicon nitride film 23 is thinly

deposited over the surface of the storage electrodes

22 by the CVD method, as shown in Fig. 15. After

20 this, a tantalum oxide film 24 is thinly deposited

over the surface of the silicon nitride f£ilm 23 by the

CVD method to form a capacitor insulating film 25 for

a data storing capacitive element, of a multilayer

film having the silicon nitride film 23 and the

25 tantalum oxide film 24. This tantalum oxide film 24



the substrate and the Wfilmover the silicon oxide film 62 by th%%JULZWﬂ
sputtering nethod, by subsequently 5 depositing a Wfilmover the Ti

by the CVD nethod and then by etching back the NI filmand the TiNfilm At
this time, a Ti silicide (TiSi2) |layer nay be formed over the bottons of

t he connection holes 63 to 10 68 so as to reduce the contact resistance

bet ween the plugs 69 and the substrate,, The Ti silicide layer is fornmed by
depositing the Ti filmover the silicdi oxide film 62 by the sputtering

met hod, causing the Ti filmand the substrate over the bottons of the 15
connection holes 63 to 68 to react with each other by the annealing nethod
at about 800C, and then renoving the unreacted Ti filmleft over the

silicon oxide filmfa ty J& 4o ki film

and the Wfilm d’ep05| tote% overa\qfheet?sﬁﬂl con oxl 395 ZE@ffl | m 62 arbé’h S-th d back
to formthe plugs &2, H'\Be e thichy! R8T aBLE )aRd BlRé aBdcWibhngaki Aes QA and
70B of the peripheral® tircuit afe formed over the silicon oxide film 62, as

shown in Fig. 3Gnethesadited idtes Rlehpiid flre avd a¥ddngdo res 17/@dcard 70B
are 25 simultaneously forned by depositing a Wfilmover the O 1 JuL 2003

42 silicon oxi desf idsrey dy diketiias murCdareihed, 1dnp smhsequenrt | y
depositing a silicon nitride film71 over the Wfilmby the CVD nethod and
t hen by pat ter niappadedses f i |Tindey thee siticdhiorg migthickk UsSilng i Fvotedesi st 5
as the mask. The bit line BL1 is electrically connected through the
connecti on hol e BEFvfierh e Yantad-unt ysd dserfiidondidctegd rdg @EBRRasf t he
source region and drain region of the nenory cell selecting M SFET. The bit

10 line BLZ i s éH&ITHQER PTG e tiyairsh E%étrt%ﬁ-r‘i‘é'@cr hASEWS™W t h
one (n -type sem cor]Cduct eqgi.on 60), of the souyrc and ai_n region
of the n-channel r} %Ii"l‘—_“ro%fdgﬁ tg} ?H ﬁ%g%d

the wiring |line d[@_ycg §J\1€al r% 1 O%r 5;5}‘?: 1§ ef,lctmrlcablel ro%p%e%ted
through the conn i“on “h Q%é'{ elhajt (or%lch A sem conhduct or
region 60) f the squge e%git%rarg\dc dJr?é rhl Hrdiie teﬂe‘}l}%%%' M SFET,

and the other 207end 1s ectrlcal connec ed roug connection hol e

67 with one (the p’ -théB@c S%Hé%ﬁ@&{ddcﬁﬂjxo%@s)tﬁté he jsource region and
drain region of the p-channel M SFET. The wiring line 70B is electrically

connect ed t hr ougirdrier caarmecitrdwn 4 eHEhodd 1 her of e @dcdiys -4ope
sem conductor region 61) of the source region
as shown in Fig. 18, so that the upper electrodes of
the data storing capacitive element may be formed over
15 the capacitor insulating film 25.
As shown in the same Figure, this CVD apparatus
40 has a structure in which a titanium-containing
source gas such as TiCg,, TDMAT or TDEAT, a nitrogen-
containing reducing gas such as NH; or MMH for bringing
20 the composition rate of Ti and N close to 1 : 1, and
an inert gas such as He (helium), Ar (argon) or N,
(nitrogen) individually through different gas supply
pipes into the chamber 41. Thanks to this structure,

it is possible to prevent a drawback that the gases

25 react in the individual gas supply pipes so that the



01JUL 2003
01 JUL 2003 43 and drain region of the p-channel M SFET. Next, side wall

spacers 72 are fornmed over the individual side walls of the bit lines BL1
and BLz and the wiring |lines 70A and 70B, as shown in Fig. 31. 5 These side
wal | spacers 72 are fornmed by' depositing a silicon nitride filmover the
silicon oxide film®62 by the plasma CVD nethod and then by processing the
silicon nitride filmby the anisotropic etching nethod. 10 Next, connection
hol es 74 are fornmed above the aforenentiZmed connection holes 64 which are
formed aver one of the n-type sem conductor region 8 (the source region and
the drain region) of the nmenory cell selecting M SFET, as shown in Fig, 32,
by depositing a 15 silicon oxide film 73 over the individual bit |lines BL1
and BLz and wirin j 0 . L0B. b h S D, d,,;
subsequent |y poligﬁ%%ggﬁﬁ% é???géﬁ g&iggéfgvﬁ%$3agégg}Sge%ﬁgap%Péf'surface
by the chem nonmechani cah; RokiBhEpP LM Bt B8dcoABdrLiReBabY¥hEECBANG 20 the
silicon oxide film73 by using a photoresist as the nask. At this tine, the
silicon nitride feliahdd tRenpdtovgentBenbhlinkhgerBalcingdghbeosi dreval l
spacers 72 of silicon nitride fornmed on the side walls are slightly etched,
so that the connedheonh Hakesardbar ee2bctovetg intaodebbdalihgomehe manner.
01 JUL 2003 44 The insulating filmdeposited over the bit |ines BL1 and BLZ
and the wiring |iobsmBeA Ahdby0Bonanobéisgenpki ONEAFByofAovabmky #Rheand
aforenentioned silicon oxide film73 but also the aforenenti oned ozone- BPSG
5 filmor ozone- TE®SdfEpasedr ia shengea- ghassy(8OGR-film Wen the
ozone-BPSG fil mor the_ozone-TECS filmis used, it is polished to flatten
the surface by the chefiinsbiEch¥Ri @BP2pBILIEhEAg FENPPVAREL h8dVEFHEMaPHPPt 0
t he polishnent of éhe Silicon oxide film 73. %0 Next , Iu%s 75 of Ware
buried in the confiecPFBRThEPER F4V2GRUBHhBRAR A4FEGT 391 UShd Foler
el ectrodes (stora | ect r.od 6.0f . the data stqrin itive. el enment
are then forned o§§99?§e5£oﬁﬁééyﬁoﬁ“hgﬁgsCgﬁT%% eaévﬁ u%gggécg?é Fgr%ed by
depositing a fi L L i i 7 -C\VD,.pet hod and
t hen by etchﬁﬁg bggte¥ﬁé é?f%ﬁ%\géﬁegﬁgagg g?@%t%o egngéogpglggrﬁe by
deposi ting the W Hikmg4arcbReashhhgoReaubdagl Hhl 13 tBY thBetMRprERt Aed and
then by patterning the Wfilmby the etching nethod using a photoresi st
Thanks to this construction, in which the gas in the

gas supply pipe is partially discharged by the vacuum
punp 45 at the initial stage at which the nitrogen-
15 containing reducing gas is introduced into the chamber
41, it is possible to prevent the drawback that an
excessive amount of nitrogen-containing reducing gas
is instantly introduced intoc the chamber 41.
In the present embodiment, the semiconductor
20 substrate 1 is transferred into the chamber 41 of the
aforementioned CVD apparatus 40. After this, the
inside of the chamber 41 is evacuated to a
predetermined degree of vacuum by the vacuum pump 44.

