SEM CONDUCTOR DEVI CE AND ' ; METHOD FOR FABRI CATI NG THE SANE
BACKGROUND OF THE 1 NVENTION 5 The present invention ggngﬁglhé @?

to a sem conduc- tor device and a nethod for fabricatin He

par - ticularly, the present invention relates to a sem conductor

device including a capacitor device having a capacitive insu- 1#8t% ng

filmof insulating netal oxi ' a 10 lectric filmor a
high dielectric film(i. %%F{W%%ﬁ’f%ré&brl havi ng a hi gh

di el ectric constant) and to a net hod for fabricating the sane.

In recent years, as vari OHsTRORFOR FRABRECATINGC KHESS croconput ers
operating at an even higher speed and with even 15 | ower power consunption
have been devel oped, the perfornmance of consuner-use electronic units
have al so been further en- hanced. Correspondi ngly, the sizes of

sem conduct or devi ces UBRCOKGROUNDEOR WHE! EINWEN®IONSO been rapidly
reduced drasti -

5 The present invention generally relates to a semiconduc-

tor deviqe and a method for fabricating the same. More par-
ticularly, the present invention relates to a semiconductor
device including a capacitor device having a capacitive insu-
lating film of insulating metal oxide film such as a ferroe-

10 lectric film or a high dielectric film (i.e., a f£ilm made of
a material having a high dielectric constant) and to a method
for fabricating the same.

In recent years, as various electronic units such as mi-
crocomputers operating at an even higher speed and with even

15 lower power consumption have been developed, the performance
of consumer-use electronic units have also been further.en—
hanced. Correspondingly, the sizes of semiconductor devices
used for these units have also been rapidly reduced drasti-
cally.

20 As semiconductor devices have been miniaturized, unwant-
ed radiation, i.e., electromagnetic wave noise generated from
eleqtronic units, has become a serious problem. Technology
for incorporating a large-capacity capacitor device, includ-
ing a ferroelectric film or a high dielectric film as a ca-

25 . pacitive insulating film, into a semiconductor integrated



cally. 20. As seni conduct or devi ces have been nminiaturized, unwant-

ed radiation, i.e., electromagneti c wave noi se generated from
el ectronic units, has beconme a serious problem Technol ogy for
i ncorporating a |arge-capacity capacitor device, includ- ing a

ferroelectric filmor a high dielectric filmas a ca- 25 pacitive
Insulating.film, into_a sem conductor i.nteqgrate . circuit. is
now t he ngjigaul&r i cHO%t E@rﬁ icg?lj%%gaoﬁeé‘ﬁ‘g’hf o?gtent}%ﬂuéﬁnga tAR2RwEEed
radi ati on. On the other hand, since a very highly integrated dy-
nani c RAMSESUSHRDrIRE dpanted Fa¢iatiene been wi del y car- 5 ried out on
technol ogy for using a high dielectric filmas a capacitive insulating
film instead &m athe| ioddenhaedii since arveryi highiwmiintegrated) dphi ch
has been conventionally used. Furthernore, in order to put

i nto practamdlc IRAM aisomow Ifrowviddd ) erRAbhaphest hayalibderm wodelgl icage and
enabling high- speed wite and read operations, researches and

devel opmeiti®ed out on technology for using a high dielectric film as a

capacitive insulating f£ilm, instead of a silicon oxide film
or a silicon nitride film, which has been conventionally
used.
Furthermore, in order to put into practical use a non-
10 volatile RAM operating with a low voltage and enabling high-
speed write and read operations, researches and developments
have also been vigorously carried out on a ferroelectric film
having spontaneous polarization properties. A ferroelectric
memory using a ferroelectric film as a capacitive insulating
15 £ilm takes advantage of a phenomenon that the amount of charge
flowing into/out of a data line of a ferrocelectric memory 4if-
fers depending upon whether or not the spontaneous polariza-
tion of the ferroelectric film is inverted.
In all of these types of semiconductor devices mentioned
20 above, 1t is an urgent task to develop technology for realiz-
ing very high integration for a capacitor device without de-
teriorating the characteristics thereof.
Hereinafter, a conventional semiconductor device will be
described with reference to Figure 13.

25 Figure 13 illustrates a cross-sectional structure of a



have al so been vigorously carried out on a ferroelectric film - havi ng
spont aneous pol ari zation properties. A ferroelectric menory using a
ferroelectric filmas a capacitive insulating 15 filmtakes advantage of a
phenonenon that the anmount of charge flowng into/out of a data |line of
a ferroelectric nmenor y dif- fers dependi ng upon whether or not the
spontaneou of the ferroelectric film %,lnvert
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an urgent task tq develop technol ogy for realiz- very high
integrati dPWeFH & degw?t%%ﬁ$td@latlnumef% at An§aPREitive
characteristics thereof. Hereinafter, a conventional sem conductor
devi ce wi lHinsydatingie€timbddmaideh affar Earsoederitydre fidm @5 an uppgur e
13 illustrates a cross-sectional structure of a
2 electrodenvemadmadf sensaoomd chbat hewm ceilsas8oBormadFiguthis3, a
5 order on a semiconductor substrate 1 made of silicon. The
lower electrode 2, the capacitive insulating f£ilm 3 and the
upper electrode 4 constitute a capacitor device. An interlev-
el insulating £film 5 made of a silicon oxide film, a silicon
nitride f£ilm or the 1:t.ke is deposited to cover the entire
10 surface of the semiconductor substrate 1 as well as the ca-
pacitor device. A lower-electrode contact hole 6 and an up-
per-electrode contact hole 7 are formed through the interlevel
insulating f£ilm 5. Metal interconnections 8, each consisting
of a titanium film 8a, a first titanium nitride f£ilm 8b, an
15 aluminum film 8c and a second titanium nitride £film 84, are
formed to cover the interlevel insulating film 5 as well as
the inﬁer surfaces of the lower-electrode contact hole 6 and
the upper-electrode contact hole 7.
Hereinafter, a method for fabricating the conventional
20 semiconductor device will be described with reference to Fig-
ures l4(a) through 14(e).
First, as shown in Figure 1l4(a), the first platinum film
2A, the ferroelectric film 3A and the second platinum £ilm 4A

are sequentially stacked over the entire surface of the semi-

25 conductor substrate 1. Thereafter, as shown in Figure 14(b),



| ower el ectrode 2 made of a first platinumfilm a capacitive

insulating film3 nade of a ferroelectric filmand an upper

made of a second platinumfilmare fornmed in this 5 order on a

sem conductor substrate 1 made of silicon. The | ower el ectrode 2, the
.capaci tive insulating film3 and the upper electrode 4 constitute a
capaci tor device,

oxi de fil NS §FFPB§n pqat]rﬁ"fr?l gélwﬂﬁﬁl oig!t %g%nqq}&‘ll G‘Q%egggﬁﬁa q:(?s' s con

the entire 10 surface of the sem conductor substrate 1 as well as the ca-

paci tor dehATRing tRAecHPRPE.LLEFETO08t 4ot Thae slmnerdarupo recover and
per-el ectrode contact hole 7 are formed through the interlevel

i nsul ati ngg¥abidbze \blral cryvistatoahructune 8f thehfewmoedeiotgic £idim 3A,

titaniumfilm®8a, a first titaniumnitride film8b, an

8c and a sam®nflerirbeliectriict rfilm f BAMidd, sab pectedf aonetl heatowedtient

interlevel insulating film5 as well as the inner surfaces of the _
| ower - e eGii€en CORygeh BRbeeftand t he upper-el ectrode contact hole 7.
Hereinafter, a method for fabricating the conventional 20 sem conductor
device wll be ﬁ€§ ribed refe ol u 1,0

1l4(e). {F:stg agﬂg mnfénp ggreqﬁzé% ¥¥F ???ggégﬁhtkﬁum Bl

2A, the feiiog.ln%(:té é: ffiilrst pfggng&x% ﬁ&ondzgl atrlenuénej. Iénivély etched,
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thereby forming the capacitive insulating f£ilm 3 out of the
ferroelectric film 3A and the lower electrode 2 out of the
first platinum f£film 2A. Then, in order to_recover and stabi-
lize the crystal structure of the ferroelectric film consti-
tuting the capacitive insulating £film 3, the c¢apacitive
insulating film'3 is subjected to a heat treatment within
bxygen ambient.

Subsequently, as shown in Figure 14(d), the interlevel
insulating film 5 made of a silicon oxide £ilm or a silicon
nitride £ilm is deposited over the entire surface of the semi-
conductor substrate 1. And the lower-electrode contact hole 6
and the upper—eléctrode contact hole 7 are formed through the
interlevel insulating film 5. Then, in order to recover and
stabilize the crystal structure of the ferrcoelectric film
constituting the capacitive insulating £ilm 3, the capacitive
insulating film 3 1is subjected to a heat treatment within
oxygen ambient.

In order to prevent the lower electrode 2 or the upper

el ectrode 4

15 alumnumfilm



are sequentially stacked over the entire surface of the sem - 25 conductor
substrate 1. Thereafter, as shown in Figure 14(b),

3. the second platinumfilm4A is selectively etched, thereby
form ng the upper electrode 4. Then, in order to recover and stabilize
the crystal structure of the ferroelectric film 3A the ferroelectric

film3A is subjecied tg a heat treatnment .5 within oxygen_anbient. .
Next, as s‘ﬂ‘&)ﬁ#’? q:ibugEoT4§’@)IPgt ixkdized adt A cesth of Sheamgactdom v st

platinumfilm2A are sel ectively etched, t hereby form ng the capacitive
i nsul at i nP¥iWeR™ Bhe drweme electradeye? eofr ithef URRYA ahecthede ofewith
el ectrode 2 out of the 10 first platinumfilm 2A Then, in order to
recover arithest@bpacitivei Zinsukatingt &ilst r3iciuréngf the heatodiresttmentfi| m
consti - tuting the capacitive insulating film3, the capacitive
i nsul at i n@dridueted stoUbjeetivedt tand Seabiligat My otfdtdll structure of
5 the ferroelectric f£ilm, the lower and the upper electrodes 2,
4 are made of platinum, which is hard to react with the fer-
roelectric f£ilm 3A constituting the capacitive dinsulating
£film 3 during the heat treatment and exhibits anti-oxidation
properties even at a high temperature.
10 Then, as shown in Figure 14(e), the titanium £ilm 8a,
 the first titanium nitride film 8b, the aluminum film 8c and
the second titanium nitride film 84 are sequentially deposit-
ed to cover the entire surface of the semiconductor substrate
1 as well as the inner surfaces of the lower-electrode con-
15 tact hole 6 and the upper-electrode contact hole 7, thereby
forming the metal interconnections.s, each consisting of the
titanium film 8a, the first titanium nitride film 8b, the
aluminum f£ilm 8c and the second titanium nitride film 8d4. The
titanium f£ilm 8a functions as an adhesive film for improving
20 the adhesion between the aluminum film 8c and the platinum
film constituting the upper electrode 4. The first titanium
nitride f£ilm 8b functions as a barrier f£ilm for preventing
aluminum in the aluminum film 8¢ from diffusing into the ca-

pacitive insulating f£film 3. The second titanium nitride film

25 8d functions as an anti-reflection film while an upper inter-



o;ygen anbient. 15 Subsequently, as shown in Figure 14(d), the

I nterl evel insulating film5 nade of a silicon oxide filmor a silicon
nitride filmis deposited over the entire surface of the sem -
conductor substrate 1. And the | ower-el ectrode contact hole 6 and the

upper - el ectrode contact hole 7 are forned through the 20 interlevel

i nsul ating film 5. rd d | h |
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insulatin f|In13 t he capaC|t|ve insulating film3 is subjected to a
heat treat s\ th§ £tche@xygen anbient. 25 In order to prevent the
|l ower el ectrode 2 or the upper 4

el ectrode 4 frd¥esli nnovinflerzdtasfurtbenl timpiroviee thacedbasion [hethweem t he
| ower el ectrode 2 or the upper electrode 4 with t he capacitive

i nsul at i ngtHe | ti Banlimmngilive e atonsehtuweig the metal interconnections
5 8 and the interlevel insulating film 5, the metai intercon-
nections 8 are subjected to a heat treatment.

However, during the heat treatment conducted to stabi-
lize the crystal structure of the ferroelectric £ilm, the
platinum film constituting the upper electrode comes to have

10 column like crystal structure. Thus, during the heat treat-
ment conducted to improve the adhesion between the metal in-
terconnections and the interlevel insulating £film, the
titanium atoms in the titanium £ilm ponstituting the metal
interconnections adversely pass through the grain boundary of

15 the column 1like crystals of the platinum film constituting
the upper electrode so as to diffuse into the capacitive in-
sulating film. As a result, since the composition of the
ferroelectric film or the high dielectric film constituting
the capacitive insulating film is variéd, the electrical

20 characteristics of the capécitor device are disadvantageously
deteriorated.

It is not only when the upper electrode is made of
platinum but also when the upper electrode is made of ijirid-
ium, ruthenium, rhodium, palladium or the like that the upper

25 electrode ordinarily has a column like crystal structure.



conducted to recover and stabilize the crystal structure of 5 the

ferroelectric film the |ower and the upper el ectrodes 2, 4 are made of
p! ati num which is hard to react with the fer- roelectric film 3A
constituting the capacitive insulating film3 during the heat treatnent
and exhi bits anti-oxidation properties even at a high tenperature. 10
Then, as own in Fjgur 4(e), the titanjumfjl m 8a, . the first |
titani um mt4ideFi %83?&%5) H3FR ndhe | Fhralypgatoms, ga é&ﬂﬁaﬂ‘éﬂm um
nitride film8d are sequentially deposit- ed to cover the entire

surface offile Senrpédfdbtingr dpsheiad interqopngalions taksenddveriselaces
of the | ower-electrode con- 15 tact hole 6 and the upper-el ectrode contact
hol e 7, tlmasshythroughr rvheg grtasimebaindaryr ofnridet i ombutn édkk corysitstlisng
of the titaniumfilm8a, the first titaniumnitride film8b, the

al um num fgdms Sctwiing heheeaghiser | basttfodb!t Isodead i ke S FAlEe intbi twd um
film8a functions as an adhesive filmfor inproving 20 the adhesion

bet weens t heapd &t Hedn { A1 861a8dei g, pl ati num filmeceonstituting the

upper electrode 4. The first trtanium nitride film8b functions as a
barrier filmfor preventing alumnumin the alumnumfilm8c from
diffusing into the ca- ~ pacitive insulating film3. The second titanium
Inlnz relrfje film 25 8d functi ONSo iRl ad}t 'fﬁfqﬁ&éﬁ'}?f'oﬁ' | mwhile an upper

In view of the foregoing, the object of the present in-
vention is to prevent titanium atoms in a titanium film from

10 passing through the grain boundary of metallcrystals compos -
ing the upper electrode of a capacitor device and diffusing
into a capacitive insulating film during a heat treatment
conducted on metal interconnections, which are formed on the
capacitor device and include the titanium £ilm.

15 In order to accomplish the §bject, the semiconductor de-
vice according to the present invention includes: a sub-
strate; a capacitor device, which is formed on the substrate
and includes a capacitive lower electrode, a capacitive insu-
lating f£film made of an insulating metal oxide film and a ca-

20 pacitive upper electrode; an interlevel insulating film, which
is formed on the capacitor device and has an opening reaching
the capacitive upper electrode: a metal interconnection, which
is formed on the interlevel insulating film so as to be elec-
trically connected to the capacitive upper electrode through

25 the opening and includes a titanium film; and an anti-



5 : | evel insulating film deposited over the netal interconnec-

tions 8 is etched. Next, in order to further inprove the adhesion
bet ween the titaniumfilm8a constituting the nmetal interconnections 5
8 and the interlevel insulating filmb5, the netal intercon- nections 8
are subjected to a heat treatnent. However, during the heat

t r eat ment uct ed St abj z . lize t crystal structure.of the
ferroel ectdﬁ'l%l(%%rsﬁo% ##‘em' th?:%t ilﬁurﬁz e%ec%%%ﬁ?xht 3 Fﬁgaﬁﬁgéyeelu@&eFode
cones to have K 10 column like crystal structure. Thus, during the heat
{reat-  Shestrodendd cthe Pk o BEPREORBREEIER. bBRfe SRICRE tHvLEY ARd
terconnections and the interlevel insulating film the titani um at ons
in the ti(PAEVEAYS | - E8psumt @toms t gempesing the ntitavhwecdidm afvdbeel y
pass through the grain boundary of 15 the colum like crystals of the

pl at i num metalcdirstencanngrction from passing through the capacitive up-

5 per electrode and diffusing into the capacitive insulating
film.

In the semiconductor device of the present invention, an
anti-diffusion film for preventing titanium atoms composing
the titanium film of the metal interconnection from passing

10 through the capacitive upper electrode and diffusing into the
capacitive insulating film is formed between the capacitive
upper electrode and the metal interconnection. Thus, during
the heat treatment on the metal interconnection, tﬁe titanium
atoms in the titanium £ilm do not pass through the grain

15 Dboundary of metal crystals composing the capacitive upper
electrode and do not diffuse into the capacitive insulating
film. Accordingly, a semiconductor device including a highly
.reliable capacitor device can be formed.

In the semiconductor device of the present invention, the

20 anti-diffusion film is preferably a metal nitride film or
metal oxide film having conductivity.

In such an embodiment, since the conductive metal ni-
tride film or metal oxide f£ilm has no grain boundary and has
a dense structuré, the f£ilm can prevent the passage of tita-

25 nium atoms with certainty. In particular, if the anti-



t he upper electrode so as to diffuse into the capacitive in- sul ati ng

film As a result, since the conposition of the ferroelectric filmor
the high dielectric filmconstituting the capacitive insulating filmis
varied, the electrical 20 characteristics of the capacitor device are

di sadvant ageously - det eri or at ed. I's not only mhen the upper

o °CL7 8% dZedBEEo R eram, B “ﬁs)aioﬁ}ﬁuzv'aqsrxg%m SPEaREREes B e
25 electrode ordlnarlly has a colum |ike crystal structure.
6 TIVitY O tPnTaAE i (T IRTATPReSYPR ARG & RAY FreRtment
titani um fllnlconstltutlng the nmetal interconnections also adversely
pass throutth chedycsed bodhdar yosygene agbliemt | 1ke opdest dfe Trecover the
constituting the upper electrode so as to diffuse into the 5 capacitive
I nsul ati ngcfystal structure of the ferroelectric f£ilm constituting the
5 capacitive insulating film. This is because the metal oxide
film has conductivity in the state of an oxide.
In the semiconductor device of the present invention, if
the capacitive insulating £film is a ferroelectric £ilm, a
highly reliable nonvolatile memory can be obtained. On the
10 other hand, if the capacitive insulating £ilm is a high d4di-
electric film, a highly reliable dynamic memory can be ob-
tained.
In the semiconductor device of the present invention,
the titanium £ilm is preferabiy an adhesive layer, formed as
15 a. lowermost layer of the metal interconnection, for improving
adhesion between the metal interconnection énd the upper
electrode, and the anti-diffusion film is preferably a tita-
nium nitride £ilm.
In such an embodiment, since the titanium film is an ad-
20 hesive layer, the adhesion between the metal interconnection
and the upper electrdde can be improved. In addition, if the
anti-diffusion film is a titanium nitride f£ilm, then no by-
product is formed during the deposition of the anti-diffusion

film. Moreover, even if titanium in the titanium £ilm d4if-

25 fuses toward the anti-diffusion film over a certain distance,



SUMVARY OF- THE | NVENTI ON In view of the foregoing, the object of
the present in- vention is to prevent titaniumatons in a titaniumfilm
from 10 passing through the grain boundary of metal crystals conpos-

ing the upper el ectrode of a capacitor device and diffusing into a
capacitive insulating filmduring a heat treatnent conducted on net al

I nt erconnegtions, . whic e for . t he ..capacito evi ce_and .i ncl ude
the o1 tani T atere 88 Ehe pRETERRisItn £t o agt (SREnaSa ARa e
sem conductor de-  ~vice according to the_present invention includes: a

sub- shagacterishias o e Pk eh davies ke ohtantlizedtrat e

and includes a capacitive |ower electrode, a capacitive insu- | ati ng
filmmade of antn ntheatsenlemnducioxr ddeviles 0l Fhea-preseptcilnvesa tioper

el ectrode; an interlevel insulating film which is forned on the
capaci t or teyvi capaul thase anpyeani kd.ectaddeng prefeldablyaphaist | v drpetal

el ectrode; a netal interconnection, which Is formed on the interlevel

i nsul at§ ngstfrddtisfe abnéDudEng! &Cgrain bbufdhky.connected to the capacitive

upper electrode through 25 the opening and includes a titaniumfilm and
an anti - In such an embodiment, althou§h the titanium atoms are
more likely to pass through the capacitive upper electrode,
the titanium atoms do not diffuse into the capacitive insu-
lating' film because the atoms are prevented by the anti-
100 diffusion f£ilm from reaching the capacitive upper electrode.
A first method for fabricating a semiconductor device
according to the present invention includes the steps of:
forming a capacitor device, including a capacitive lower elec-
trode, a capacitive insulating film made of an insulating
15 metal oxide £ilm and a capacitive upper electrode, on a sub-
strate; férming an interlevel insulating film, having a con-
tact hole reaching the capacitive upper electrode, on the
capacitor device; depositing a conductive £ilm, preventing the
passage of titanium atoms therethrough, so as to cover the en-
20 tire surface of the interlevel insulating film as well as the
contact hole; patterning the conductive f£ilm such that at
least a part of the conductive film located inside the contact
hole is left, theréby forming an anti-diffusion film out of
the conductive £ilm; and forming, on the interlevel insulating

25 £ilm, a metal interconnection including a titanium £ilm such

10



diffusion film which is fornmed between the capacitive upper el ectrode
and the netal interconnection, has conductivity and prevents titani um
at ons conposing the titaniumfilmof the metal interconnection from
passi ng through the capacitive up- 5 per electrode and diffusing into the
capacitive insulating film In the sem conductor device of the

present | gt e fear FREL:OLLIUSLRR T LM IOl Araysy ﬁy g0k BPLYM,A! O

COFT'pOSI ng tl ant um | n er COI’]I’]EC I on Trom passi ng

10 throug he c aC|t|ve er ctrode .and_diff |nto
capaci £ SN AR e HRHE (AT o Ween thie AChISBLEEREon Eaber

.el ectrode and the netal i nt erconnecti on. Thus, durln t he heat
treat ment on t He nkRe| figsér aethed ifor f¢k¢%¢4%$ﬂ®nﬁ semicepguckorhde-

titaniumfilmdo not pass through the grain 15 boundary of metal crystals
conposi ng wive capacondnetimeerf£ilm, epreventidngndheo passalyd f afe tiirtamitime
capacitive insulating film Accordingly, a sem conductor device
i ncl uding s#tdmghl ¥s deposited over an interlevel insulating film formed
on the capacitor device and including a contact holé. Then,
the conductive film is patterned, thereby leaving the part of
the conductive £ilm located inside the contact hole. Thus, the
anti-diffusion film for preventing the titanium atoms £from
10 passing through the capacitive.upper electrode and diffusing
into the capacitive insulating film can be formed between the
upper electrode of the capacitor de#ice and the metal inter-
connection with certainty.
A second method for fabricating a semiconductor device
15 according to the present invention, includes the steps of:
forming a capacitor device, including'a capacitive lower elec-
trode, a capacitive insulating £ilm made of an insulating
metal oxide film and a capacitive upper electrode, on a sub-
strate; forming an interlével insulating f£ilm, having a con-
20 tact hole reaching the capacitive upper electrode, on the
capacitor device; forming, on the interlevel insulating film,
a resist pattern having an opening at a site corresponding to
the contact hole; depositing a conductive £ilm, preventing the
passage of titanium atoms therethrough, so as to cover the en-

25 tire surface of the resist pattern; lifting off the conductive

11



el i abl e capacitor device can be forned. In the sem conduct or
device of the present invention, the 20 anti-diffusion filmis preferably
a nmetal nitride filmor nmetal oxide filmhaving conductivity.

I n such an enbodi nent, since the conductive nmetal ni- tride filmor
nmetal oxide fil m has no grain boundary and has a dense structure, the

filmean HAEeNodNGRASPS Mo Eidicr BabbiM L0 Hhil Soph2k0r il
di ffusion f|| |s a conductive netal oxide film the conduc- tivity of
the film iSPHBICHHRgES 1B ehOGRERD IR ¢ ddemeRPRtact shedpdukt edefiti-hi n

oxygen anbient in order to recover the crystal structure of the
f err oel ecttherdby nffeontngt ani g tihdifFusdpacifiilve dulsudfit ithg fadnduckiive i s
because the netal oxide filmhas conductivity in the state of an oxide.
I n the serfidonduidrfoening, obnt bRepiasemniewvsieihsalatihg film, a metal
5 interconnection including a titanium film such that the metal
interconnection is electiically' connected to the capacitive
upper electrode via the anti-diffusion £ilm.
In the second method for fabricating a semiconductor de-
vice, a resist pattern having an opening at a site correspond-
10 ing to a contact hole is formed on the interlevel insulating
film formed on the capacitor device and including the contact
hole, and a conductive film, preventing the passage of titani-
um atoms therethrough, is deposited thereon. Thus, the anti-
_diffusion film for preventing the titanium atoms from passing
15 through the capacitive upper electrode and diffusing into the
capacitive insulating film can be formed between the upper
electrode of the cépaditor device and the metal interconnec-
tion with certainty.
A third method for fabricating a semiconductor device
20 according to the present invention includes the steps of: se-
gquentially stacking a first metal film, an insulating metal
oxide film, a second metal film and a conductive f£film, pre-
Venting the passage of titanium atoms therethrough, on a sub-
strate; patterning the second metal film and the conductive

25 film by using the same etching mask, thereby forming a ca-

12



tthe capacitive insulating filmis a ferroelectric film a hi ghly
reliable nonvol atile nenory can be obtained. On the 10 other hand, if the
capacitive insulating filmis a high di- electric film a highly
reliable dynam c nenory can be ob- t ai ned. In the

sem conduct or device of the present I nventi on, the titaniumfilmis

preferably _an.adhesive layer, fo S a l ovver e f th met al

i nterconné’ GIgHVS PR %geﬁbro e g‘d egfoﬁhﬁet ‘f]ﬁ %l m and |

I nt erconnection_and the up el ectrode, and the ant| -diffusion filmis
pr ef er abl P} 13 Eusion, i§ﬁﬂ1H‘| t94&eofi |Fhe conductiyg stklmanb

since the titaniumfilmis an ad- 20 hesive |ayer, the adhesion between
t he net al the dmpnkatingnmetal apyideefippetoefermr gdeapanittéwenﬁnmué@t—l n
addition, if the ~anti-diffusion filmis a titaniumnitride film then
no by- iny ofiith and @ateterhinggthbe fdapasiméoal ofillhe tntfosthif Augasn
film Moreover, even if titaniumin the titaniumfilmdif- 25 fuses toward
t9he anty - ddiusiven fLoleroveledt£6dd 2l FotndnRIC8n interlevel insulating

film, having a contact hole reaching the capacitive upper
electrode, over a capacitor device constituted by the ca-
pacitive lower electrode, the capaqitive insulating film and
the capacitive upper electrode; and forming, on the interlev-
10 el insulating film, a metal interconnection ineluding a tita-
nium f£ilm such that the metal interconnection. is electfically
connected to the capacitive upper electrode wvia the. anti-
diffusion f£ilm.
In the third method for fabricating a semiconductor de-
15 vice, among the sequentially stacked first metal £ilm, insu-
lating metal oxide film, second metal film and conductive
film preventing the passage of titanium atoms therethrough,
the second metal film and the conductive film are patterned
first, thereby forming a capacitive upper electrode. and an
20 anti-diffusion f£ilm. -Then, a metal interconnection including
a titanium film is formed over the interlevel insulating film
having a contact hole. Thus, the anti-diffusion film for pre-
venting the titanium atoms from passing through the capacitive
upper electrode and diffusing into the capacitive insulating