Subsequently, the titanium-containing source gas and

25 the inert gas are introduced at predetermined flow



20 as the mask. Next, a tantalumoxide film77 is deposited over the |ocaer
el ectrode 22, as shown in Fig. 34. The tantalumoxide film77 is dkbdidi 7088
by using the CVD nmethod of an excellent step coverage. The tantal um 25
oxide 77 is deposited at a tenperature of about 400C O 1 JUL 2003 45 by
using, for exanple, TA(OCZH~) as the reaction gas and is then anneal ed at a
tenperature of about 700 to 1, 000C gy using an electric furnace or a | anp
anneal i ng apparatus. 5 Next, a condlctive filmfor the upper electrodes is
deposited over the tantalumoxide film 77 by using the CVD apparatus, as
used in the foregoing first enbodinment 1. The titani umcontaining source
gas used at this tine is exenplified by Ti CR4, TDVAT or TDEAT; 10 the

ni t rogen- cont aifdiyag rHeducithe @rsnbereanpld fied h\NH3 temiMdd, or their

m xed gas; and the inert gas is exenplified by He, Ar or Nz, or their m xed
gas. |In the preseaiendistitice igas Jasahexima lilyt dedetgobsad at atanber
of the CVD apparatus in 15 accordance with the steps, as illustrated in
Fig. 35. Speci f3aGfhaltdoy 6 M€, C rarze prest emneddiyateed aboued priddeteerdfidred twegr ee
of vacuum and the inert gas is then introduced while raising the

t enper at ure of darRessibsiy areroirars tThe Killys tAtattdindiyperv@turdshecones 20
substantially constant, the titani umcontaining source gas is introduced
and thernmally REFRASGSEE e GaRt@ pus Sxists G M 136 7@ sed@vaiddt y of Ti
and having a thickness as snmall as about 30 to 50 angstrons, over the
surface 0 the t&ntd umBGEEF i3 MY?7 Whed &ighes 5% i §as3er @

Subsequently, the njtrogen-contai,nin 01.1UL. 2003 46 reducing,gas is
2! GRini Mand PoabOEloh TRSFReSErL Afi UREEoRCATHERg gas

i ntroduced i nt &rie

thereby to depolsri__élrge i 2 g%?;??%%%ﬁ the-suyfiace of the passi V@:glibnpn film

78, as shown in res Ive reactions at  this tine between

the titani um cofy ald) g rSHY EadashAld 11 JuA¢:Q08R, ol Ng d&dycd ng gas
are shown in Fig. 38. The titaniumcontaining source gas may be introduced
substantialdy sizBHlanefissigh.with the inert 10 gas while the tenperature of
the substrate is raised, as shown in Fig. 39, or just before the

i ntroduction of the Nustr,ogére containimgareduiciingy gasiras gdowetda g. 40. In
ei ther case, however, the titaniumcontaining source gas is introduced
prior to the i miothagn-siprgfaining reducing gas and the inert gas are

introduced at predetermined flow rates into the
chamber 41 of the CVD apparatus 40, so that the

15 titanium-containing source gas and the nitrogen-
containing reducing gas react, as shown in Fig. 17, to
deposit a TiN film 27 over the amorphous Ti film 26
thereby to form an upper electrode 28 for the data
storing capacitive element of a multilayer film of the

20 amorphous Ti film 26 and the TiN film 27.

According to the method thus far described, the
surface of the tantalum oxide film 24 is covered with
the amorphous Ti f£ilm 26, so that the
nitrogen-containing reducing gas is kept from

25 contacting with the tantalum oxide film 24. As a



15 the nitrogen-containing reduci ng gas. Then, the passivation film?7 S
formed on the surface of the tantalumoxide film 77 by the t her mat0 1 JUL 2003
deconposition of the titanium containing source gas, and prevents the
contact between the nitrogen-containing reducing gas 20 to be |ater

i ntroduced and the tantalumoxide film 77 thereby to prevent the
deterioration of the tantalum oxide fa7l m 77. When the passivation film78
and the TiNfilm79 are deposited over the tantalumoxide film 77, under 25
such a filmformng tenperature condition that the O 1 JuL 2003 47
harrier of the passivation film 78 against the perneation of the
nitrogen-containing reducing gas is sufficiently high. Specifically, the

filmformng step-d§, execiied Aladad @Mty & | eind hamh 8w oxide
crystallization tenperature to formthe anorphous or polycrystalline

passivation filmg8 phigh B‘@srépﬁ@o%tﬁﬁe‘;&%@d Ne A A VI P St Hasrated

pernmeates than a crystalline film e optinmumtenperature at which the
passivation 10 fiby #if attcddgedi dbdtd i arendorqedds. didyf erent
dependi ng upon the kind of the titaniumcontaining source gas and the

ni t r ogen- cont ai ni digscieshtigimy gas daos ben ustesl gaxd $inep Yy coide nedroiebigt | S
general ly 550C or | ess when the nitrogen-containing reducing gas is 15
exenplified by NH3 prefacbly HOOC 45 desshe anti e praferablwhidS0C or

| ess when the MVH is used. Figs. 41 and 42 are graphs showing the results
of an experinment tievibdereaer-¢edtainindarefepinhedds | s fiorriepuced
tenperatures of the passivation film78 and 20 the TiN film 79 and the
field strength ofiiFe ERMtEPURRIRI 4o ¥PIPFF7RNTE Bhe XIS RNPYRT P L

trength of 10'8 Alcnrz when the, positi + oltage is applied to the
3ppergel ect rode n‘&ﬂ*ér%‘?e?h%or"fﬁ\f"%rrﬁg?n ‘I'?‘%uﬁ(frfgg \F/?EQS rzor!%ﬁ%%\ggq Ihjenﬂ%‘mly

strengih of 10- Mepraben Lhe, 26,0000 kNe (1), VOLL agSnLo-2pEL edl L, Lhe

sanme upper 01 J el ectro e draw ngs: open circle

indicate the piel ghgtgengtphahenyt fey fi 5.2 6,4 05 PBGGIL LNSsStEPScsdown in
Fig. 35 (the inert gas = He + Ar, the titaniumcontaining source gas =
Ti CR4, and the optimum value (Ti : N = 1 : 1).

Thus, according to the present embodiment, when
the TiN film 27 is deposited by the CVD method over
the tantalum oxide film 24 forming the capacitor

15 insulating film 25 of the data storing capacitive
element to form the upper electrode 28, the amorphous
Ti film 26 impermeable to the nitrogen-containing
reducing gas is formed in advance over the surface of
the tantalum oxide film 24, so that the breakdown

20 strength (the increase in the leakage current) of the
tantalum oxide £film 24 can be prevented reliably. As
a result, it is possible to realize a DRAM which has
an improved refresh characteristics.

(Embodiment 2)

25 Fig. 19 is a block diagram of a DRAM of the



5 nitrogen-containing reducing gas = NH3); solid circles () indicate the
field strength when the filns are formed at the steps shown in Fild. JUo20§} he
inert gas = He + Ar, the titaniumcontaining source gas = Ti C24, and the

ni trogen-contai ning reducing gas = NH3); open 10 squares (D) indicate the
field strength when the filnms are forned at the steps shown in Fig. 40 (the
inert gas = He + Ar, the titani umcouté i ning source gas = Ti CY4, and the

ni t rogen-contai ning reducing gas = N ?; and solid squares () indicate the
field strength when 15 the filns are formed at the steps shown in Fig. 40
(the inert gas = He + Ar, the titaniumcontaining source gas = Ti Ck4, and
the nitrogen-containing reducing gas = NH3 + MMH). , It has been found out
from the af or enenfprezectht2@mtesiiintentngf arde FebgperdOndrt at ledircuie fdisgdam
strength of the tantalumoxide film 77 generally increases and the | eakage
br eakdown vol t age off a ercapacitmy iarsllatsengd idmplild lienpody ddhivh &RAMe
filmformng tenperature of the passivation film78 and the TIiNfilm79 are
low. O 1 JUL 2003 49 TheciRRAM A1 then nyasedrto ehatingsdd bBsiaaldihingp
process, chlorine produced by the deconposition of the titani umcontaining
source gas (Ti C~4@ M&NHH Y AR WG ORI &I & IC RAR TR on

i ncreases as the filmformng tenperature | owers s.,sho i 0. 43. If
chl ori ne of hiTgh @oghécehfﬁ TR lg‘?asl (rgapci%roed g nset“hleccj&gﬁxtﬁ}:&ﬁ \\Ilgglt}sinillr%t%'
constituting the YRR ﬁﬁt qﬂ_q, l.Qrd o] f er. er t

wiring lines contai n%\d% i{a urﬁ%%@hﬁéulgﬁj%ier%or%% olrllthq:toJleg(r'-Ss i}%
connecting the up el Eﬂq.p i L ld e gieent Mg 44 nes
are formed over tﬁg‘{ u+pplg)(r:twre ectl?lg%e% Qg%d’"f[ hak{hg)t hde_ potenti (j ti;:%aus]i ng ftlhe

Wi ring corrosion rdesS.ondeb @i te dedovdy df Nide Arddigd,l ldAd ordnnan )
tenperature of the passivation film78 15 and the TINfilm79 has to be

det erm ned consi dejdniifgldrtnhtare bit thihgrot @n-alnvdyedd M thilghese|mat i-on
ratio film®80 is deposited over the TiNfilm79, as shown in Fig. 44. After
this, the hid® selBNR iam rigtvexrted ig),lirms BB f+ |IBAR0 S andssd gassi vat i on
film78 and the tantal umoxide film77 are patterned by the dry etching

met hod using a phaarasiat & thee hreizonerk gtvegtiPper A 9 ode (plate
el ectrode) 90 and the capacjtor insulating fihc (the tantal um oxide film
77) thereby to coffVeFelans R SLRASH i RFE aplRes i3 GARIRMeRtary