25 film can be formed between the upper electrode of the. capaci-

13



the nature.of the anti-diffusion filmis not changed and the
characteristics of the capacitor device are stabilized. In the
sem conduct or device of the present invention, the capacitive upper
el ectrode preferably has a crystal 5 structure including a grain
boundary. In such an enbodinent although the titanium atons are

nore |ikel ass thr apa |t|ve up rode, t he
titani um ﬁ%&e&d‘cﬁota"dﬂ{%?s r&é’ﬁé‘&"t f'rg} certaigting fi|m
because the atons _are revented by the anti - 10 dlffu3|on filmfrom
reaching the cdp aE??FVg Meidodk| £R% r 6gbricating a semicenduchey fgvice
fabricating a sem conduct or device according to the present invention

i ncl udes taaconddmg oto the f preisegta tayestion dedlagles nthedisteps of:
capacitive |l ower el ec- trode, a capacitive insulating filmmade of an

i nsul at i nforimpt al capadd thivem owk:n edpatibdecangped €apatitiiee QGhsu-sub-
strate; formng an interlevel insulating film having a con- " tact hole

reachi ng tig GRPaE] 1h iRadEPBE %hecitdsraieau% Mtal oXPRECELM BRYIaCSub-
depositing a conductive film preventing t passage of titanium atons

theret hroyghy 580, aaebgs‘i@iﬁrg the 9.'?1terlevel insulating film so as to

cover the Substrate as well as the capacitive insulating
film; forming a resist pattern over the interlevel insulating
film, the resist pattern having an opening over a region
10 where a capacitive upper electrode is to be formed; etching
the interlevel insulating film by using the resist pattern as
a mask, thereby forming an upper eléctrode forming opening
through the interlevel insulating film; sequentially deposit-
ing a metal £ilm and a conductive £ilm preventing the passage
15 of titanium atoms therethrough so as to cover the entire sur-
face of the resist pattern as well as the upper electrode
forming opening; lifting off the metal film and the conduc-
tive £ilm together with the resist pattern such that part of
the metal f£ilm and part of the conductive film, which are lo-
20 cated in the upper electrode forming opening, are left,
thereby forming the capacitive upper electrode out of the
metal film and an anti-diffusion film out of the condﬁctive
film; and forming, on the interlevel insulating f£ilm, a metal
interconnection including a titanium f£ilm such that the metal

25 interconnection is electrically connected to the capacitive

14



20 tire surface of the interlevel insulating filmas well as the

contact hole; patterning the conductive filmsuch that at | east a part
of the conductive filmlocated inside the contact hole is left, thereby
formng an anti-diffusion filmout of t he conductive film and form ng,

on the interlevel insulating 25 film a netal interconnection including a
titaniumf] t hat

t he net al llléégelfgeg#%%ﬁ?do% x{:lsa eql%ect%ted]qufélgﬂﬁé’clf&&mt‘o a t he capacitive

upper el ectrode via%the antj-diffusion film . . In the first method

for fabricatingt S8%i EBHELR Bethed for fabricatipgqdcSem-aanductateisn i ng

the passage of titanium 5 atons, is deposited over an interlevel

i nsul at i ng7¥¢e¢ m ¥he ntterlevplt hesulphithgofidmyiiscekpbednbyudisi®d @sntdact

hol e. Then, the conductive filmis patterned, thereby |leaving the part

of t hemasinduat resifsid rpd vostredinoiudénghanc @pjeacindiobeer Tithe, Hdybon

anti-diffusion filmfor preventing the titaniumatons from 10 passing

t hroughs t hehsedachéi ¥apdppeivel appeedelasdrdatl Usi #8 be formed, thereby
forming an upper electrode forming opening through the inter-
level dinsulating film. Then, a metal film and a conductive
film preventing the passage of titanium atoms therethrough
are deposited, and a metal interconnection including a tita-

10 nium £ilm is formed thereon. Thus, the anti-diffusion film
for preventing the titanium atbms from passing through the ca-
pacitive upper electrode and diffusing into the capacitive in-
sulating film can be formed between the upper electrode of the
capacitor device and the metal interconnection with certainty.

15 Therefore, in accordance with the first to fourth methods
for fabricating a semiconductor device, the semiconductor de-
vice of the present invention can be fabricated with cer-
tainty.

In the first to fourth methods for fabricating a semicon-

20 ductor device, the conductive film is preferably a metal ni-
tride f£ilm or metal oxide £ilm having conductivity.

In the first to fourth methods for fabricating a semicon-
ductor device, the capacitive insulating film is preferably a

ferroelectric film or a high dielectric f£ilm.

25 In the first to fourth methods for fabricating a .semicon-

15



into the capacitive insulating filmcan be fornmed between the

upper

el ectrode of the capacitor device and the netal inter- connection with
certainty. A second nethod for fabricating a sem conductor device

15 according to the present invention, includes the steps of:
capaci tor device, including a capacitive |ower elec- trode,

o R B A o AL,

rmng-an I n

capaci tive upper ctrode, o

formng a
a

Babegl™ °

insulating film having a con-, 20 tact hole reachjng the_.c citive upper
glzgtrohe39¥$511 Srme aPficPt PVERNSE Qﬁ?ﬁrﬁf ghe?WEtP&t3%2§ﬁgonneé¥)

insulating film a resist pattern having an opening at a‘s

te

cor r espondilffit ¢ ofoT ifpEoydMdacrdireston dbgd¥eennthe cBABadt ilptemgopnec-

preventing the passage of titanium atons therethrough, so as to cover
the en- 28an r @mnslr ftdeee ofapdaed tisrs stuppen erededtrodeng e t tkecomdddt-i ve

filmtogether with the resist pattern such that a part of the
conducts vaifffusimcaf£lini hsi peefeabbpt actibahtunsniefide £ilm.

In the first to fourth methods for fabricating a

semicon-

ductor device, the capacitive upper electrode preferably has

a crystal structure including a grain boundary.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a semiconductor

device in the first embodiment of the present invention.

Figure 2 1is a cross-sectional view of a semiconductor

device in the second embodiment of the present invention.

15 Figure 3 is a cross-sectional view of a semiconductor

device in a variation of the second embodiment of the present

invention.

Figure 4 is a cross-sectional view of a semiconductor -

device in the third embodiment of the present invention.

20 Figure 5 1is a cross-sectional view of a semiconductor

device in the fourth embodiment of the present invention.

Figures 6(a) through 6(c) are cross-sectional views il-

lustrating respective process steps in a method for fabricat-

ing the semiconductor device of the first embodiment of the

25 present invention.

16



thereby formng an anti-diffusion filmout of the conductive film and
formng, on the interlevel insulating film a netal 5 interconnection

including a titaniumfilmsuch that the netal I nterconnection is
el ectrically connected to the capacitive upper el ectrode via the
anti-diffusion film I'n the second method for fabricating a

sem conduct or - vice resi st tstern haV|n a

corr espond- 1%%9ﬂf?% 2?36n?55 9 §nga§1ﬁﬁ%mfF%ﬁ Th c?ﬂ?g?ﬁeyépws 118
insulatin%_ filmfornmed on the capacitor device and |nclud|n%

contact TUHFRLing reSReRLH¥e PEoFFFﬁ] sheRfent? ntPe neephedade offatqrtlam
um atoms therethrough, is deposited thereon. Thus, the anti - di ffusion
filmfor rakiddi hhet emiqaniueter odsvicomqfsthag fimst hewbgdimaat of
capacitive upper electrode and diffusing into the capaci tive insul ating
filmcan bthd pmesedet imeenthenupper el ectrode of the capacitor device
and the netal interconnec- tion with certainty. A third nethod

for fabyicati ngrigeess caQdyCctairodgh B o) bfe COres89sé8tibRalr @38Rs 11-
i nvention includes the steps of: se- guentially stacking a first netal

film an inggsd ﬂﬂgWﬁéébect1vexbgscébgnbt@p§e§ﬁng Hekdbd foP FAbrAcat -

conductive film pre- venting the passage of titanium atons

therethroqgﬂ%egge sgﬂgconduc%EEa%%vﬂ%§t5¥r%ﬂ@ éggoﬁscgﬂgoﬁgﬁghtfgfnfﬂgj

t he conduc

present invention.
Figures 9(a) through 9(c) are cross-sectional views il-
10 lustrating respective process steps in the method for fabri-
cating the semiconductor device of the second embodiment of
the present invention.

Figures 1l0(a) through 10(e) are cross-sectional views
illustrating respective prbcess stéps in a method for fabri-

15 cating the semiconductor device of the third embodiment of
the present invention.

?igures 11(a) through 1l{(c) are cross-sectional wviews
illustrating respective process steps in a method for fabri-
cating the semiconductor device of the fourth embodiment of

20 the present invention.

Figures 12(a) through 12(c) are cross-sectional views
illustrating respective process steps in the method for fab-
ricating the semiconductor device of the fourth embodiment of
the present invention.

25 ' Figure 13 is a cross~sectional view of a conventional

17



25 filmby.using the sanme etching nmask, thereby forning a ca-

12 pacitive upper electrode out of the second netal filmand
an anti-diffusion filmout of the conductive film patterning t he
insulating netal oxide filmto forma capacitive insulat- ing filmand
patterning the first netal filmto forma ca- 5 pacitive |ower electrode;
formng an _interlevel insul ating film having a contact hole reaching
t he capaciﬁ?%i??ﬁéhﬁ or &%Y%E?rode, over a capacitor device constituted by
the ca- pacitive |ower electrode, the capacitive insulating film and
the capacitive ihgeres| d&l@dethEaugho () 8Re: HEX9FT eFeehiona) gllews
insulating film a netal interconnection including a tita- niumfilm
such that iWauskratingt erespaetiven processt ris¢gPsy in @nmanvwentiondle
capacitive upper electrode via the. anti- diffusion film I n
the third metihodl for fabricating a semiconductor device.

5
DESCRIPTION OF THE PREFERRED EMBODIMENTS
EMBODIMENT 1

Hereinafter, a semiconductor device according to the

first embodiment of the present invention will be described
10 with reference to Figure 1.

Figure 1 illustrates a cross-sectional structure of the
semiconductor device in the first embodiment. As shown in
Figure ;, a lower electrode 11 made of a first platinum film,
a capacitive insulating film 12 made of an insulating metal

15 oxide film such as a ferroelectric film or a high dielectric
film, and an upper elect;:ode 13 made of a second platinum
film are sequentially formed on a semiconductor substrate 10
made of silicon. The lower electrode 11, the capacitive insu-
lating f£ilm 12 and the upper elecfrodé 13 constitute a ca-

20 pacitor device. In this embodiment, the size of the lower
electrode 11 is larger than that of the upper electrode 13
such that a metal interconnection can be extended upward to
pass by the sides of the upper electrode 13 and be electri-
cally connected to the lower electrode 11.

25 An interlevel insulating film 14 made of a silicon oxide

18



15 vi ce, anong the sequentially stacked first netal film insu- | ati ng

netal oxide film second netal filmand conductive filmpreventing the
passage of titanium atons therethrough, the second netal filmand the
conductive filmare patterned first, thereby form ng a capacitive upper

electrode and an 20 anti-diffusion film Then, a netal interconnection

I ncl udi ng ., |tan|un1f|I |s foran ver the erIeveI |nsul tin I 1m
havi ng a c%h]tné' % n':f[ %R‘ﬂ% tcﬁ f%l%v%% Tfs %gn

t he titaniun1atons fron1 as S|ng throua1 t he capacitive upper electrode
and di f f ustify e YRGS DA §elds a5 (Hhec SAPRCLEOrEgVBEeween

t he upper el ectrode of the. capaci- 13
tor devi ce® aleweheelectirodet cpnbagkchode W5t Bnde@maiunper-electrodeA danst h
met hod for fabricating a sem conductor device according to the present
i nvention tawt tniske the atepSoxfied thrdwghri the alwEpeastel einavitimediade
and a capacitive insu-

5 14.

The first embodiment is characterized by including an
anti-diffusion conductive film 17 made of a conductive metal
nitride f£ilm (e.g., a titanium nitride £ilm) on the inner
bottom surface and inner wall surfaces of the upper-electrode

10 contact hole 16 and on a part of the interlevel insulating
film 14 surrounding the uppér-electrode contact hole 16.

Metal interconnections 18, each conSisting of a titanium
film 18a, a first titanium nitride film 18b, an aluminum f£ilm
18c and a second titanium nitride film 18d, are formed over

15 the interlevel insulating film 14 as well as the inner sur-
faces of the lower-electrode contact hole 15 and the upper-
electrode contact hole 16. In this embodiment, one of the
metal interconnections 18 1is electrically connected to the
lower electrode 11 directly inside the lower-electrode contact

20 hole 15. The other metal interconnection 18 1is electrically
connected to the upper electrode 13 wvia the anti-diffusion
conductive film 17.inside the upper-electrode contact hole 16.

It is noted that the titanium film 18a functions as an

adhesive layer for improving the adhesion between the alumi-

25 num £ilm 18c and the lower electrode 11 and between the alu-
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5“Iating filmmade of an insulating nmetal oxide filmon a sub- strate;

depositing an interlevel insulating filmso as to cover the substrate
as well as the capacitive insulating film formng a resist pattern
over the interlevel insulating film the resist pattern having an

openi ng over a region 10 where a capacitive upper eIectrode Is to be

f or med; et |n I nter).evel |nsul t he L& Si st
pattern a§“ "gfir‘?ﬁ%leme‘f h%l?‘ib ‘T’o’f’ﬁ?ﬁﬁ "3 B%%%‘ eirl% ?‘&s% ﬁd‘ (%lé'?ﬂ“ng
through the interlevel insulating film sequentjall dep03|t-

metal fil ﬁlé:ﬂr"d-d& dondctiR et FPFE&BPévéﬁt B Parreigha iBroPrF"Fﬁﬁnlaﬁn
atons therethrough so as to cover the entire sur- face of the resist
pattern aglwEinug iithethgpelumelpan rHikm 18cf Sremngiffuaing; initpt thg oBf- t he
metal filmand the conduc- tive filmtogether with the resist pattern
such t hat pmarittiofe insdleetimeg afilml| b2 anTheasécohdt hétanthdmchiveifiiel filwhi ch
are lo- 20 cated in the upper electrode form ng opening, are left,

thereby f aed nEuideisapaast iare APPEIréf BEEE LR mmofwhtﬂle an ﬂpﬁaal: fiipl-m
and an anti-diffusion filmout of the conductive | m and form ng, on

the interl S al C n u 21
tltanlum1#%%%%Xi§#%éé&f§%%h%g?éimngg|q%eg?gg§£%§?gﬂﬁlghglg%?%?cgﬁﬁ%ra

connect ed 40 1% 153P9d '€ etched.

Hereinafter, a method for fabricating the semiconductor

device in the first embodiment of the present invention will
10 be described with reference to Figures 6(a) through 6(c) and
Figures 7(a) through 7(c).

First, as shown in Figure 6(a), the first platinum film
11A, the ferroelectric film 12A and the second platinum £ilm
13A are sequentially stacked over the entire surface of the

15 semiconductor substrate 10.

Thereafter, as shown in Figure 6(b), the second p;atinum
film 13A is selecfively' etched, thereby forming the upper
electrode 13. Then, the ferrcelectric film 12A and the first
platinum film 11A are selectively etched, thereby forming the

20 capacitive insulating £film 12 out of the ferroelectric f£ilm
12A and the lower electrode 11 out of the first platinum f£ilm
1l1A. 1In this embodiment, the ferroelectric £ilm 12A and the
first platinum film 11A are preferably etched by using the
same mask, because mask misalignment can be prevented by do-

25 ing so. Alternatively, the ferroelectric f£ilm 12A and the

20



14 - upper electrode via the anti-diffusion film In
the fourth nethod for fabricating a sem conductor de- vice, the
interlevel insulating filmis etched by using, as a mask, a resist
pattern including an opening over the region 5 where the capacitive upper
electrode is to be forned, thereby form ng an upper el ectrode formng

openingt?q:igpe&ﬂg‘ rm ra \Y; ipsulating f£ilm Then, .a netal film
and a con ujt Y 1 ﬁn?%)}“elv% Slrﬁ Ytﬁ% 3§§§8§eSSPaFﬁI§ﬁ-PUWaP§&g’9 re
t heret hrough . e 8e sited, and a rre]%al i nterconnection including a
tita. 10 SHGFHIVEIN | SIFERTERT: MAt. THER, (HE APacliive; dRsdlahiog
for preventing the titani um atons fr_om£qssi ng through the ca- pacitive
upper el edi¥lRiel Zndis deelasitiyeilit etohed dgnonder to-form guirggieg ffidom can
be fornmed between the upper electrode of the capacitor device and the
nmet al i nt evicicrineztmehadi ihtercbanstyionlfo be elleertafiamad ly rcoamere o
wth the first to fourth nethods for fabricating a sem conduct or
devi ce,s t thselbwendwllewtrde 11 is extended upward. Subsequently, in
order to recover and stabilize the crystal structure of the
ferroelectric film constituting the capacitive insulating
£film 12, the capacitive insulating £ilm 12 is subjected to a
heat treatment within oxygen ambient.

10 Next, as shown in Figure 6(c), the interlevel insulating
film 14 made of a silicon oxide film is deposited over the en-
tire surface of the semiconductor substrate 10. And the inter-
level insulating film 14 is selectively etched, thereby
forming the lower-electrode contact hole 15 and the upper-

15 electrode contact hole 16. Then, in order to recover and sta-
bilize the crystal structure of the ferroelectric £ilm con-
stituting the capacitive insulating film 12, the capacitive
insulating f£ilm 12 is subjected to a heat treatment within
oxygen ambient.

20 Next, as shown in Figure 7(a), the titaniumgnitride film
17A is deposited so as to cover the entire surface of the
semiconductor substrate 10 as well as the inner surfaces of
the lower-electrode contact hole 15 and the upper-electrode

contact hole 16. Then, a resist pattern 19 having an opening

25 over the upper-electrode contact hole 16 and the surrounding

21



vice of the present invention can be fabricated wth cer- tainty.
In the first to fourth nmethods for fabricating a sem con- 20 ductor

device, the conductive filmis preferably a netal ni- tride filmor
metal oxide filmhaving conductivity. In the first to fourth
met hods for fabricating a sem con- ductor device, the capacitive

I o h di,el
i o5 Eodidh EkEs f‘? ¥aPned, okChe PRGE LFaks i, i Bt Aag e aaTal ' ©
15 ct tit f I f bI dh
ayer, formed RSFISIRITIE: #5, Shoyp 31% R R O R or

i mproving adhesi on betmeen the netal interconnec- tion and the
capaci ti vetEisiRrftlmclivAdds gtehede bihtysing the fxesbatf paktesnpldf @saldl y a
titaniumnitride film In the first to fourth nmethods for

fabri cati mpask sefthevrby fommioi®r theviard;i-tdid fneyian t comdugpivre eEddir dde
preferably has

5 out of the titanium.mnitride film 17A so as to cover the inner
bottom surface and inner wall surfaces of the upper-electrode
contact hole 16 and part of the upper surface of the inter-
level insulating film 14 surrounding the upper-electrode con-
tact hole 16.

10 Then, as shown in Figure 7(c), the metal interconnec-
tions 18, each consisting of the titanium film 18a, the first
titanium nitride film 18b, the aluminum film 18c and the sec-
ond titanium nitride f£ilm 184, are formed over the anti-
diffusion conductive f£ilm 17 and the interlevel insulating

15 film 14. The titanium f£ilm 18a functions as an adhesive layer
for improving the adhesion between the aluminum f£ilm 18c and
the lower electrode 11 and between the aluminum film 18c and
the upper electrode 13. The first titanium nitride film 18b
functions as a barrier layer for preventing aluminum in the

20 aluminum film 18c¢c from diffusing into the capacitive insulat-
ing £film 12. The second titanium nitride film 184 functions
as an anti-reflection £film while an upper interlevel insulat-
ing film to be deposited over the metal interconnections 18

is etched.

25 Next, in order to further improve the adhesion. between

22



a crystal structure including a grain boundary. 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is a cross-sectional view of
a. sem conduct or device in the first enbodi ment of the present

i nventi on. Figure 2 is a cross-sectional view of a sem conduct or
device in the second enbodi nent of the present invention. 15 Figure 3

8 2 Cr oS SRect ol 81401 182 EREERIUHEL AL tno HRYAC kARl O

t he second enbodi nEN e presen I's a
cross-sectjonal . view of a sem conductor devi in_the third enmbodi nent
of “the. pr biind 5%, Farer18ge  "1hsR gt 1nas £1Tn, 13 o dne St AN R
sem conduct or device in the fourth enbodi nent of the present invention.

Fi gures 6@ACHINBUG A% sweierbed-tacaibpal treakment. | ustrating
respective process steps in a nethod for fabricat- ing the

sem conduct or dewi tbeoffiret f embodémendi.nethe ofinnbr WHE toessurfageemndn.

0 5 inner wall surfaces of the upper-electrode contact hole 16
and the part of the upper surface of the interlevel insulat-
ing film 14 surrounding the upper-electrode contact hole 16
are covered with the anti-diffusion conductive film 17 made
of the titanium nitride £ilm.17A including no grain boundari-

10 es and having a dense structure. Thus, the titanium atoms in
the titanium film 18a constituting the metal interconnections
18 do not pasé through the anti-diffusion conductive £ilm 17.
Accordingly, during the heat treatment.conducted on the metal
interconnections 18, it is possible to prevent the titanium

15 atoms in the titanium film 18a from passing through'the grain
boundaries of metal crystals composing the upper electrode 13
and diffusing into the capacitive insulating £film 12, As a
result, in the first embodiment, a semiconductor device in-
cluding a highly reliable capacitor device can be formed.

20 In addition, in the first embodiment, not only the inner
surfaces of the upper-electrode contact hole 16 but also the
part'of the upper sﬁrface of the interlevel insulating film
14 surrounding the upper-electrode contact hole 16 are cov-
ered with the anti-diffusion conductive film 17. Thus, even

25 . when a mask used for patterning the titanium nitride £ilm 17A



Figures 7(a) through 7(0) are cross-sectional views il- | ustrating
respective process steps in the nethod for fabri- cating the

sem conductor device of the first enbodi nent of the present invention.
5 Figures 8(a) through 8(0) are cross-sectional views il -

| ustrating respective process steps in a nethod for fabricat- I ng the
sem conduct or { he secqnd enbodi,nent resent iLnyention.
7 gures 005 PHFolTh SLEYRRPRECE 8o Sak €?%ﬁgen e?ol'm%ﬂ Seigm
respective rocess steps in the nmethod_for fabr t he

sem conducttaR& i e etWEP%EC%%ﬁCEﬁBGﬂlﬁBHFaﬁF holethg EP s&ft CoveERS on.
Figures 10(a) through 10(e) are cross-sectional views Il lustrating
respect i vérigitodds anthsdiffusien eendugtivh film 17 suitithecarkainty.

sem conduct or device of the third enbodi nent of t he present invention.
Figures 11(a) tHemepmafiié¢n) &he evedsaidein @l tlve essmicondiibusir dlevige
respective process steps in a nethod for fabri- cating the

sen conudrire vi Les of ehbedainent hwenhoBenasscefived.

Table 1 shows in comparison the characteristics of the
capacitor device in the semiconductor device of the first em-
bodiment and the characteristics of a capacitor device in a
conventional semiconductor device.

10 [Table 1]

Breakdown voltage (V) Data retention time
(years)
First Embodiment 40 10
Conventional Capacitor 20 . 1

As can be understood from Table 1, in the first embodi-

ment, the breakdown Qoltage of the capacitor device is 40 V,
which is twice as high as that of the conventional capacitor
device. The data reteption time of the capacitor device of

is the first embodiment is 10 years, which is ten times as long

as that of the conventional capacitor device.

EMBODIMENT 2
Hereinafter, a semiconductor device according to the
20 second embodiment of the present invention will be described
with reference to Figure 2.

Figure 2 illustrates a cross-sectional structure of the

24



20 the present invention. Figures 12(a) through 12(0) are

cross-sectional views ~illustrating respective process steps in the

net hod for fab- ricating the sem conductor device of the fourth

enbodi ment of the present invention. 25 Figure 13 is a
cross-sectional view of a conventional

17 em conduct or es ,14( h.14(e)
are cross SATERCLTEIHEVLEs B8 s prgopds smBrIRR cochs o PREUH, 5
conventi onal met hod for fabrlcatl a sen1conductor deV|ce

DESCRI PTI AN BT HE PREFEVREDCLRE I\#’S made ERBCR) F@Emtlplatlnum film,

Hereinafter, a sem conductor dQV|ce according to the first enbodi ment
of the presep@paaibiveodnsulatingettimbed made of an insulating metal

oxide film such as a ferroelectric film or a high dielectric
5 £ilm, and an upper electrode 23 made of a second platinum
film are sequentially formed on a semiconductor substrate 20
made of silicon. The lower electrode 21, the capacitive insu-
lating film 22 and the upper electrode 23 constituté a ca-
pacitor device.
10 An interlevel insulating film 24 made of a silicon oxide
film, for example, is deposited to cover the entire surface of
the semiconductor substrate 20 as well as the capacitor device.
A lower-electrode contact hole 25 and an upper-electrode con-
~tact hole 26 are formed thfough the interlevel insulating film
15 24.
The second embodiment is characterized in that an anti-
diffusion conductive film 27 made of a titanium nitride film
is £illed in the upper-electrode contact hole 26.
Metal interconnections 28, each consisting of a titanium
20 £ilm 28a, a first titanium nitride f£ilm 28b, an aluminum £ilm
28c and a second titanium nitride film 284, are formed so as
to cover the interlevel insulating film 24 as well as the in-
ner surfaces of the lower-electrode contact hole 25. In this
embodiment, one of the metal interconnections 28 is electri-

25 cally connected to the lower electrode 21 directly inside the

25



10 with reference to Fi gure 1. Figure 1 illustrates a

cross-sectional structure of the 'sem conductor device in the first
enbodi ment. As shown in Figure 1, a lower electrode 11 nmade of a first
platinumfilm a capacitive insulating film 12 made of an insulating

metal 15 oxide filmsuch as a ferroelectric filmor a high dielectric
film and o] f S n lati - ' e
sequentHﬂ#%yégﬁééﬁﬁﬁﬁ?éésgﬁ?%%%gﬁgg%g %ébs?@%t%ﬂ%%y ﬂgﬂ%&k}%#ééégégﬁﬁi
The lower glectrgde 11, the ca itive insu- l.ating film,12 and the
upper eIec¥+%ﬁe2§3Jébné%??ﬁ?%cgfﬁﬁ-COQBeﬁ Egt&P(ﬁRQCBSP?ﬁ EieStERgsdi4bnt |

the size of the | ower el ectrode 11 is larger than that of the upper

el ectrode ¥ theg antindiffupden| conductdngeciibh 2dn deoest Ehge MRRRRT d

to pass by the sides of the upper electrode 13 and be electri-

cal | y connetectiredet ponitentr halect2@deInl othgyx words\n theedladhtelr metal

insulating film 14 made of a silicon oxide

18 5 interconnection 28 is electrically connected to the upper
electrode 23 without being bent in the vértical direction.
Thus, the latter metal interconnection 28 can be electrically
connected to the upper electrode 23 with more certainty.

Hereinafter, a semiconductor device according to a

10 variation of the second embodiment of the present invention
" will be described with reference to Figure 3. |

Figure 3 illustrates a cross-sectional structure of the
semiconductor device in the wvariation of the second embodi-
ment. Only the difference between the second embodiment and

15 this wvariation will be described below.