Si mul t aneousl y 1 JUL 2003 50 with this, there are further forned wring
lines 81 and 82 oPthe- AT pHEASH® ATR (F1EaRA HiTy 1R A KhG DI ERT o ¥ i T m 80

is afilmacting the etchi'[ st opper en th ilico oxidﬁfj m and t he
silicon nitride 5 Y@ et € Eﬁ‘é%f“%’? _t%eej_‘ %_t“érPl%q? Z’]’oqsveandc:atn%ys _oerlerlkq her an
insulating fifgn Orce?pac&“é’ﬂ?é'é/&r}i#{@!{cé} dfa MdfoQf SerBi&idlelayi ng a
hi gh etching selection ratio of the silicon oxide filmor the silicon
nitride film Nextyisrsidi@odn oxide film83 is deposited over 10 the data
storing capacitive element Cs and the wiring lines 81 and 82, as shown in
Fig. 45. After this, thFhe drain regions of (m + 1) memory cell
| selecting MISFETs Qa, arranged in a common column of
the memory array MARY, are alternately coupled with a
20 predetermined regularity to the non-inverted or
inverted signal lines of the corresponding
complementary bit lines. Moreover, the gate
electrodes of the memory cell selecting MISFETs Qa of

the (n + 1) memory cells, arranged in a common row of

25 the memory array MARY, are coupled integrally with the



silicon oxide film83 is dry-etched by using a photoresist as thejagk 9
forma connection hole 84 over the upper electrode 90 of the data storing
15 capacitive elenment Cs and a connection hole 85 over the wiring |ine 81.
Sinul taneously with this, the silicon oxide film83 in the region where the
wiring line 82 is forned, the silicon oxide film73 and the silicon nitride
film71 are etched to forma 20 connegjfion hole 86 over the wiring line 70B
of the peripheral circuit. At this tifie, the upper el ectrode 90 and the
wiring lines 81 and 82 are covered with the high selection ratio film 80,
so that they are not etched and thinned. 25 Next, 'the high selection ratio
film80 covering O 1 JUL 2003 51 the upper electrode 90 and the wiring

lines 81 and 82 dos-1@lphedinds woheMl i shi 0a 48-ddR t@4ResR @ erdd on of the
wiring line 81 in the connecCtion hole 85 and one end of the wiring |line 82

in the connecti @dihele & i% NeXmonhugeBELficnE Niher \Wheaitedddd @F in the

connection holes 84, 85 and 86, as shown in Fig. 47. After this, wring

|l ines 88A, 88B amd 88Camederahga oupaditayer dlidnemis Alds jarg BN, tdee formed
over the silicon oxide film83. As a result, the wiring line 10 81 of the
peri pheral circuemdry ceiiecipethstdirtougng hhaevMmamagyl ianesy88@BRrANd 82 with
the underlying wiring line 70B. Thus, according to the present enbodi nent,
when the TiN film 79 The dopdsiltiegshy Whe WowW ,t emrertdtiyrte ns tOeD meastcryd  over
the tantalumoxide film 77 constituting the capacitor insulating film of
the data storinGEa¥atiPRve 3@Pe P ies teFEalde WpFer *eladdasde 90, the

passivation fil 78é{'e6rr£er neable to the nitraogen-containing reducing gas is
formed in 20 ad\rﬁgl'fl‘&? &Pt RS I SF JPAhe S aRETVSEHETAUGHE3, “so

t hat the degradati.on of_ the breakdown vaql.ta e increase in the | eakage
current) of the tamt 4l t?r%tlgﬁt&éi fsll%a%eﬁ carr g(gag%\?esrﬁgr croxg%lra B *Sas a
result, it isp i bl.e,tq r i_ze %}\é i iJmpreved 25 refreshi
characteri sti cs%% yf%%g%t%%l:?aéz a% houg\#l(%ﬁ%llﬁe}%ti or%(%aasoel{)e@nhL i

speci fical Iy desgrided-dn £ORNSEHI AT NS 4d:S @M TS od 4 WA not be
limted thereto but can naturally be nodified in various manners w t hout

departing from tditrdd sfidgohkar evic fien foregning firaddmntts havdeen
described in cases where the upper electrode of the capacitive elenent is
made of Ti N, butX-tavklngerses éntf fienved® iien fah ial so thiemeamilareichd magmner

sem conductor integrated circuit 10 device in which the upper electrode is
made of a mat er iHIridherddrassTiinpudx digptniinadd ATaNAMhertH TaN filmis
deposited over the tantalum oxide film by the CVD nethod, for exanple,

there is used a%m@KERIH SHINEH STAFBEZHS)X M) radrhidiFTwiath pternal

nitr n- inin
troge C%E;a coé%rol signal XL from the timing generator TG.

The X-address buffer XB captures the X-address
signals (XA0 to XAi), fed through the address input
terminals (A0 to Ai), in accordance with the internal
control signal XL and holds them. On the basis of

20 these X-address signals, the X-address buffer XB
generates and feeds the internal address signals (X0 -
Xi) to the X-address decoder XD. This X-address
decoder XD is selectively made to operate to decode

the internal address signals (X0 - Xi) in response to

25 the high level of the internal control signal XDG and



15 reduci ng gas such as NH3 or MVH. By form ng the passivation filﬂlqmgr 1
the surface of the tantalumoxide filmprior to the formation of t ﬂm
film therefore, it is possible to prevent the degradation of the breakdown
vol tage of the tantalumoxide film 20 which may be caused by the contact
with the nitrogen containing reducing gas. The present invention can al so
be applied to the DRAM or nonvol atile nmenory in which the capacitor
insulating filmof the capacitive' elemeps is made of a 25 highly dielectric
filmor a ferroelectric film other 01 JUL 2003 53 than the tantal um

oxi de, such as BaSrTi 03, SrTi 03, ~3aTi03 or PZT, or ZnO doped with B
(boron) or F (fluorine). The effects obtained by a representative one of

rile inventi Onsbgrﬁggggﬁgh%ﬁég Shtn00,Ok4 of 1 ¥odepfi6 | e

foll owi ng. Accordin e pres I on, When t N frfnrrs

deposi ted over &Qﬂok%”é@%&{}“ ﬁxweséiwcf\t?@f%'wcbng &@Ee@@@@cé%é’fe of
insulating filmof the 10 capacitive el enmen formthe upper el ectrode,

t he passivationtﬁglﬁlﬁﬁ fegaed in advance over the surface the tantal um
oxide film so that the contact botween the nitrogen-containing reducing

gas and the t,~ntal umextdepléhaneanybpipreveasedsdo foBRTaad® KbBpacitive
el ement having i nproved breakdown voltage characteristics. According to the
present invéntiBNB)t heocastitutahgedthbangeony sheagaparYii secetenphedcan be
i ncreased by constructing the capacitor insulating 20 filmof the
capacitive el entnt aokensei bmphafiag aAhagh areéabetectévednstannectedl JUL
2003 - 54 dainms : 1. A nethod for manufacturing a sem conduct or

i nt egr at ed C|rcﬁhﬁréébF@EShcﬁhﬁhl§|ﬁ@mphem%PEQ§Yo$®mW@? fotm hgna €Rpacitor
insulating filmof tantalura oxide over an_| ower electrode over a first

mej or surface ofP4SsERPEBnaANRELF-StibStr dPefePnyLEnBAFi A EhESLEPACI t or
g T g 3501 S DEL R et 200, B o 8RPESH L8, B0s PPer

10 decoder YD and with an internal control signal PA from
the timing generator TG. The Y-address decoder YD is
fed with internal address signals (Y0 - Yi) of (i + 1)
bits from a Y-address buffer YB and with an internal
control signal YDG from the timing generator TG.

15 Moreover, the Y-address buffer ¥YB is fed in a time
sharing manner through the address input terminals (AO
~ Ai) with Y-address signals (AY0O - AYi) and with an
internal contrecl signal YL from the timing generator
TG.

20 The Y-address buffer YB captures the Y-address
signals (YAO to YAi), fed through the address input
terminals (A0 to Ai), in accordance with the internal
control signal YL and holds them. On the basis of
these Y-address signals, the Y-address buffer YB

25 generates and feeds the internal address signals (YO -



insulating filmat a second tenperature |ower than the fixst tenperature,
the step (c) conprising the substeps of: (i) prior to substep (ii){1 %&lmﬂ3
introducing a titaniumcontaining source gas into a reaction chanber ere
t he sem conduct or substrate has been introduced; (ii) introducing a

ni trogen-contai ning reducing gas into the reaction chanber, while

i ntroducing the titanium containing souxcc gas into the reaction chanber,

t hereby dcpasiting a titaniumnuitride fidim constituting the upper

el ectrode. 2. A nethod for manufacturing a sem conductor integrated circuit
device, according to claim2, wherein the deposition of the upper electrode
is carried OL JUL 2003 - 55 out by a chem cal vapor deposition, 3. A

met hod for manufyact Wd Rhe s@-%[ﬂ&?é‘é&'fc;&fodé}t 8dy at ethL iv-didradayi ce,
according to claim2, wherein step (c) further conprises the substep of:
(iii) prior to |dsd®RE (YD ,id Ndd ke Vil Pinddierdo Gfeddied dd@iddntd | on
chanber where the sem conductor substrate has been introduced. 4. A nethod
f or manuf act uritig arsenreindidtsss iagradied YO rcii) devimsspacridd ng to
claim3, wherein step (c) further conprises the substcp of: (iv) after
substep (ii), irmheodidmgewel mef tthmsintemaheantnl ElaaEnbd@c it e t he
sem conduct or substrate has been introduced, w thout introducing the