The wvariation of the seéond embodiment is characterized
in that the anti-diffusion conductive film 27 made of a tita-
nium nitride film, for example, is deposited only in the lowQ
er part inside the upper-electrode contact hole 26. Thus,

20 part of the metal interconnection 28 consisting of the tita-
nium £ilm 28a, the fifst titanium nitride f£ilm 28b, the alu-
minum film 28c¢c and the second titanium nitride film 284 is
located inside the upper-electrode contact hole 26. Accord-

ingly, one of the metal interconnections 28 is electrically

25 connected to the lower electrode 21 directly inside the lower-
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film for exanple, is deposited to cover the entire surface of t he

sem conduct or substrate 10 as well as the capacitor device. A

| ower - el ectrode contact hole 15 and an upper-el ectrode con- tact hole
16 are formed through the interlevel insulating film 5 14. The
first enbodinment is characterized by including an anti-diffusion

i tant um 97O Ryt s MY den ol artarcodliat iy

surfaces of the upper electrode 1Q contact hole 16 and on  a part _of the
|nterleva1§r§ﬁ?9££ﬁ§ally corReeked, ke n§PPRE RS Qﬂ%&t?%d¥l€omﬂ%n

hol e 16. Metal interconnections 18, each consisting of a titanium
film18a, antiTakEfusion uaeRdvetieef FiAm g insifenthemynnen-electsodmd a
second titaniumnitride film 18d, are forned over 15 the interlevel

I nsul ati ngcdntactihale V@81 as the inner sur- faces of the

| oner - el ectrode contact hole 15 and t he upper- el ectrode contact hole

16. In ghis enmpeireenartens af nidthod foltphbriéetLngnedkl emibdriductor
electrically connected to the | ower el ectrode 11 directly inside the

| over - el ecidPtice CONt 86E séBohdl émﬁédlﬁaﬁtobﬁeVthgeb%les'e'i‘xtterl(iﬁ@?ﬁitdrp'%u%ﬁ s

electrically connected to the upper electrode 13 via the anti-diffusion

conduct i ve,d i juLdZ; hBa! 48 thGHRRNR & PHfuSORt 86L) "2heohBn 8(c) ana

Figures 9(a) through 9(c).
First, as shown in Figure 8(a), the first platinum film
10 21A, the ferroelectric f£film 22A and the second platinum film
23A are sequentially stacked over the entire surface of the
semiconductor substrate 20.
Thereafter, as shown in Figure 8(b), the second platinum
film 23A is selectively etched, thereby forming the upper
15 electrode 23. Then, the ferroelectric f£ilm 22A and the first
platinum £ilm 21A are selectively etched, thereby forming the
capacitive insulating f£ilm 22 out of the ferroelectric film
22A and the lower electrode 21 out of the first platinum £ilm
21A. Then, the capacitive insulating £ilm 22 is selectively
20 etched in order tq form a region from which a metal intercon-
nection to be electrically connected to the lower electrode 21
is extended upward. Subsequently, in order to recover and
stabilize the crystal structure of the ferroelectric £film
constituting the capacitive insulating £ilm 22, the ca-

25 pacitive insulating £ilm 22 is subjected to a heat treatment
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If is noted that the titaniumfilm 18a functions as an adhesi ve | ayer

for inproving the adhesion between the alum- 25 numfilm 18c and the

| ower el ectrode 11 and between the al u-

19 m num fil m 18c and the upper electrode 13. The first
titani um nitride film18b functions as a barrier |ayer for preventing

al um num i | .um [lmJd8c fromdiffusing into the ca- pacitive
et BAYSR Senidhe

insulatiné° fitaniumnitride film 5 18d functions as
an anti-reflection filmwhile an rlevel .insulating filmto

be deposited oM¥Fe it afPPHRelD %Qggéﬁk%gEPPoﬁ§%1§3q9§%ﬁﬁ%%ilns ating
Hereinafter, a nethod for fabricating the sem conductor device in the
first enbddifet FadeehHrefekigany Qidm fiilm is deposidesd ayver iheh en-
reference to Figures 6(a) through 6(c) and Figures 7(a) through 7(c).
First, as Slmawvwsurfdigui Be)senivwondusionlsatbstratie 120. And the inter-
5 level insulating film 24 1is selectively etched, thereby
forming the lower-electrode contact hole 25 and the upper-
electrode contact hole 26. Then, in order to recover and sta-
bilize the crystal struC£ure of the ferroelectric f£ilm con-
stituting the capacitive insulating film 22, the capacitive
10 insulating film 22 is subjected to a heat treatment within
oxygen ambient.

Thereafter, as shown in Figure 9(a), a resist pattern 29
having an opening in a region corresponding to the upper-
electrode contact hole 26 is formed over the interlevel insu-

15 lating £ilm 24 and the titanium nitride f£ilm 27A is deposited
over the entire surface of the semiconductor substrate 20.

Subsequently, as shown in Figure 9(b), the resist pat-
tern 29 is removed and the titanium nitride film 27A deposit-
ed on the resist pattern 29 is lifted off, thereby forming

20 the anfi—diffusion conductive film 27 out of the titanium ni-
tride £ilm 27A so as to fill in only the inside of the upper-
electrode contact hole 26.

Then, as shown in Figure 9(c¢), the metal interconnec-

tions 28, each consisting of the titanium film 28a, the first

25 titanium nitride f£ilm 28b, the aluminum f£ilm 28c¢c and the sec-
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11A, the ferroelectric film 12A and the second platinumfilm 13A are
sequentially stacked over the entire surface of the 15 sem conductor
substrate 10. Thereafter, as shown in Figure 6(b), the second

pl ati num film13A is selectively etched, thereby form ng the upper

el ectrode 13. Then, the ferroelectric film12A and the first pl ati num

filml 1A ar ctlvely {ch d’.ﬁl’@i‘{e? form ng heeéo capacjtive

i nsul ati ngor\‘(aq ﬁ%%?“&t}{“ o‘i‘f lﬁﬁ&?e ?PI c #7¢ mftorm A°Xﬁ§ #é

el ectrode 11 out, of the first plati numf| | m 11A In_this errbodl nent ,

the ferrodidfydion  PRPABELINE t”'ri’e‘-m Tr j3nd &ha.ﬁaﬁ?#wﬂm%atmg
preferably etched by using the sane mask, because mask m salignnent can
be preventfddmy24o- Next, | 1B o5 deratoe firihas yinpreve ckhecpdbesiont bem 12A
and the 20 first platinum
film1lA nesedre ehehtdtaspamafdlim RBaiscomstituting sphet medlay dirftiesroemt-
masks. Then, the capacitive insulating

5 nections 28 and the interlevel insulating f£ilm 24, the metal
interconnections 28 are subjected to a heat treatment.

In the second embodiment and the variation thereof, the
anti-diffusion conductive film 27 made of the titanium ni-
tride film 27A including no grain boundaries and having a

10 dense structure is formed inside the upper-electrode contact
hole 26. Thus, the titanium atoms in the titanium film 28a
constituting the metal interconnections 28 do not pass
through the anti-diffusion conductive f£ilm 27. Accordingly,
during the heat treatment conducted on the metal interconnec-

15 tions 28, it is possible to prevent the titanium atoms in the
titanium f£ilm 28a from passing through the grain boundaries
of metal crystals composing the upper electrode 23 and d4if-
fusing into the capacitive insulating film 22. As a result,
in the second embodiment and the variation thereof, a semi-

20 conductor device including a highly reliable capacitor device
can be formed.

In addition, in the second embodiment, since the anti-
diffusion conductive f£ilm 27 is filled in the upper-electrode

contact hole 26, the metal interconnection 28 is not bent

25 over the upper-electrode contact hole 26. Thus, the contact
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film212 is-selectively etched in order to forma region from which a
nmetal interconnection to be electrically connected to 5 the |ower

el ectrode 11 is extended upward. Subsequently, in order to recover and
stabilize the crystal structure of the ferroelectric filmconstituting
t he capacitive insulating film212, the capacitive insulating film12 is

subj ected ;to, a eat tr nt_wi_t hin .ox

shown i n AIETeeR EFE esain i aRAII Sk o P 488 BRk e, aletapde °°
silicon oxide filmis_deposited over the en- tire surface of the

senm conductdriguPRE$8FRCEBTY AN the inter- level insulating film14 is
sel ectively etched, thereby formng the | ower-el ectrode contact hole 15
and the upper- Hasednattesde thenteyaluadiion f Thhe, sepigoaduciter dssiigre and
st a- bilize the crystal structure of the ferroelectric filmcon-
stituting ohetihapsecondecemhodlimentgwililllnbe? deisleeribaydaci ti ve I nsul ati ng
film1l2 is subjected to a heat treatnment within oxygen anbient. 20
Next, as shown fabkeger esidws , ihhedmpadiiisen nilié i 8Rathbieristidd bF the
deposited so as to cover the entire surface of the sem conduct or

substrate 10,281 ¥6k! dav il 1ANeheSWdRtESn@lictor h'aﬁ,- e eltﬁat rs%teon

contact hole 15 and the upper-electrode cont act e 16. T resi st
pattern 19 Q@thﬂeQQ Qﬂﬁnkﬂg characteristics of a capacitor device in a

conventional semiconductor device.

[Table 2]
Breakdown voltage (V) Data retention time
{years)
Second Embodiment "~ 40 10
Conventional Capacitor 20 1
10 As can be understood from Table 2, in the second embodi-

ment, the breakdown voltage of the capacitor device is 40 V,
which is twice as high as that of the conventional capacitor
device. The data retention time of the capacitor device of
the second embodiment is 10 years, which is ten times as long

15 as that of the conventional capacitor device.

EMBODIMENT 3
Hereinafter, a semiconductor device according to the

third embodiment of the present invention will be described

20 with reference to Figure 4.

Figure 4 illustrates a cross-sectional structure of the .

semiconductor device in the third embodiment. As shown in
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25 over the upper - el ectrode contact hole 16 and the surrounding

21 region thereof is forned over the titaniumnitride film
17A. Subsequently, as shown in Figure 7(b), the titaniumni-
tride film17A is etched by using the resist pattern 19 as a mask,

t hereby form ng the anti-diffusion conductive film17 5 out of the
tltanlumlytrldeillrnf7A SO

i nner wal | T aces bf ?%%Fuﬁg%?£§?§%¥$%dégge ggoﬁtgéfsﬁo ggé%§hL?B§F$nd

t he upper surface,  of the int | evel insulating film 14 surrounding
t he upperQﬂﬁﬁﬁ?%ﬁElgﬁnlnSUlQF%ﬂgrﬁﬁ¥ml% mage of qmehnsaéaEHBqnqual
Figure 7(0), the netal interconnec- tions 18, each consisting of the
titani um f9%kAe giilmhsuehr 3s a Eeynogdiaghmia rfikm for na 1Bhght Hd edlegtiniem
film18c and the sec- ond titaniumnitride film 18d, are forned over
the anti- £ilmdi &hdsiam uppeuctelectrdds 133 amhdeheof nber.é@u@hdi P td g
15 film14. The titaniumfilm 18a functions as an adhesive | ayer

5 film are sequentially formed on a semiconductor substrate 30
made of silicon. The lower electrode 31, the capacitive in-
sulating f£ilm 32 and the upper electrode 33 constitute a ca-
pacitor device.

An interlevel insulating film 34 made of a silicon oxide

10 film, a silicon nitride £ilm or the like, is deposited to cov-
er the entire surface of the semiconductor substrate 30 as
well as the capacitor device. A lower-electrode contact hole
35 and an upper-electrode contact hole 36 are formed through
the interlevel insulating film 34.

15 The third embodiment is characterized in that an anti-
diffusion conductive film 37 made of a titanium nitride £ilm
having the same planar shape as that of the upper electrode
33 is formed on the upper electrode 33.

Metal interconnections 38, each consisting of a titanium

20 film 38a, a first titanium nitride £ilm 38b, an aluminum £ilm
38c and a second titanium nitride film 384, are formed to cov-
er the interlevel insulating film 34 as well as the inner sur-
faces of the lower-electrode contact hole 35 and the upper-

electrode contact _hole 36. In this embodiment, one of the

25 metal interconnections 38 is electrically connected to the
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for inproviing the adhesi on between the alumnumfilm 18c and t he | ower
el ectrode 11 and between the alum numfilm 18a and t he upper el ectrode
13. The first titaniumnitride film 18b functions as a barrier |ayer
for preventing alumnumin the 20 alumnumfilm 18c fromdiffusing into
t he capacitive I nsul at - ing film212. The second titaniun1nitride film

18d functl | e on fi I le an erl evel
Fooul at - ToVer, o1 ARETH By, Fradad e Lo R iRt
is etched., 25 Next, in order to further inprove the adhesi on between
22 h°1e 3Phe THa aPFRATf metades i ntrgnnaGtien 8 ey electrically

I nt erconnecti ons 18 and the interlevel insulating film 14, the netal

i nt er con- conngrked ohe tBeauppreihjedecdrads Bheaalt theabathom of the upn
the first enbodi ment, the inner bottom surface and 5 inner wall surfaces
of the uppser-edbattmouide coohbatthblodelB6 via the anti-diffusion conduc-

5 tive f£ilm 37.
Hereinafter, a method for fabricating the semiconductor
device in the third embodiment of the present invention will
be described with reference to Figures 10(a) through 10{(e).
First, as shown in Figure 10(a), the first platinum film
10 31A, the ferroelectric film 32A, the second platinum film 33A
and the titanium nitride £ilm 37A are sequentially stacked
over the entire surface of the semiconductor substrate 30.
Thereafter, as shown in Figure 10(b), the titanium ni-
tride f£ilm 37A and the second platinum film 33A are patterned
15 by using the same etching mask, thereby forming the anti-
diffusion conductive filﬁ 37 out of the titanium nitride f£ilm
37A and the upper electrode 33 out of the second platinum
f£film 33A. Subsequently, in order to recover and stabilize
the crystal structure of the ferrocelectric £ilm 32A, the fer-
20 roelectric film 32A is subjected to a heat treatment within
oxygen ambient.
Then, as shown in Figure 10(c), the ferroelectric film
32A and the first platinum film 31A are patterned, thereby
forming the capacitive insulating f£ilm 32 out of the ferroe-

25 lectric f£ilm 32A and the lower electrode 31 out of the first
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and the part of the upper surface of the interlevel insulat- ing film
14 surroundi ng the upper-el ectrode contact hole 16 ~are covered with the
anti-diffusion conductive film 17 nade of the titaniumnitride film17A
i ncluding no grain boundari- 10 es and having a dense structure. Thus, the
titaniumatons in the titaniumfilm 18a constituting the netal

i nt erconnect | 8 ass hrou t he ant -di ff,usi qQqn ,cond ive
(o S9METdeim £4m ST inERgRetAE o Bhe  S8RARL 1k huatRud SN i o)
“interconnections 18, it i pOSSIb|e to prevent the titanium 15 atons _in

t he tutamqﬂn#ﬁ|§ﬁ%§ﬁ$¥Y%%¥p%E§hﬁ§ %ﬂreﬁéﬁrtﬁ@ §PEMna Tregiemnddome ¥hgrch
nmetal crystals conposing the upper el ectrode 13 and diffusing into the
capaci ti ver i netadt iimfendonnegtions o be redmgtiridalivheconnrectedbddi mhet, a
sem conduct or device in- cluding a highly reliable capacitor device .can
be forned.lowlt electirodaidl iim, extrerded fdpwerdnb@ibserjuentlly 0y ddder

I nner surfaces of the upper-electrode contact hole 16 but also the

part ofs t he upesverrdn@esbabinezentrel eygktanseauctart loP the ¥erroe-
surroundi ng the upper-el ectrode contact hole 16 are cov- ered with the

anti - di fftlﬁécﬁ&f@“f'ﬂiﬁl' \een@tllrﬂuu ThYS  &¥edbi 2PvdheRsA1 R KgUTadnd ¥2,

patterning t titantumnitride f n117A

23 the capacitive insulating film 32 is subjected to a heat

treatment within oxygen ambient.
Next, as shown in Figure 10(d), the interlevel insulating
10 film 34 made of é silicon oxide f£ilm is deposited over the en-
tire surface of the semiconductor substrate 30. And the inter-
level insulating £ilm 34 is selectively etched, thereby
forming the lower-electrode contact hole 35 and the upper-
electrode contact hole 36.lThen, in order to recover and sta-
15 bilize the crystal structure of the ferroelectric film con-
étituting the capacitive insulating f£ilm 32, the capacitive-
insulating film 32 is subjected to a heat treatment within
oxygen ambient.
Next, as shown in Figure 10(e), the metal interconnec-
20 tions 38, each consisting of the titanium film 38a, the first
titanium nitride film 38b, the aluminum f£ilm 38c and the sec-
ond titanium nitride film 384, are formed over the anti-
diffusion conductive film 37 and the interlevel insulating
film 34. Then, in order to further improve the adhesion be-

25 tween the titanium film 38a constituting the metal intercon-
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Is out of alignment to a certain degree, the inner bottom surface of

t he upper-el ectrode contact hole 16 can be covered with the
anti-diffusion conductive film17 with certainty. Herei nafter, the
eval uation of the sem conductor device 5 of the first enbodinment will be
descri bed. Table 1 shows in conparison t he characteristics of the

capaci tor device he_ senjco V|ce f the f i_ment
and t he cﬁh‘?“atcjté‘rﬁéé cimifgh g‘ﬁ% OlfahtJaP ’L':[@angl}'lt BLﬁ’alme al’
sen1conductor device. = 10 [Table 1] Br eakdown

vol t age (\An texganpechians 3P 135/ Subjected to a heat treatment.

(years) First Enbodi nent 40 10
Conventi onal  Cajmcither third gmbodiment, the anti-f@iffusion qonduotime
understood from Table 1, in the first enbodi- ment, the breakdown

vol t age offilme Bapamideorofiethee titat{ium nitridéclkilm t3Txeiaslhdghgasnd hat
of the conventional capacitor device. The data retention tinme of the

capaci tor @Mi&eb@&ndéﬁlébeaﬁarﬁhveﬂ‘goal Hefkel §tctedes i sWHdtimd$ drfier
times as |ong
the bottom of the upper-electrode contact hole 36. Thus, the
titanium atoms in the titanium film 38a constituting the
metal interconnection 38 do Inot pass through the anti-
diffusion conductive film 37. Accordingly, during the heat
10 treatment conducted on the metal interconnections 38, it is
possible to prevent the titanium atoms in the titanium film
38a from passing through the grain boundaries of metal crys-
tals composing the upper electrode 33 and diffusing into the
capacitive insulating film 32. As a result, in the third em-
15 bodiment, a semiconductor device including a highlf reliable
capacitor'device can be formed.
Hereinafter, the evaluation of the semiconductor device
of the third embodiment will be described.
Table 3 shows in comparison the characteristics of the
20 capacitor device in the semiconductor device of the third em-
bodiment and the characteristics of a capacitor device in a

conventional semiconductor device.

34



as that of.the conventional capaci tor devi ce. EVMBODI MENT 2
Hereinafter, a sem conductor device according to the 20 second enbodi nent
of the present invention will be described with reference to Figure

Figure 2
24

illustrates a cross-sectional structure of the
sem conductor device in the second enbodi nent. As sho

3ﬁ%ﬁ> | oner el ectrode 21 made of a first platinumfilm
capaC|t|v sﬁﬁ ng film22 made of an insulating netal oxide film

such as d Terroeleciric TiIm O sxeBk@wmdivelRGET (V) o2t 8) retRdt dh WpRET
el ectrode 23 nmade of a second |pl ati num filmarg sequentlally f or med

a sem conductor substrate 20 nade of silicon. The Iomer s ec%rode 21
t he capadiThiy@ Empgdiment | ating film 22 4hd the upper el ectrode 23

consti tut

10

‘15

20

Qodvértional Capacitor 20 1

As can be understood from Table 3, in the third embodi-
ment, the breakdown voltage of the capacitor device is 40 V,
which is twice as high as that of the conventional capacitor
device. The.data retention time of the capacitor device of
the third embodiment is 10 years, which is ten times as long

as that of the conventional capacitor device.

EMBODIMENT 4

Hereinafter, a semiconductor device according to the
fourth embodiment of the present invention will be described
with reference to Figure 5. |

Figure 5 illustrates a cross-sectional structure of the
semiconductor device in the fourth embodiment. As shown in
Figure 5, a lower electrode 41 made of a first platinum film,
a capacitive insulating film 42 made of an insulating metal
oxide f£ilm such as a ferroelectric film or a high dielectric
film, and an upper electrode 43 made of a second platinum
film are sequentially formed on a semiconductor substrate 40
made of silicon. 'The lower electrode 41, the capacitive in-
sulating film 42 and the upper electrode 43 constitute a ca-

pacitor device.
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paci tor device. 10 An interlevel insulating film24 nmade of a silicon
oxi de film for exanple, is deposited to cover the entire surface of

t he sem conductor substrate 20 as well as the capacitor device. A

| ower - el ectrode contact hole 25 and.an upper-el ectrode con- tact hole
26 are formed through the interlevel insulating filnt 15 24. The

second enbodi JS c rac eriz th di ffusj on .
conducti ve f|r§¥ %. %éﬁ%%ﬁﬂ$n€§% de °ﬁs?f§#iiﬁPQr?%*ﬂ?
upper-electrode contact hole |nterconnect|ons 28, each

consi sti ngtiofMa & iFtcRR fzbtlnq%lealaﬂ %Fftftestlltlﬁ-ar%rﬁ%ﬂqwcféi 59 {8,

an aluninuntfllnt 28c and a second titaniumnitride film 28d, are forned

SO as en theerentiae nsurfagel aihsthet isepicongduziozs swhstoate hdoi ras

ner surfaces of the | ower-electrode contact hole 25. In this

enbodi nentyelheasf théecapaalitont devdpeect iRoriowzi -ed eeltatide contaataliole

connected to the |ower electrode 21 directly inside the

25 5 45 and an upper-electrode contact hole 46 are formed through
the interlevel insulating film 44,

The fourth embodiment is characterized in that an anti-
diffusion conductive film 47 made of a titanium nitride film,
for example, is deposited so as to f£ill in only the lower

10 part inside thé lower-electrode contact hole 45 and the lower
part inside the upper-electrode contact hole 46.

Metal interconnections 48, each consisting of a titanium
film 48a, a first titanium nitride film 48b, an aluminum film
48c and a second titanium nitride film 48d, are formed to cov-

:15 er the interlevel insulating f£ilm 44 as well as the inner sur-
faces of the lower-electrode contact hole 45 and the upper-
electrode contact hole 46. In this embodiment, one of the
metal interconnections 48 1is electrically connected to the
lower electrode 41 via the anti-diffusion conductive £ilm 47

20 inside the lower-electrode contact hole 45. The other metal
interconnection 48 is electrically connected to the upper
electrode 43 via the anti-diffusion conductive film 47 inside
the upper-electrode contact hole 46.

Hereinafter, a method for fabricating the semiconductor

25 device in the fourth embodiment of the present invention will

36



| ower - el ectrode contact hole 25. The other netal interconnec- tion 28
Is electrically connected to the upper el ectrode 23 via the
anti-diffusion conductive film 27 above the upper- el ectrode cont act
hole 26. In other words, the latter nmetal 5 interconnection 28 is

el ectrically connected to the upper el ectrode 23 w thout being bent in
the vertical direction. Thu the latter. netal interconnection _28 gan
be electrﬁﬁﬁl ?Scrlbggnﬁggﬁédrﬁgéfﬁgcﬁpﬁﬁ%gé+%%¥?5d&qé§%M Aok 1l(e
certainty. Herei nafter, a sem conductor device according to a 10

vari ati on ¥ tHeowWeRdnt? edhobiFengh ol 2{He - present i nventi on will be
described with reference to Figure 3. Figure 3 illustrates a
cross-sectionalFirstictas eshdwnhén Figyeei dfddct Shedéidirsd pdathmuwarfiidm on
of the second enbodi - ment. Only the difference between the second
enbodi nent4dandS thkei feratrdclectrid | Fibn descrabedsbghentially stackied
vari ation of the second enbodi nent is characterized in that the

anti-di§ f usi eodeetiv¥e shk-padd sRAEnE! samikbAductorNsubstichitiedaof.i | M
for exanple, is deposited only in the | ow er part inside the

Rt or connect | on SR CARETEL] A5 OPoTRe T (SISuFE 116y} "EnEPirroeeotric
g of the tita-

film 42A and the first platinum film 41A are selectively
etched, thereby forming the capacitive insulating £ilm 42 out
of the ferroelectric film 42A and the lower electrode 41 out
10 of the first platinum £ilm 41A. Then, the capacitive insulat-
ing f£ilm 42 is selectively etched in order to form a region
from which a metal interconnection to be electrically con-
nected to the lower electrode 41 is extended upward. Subse-
quently, in order to recover and stabilize the crystal
15 structure of the ferroelectric £ilm constituting the ca-
pacitive insulating f£ilm 42, the capacitive insulating film

42 is subjected to a heat treatment within oxygen ambient.
Next, as shown in Figure 1l{(¢), the interlevel insulating
film 44 is deposited over the entire surface of the semicon-
20 ductor substrate 40. And a resist pattern 49, having openings
over the respective regions where the lower-electrode contact
hole and the upper-electrode contact hole are to be formed, is

formed over the interlevel insuiating film 44.

Then, as shown in Figure 12(a), the interlevel insulating

25 film 44 1is patterned by using the resist pattern 49 as an
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nfun1fi|n128a, the first titaniumnitride film 28b, the al u- m num film

28c and the second titaniumnitride film28d is | ocated inside the
upper - el ectrode contact hole 26. Accord- i ngly, one of the netal
i'nterconnections 28 is electrically 25 connected to the |ower el ectrode 21
directly inside the | ower- 26

ol ectri cal 5 ol BHRE Peherdiy MO Gho MBI Lopsactihata, on
RO SRR R T el R
second enbodi nent of the present invention wll be described with :
ref er ence ¥&VeR ginealating thkbudgtt g(Thexgrfter. mhyprsacand)phafigugh Dide |
First, as showmn in Figure 8(a), the first platinumfilm 10 21A, the
ferroel ect43k 4dndnthReAtihanite sdtovhdepfilmnéTAf iane sequzdlimldy depos-
sequentially stacked over the entire surface of the
5 ited to cover the entire surface including the inner surfaces
of the lower-electrode contact hole 45 and the upper-electrode
contact hole 46.
Next, as shown in Figure 12(b), the resist pattern 49 is
removed and the second platinum film 43A and the titanium ni-
10 tride f£ilm 47A deposited on the resist pattern 49 are lifted
off, thereby leaving the second platinum film 43A inside the
lower-electrode contact hole 45 and forming the anti-diffusion
conductive film 47 out of the titanium nitride film 47A
thereon. Also, inside the upper-electrode contact hole 46,
15 the upper electrode 43 is formed out of the second platinum
film 43A and the anti-diffusion conductive film 47 is formed
out of the titanium nitride f£ilm 47A.
Then, as shown in Figure 12(c¢c), the metal interconnec-
tions 48, each consisting of the titanium £ilm 48a, the first
20 titanium nitride film 48b, the aluminum film 48c and the sec-
ond titanium nitridé film 484, are formed over the anti-
diffusion conductive film 47 and the interlevel insulating
film 44. Next, in order to further improve the adhesion be-

tween the titanium f£ilm 48a constituting the metal intercon-

25 nections 48 and the interlevel insulating film 44, the metal
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sem conduct or substrate 20. Thereafter, as shown in Figure 8(b),
the second pl ati num film23A is selectively etched, thereby formng the
upper 15 electrode 23. Then, the ferroelectric film22A and the first
platinumfilm 21A are selectively etched, thereby form ng the

capacitive insulating film22 out of the ferroelectric film 22A and the

| ower el eqt t irs t he

capaC| ti ve | ngﬁiogfnl ng JTOQ{S % Elrllsé S%qﬁ%#/&#’@é 2‘%) élé%tr%l?}g’gr to forma
comnese s To 5 EnEy gt i [ gasga%aﬁw A
in order to recover stabilize the cry stal structure of the

f err oel ectfrilgm fﬁlmmade Phstheuttiifqnimm o%jp%t‘éi@‘? vEiilms A7R i Hacipfingo na he

ca- 25 pacitive insulating film22 is subjected to a heat treatnent
27 grain bhpvhdardgggemdaitawing a dense structure is formed in-

5 side the upper-electrode contact hole 46. Thus, the titanium
atoms in the titanium f£ilm 48a constituting thé metal inter-
connections 48 do not pass through the anti-diffusion conduc-
tive film -47. Accordingly, during the heat treatment
conducted on the metal interconnections 48, it is possible to

10 prevent the titanium atoms in the titanium film 48a from
passing through the grain boundaries of metal crystals com-
posing the upper electrode 43 and diffusing into the ca-
pacitive insulating film 42. As a result, in the <fourth
embodiment, a semiconductor device including 'a highly reli-

15 able capacitor device can be formed.

Hereinafter, the evaluation of the semiconductor device
of the fourth embodiment will be described.

Table 4 shows 1in comparison the ‘characteristics of the
capacitor device in the semiconductor device of the fourth

20 embodiment and the characteristics of a capacitor device in a

conventional semiconductor device.