ni t r ogen- cort ai MHGIedhe MPHRSrRRdiMe i §hinm VM IMhFiBirkee gas. 5.
A nmet hod for manyfacturing a sem conductor integrated circuit device,
according to cl a‘i%ﬁ%,‘ biFRIFEIRIY IR 1% selpRte SEaf&&f e
selected fromnity n elium argon, and their m xed gas. 6, A nethod
for nanufacturiﬂﬁéaggéﬁf hductor integrated circuit device, according to

claims, wherein the %r?éﬂ’eéerféeecagngrgﬂﬁi@ﬁ <h AL A, POTE Y Qhand
constitutes a nenory capaci tor ether wth the capacitor insulating film
cad the upper elgeGldiodes which are so provided as to correspond to the
10 complementary bit lines of the memory array MARY.
Each of these unit circuits includes, typically shown
in Fig. 20: a bit line precharge circuit arranged
between the non-inverted and inverted signal lines of
the complementary bit lines and having a pair of
15 n-channel MISFETs N5 and N6; and a unit amplifier
having a CMOS inverter having a p-channel MISFET Pl
and an n-channel MISFET N1 and a CMOS inverter cross-
connected with the former inverter and having a
p-channel MISFET P2 and an n-channel MISFET N2,
20 although especially not limited thereto. Of these,
the commonly coupled source regions of the n-channel
MISFETs N5 and N6, constituting the bit line precharge
circuit of each unit circuit, are commonly fed with an

internal voltage HV, and the gate electrodes of the

25 same are commonly fed with an internal control signal



7. A method for manufacturing a sem conductor integrated circuit dévijge, 2003
conprising the steps of: 01 JUL 2003 - 56 (a) formng a capacitor
insulating filmof tantal um ozide over an | ower el ectrode over a first
maj or surface of a sem conductor substrate; (b) annealing the capacitor
insulating ~lymat a first tenperature; and then (c) depositing an upper

el ectrode of titaniumnitride over the capacitor insulating filmat a
second tenperature lower than the firse tenperature) the step (c)
conprising the substcps of ; (i) prior to substep (ii), introducing an
inert gas into a reaction chanber where the sem conductor substrate has
been introduced; (ii) introducing a nitrogen-containing reducing gas and a

Li tani um cont ai nigtg SQHaEHR3,1YLO e eBCtEN BHRURRI 1k het ey

depositing a titaniumnitri m constituting the upper electrode. $. A

met hod for manuf aGiddrinde 1 t3eFoteRduahoheltheear #hed pehkelidu#ayi ce)
according to claim7) wherein the deposition of the upper eléctrode is

carried out by avehemgedlos CAROE GeRAH nAN+th gholBidNee theet imanuf agidri ng
a sem conductor integrated circuit device, according to claim8, wherein
the inort gas is imt@aadr canfirsed sgamaselrectied sknemaiknggeroueld wa
argon, and their m xed gas. 10. A nethod for manufacturing a sem conductor
i ntegrated ci& cuitthedénigte l ezedomticng the aleaiofyd celhernal mothedlamred.

el ectrode has a cylindrical portion and constitutes a nenory capacitor

t oget her with t hésc@aEsudit, i mhghattiheg meomyarell OslndyL sEIGZtedbPutt he
upper electrode. 11. A nethod for manufacturing a sem conductor integrated
circuit device, ddprirdergatheositapd glgnal PC is set at the high

level, the n-channel MISFETs N5 and N6 are selectively
turned on together to precharge the non-inverted and
10 inverted signal lines of the corresponding
complementary bit lines of the memory array MARY to
the internal voltage HV.
The source regions of the p-channel MISFETs Pl
and P2, constituting the unit amplifier of each unit
15 circuit, are commonly coupled to a common source line
SP. This common source line SP is coupled to the
power supply voltage of the circuit through a
p-channel drive MISFET P3 which receives, at its gate
electrode, an inverted internal control signal PAB,
20 i.e., a signal which is the inverted signal of the
internal control signal PA by an inverter V1.
Likewise, the source regions of the n-channel MISFETs
N1 and N2, constituting the unit amplifier of each
unit circuit, are commonly coupled to a common source

25 line SN. This common source line SN is coupled to the



(a) formng a capacitor insulating filmof metal vxidc over an |ower

el ectrode over a first mmjor surface of a sem conductor substrat d: HhdWhen
(b) depositing an upper el ectrode of netal-containing conducting materi al
over the capacitor insulating filmby a chem cal vapor deposition, the step
(b) conprising the substeps of: (i) prior to substep (ii), introducing a
met al - cont ai ni ng source gas into a reﬁ¥%|on chanber where the sem conduct or
substrate has been introduced; (ii) oducing a reducing gas into the
reacti on chanmber, while introducing t he metal - contai ning source gas into
the reaction chanber, thereby depositing a netal -containing conducting film
constituting the upper electrode 12. A nethod for nanufacturing a

duct t t.ed I
tep () furt her SEONRP BEETRE dube: hobPaTELr ) SBFPaRTt AneGST BB R |
I ntroducing an i Rent, .08 F’%‘rONHh%m%%C %’%&%:é‘ﬁ%”'%mn %%n‘al%éﬁ%@@“dum or

substrate has been'intro uced 1 uracturing a

sem conduct or i nt.gghatedaCishcyidly %%%p%iegggg@glngAgoacE@bqu%Z wwherein
step (c) further conprises the substep of 01 JUL 2003 - (tv) after

substep (ii), i ntlrn@qwclwlawﬁeraknpgasflle%o at-e s'é@.@@:tth.%lﬁ}hﬂl@g@r twhore the
sem conduct or substrate has been introduced, w thout introducing the

reduci ng gas snor dpae-aet &H‘t@:@léttaale&i,nglh%@luﬁ:&@ gaterbhl Aometbodsfighal

manuf acturi ng a sem conductor integrated circuit device, according to claim
13, wherein the imerts gax e dhgahigh devieledhgasaseltdet dtverardni t r ogen,
hel i um argon, and their m xed gas. 1.5. A nethod for manufacturing a

seni conduct or i ntiegeaned ciondwictl gegined, PAGcarsdiseg td dhai Aov4 lewedrei n t he
| oner el ectrode has a cylindrical portion and constitutes a nmenory

capaci t or toget héio i itfive thepadinude inesd &ligng L |q%pa1r¥&etdhérﬁ>§\péhe

el ectrode, 16. A nethod for nanufacturln a seralgpndu tar |nte%yated
led to t

circuit device, ddhprildi AEMHY Sedgs e ected

10 lines of the memory array MARY through the
corresponding complementary bit lines, thereby to
generate binary read signals of the high or low level.

Each unit circuit of the sense amplifier SA
further includes a pair of n-channel switch MISFETs N3

15 and N4 which are interposed between the non-inverted
and inverted input/output nodes of the unit amplifier
and the complementary common data line CD. The gate
electrodes of these paired switch MISFETs are commonly
coupled, so that they are individually fed with the

20 bit line select signals (¥SO0 - ¥YSn) from the Y-address
decoder YD. As a result, the switch MISFETs N3 and N4
of each unit circuit are selectively turned on, when
the corresponding bit line select signals (YSO - YSn)

are set at the high level, to connect the

25 corresponding unit amplifier of the sense amplifier



(a) formng a capacitor insulating filmof netal oxide over an |ower

el ectrode aver a first mmjor surface of a sem conductor substratel!l dldiihen
(b) depasitiag an upper el ectrode of netal-containing conducting materi al
ovar the capacitor insulating filmby a chem cal vapor deposition, the step
(b) conprising the substeps of; (i) prior to substep (ii), introducing an
inert gas into a reaction chanber mherg t he sem conduct or substrate has
been introduced; (ii) introducing a re 6cing gas and a netal -contai ni ng
source gas into the 01 JUL 2003 - 59 rtaction chanbez, thereby
depositing a netal -contai ning conducting filmconstituting the upper

el ectrode. 17. A nethod for manufacturing a sem conductor integrated
circuit dsvict, according_to claim16, .wherein_t i LS.,a,.gas or a
ni xed gas sel ect®d trdmn ??oﬂ%ﬁ?e%%??ﬁﬁ?ga?aﬁﬁ,ggnégﬁéé?ggﬁFég ng. 18. A

met hod for manu acturigaﬁges§g%§ﬁ£d#%£g% ggﬁgggg%ggtggégyi&iggvgﬁg,

according to cl +AF17° erein we ectrode has a  cylindrical

portion and congyi ¥nSAPagLL o s hegehher with the capacitor
i nsul ating fiIn?éﬂéy%ﬁéng%gggeélggtro 6. 19. A method for manuf acturing a

sem conductor integrafed ebhsvbhedenigecor@BAr BakAY1ERE sbepsieh: (a)
depositing a capacitor insulating filmof tantalum oxide ewer an | owcz

el ectrode over @gnfbhStsnBbahesYEfiacreOficaigamiteanguei-onesuhstrate by a
chem cal vapor deposition at a first tenperature; (b) annealing the

capaci tor insul abhplehehfual Bisetodndst efipehat meaohiygherayhMARYheifi r st
tenperature; and then {c) depositing an upper electrode of titaniumnitride
oven t he capaci toupiledutat engatil ambytédcuitenitcai reapsr I8epodhisoA2&R a
third tenperature | ower than 600 degrees centigrade. 24. A nethod for
manuf act uri ng ailsewity PekaUEt 6ATEHLEQEAt 2BCALAES & HEdit§camplifier, a

main amplifier, a data input buffer and a data output

10 buffer, although not shown. Of these, the output
terminal of the write amplifier and the input terminal
of the main amplifier are commonly coupled to the
complementary common data line CD. The input terminal

" of the write amplifier is coupled to the output

15 terminal of the data input buffer the input terminal
of which is coupled to a data input terminal Din.
Moreover, the output terminal of the main amplifier is
coupled to the input terminal of the data output
buffer the output terminal of which is coupled to a

20 data output terminal Dout.

When the memory cell is brought into a selected
state in the write mode, the data input buffer of the
data input/output circuit IO captures the write data
fed through the data input terminal Din to transmit

25 the data to the write amplifier. These write data are



01 JUL 2003 - 60 according to claim19) wherein the | ower el ectrode has a
cylindrical po rtion and constitutes a nenory capacitor together n/\1 }]m. Edﬂ?
capacitor insulating filmand the upper electrode. 21. A nethod for

manuf acturing a sem conductor integrated circuit cicvicc, according to
claim 20, wherein the third tenperature is not higher than 550 degrees
centigrade. 22. A nethod for manufacturing a sem conductor integrated
circuit device, conprising the steps of*> (a) formng a capacitor insulating
filmof tantal um oxide over an |ower el ectrode over a first mmjor surface
of a sem conductor substrate; (b) annealing the capacitor insulating film
at a first tenperature: and then (c) depositing an upper el ectrode of
titani umnitridecefed hEn €L IO ettt @tddigp fdhdR Bdr@ oty d armerat ure
| ower than the first tenperature, the step (e) conprising the substtps of:
(i) introducing gy ntte ogeits AEl 1f NG I ekctingn gasi eth athrough the

titani um containing source gas into the reaction chanber where the

sem conduct or substpbdeefasrpaasmmatt r @it eliné heh elyy aeposeXeated titani um
nitride filmeconstituting the upper electrode; and then (ii) introducing an
inert gas into tienemacteébh chartbermemere dimawefiRONdUdieanr Substerstey has
been introduced, w thout introducing the O 1 JuL 2003 - 61

ni kr ogea- con? ai nésy- i selueteuplyasimeor a heeleched umraontan ity sRd ce gas.
23. A nethod for manufacturing a sem conductor integrated circuit device,
accordi ng to cl alei®2, thdereim amel HepRSi ¢f ofhefdate 1ppef/ @I ERYFode is

carried out by a chenjcal vapor deposition. 24. A pethod for nmanufacturing
a sem conduct or THt®Ytht £d %‘%W’f ?J‘EQ/]rjcg%e%cE%?ot?Hba’f% T T ¥ Yerhercin

step {c) furthero&%ﬁﬁ%{égsf}g§ éﬁgség eé%éd memory cell of the memory

array MARY through the complementary common data line
10 Ch, to transmit the amplified signal to the data
output buffer. These read data are sent out from the
data output buffer through the data output terminal
Dout.
The timing generator TG generates the
15 aforementioned various internal control signals
selectively on the basis of a row address strobe
signal RASB, a column address strobe signal CASB and a
write enable signal WEB fed as the start control
signals from the outside, to feed the generated
20 internal control signals to the individual parts of
the DRAM.
With reference to Figs. 21 to 47, here will be
described a method for manufacturing a DRAM of the

‘present embodiment.

25 In order to manufacture this DRAM, the surface of



(tii) prior to substcp (i); introducing an inert gas into the reaction
chanber where the sem conductor substrate has been introduced. 25. Jggq@ﬂd
for rnanufactuzing a sem conductor integrated circuit devioc, according
china 24, wherein the inert gas is a gas or a m xed gas selected from

ni trogen, helium argon, and their m xed gas. 26. A sem conductor
integrated circuit device conprising:(ég a sem conductor substrate having
a first major surface; (b) a plurality menory cells di sposed over the
maj or surface of the substrate, oath of the nenory cells having: {i) a
cylindrical |lower electrode; {ii) a capacitor insulating filmof tantalum
oxi de over both an inner and an outer surfaces of the | ower electrode;

(iii) an upper elstigeciarBid DibsidecOvernddie sapactyge insul ating

film 27. A method for manufacturing a sem conductor integrated circuit

device 0 ~ JUnm@OSrys6211hawi &1 {cdn B SO COXSUCA O £ 5UPS] r @ eshavih Ng a
first major surface; {y) a plurality of nmenory cells disposed over the

maj or surface ofibhheigub3lyate, faacta Bfiid hel hieot yogedeésfibel 8@ing (i) a
cylindrical |lower electrode; (ii) a capacitor insulating filmover both as
inner and an outkfteurflies oie tGD | neehod| sstuoed; t@i depoant upper

el ectrode over the capacitor insulating film conprising the steps of: (a)
formng the @apa%i%b@onn%hT%i@%gfilmn5éfOW%fath%x$ﬁbl¢®8u@é%¢%gfh%mer|aI
over the | ower electrode over the first major surface of the sem conductor
substrate; and tHén (%8xHepE%?t$hbl@%% %bb@*d%l%%%Toﬁé b9 eftehed cpaci t or
insulating film chem cal vapor osition, the s

conprising the sﬁ%%?%p% %?Ot???sb?Fo?s Bh%dB ?%p F?lfem?ﬁ?rBHg %hgl%ﬂnlnert

gas into a reactlgg c %npg m Ergftpgesgfé ucto ?ubatrgte has been
i ntroduced; (ii) 1n TO ucrng a reducing gas an al con?alnlng source

gas into the Next, the semiconductor substrate 1 is annealed

10 by using the silicon nitride film 54 as the mask, as
shown in Fig. 22, to form the field oxide film 3.
Next, the silicon nitride film 54 is removed, and the
regions of the semiconductor substrate 1 where the
memory array and the n-channel MISFET of the

15 peripheral circuit are to be formed are doped with
ions of a p-type impurity (boron (B)) to form the
p-type well 2, as shown in Fig. 23. The regions of
the semiconductor substrate 1, where the p-channel
MISFET of the peripheral circuit is to be formed is

20 also doped with ions of an n -type impurity (phosphor
(P)) to form an n'-type well 55. Subsequently, the
p-type well 2 is doped with ions of the p-type
impurity (B) to form the p-channel stopper layer 5,

and the n'-type well 55 is doped with ions of the

25 n -type impurity (P) to form the n '-type channel
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(i1) introducing a reducing gas into the reaction chanber) while

i ntroduci ng the metal -containing source gas iota the reaction charfolefil 200
t hereby depositing a netal -containing filmconstituting the upper

el ectrode. 3~. A nethod for manufacturing a sem conductor integrated
circuit device, according to claim30) wherein step (c) further conprises
the substep of: (iv) after substep (ii),, introducing an inert gas into the
reacti on chanber whore the sem conductor substrate has been introduced,

wi t hout introducing the nitrogen-containing reducing gas nor the titani um
contai ai Qg source gas. 32. A nethod for manufacturing a sem conductor
integrated circuit device, according to claim31, wherein the inert gas is
a gas or a m xedsgasceabaeted LEGMAI 550geN thBebleRknabYOMISERE (WFeithe xed
gas. 33. A nmethod for manufacturing a sem conductor integrated circuit
device, co nprispagibherstepsrefiita) formng a capacitor insulating film of
net al oxi de aver an | ower electrode over a first major surface of a

sem conduct or subst ratextandhehendébyjadepephatierrg 80 aupp&oreleec omodieof

met al - cont ai ni ng conducting material over the capacitor insulating film by
a chenical vapor igdpudidupdnsitikewsfiép pif) themgeritsi rdetlraosigh Siredsthef 01
JITL 20@B - 65 (i) introducing a reducing gas and a netal -contai ning
source gas i fto WRE daoei WA )chagbshewgete eRectaridesn@Beedd Hibstasat e has
been introduced, thereby depositing a nttal-containing conducting film
constituting theSheysr 18 E&6rodé: aﬁétﬁﬁeﬁheﬁh)tPﬁtPG%M@Pn&Q%%i%u%ﬁ gas
into the reaction, chanber where the sem _conductor substrate has been