[Table 4]
Breakdown voltage (V) Data retention time
(years)
Fourth Embodiment 40 10
Conventional Capacitor 20 1
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Next, as shown in Figure 8(c), the interlevel insulating film24 made

of a silicon oxide filmis deposited over the en- tire surface of the
sem conductor substrate 20. And the inter- 5 level insulating film24 is
sel ectively etched, thereby form ng the | ower-el ectrode contact hole 25
and t he upper- el ectrode contact hole 26. Then, in order to recover and

- bi | i
Stituting the aibasti Ve Fhagharehy’ frply, bB1ERY’ OShRhE! B5HE Bk g
film22 is ngje t ed to heat t@ggtnent thin

Thereart oS! SIiEnbHRakagtR. veiSAos: de e’ thoaet O E0VEERL SR 2o,y

opening in a region corresponding to the upper- el ectrode contact hole
26 is forMEHBvels RElrat &8 digh jafs that sof athrg crnvientionad ca@acites um
nitride film27A is deposited over the entire surface of the

seni conduddewiceibsThet elaa retentionSdlisneqguedit the aapdawikor ndéeivgoee oF b),
the resist pat- tern 29 is renoved and the titaniumnitride film 27A

deposi ts the efbwrth hembedimenpaibelo 8airs,| whiieth abf tehheralays fa@r Moy 20
the anti-di ffusion conductive film27 out of the titaniumni- tride

film27A s agnd® éf| thé NcORv¥nti6naSEBasi téheatPRes el ectrode
contact hole 26. Then, as shown in Figure 9(c), the neta
interconnec- 1, the foregoing first to fourth embodiments, a titanium
nitride film is used as the anti-diffusion conductive £ilm 17,
27, 37, 47. Alternatively, a metal film made of at least one
10 element selected from the group consisting of tungsten, irid-
~ium, tantalum, rhodium, palladium, zirconium, niobium and va-
nadium; a metal nitride £ilm made of at least one element
selected from the group consisting of tungsten, tantalum,
zirconium, niobium and vanadium; or a metal oxide film made
15 of at least one element selected from the group consisting of
iridium, rhodium, palladium, osmium and ruthenium may be used
instead. Since these metal films, metal nitride films and
metal oxide £ilms include' no grain boundaries and have a
dense structure, these f£ilms also prevent the passage of ti-
20 tanium atoms in the titanium f£ilm composing the metal inter-
connections 18, 28, 38, 48, in the same way as the titanium
nitride film.
If one of the above-enumerated metal oxide f£ilm is used
as the anti-diffusion conductive film 17, 27, 37, 47, then

25 the conductivity of the metal oxide film is not damaged even
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tions 28, each consisting of the titaniumfilm 28a, the first 25 titanium
nitride film28b, the alum numfilm 28c and the sec-

28 ond titaniumnitride film 28d, are fornmed over the anti -

di ffusion conductive film27 and the interlevel insulating film24.
Next, in order to further inprove the adhesion be- tween the titani um

film28

| Int ?rl esel | nsu% :h f{}{e %&EI ggﬁ;%%%%uct% ?F%%ﬁ%c??ons a%@?i.aernéc in
bj ted t heat t t odi t d th

var) ati on HSETS HRPOver R gEAPLiZh e.msecsé’fga  PEFUTtHERe O TR

titani umni- tride film27A including no grain boundaries and having a
10 dense sE¢xReetectieie ofp coRsEbtyRing ke -@2RR¢Ibhe chrsekating fible
26. Thus, the titaniumatons in the titaniumfilm 28a constituting the

metal intetZor2Rct32ns428 dbhibotipakacause t the ugttahecoxide - £iIm Usa®ncon-
conductive film27. Accordingly, during the heat treatnent conducted on
the netal dwéeiedDeypein the state of an oxide.

Also, a multi-layer structure including at least two
types of films selected from the metal films, the metal ni-
tride films and the metal oxide films may be used as the anti-
diffusion conductive f£ilm 17, 27, 37, 47.

10 In the first to £ourth embodiments( a multi-layer film
including a platinum film and an iridium oxide film, instead
of the platinum film, may be used as the lower electrode 11,
21, 31, 41 and/or the upper electrode 13, 23, 33, 43.

In the third and fourth embodiments, a plurality of upper

15 electrodes 33, 43 and a plurality of anti-diffusion conductive
films 37, 47, each having a small thickness, may be alternate-
ly stacked. In such an embodiment, a stable upper electrode,
which is very less 1likely to be deformed because of thermal
expansion, can be formed.

20 In the first to fourth embodiments, a perovskite ferroe-
lectric £ilm made of barium titanate, lead titanate zirconate
or the like, or a bismuth layer shaped_perovskite ferroelec-
tric £ilm made of SrBi,Ta,0, or the like may be used as the
ferroelectric film constituting the capacitive insulating

25 f£ilm 12, 22, 32, 42.
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15 tions 28, it is possible to prevent the titaniumatons in the

titaniumfilm28a from passing through the grain boundaries of net al
crystal s conposing the upper el ectrode 23 and dif- fusing into the
capacitive insulating film22. As a result, in the second enbodi nent

and the variation thereof, a sem- 20 conductor device including a highly

reliabl e capaci C e fo . . 1ln additiagn he
second enbodi ne fé Sl%%egflhéngrﬁl?gtlng dfr%‘%s?}%d%oﬂwgt i %88#1 P ?711 th
filled in the, er-el ectrode ct hole 26, the neta

inter conné?:‘t‘?JcﬁF ¢ sERbR- peRRer 2§ha8v§ﬁet iﬁ@rﬁ'ﬁﬁ&fec@lré'& |fd'&§‘ dhtii&d 1/ e
26. Thus, the contact

bet ween t@&m@épaﬂhtéﬁ’éoﬁmliadﬁ-% Bt ke, ugpger 3A.ect? odéhen the joa-
satisfactory. Herei nafter, the evaluation of the sem conductor
devi ce padtitde decidod majaoﬂenapplmeﬂl tbe ad dynamied RAM.

5 In the first to fourth embodiments, a silicon nitride
film or a silicon oxynitride film, instead of the silicon ox-
ide f£ilm, may be used as the interlevel ihsulating film 14,
24, 34, 44. The semiconductor substrate 10, 20, 30, 40 may
be an insulating substrate (such as a glass substrate), a

10 conductive substrate or a semiconductor substrate on which

transistors or the like are formed.
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5 Table 2 shows in conparison the characteristics of the _ capaciter—

device in the sem conductor device of the second enbodlnent and the
characteristics of a capacitor device in a conventi onal eplaced
devi ce. [ Tabl e 21 Br eakdown voIt Mﬂ
retention tine

Second E 40 10 Convent i onal.
Capacitcﬁﬁ%ﬁkﬁmﬂ% CLAIMED IS: 1 10 As can be understood from
Table 2, in the second enbodi - ment, the breakdown vol tage of the

capaci tor devi ck Pssﬁﬁbvonducﬂﬂﬁ(ﬂ?Y%F%VﬁQ%PE&ﬁ%H%h as that of the

conventi onal capacitor device. The data retention tine of the capacitor
devi ce of thesdkebrtenbodi ment is 10 years, which is ten tinmes as |ong
15 as that of the conventional capacitor device. EVMBODI MENT 3

Herei nafter, a seoapaniitiotrodedideecewhdchr dsnfFormedhen the rsubl tardtediamnht

of the present invention will be described 20 with reference to Figure 4.
Figure 4 i{h¢Bided €8 Cafd@E61v€ Lo e BéEESA £ O cdpicitives elRSOnEtiipr
device in the third enbodi nment. As shown in

30

film made of an insulating metal oxide film and a capacitive
upper electrode;

an interlével insulating f£ilm, which is formed over the
capacitor device and has an opening reaching the capacitive
upper electrode;

a metal interconnection, which is formed on the interlev-
el insulating film so as to be electrically connected to the
capacitive upper electrode through the opening and includes a
titanium £ilm; and

an anti-diffusion film, which is formed between the ca-
pacitive upper electrode and the metal interconnection, has
conductivity and prevents titanium atoms, composing the tita-
nium f£ilm of the metal interconnection, from passing through
the capacitive upper electrode and diffusing into the ca-
pacitive insulating f£ilm.

2. The semiconductor device of Claim 1, characterized in
that the anti-diffusion film is a metal nitride film or metal
oxide film havihg conductivity.

3. The semiconductor device of Claim i, characterized in

that the capacitive insulating film is a ferroelectric film

THIS SHEET HAS BEEN
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Figure 4, a lower electrode 31 made of a first platinumfil'm

capaC|t|ve insulating film 32 made of an insulating netal Thﬁﬁmméﬂ Replaced
such as a ferroelectric filmor a high dielectric film an g ““
el ectrode 33 made of a second platinum 5 filmare sequenti al

a sem conduct or substrate 30 made of silicon. The |ower eleécC ro e 31,

the capacitive i sulatlng film32 and the upper electrode 33

constitut @@ a&:eplgh digtectrigetiin: An interlevel insulating film

34 made of a silicon oxide 10 film a silicon nitride filmor the like, is
deposited to cdv- The ggemieenducter devigecosf Clpdmsdni cbaaasterigedstinat e
30 as wel|l as the capacitor device. A lower-electrode contact hole

35 and an tippertlee ecitanibumobi et isioar 88hesiveoilagert hifowgled as whdow-
interlevel insulating film34. 15 The third enbodinent is

charact er ieatbsth Lagéradfanihe metaXi iAteroontedEien j Veoti liipZéviiade adl- a
titaniumnitride film havi ng the sane planar shape as that of the upper
el ectrode hesion between the metal interconnection and the upper
electrode,
and wherein the anti-diffusion £film is a titanium ni-
tride £ilm.

.5. The semiconductor device of Claim 1, characterized in
that the capacitive upper electrode has a cryétal structure
including a grain boundary.

6. A method for fabricating a semiconductor dévice, com-
prising the steps of:

forming a capacitor device including a capacitive lower
electrode, a capacitive insulating f£film made of an insulating
metal oxide film and a capacitive upper electrode on a sub-
strate; |

forming an interlevel insulating £ilm, having a contact
hole reéching the capacitive upper electrode, over the capaci-
tor device;

depositing a conduétive film preventing_the passage of
titanium atoms therethrough so as to cover the entire surface
of the interlevel insulating film as well as the contact hole;

patterning the conductive £ilm such that at least a part

of the conductive film located inside the contact hole is

i
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33 is forned on the upper el ectrode 33. Met al | Nt emhi® BiRedak B RFaced

each consisting of a titanium 20 film38a, a first titanium i
38b, an alum numfilm 38c and a second titaniumnitride fli ﬁ Fﬂn
formed to cov- er the interlevel insulating film 34 as I

I nner sur - faces of the |ower-electrode contact hole 35 and the upper-
el ectrode contact, hole 3. In this enbodi t, .one of. the 25 netal
interconm&ﬁ#&ﬁwt%@F?gye?BEFFPEaFPyqﬁﬁﬁﬁéﬁ%ﬁ?ﬁﬁ?%fﬁ}lm out of the con-

31 | ower el ectrode 31 directly inside the | ower-electrode

contact dufghee FHIMh@nd her netal interconnection 38 is electrically
connected to the upper electrode 33 at the bottom of the up-
per - el ectrode cionmning hobr 3beviimttehd enretl -ihsulatiiorg chibtluc-a fettiale ifnid m
37. Hereinafter, a method for fabricating the sem conductor
devi ce in tdrcdinectooihokading Ehetptastumh FOYAntsuh Whdt the metal
interconnection is electrically connected to the capacitive
upper electrode via the anti-diffusion film.
7. A method for fabricating a semiconductor device, com-
prising the steps of:
forming a capacitor device including a capacitive lower
electrode, a capacitive insulating film made of an insulating
metal oxide film and é capacitive upper electrode on a sub-
strate;
forming an interlevel insulating f£ilm, having a contact
hole reaching the capacitive upper electrode, on the capacitor
device;
forming, on the interlevel insulating f£ilm, a resist pat-
tern having an opening at a site corresponding to the contact
hole;
depositing a cmnductive film preventing the passage of
titanium atoms therethrough so as to cover the entire surface
of the resist pattern: |
lifting off the conductive film together with the resist
pattern such that a part of the conductive film located inside

the contact hole is left, thereby forming an antiédiffusion

film out of the conductive f£ilm; and

THIS SHEET HAS BEEN
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bé described with reference to Figures 10(a) through IO(Q')llssheetHasBeenRﬁﬂaCsi

as shown in Figure 10(a), the first platinumfilm 10 31A
ferroelectric film32A, the second platinumfilm 33A aH
nitride film37A are sequentially stacked over the ent

t he sem conduct or substrate 30. Thereafter as shown in Fi gure

10(b), the tit de fil.m 37A h | at fi] m 33A
O BRHLAS g chl SR AR LB R i 3

di ffusion conductive film37 out of the titaniumnitride film 37A and
the upper ESERQMRRCLEN odPCoPding Secbhbapidpi fddm sugh | thagathe metal

Subsequently, in order to recover and stabilize the crystal structure
of the feriRtereenrnectiom 3zA elertrigallyocepapetedi ctq i theaxmpacitive
subjected to a heat treatnent within oxygen anbi ent . Then, as
shown i n Fupper dl¢cirodéevizrtioelamti+difffdshion £i32A and the first
platinumfilm 31A are patterned, thereby formng the capacitive

insul ating fil ng32aométnbat Berf eabeecatibg heeemleofnlduat%%cﬁﬁd&e d&ﬂ\er
el ectrode 31 out of the first
prising the steps of:
| sequentially stacking a first metal f£ilm, an insulating
metal oxide film, a second metal f£film and a conductive f£ilm,
which prevents the passage of titanium atoms therethrough, on
a substrate;
patterning the second metal £ilm and the conductive f£ilm
by using the same etching mask, thereby forming a capacitive
upper electrode out of the second metal f£ilm and an anti-
diffusion f£ilm out of the conductive film;
patterning the insulating metal oxide film to form a ca-
pacitive insulating film and patterningithe first metal film
to.form a capacitive lower electrode;
forming an interlevel insulating £ilm, having a contact
hole reaching the capacitive upper electrode, over a capaci-
tor device constituted by the capacitive lower electrode, the
capacitive insulating £ilm and the capacitive upper elec-
trode; and
forming, on the interlevel insulating film, a metal in-
terconnection including a  titanium f£film such that the metal

interconnection is electrically connected to the capacitive

THIS SHEET HAS BEEN
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platinumfilm 31A. Thereafter, the capacitive insulating film 32 is

selectively etched in order to forma region fromwhich This Sheptdfas Been Replaced
interconnection to be electrically connected to the | ower ‘tmt“ﬁm