i & zodueed, withSbE PREF-BEGERAgCEREY-EddSi RGPGEs “ £RE Sméttal“Eont ai ni ng
PRIl i R L R T S
the substep of: with ions of the p-type impurity (B). The side wall
10 spacers 9 are formed by depositing a silicon nitride
film over the semiconductor substrate 1 by the plasma
CVD method and then by processing the silicon nitride
film by the anisotropic etching method.
Next, the semiconductor substrate 1 is annealed
15 in an atmosphere of nitrogen to diffuse the
aforementioned n’-type impurity (P) and p-type
impurity, as shown in Fig. 27, thereby to form the
n -type semiconductor region 8 (the source region and
the drain region) of the memory cell selecting MISFET,
20 the n"'-type semiconductor region 58 and an n'-type
semiconductor region 60 of the n-channel type MISFET
and the p -type semiconductor region 59 and a p'-type
semiconductor region 61 of the p-channel MISFET of the

peripheral circuit. The source region and drain

25 region of the n-channel MISFET of the peripheral



(iii) prior to substep (i), introducing an inert gas into the reactdfﬂ%
chanbtr where the sem conductor substrate has been introduced. 35. ¢ N8
for manufacturing a sem conductor inttgrated circuit device, according to
claim 34, wherein the inert gas is a gas or a m xed gas selected from
ni trogen, helium argon, and their m xed gas.
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connection holes 65 to 68 are formed in a self-

alignment manner.
The insulating films deposited over the memory
15 cell selecting MISFET and the n-channel MISFET and
p-channel MISFET of the peripheral circuit can be
exemplified by not only the aforementioned silicon
oxide film 62 but also an ozone (0,)-BPSG film
deposited by the CVD method, or an ozone-TE0OS (Tetra
20 Ethoxy Silane) deposited by the CVD method. The
surfaces of the insulating films are flattened like
the silicon oxide film 62 by the chemino-mechanical
polishing (CMP) method.
Next, plugs 69 made of a multilayered film of TIN

25 and W are buried in the connection holes 63 to 68, as
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the substrate and the W £film over the silicon oxide

film 62 by the sputtering method, by subsequently

5 depositing a W film over the TiN film by the CVD

method and then by etching back the W film and the TiN

film.

At this time, a Ti silicide (TiSi,) layer may be

formed over the bottoms of the connection holes 63 to

10 68 so as to reduce the contact resistance between the

plugs 69 and the substrate. The Ti silicide layer is

formed by depositing the Ti £ilm over the silicon

oxide film 62 by the sputtering method,

causing the Ti

film and the substrate over the bottoms of the

15 connection holes 63 to 68 to react with each other by

the annealing method at about 800°C, and then removing

the unreacted Ti film left over the silicon oxide film

62 by the wet etching method. After this, the TiN

film and the W film deposited over the silicon oxide

20 film 62 are etched back to form the plugs 69.

Next, bit lines BL, and BL, and wiring lines 70A

and 70B of the peripheral circuit are formed over the

silicon oxide film 62, as shown in Fig. 30. These bit

lines BL;, and BL, and wiring lines 70A and 70B are

25 simultaneously formed by depositing a W film over the
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silicon oxide film 62 by the plasma CVD method, by

subsequently depositing a silicon nitride film 71 over

the W film by the CVD method and then by patterning

those films by the etching method using a photoresist
5 as the mask.

The bit line BL, is electrically connected through
the connection hole 63 with one (an n -type semi-
conductor region 8) of the source region and drain
region of the memory cell selecting MISFET. The bit

10 line BL, is electrically connected through the
connection hole 65 with one (n*-type semiconductor
region 60) of the source region and drain region of
the n-channel type MISFET Qn of the peripheral
circuit.

15 One end of the wiring line 70A of the peripheral
circuit is electrically connected through the
connection hole 66 with the other (or the n'-type
semiconductor region 60) of the source region and
drain region of the n-channel MISFET, and tge other

20 end is electrically connected through the connection
hole 67 with one (the p’'-type semiconductor region 61)
of the source region and drain region of the p-channel
MISFET. The wiring line 70B is electrically connected

through the connection hole 68 with the other (the

25 p'-type semiconductor region 61) of the source region
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and drain region of the p-channel MISFET.

Next, side wall spacers 72 are formed over the
individual side walls of the bit lines BL, and BL, and
the wiring lines 70A and 70B, as shown in Fig. 31.

5 These side wall spacers 72 are formed by ‘depositing a
silicon nitride film over the silicon oxide film 62 by
the plasma CVD method and then by processing the
silicon nitride film by the anisotropic etching
method.

10 Next, connection holes 74 are formed above the
aforementioned connection holes 64 which are formed
over one of the n-type semiconductor region 8 (the
source region and the drain region) of the memory cell
selecting MISFET, as shown in Fig, 32, by depositing a

15 silicon oxide film 73 over the individual bit lines BL,
and BL, and wiring lines 70A and 70B by the plasma CVD
method, by subsequently polishing the silicon oxide
£film 73 to give it a flat surface by the chemino-
mechanical polishing (CMP) method, and then by etching

20 the silicon oxide film 73 by using a photoresist as
the mask. At this time, the silicon nitride film 71
formed over the bit line BL,, and the side wall spacers
72 of silicon nitride formed on the side walls are
slightly etched, so that the connection holes 74 are

25 formed in a self-alignment manner.
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The insulating film deposited over the bit lines
BL, and BL, and the wiring lines 70A and 70B can be
exemplified by not only the aforementioned silicon
oxide film 73 but also the aforementioned ozone-BPSG

5 film or ozone-TEOS f£ilm, or a spin-on-glass (SO0G)
film. When the ozone-BPSG film or the ozone-TEOCS film
is used, it is polished to flatten the surface by the
chemino-mechanical polishing (CMP) method similarly to
the polishment of the silicon oxide £ilm 73.

10 Next, plugs 75 of W are buried in the connection
holes 74, as shown in Fig. 33, and lower electrodes
{storage electrodes) 76 of the data storing capacitive
element are then formed over the connection holes 74.
The W plugs 75 are formed by depositing a W film over

15 the silicon oxide film 73 by the CVD method and then
by etching back the W film. The lower electrodes 76
are formed by depositing the W film over the silicon
oxide film 73 by the CVD method and then by patterning
the W film by the etching method using a photoresist

20 as the mask.

Next, a tantalum oxide film 77 is deposited over
the lower electrode 22, as shown in Fig. 34. The
tantalum oxide film 77 is deposited by using the CVD
method of an excellent step coverage. The tantalum

25 oxide 77 is deposited at a temperature of about 400°C
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by using, for example, TA(OC,H;) as the reaction gas
and is then annealed at a temperature of about 700 to
1,000°C by using an electric furnace or a lamp
annealing apparatus.

5 Next, a conductive film for the upper electrodes
is deposited over the tantalum oxide £film 77 by using
the CVD apparatus, as used in the foregoing first
embodiment 1. The titanium~containing source gas used
at this time is exemplified by TiC%,, TDMAT or TDEAT;

10 the nitrogen-containing reducing gas is exemplified by
NH, or MMH, or their mixed gas; and the inert gas is
exemplified by He, Ar or N,, or their mixed gas.

In the present embodiment, the gases are
introduced into the chamber of the CVD apparatus in

15 accordance with the steps, as illustrated in Fig. 35.
Specifically, the chamber is evacuated to a
predetermined degree of vacuum, and the inert gas is
then introduced while raising the temperature of the
substrate. When the substrate temperature becomes

20 substantially constant, the titanium-containing source
gas is introduced and thermally decomposed to form a
passivation film 78 made mainly of Ti and having a
thickness as small as about 30 to 50 angstroms, over
the surface of the tantalum oxide film 77, as shown in

25 Fig. 36. Subsequently, the nitrogen-containing
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reducing gas is introduced into the chamber and
reacted with the titanium-containing gas thereby to
deposit a TiN film 79 over the surface of the
passivation f£ilm 78, as shown in Fig. 37.

5 Representative reactions at this time between the
titanium-containing source gas and the nitrogen-
containing reducing gas are shown in Fig. 38.

The titanium-~containing source gas may be
introduced substantially simultaneously with the inert
10 gas while the temperature of the substrate is raised,
as shown in Fig. 39, or just before the introduction
of the nitrogen~containing reducing gas, as shown Fig.
40. In either case, however, the titanium-containing
source gas is introduced prior to the introduction of
15 the nitrogen-containing reducing gas. Then, the
passivation film 78 is formed on the surface of the
tantalum oxide film 77 by the thermal decomposition of
the titanium-containing source gas, and prevents the
contact between the nitrogen-containing reducing gas
20 to be later introduced and the tantalum oxide f£ilm 77
thereby to prevent the deterioration of the tantalum
oxide film 77.
When the passivation film 78 and the TiN film 79
are deposited over the tantalum oxide film 77, under

25 such a film forming temperature condition that the
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barrier of the passivation film 78 against the
permeation of the nitrogen-containing reducing gas is
sufficiently high. Specifically, the film forming
step is executed at a temperature lower than the
5 crystallization temperature to form the amorphous or
polycrystalline passivation film 78 which has less
paths therein through which gas permeates than a
crystalline f£ilm.

The optimum temperature at which the passivation

10 film 78 and the TiN film 79 are formed is different
depending upon the kind cof the titanium-containing
source gas and the nitrogen-containing reducing gas to
be used and their combination but is generally 550°C
or less when the nitrogen-containing reducing gas is

15 exemplified by NH,, preferably 500°C or less, and more
preferably 450°C or less when the MMH is used.

Figs. 41 and 42 are graphs showing the results of
an experiment in which the relation between the film
forming temperatures of the passivation film 78 and

20 the TiN film 79 and the field strength of the tantalum
oxide film 77. Fig. 41 shows the field strength of
10® A/cm? when the positive (+) voltage is applied to
the upper electrode made of the TiN £ilm 79, and Fig.
42 shows the field strength of 107° A/cm? when the

25 negative (~) voltage is applied to the same upper
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nitrogen-containing reducing gas = NH;); solid circles
(®) indicate the field strength when the films are
formed at the steps shown in Fig. 39 (the inert gas =
He + Ar, the titanium-containing source gas = TiCg,,
and the nitrogen-containing reducing gas = NH;); open
10 squares (O) indicate the field strength when the films
are formed at the steps shown in Fig. 40 (the inert
gas = He + Ar, the titanium-containing source gas =

TiCL,, and the nitrogen-containing reducing gas = NH;):;
and solid squares (M) indicate the field strength when
15 the films are formed at the steps shown in Fig. 40
(the inert gas = He + Ar, the titanium-containing
source gas = TiC¢,, and the nitrogen-containing
reducing gas = NH, + MMH).
It has been found out from the aforementioned
20 results of the experiment that the field strength of
the tantalum oxide film 77 generally increases and the
leakage breakdown voltage of the capacitor insulating
film is improved when the film forming temperature of

the passivation film 78 and the TiN film 79 are low.
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titanium-containing source gas (TiCg,) is included in
the films. This chlorine concentration increases as

5 the film forming temperature lowers, as shown in Fig.
43. If chlorine of high concentration is captured in
the conductive film constituting the upper electrode,
the chlorine atoms further enter the wiring lines
containing AL (aluminum) through the connection holes

10 connecting the upper electrode and the wiring lines
when the wiring lines are formed over the upper
electrode, so that the potential causing the wiring
corrosion rises. Therefore, the lower limit of the
film forming temperature of the passivation f£ilm 78

15 and the TiN film 79 has to be determined considering
the rise in the potential.

Next, a high selection ratio film 80 is deposited
over the TiN film 79, as shown in Fig. 44. After
this, the high selection ratio film 80, the TiN film

20 79, the passivation film 78 and the tantalum oxide
film 77 are patterned by the dry etching method using
a photoresist as the mask, to form an upper electrode
(plate electrode) 90 and the capacitor insulating film

(the tantalum oxide film 77) thereby to complete the

25 data storing capacitive element Cs. Simultaneously
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ratio film 80 is a film acting as the etching stopper
when the silicon oxide film and the silicon nitride

5 film are etched at the later steps and may be either
an insulating film or a conductive film if it is made
of a material having a high etching selection ratio of
the silicon oxide film or the silicon nitride £film.

Next, a silicon oxide £ilm 83 is deposited over

10 the data storing capacitive element Cs and the wiring
lines 81 and 82, as shown in Fig. 45. After this, the
silicon oxide film 83 is dry-etched by using a
photoresist as the mask to form a connection hole 84
over the upper electrode 90 of the data storing

15 capacitive element Cs and a connection hole 85 over
the wiring line 81. Simultaneously with this, the
silicon oxide film 83 in the region where the wiring
line 82 is formed, the silicon oxide film 73 and the
silicon nitride film 71 are etched to form a

20 connection hole 86 over the wiring line 70B of the
peripheral circuit. At this time, the upper electrode
90 and the wiring lines 81 and 82 are covered with the
high selection ratio film 80, so that they are not
etched and thinned.

25 Next, the high selection ratio film 80 covering
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end of the wiring line 82 in the connection hole 86.
5 Next, plugs 87 of TiN (or W) are buried in the
connection holes 84, 85 and 86, as shown in Fig. 47.
After this, wiring lines 88A, 88B and 88C made of a
multilayer film of AL and TiN, are formed over the
silicon oxide film 83. As a result, the wiring line
10 Bl of the peripheral circuit is connected through the
wiring lines 88C and 82 with the underlying wiring
line 70B.
Thus, according to the present embodiment, when
the TiN film 79 is deposited by the low temperature
15 CVD method over the tantalum oxide film 77
constituting the capacitor insulating film of the data
storing capacitive element Cs to form the upper
electrode 90, the passivation film 78 impermeable to
the nitrogen-containing reducing gas is formed in
20 advance over the surface of the tantalum oxide £film
73, so that the degradation of the breakdown voltage
(the increase in the leakage current) of the tantalum
oxide film 77 can be prevented reliably. As a result,

it is possible to realize a DRAM which improved

25 refreshing characteristics.
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modified in various manners without departing from the
5 gist thereof.
The foregoing embodiments have been described in
cases where the upper electrode of the capacitive
: element is made of TiN, but the present invention can
also be applied to a semiconductor integrated circuit
10 device in which the upper electrode is made of a
material other than TiN, exemplified by TaN. When a
TaN film is deposited over the tantalum oxide film by
the CVD method, for example, there is used a method in
which Ta(OC,H;) is reduced with a nitrogen-containing
15 reducing gas such as NH; or MMH. By forming the
passivation film over the surface of the tantalum
oxide film prior to the formation of the TaN film,
therefore, it is possible to prevent the degradation
of the breakdown voltage of the tantalum oxide film
20 which may be caused by the contact with the nitrogen-
containing reducing gas.
The present invention can also be applied to the
DRAM or nonvolatile memory in which the capacitor
insulating film of the capacitive '‘element is made of a

25 highly dielectric film or a ferroelectric film other
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( fluorine).
The effects obtained by a representative one of
5 the inventions disclosed herein will be briefly
described in the following.

According to the present invention, when the TiN
f£i1lm is deposited over the tantalum oxide film
constituting the capacitor insulating film of the

10 capacitive element to form the upper electrode, the
passivation film is formed in advance over the surface
of the tantalum oxide film, so that the contact
batween the nitrogen-containing reducing gas and the
rantalum oxide film can be prevented to form a

15 capacitive element having improved breakdown voltage
characteristics.

According to the present invention, the
accumulated charge of the capacitive element can be
increased by constructing the capacitor insulating

20 £ilm of the capacitive element of a film having a high

dielectric constant.
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comprising the steps of:
(2) forming a capac{tor insulating film of tantalum oxide over an lower
clectrode over a first major surface of a semiconductor substrate;
(b) anncaling the capacitor insulating film at a first temperature; and then
(c) depositing an upper electrode of titanium nitride over the capacitor
insulating film at a second temperature lower than the first temperature,
the step (c) comprising the substeps of:
(i) prior to substep (ii), introducing a titanium-containing source gas into
a reaction chamber where the semiconductor substrate has been
introduced;
(ii) introducing a nitrogen-containing reducing gas into the reaction
chamber, while introducing the titanium-containing source gas into the
reaction chamber, thereby depositing a titanium nitride film constitutir;g
the upper electrode.

2. A method for manufacturing a semiconductor integrated circuit device,

according to claim 2, wherein the deposition of the upper electrode is carried
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where the semiconductor substrate has been introduced, without
introducing the nitmgen-conta-ining reducing gas nor the titanium-
containing source gas.
5. A method for manufacturing a semiconductor integrated circuit device,
according to claim 4, wherein the inert gas is a gas or a mixed gas selected
from nitrogen, helium, argon, and their mixed gas.
6. A method for manufacturing a semiconductor integrated circuit device,
according to claim 5, wherein the lower electrode has a cylindrical portion and
constitutes & memory capacitor together with the capacitor insulating film and

the upper clectrode,

7. A method for manufacturing a semiconductor integrated circuit device,

comprising the steps of:
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insulating film at a seoouci temperature Jower than the first temperature,
the step (c) comprising the substeps of:
(1) prior to substep (ii), introducing an inert gas into a reaction chamber
where the semiconductor substrate has been introduced;
(ii) introducing a nitrogen-containing reducing gas and a titanium-
containing source gas into the reaction chamber, thereby depositing a
titanium nitride film constituting the upper electrode.
8. A method for manufacturing a semiconductor integrated circuit device,
~ according to claim 7, wherein the deposition of the upper electrode is carried
out by a chemical vapor deposition.
9. A method for manufacturing a semiconductor integrated circuit device,
according to claim 8, wherein the incrt gas is a gas or a mixed gas selected
from mitrogen, helium, argon, and_' their mixed gas.
10. A method for manufacturing a semiconductor integrated circuit device,

according to claim 9, wherein the lower electrode has a cylindrical portion and

constitutes a memory capacitor together with the capacitor insulating film and
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(a) forming a capacitor insulating film of metal oxide over an lower electrode
over a first major surface of a semiconductor substrate; and then
(b) depositing an upper electrode of metal-containing conducting material over
the capacitor insulating film by a chemical vapor deposition,
the step (b) comprising the substeps of:
(i) prior to substep (ii), introducing a metal-containing source gas into a
reaction chamber where the semiconductor substrate has been introduced;
(ii) introducing a reducing gas into the reaction chamber, while
introducing the metal-containing source gas into the rcaction chamber,
thereby depositing a metal-containing conducting film constituting the
upper electrode.
12. A method for manufacturing a semiconductor integrated circuit device,
according 1o claim 11, wherein step (p) further comprises the substep of:

(iii) prior to substep (i), introducing an inert gas into the reaction

chamber where the semiconductor substrate has been introduced.
13. A method for manufacturing a semiconductor integrated circuit device,

according to claim 12, wherein step (c) further comprises the substep of:
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(iv) after substep (ii), introducing an inert gas into the reaction chamber

where the semiconductor substrate has been introduced, without
introducing the reducing gas nor the metal-containing source gas.
14. A method for manufacturing a semiconductor integrated circuit device,
according to claim 13, wherein the ioert gas is & gas or a mixed gas selected
from nitrogen, belium, argon, and their mixed gas.
15. A method for manufacturing a semiconductor integrated circuit device,
according to claim 14, wherein the lower electrode has a cylindrical portion
and constitutes a memory capacitor together with the capacitor insulating film
and the upper clectrode,
16. A method for manufacturing a semiconductor integrated circuit device,
comprising the steps of:
(a) forming a capacitor insulating film of metal oxide over an lower electrode
over a first major surface of a semiconductor substrate; and then
(b) depositing an upper electrode of metal-containing conducting material over
the capacitor insulating film by a chemical vapor deposition,
the step (b) comprising the substeps of:
(i) prior to substep (ii), introducing an inert gas into a reaction chamber
where the scmiconductor substrate has been in.troduccd;

(ii) introducing a reducing gas and a metal-containing source gas into the
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constituting the upper electrode.
17. A method for manufacturing a semiconductor integrated circuit device,
according to claim 16, wherein the inert gas is a gas or a mixed gas selected
from nitrogen, helium, argon, and their mixed gas.
18. A method for manufacturing a semiconductor integrated circuit device,

" according to claim 17, wherein the lower electrade has a cylindrical portion
and constitutes a memory capacitor together with the capacitor insulating film
and the upper electrode.

19. A method for manufacturing a semiconductor integrated circuit device,
comprising the steps of:

(a) depositing a capacitor insulating film of tantalum oxide over an lower
electrode over a first major surface of a semiconductor substrate by a chemical
vapor deposition at a first temperature;

(b) annealing the capacitor insulating film at a second temperature higher than
the first temperature; and then

(c) depositing an upper electrode of titanium nitride over the capacitor
insulating film by a chemical vapor deposition at a third temperature lower

than 600 degrees centigrade.

20. A method for manufacturing a semiconductor integrated circuit device,
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according to claim 19, wherein the lower electrode has a cylindrical portion

and constitutes a memory capacitor together with the capacitor insulating film

and the upper clectrode.
21. A method for manufacturing a semiconductor integrated circuit device,
according to claim 20, wherein the third temperature is not higher than 550

degrees centigrade.

- 22. A method for manufacturing a semiconductor integrated circuit device,

comprising the steps of:

(a) forming a capacitor insulating film of tantalum oxide over an lower

electrode over a first major surface of a semiconductor substrate;

(b) annealing the capacitor insulating film at a first temperature; and then

(c) depositing an upper clectrode of titanium nitride over the capacitor

insulating film at a sccond temperature lower than the first temperature,
the step (c¢) comprising the substeps of:

(i) introducing a nitrogen-containing reducing gas and a
titanium-containing source gas into _thc reaction chamber where the
semiconductor substrate has been introduced, thereby depositing a titanium
nitride film constituting the upper ~electrodc; and then

(ii) introducing an inert gas into the reaction chamber where the

semiconductor substrate has been introduced, without introducing the
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nitrogen-containing reducing gas nor the titanium-containing source gas.
23. A method for manufacturing a semiconductor integrated circuit device,
according to claim 22, wherein the deposition of the upper electrode is carricd
out by a chemical vapor deposition.
24. A method for manufacturing a semiconductor integrated circuit device,

according to claim 23, wherein step (c) further comprises the substep of:
(iti) prior to substep (1), introducing an inert gas into the reaction

chamber where the semiconductor substrate has been introduced.
25. A method for manufacturing a semiconductor integrated circuit device,
according to claim 24, wherein the inert gas is a gas or a mixed gas sclected
from nitrogen, belium, argon, and their mixed gas.
26. A semiconductor integrated circuit device comprising;:
. (a) a semiconductor substrate having a first major surface;
(b) a plurality of memory cells disposed over the major surface of the
substrate, cach of the memory cells having:
(i) a cylindrical lower electrode;
(ii) a capacitor insulating film of tantalum oxide over both an inner and an
outer surfaces of the lower electrode;
(iii) an upper electrode of metal nitride over the capacitor insulating film.

27. A method for manufacturing a semiconductor integrated circuit device
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cach of the memory cells including (i) a cylindrical lower electrode; (ii) a
capacitor insulating film over both an inner and an outer surfaces of the lower
clectrode; (iii) an upper electrode over the capacitor insulating film,
comprising the steps of:

. (a) forming the capacitor insulating film of metal oxide insulating material
over the lower ¢lectrode over the first major surface of the semiconductor
substrate; and then
(b) depositing the upper electrode over the capacitor insulating film by a metal
chemical vapor deposition,

the step (b) comprising the substeps of:

(i) prior to substep (ii), introducing an inert gas into a reaction chamber
where the semiconductor substrate has been introduced;

(i) introducing a reducing gas and a metal-containing source gas into the
reaction chamber, thereby depo_'siting a metal-containing film constituting
the upper electrode.

28. A method for manufacturing & semiconductor integrated circuit device,

according to claim 27, wherein step (c) further compnses the substep of:

(iv) after substep (ii), introducing an inert gas into the reaction chamber
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introducing the nittogen-containing reducing gas nor the titanium-
containing source gas.
29. A method for manufacturing a scmiconductor integrated circuit device,
according to claim 28, wherein the inert gas is a gas or a mixed gas selected
from nitrogen, helium, argon, and their mixed gas.
30. A method for manufacturing a semiconductor integrated circuit device
having (x) a semiconductor substrate having a first major surface;
(y) a plurality of memory cells disposed over the major surface of the
substrate, each of the memory cells including (i) a cylindrical lower electrode;
L4
(ii) a capacitor insulating film over both an inner and an outer surfaces of the
lower electrode; (iii) an upper clectrode over the capacitor insulating film,
comprising the steps of:
(a) forming the capacitor insulating film of metal oxide insulating material
over the lower electrode over the first major surface of the semiconductor
substrate; and then
(b) depositing the upper electrode over by a metal chemical vapor deposition,
the step (c) comprising the substeps of:

(i) prior to substep (ii), introducing a metal-containing source gas into a

reaction chamber where the scrmiconductor substrate has been introduced;
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31. A method for manufacturing a semiconductor integrated circuit device,

according to claim 30, wherein step (c) further compnses the substep of:

(iv) after substep (ii), introducing an inert gas into the reaction chamber

where the semiconductor substrate has been introduced, without
introducing the nitrogen-containing reducing gas nor the titanium-
containing Source gas.
32. A method for manufacturing a semiconductor integrated circuit device,
according to claim 31, wherein the inert gas is a gas or a mixed gas selected
from nitrogen, helium, argon, and their mixed gas.
33. A method for manufacturing a seiconductor integrated circuit device,
comprising the steps of:
(2) forming a capacitor insulating film of mectal oxide over an lower electrode
over a first major surfacc of a scm_iconductor substrate; and then
(b) depositing an upper electrode of metal-containing conducting material over
the capacitor insulating film by a chemical vapor deposition,

the step (b) comprising the substeps of:



{ BAIgE) !U'#5%& )*, L-.0 1C23L5 679|: D, <X>> 1" #$9%& ()*+,-./ 01234ﬁg7ﬁﬁ8-
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~ ‘I’l Eﬂfi
New RomanAri al Courier New'h Root EntryWrdDocunent
| " #$YR () *+, -./0123456789: ;
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[ \ } "¢ 5 abcdef ghi j kIl mopqr st uvwxyz{| } ~
" #$9&' () *+,-./0123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

(i) introducing a reducing gas and a metal-containing source gas into the

reaction chamber where the semiconductor substrate has been introduced,

thereby depositing a metal-containing conducting film constituting the

upper clectrode; and then

(ii) introducing an inert gas into the reaction chamber where the

semiconductor substrate has been introduced, without introducing the

reducing gas nor the metal-containing source gas.

34. A method for manufacturing a semiconductor integrated circuit device,

according to claim 33, wherein step (c) further comprises the substep of:

(iii) prior to substep (i), introducing an inert gas into the reaction

chamber where the semiconductor substrate has been introduced.
35. A method for manufacturing a semiconductor integrated circuit device,
according to claim 34, wherein the inert gas is a gas or a mixed gas selected

from nitrogen, helium, argon, and their mixed gas,