I s extended upward. Subsequently, in order 5 to recover and [

crystal structure of the ferroe- l ectric filmconstituting the

capacitive_insul ati filmg32, t.he capacitive.nsulating film32 is
subj ect ed 1RPS heg]([’ﬁcntqro‘ief redt ngit W PGS %ﬁﬁimént : Next, as
shown in Figure 10 d%, the interlevel insulati n%_ 10 film 34 nade of a
silicon oxide f71nkiBetRpdsfPEqfabELCARdNGha semicopdugior, deviice heom-
sem conduct or substrate 30. And the inter- | evel insulating film34 is
sel ecti velBrisip@dtheheteps of: fornmng the | ower-el ectrode contact hole 35
and t he upper- el ectrode contact hole 36. Then, in order to recover and
sta- 15 bilizefotreingyst atapacitive e laiwerheelectvedectamdc &i lcapami-tive
stituting the capacitive insulating film 32, the capacitive I nsul ating
film32 isissbj£ciegd Folm hde tdEaanEAhsHlbting met@y 088 @@DECNM. on a
Next, as shown in Figure 10(e), the netal interconnec-

substrate;

depositing an interlevel insulating f£ilm so as to cover
the substrate as well as the capacitive insulating film;

forming a resist pattern over the interievel insulating
film, the resist pattern having an opening over a region
where a capacitive upper electrode is to be formed;

etching the interlevel insulating film by using the re-
sist pattern as a mask, thereby forming an upper electrode
forming opening through the interlevel insulating film;

sequentially depositing a metal film and a conductive
film preventing the passage of titanium atoms therethrough so
as to cover the entire surface of the resist pattern as well
as the upper electrode forming opening:

lifting off the metal film and the conductive film to-
gether with the resist pattern such that part of the metal
film and part of the conductive film, which are located in
the upper electrode forming opening, are left, thereby form-
ing the capacitive upper electrode out of the metal f£ilm and
an anti-diffusion film out of the conductive film; and

forming, on the interlevel insulating £ilm, a metal in-~
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20 tions 38, each consisting of the titaniumfilm 38a, e ThisySheet Has Been Replaced

titaniumnitride film38b, the aluntnuntflln138c and the sec
titaniumnitride film 38d, are fornmed over the anti - dlf

conductive film37 and the interlevel insulating fi

order to further inprove the adhesion be- 25 tween the tltanluntflln138a
consti t uting dn | fHELG tit £ h that the metdl
nections 38 arégﬁ“{?e&i rﬁe%eve@ﬁ%s& atjl' nagmfmﬁI %}[m tshlg met 51\ e m

thi 1 oo R Sort F?%??%l%gﬁéﬁcaa& (cPPHEBLEEE, o, spe oppdlivife

titaniumnitride film 37A incl uydi n rain boundarl es and having a
dense st r (HRRfi% $leqFMs Hudhe a lﬁtﬁ’ts&rﬂ 1dfle upper - el ect r ode
contact hole 36. Thus, the tltanl um atons in the titaniumfilm 38a

constituting thed. Thegrethedt EeEofnbELratisg aosemdceaduciterodgyicee ofnti -
di ffusion conductive film37. Accordingly, during the heat 10 treatnent
conduct ed Ciaime 6retal 9| ntkaraocherizedsif8that the conductive film is a

metal nitride film or metal oxide f£ilm having conductivity.

11. The method for fabricating a semiconductor device of
Claims 6 to 9, characterized in that the capacitive insulat-
ing film is a ferroelectric film or a high dielectric f£ilm.

12. The method for fabricating a semiconductor device of
Claims 6 to 9, characterized in that the titanium f£ilm is_an
adhesive layer, formed as a lowermost layer of the metal in-
terconnection, for improving adhesion between the metal in-
terconnection and the capacitive upper electrode,

and wherein the anti-diffusion film is a titanium ni-
tride f£ilm.

13. The method for fabricating a semiconductor device of
Claims 6 to 9, wherein the capacitive upper electrode has a

crystal structure including a grain boundary.

| THIS SHEET HAS BEEN
REPLACED
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possible tq prevent the titaniumatons in the titaniumfilm 38a from
passi ng through the grain boundaries of netal crys- tal s conposing the
upper electrode 33 and diffusing into the capacitive insulating film
32. As aresult, inthe third em 15 bodinent, a sem conductor device

i ncl udi ng aghirghlor o e DiscLos@Reci tor device can be forned.
Hereinafter, the eval uation of the sem cond r | C hird
erbod rent SEMIGONBURITH iBEiCe 'ANb SR FOR mARKIdA g, T35 SAl e
characteristics of the 20 capacitor device in the sem conductor device of

the third em Thepsgmimanduatanhdavigafrikeitevertiorapneiudesdavicde in
a conventional sem conductor device.

34 pacitor device, which is formed on a substrate and which in-
cludes a capacitive lower electrode, a capacitive insulating
5 film made of an insulating metal oxide film and a capacitive
upper electrode. An interlevel insulating film having an
opening reaching the capacitive ﬁpper electrode is formed over
the capacitor device. A metal interéonnection including a ti-
tanium film is formed over the interlevel insulating film so
10 as to be electrically connected to the capacitive upper elec-
trode through the opening. An anti-diffusion f£ilm having con-
ductivity is formed between the capacitive upper electrode and
the metal interconnection for preventing titanium atoms com-
posing the titanium film of the metal interconnection from
15 passing through the capacitive upper electrode and diffusing
into the capacitive insulating f£ilm.

Figure 1.
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[ Tabl e 3] . Br eakdown vol tage (V) Data retention
tinme (years) Third
Enmbodi ment 40 10 Conventi onal Capacitor

20 1 As can be understood from Table 3, in the
third enbodi - ment, the breakdown vo{jage of the capacitor device is 40
V, which is twice as high as that of the conventional capacitor 5
device. The data retention tine of the capacitor device of the third
enbodi nent is 10 years, which is ten tines as |ong ‘as that of the
conventi onal capacitor device. EMBODI MENT 4 10 Hereinafter, a
sem conduct or device according to the fourth enbodi nent of the present
invention will be described with reference to Figure 5. Fi gure
5 illustrates a cross-sectional structure of the sem conduct or devi ce
in the fourth enbodi nent. As shown in 15 Figure 5, a |lower electrode 41
made of a first platinumfilm a capsttitive irmsulating film42 made of
an insul ating netal oxide filmsuch g% a ferr ectric filmor a high
dielectric film and an upper electr%be 43 madg of a second pl ati num
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filmare sequentially formed on a sem conductor substrate 40 20 nade of
silicon. The | ower electrode 41, the capacitive in- sulating film42
and the upper electrode 43 constitute a ca- paci t or devi ce.

35 An interlevel insulating film44, made of a silicon
oxi de film a silicon nitride filmppygthe like, is deposited to cov-

er the entire surface of the sem conductor substrate 40 as wel | as the
capacitor device. A lower-electrode contact hole 5 45 and an
upper - el ectrode contact hole 46 are forned through the interlevel
insulating film 44. The fourth enbodi nent is characterized in that
an anti - di ffusion conductive film47 made of a titaniumnitride film
for exanple, is deposited so as to fill in only the lower 10 part inside
the | ower-el ectrode contact hole 45 and the | ower part inside the
upper - el ectrode contact hol e 46.
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Met al interconnections 48, each consi sting of a titanium film48a, a

first titaniumnitride film48b, an alumnumfilm 48c and a second
titaniumnitride film48d, are forned to cov- 15 er the interlevel
insulating film44 as well as the inner sur- faces of the

| ower - el ectrode contact hole 45 and t hg/iupper - - electrode contact hole
46. In this enbodi nent, one of the nmetal interconnections 48 is

el ectrically connected to the | ower el ectrode 41 via the anti-diffusion
conductive film47 20 inside the |ower-electrode contact hole 45. The

ot her netal interconnection 48 is electrically connected to the upper
el ectrode 43 via the anti-diffusion conductive film 47 inside t he
upper - el ectrode contact hol e 46. Hereinafter, a nethod for
fabricating the sem conductor 25 device in the fourth enbodi nent of the
present invention wll 36

be described with reference to Figures 11(2; throunggl(c)
N
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and Figures_ 12(a) through 12(c). First, as shown in Figure 11(a),
the first platinumfilm 41A and the ferroelectric film42A are
sequentially stacked 5 over the entire surface of the sem conductor
substrate 40. Thereafter, as shown in Figure 11(b), the
ferroelectric film42A and the firgyiglatinumfilm41A are selectively
etched, thereby formng the capacitive insulating film 42 out of the
ferroelectric film42A and the | ower electrode 41 out 10 of the first
platinumfilm41A. Then, the capacitive insulat- ing film42 is
selectively etched in order to forma region fromwhich a netal

i nterconnection to be electrically con- nected to the | ower el ectrode
41 i s extended upward. Subse- quently, in order to recover and
stabilize the crystal 15 structure of chhe ferrogfectric filmconstituting
t he ca- pacitive insulating film42) the capagitive insulating film
42 is subjected to a heat treatnent mﬁt@in oxygeqranbient. Next ,
as shown in Figure 11(c), the interl gvet—rfsttat-rg filmd44 is
deposited over the entire surface of the segm con- ict or substrate 40.

And a resist pattern 49, having op¢ni ngs over bspective regions
where the | ower-el ectrode contact hol e |]and the u [ - el ectrode cont act
hole are to be forned, is forfred ope e interlev insulating film
44, //
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Then, as shown in Figure 12(a), the interlevel insulating 25 film44 is
patterned by using the resist pattern 49 as an.

37 etching mask, thereby form ng the | ower-el ectrode contact
hol e 45 and the upper-el ectrode contact hole 46 through the inter-

| evel insulating film44. Thereafter, tgi¢4second platinumfilm 43A and
the titaniumnitride film47A are sequentially depos- 5 ited to cover the
entire surface including the inner surfaces of the | ower-el ectrode
contact hole 45 and the upper-el ectrode contact hol e 46. Next ,
as shown in Figure 12(b), the resist pattern 49 is removed and the
second platinumfilm43A and the titaniumni- 10 tride film 47A deposited
on the resist pattern 49 are lifted of f, thereby |eaving the second
platinumfilm43A inside the | ower - el ectrode contact hole 45 and
formng the anti-diffusion conductive film47 out of the titanium
nitride filmA47A
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t her eon. Al so, inside the upper-electrode contact hole 46, 15 the upper

el ectrode 43 is forned out of the second plati num film43A and the
anti-di ffusion conductive film47 is fornmed out of the titaniumnitride
filmA47A. Then, as shown in Figure 12(c), the nmetal interconnec-
tions 48, each consisting of the titanigyyyfilm48a, the first 20 titanium
nitride filma48b, the alumnumfilm48c and the sec- ond titanium
nitride film48d, are formed over the anti - di ffusion conductive film
47 and the interlevel insulating’ filma44. Next, in order to further

i nprove the adhesi on be- tween the titaniumfilm48a constituting the
metal intercon .25 nectioQs 48 and the interlevel insulating film44, the
nmet al S 38 i nt erconnecti ons
48 are subjected t *a heat”’treat ment . In the fourth enbodi nent,

the anti-diffusion conductive film 47 made of the titaniumnitride film
47A including no 13A

12A ///////////////////////
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grhin boundaries and having a dense structure is forned in- 5 side the

upper - el ectrode contact hole 46. Thus, the titanium atons in the
titaniumfilm 48a constituting the netal inter- connections 48 do not
pass through the anti-diffusion conduc- tive film 47. Accordingly,
during the heat treatnent condug/eqd on the netal interconnections
48, it is possible to 10 prevent the titaniumatons in the titaniumfilm
48a from passi ng through the grain boundaries of netal crystals com
posi ng the upper electrode 43 and diffusing into the ca- pacitive
insulating fil sult, in the fourth enbodi nent, a

sem conduct or ZY%geA7 E ﬁlng a highly reliy~ 15 abl e capacitor device can
be forned. Her |nafter t he evaluatlgn of the sem conductor device
of the fourth enmbodi nent wll be descri bed. S Table 4 shows in
conparison the characB?fAstics of the jQ&Q&QEtor deV|ce in the

sem conduct or device e—F8 : di.negrt W G acteristics
of a capacitor device in a nab=seri-conduft devi

[ Tabl e 4] ‘ <Hat a ,ngg%lon
tinme ]4%_/ //////////// ﬁarS) rth

Enbodi nent 10 Convegnti on pRci t or
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. 39 ) As can be understood from Table 4, in the fourth
enbodi - ment, the breakdown voltage of the capacitor device is 40 V,
which is twice as high as that of the conventional capacitor devi ce.
The data retention tine of the capacitor device of 5 the fourth enbodi nent
is 10 years, which is ten tinmes as |longsi4 as that of the conventiona

capaci tor devi ce. In the foregoing first to fourth enbodi nents, a
titani um nitride filmis used as the anti-diffusion conductive film 17,
27, 37, 47. Aternatively, a netal filmmade of at |east one 10 el enment
sel ected fromjhe gr coyisi sting of tungsten, irid- ium tantal um
rhodi um pal | ﬂhﬁf.%gﬂ;azrun1 ni obi um and va- nadium a netal nitride
filmmade of at | east one el ement sel ected fromthe group consisting of
tungsten, tantalum i rconium niobium and vanadi um or a netal oxide
filmmade 15 of at | c33A voe s si sting of

iridium rhodium pal Iggipymw
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instead. Since these netal films, netal nitride filns and met al oxi de

films include no grain boundaries and have a dense structure, these
fi.lms al so prevent the passage of ti- 20 taniumatons in the titaniumfilm
conposing the netal inter- connections 18, 28, 38, 48, in the sane way
as the titanium nitride film 9/14 |f one of the above-enunerated
metal oxide filmis used as the anti-diffusion conductive film17, 27,
37, 47, then 25 the conductivity of the nmetal oxide filmis not damaged
even 40 when a heat

treatment is conducted wthin oxygen anbi e%} EAn order to recover and
stabilize the crystal structure of the & roelectric filmconstituting
the capacitive insulating film 12, 22, 9 This i s because the

metal oxi de fTEiugasgth@D 5 ductivity in vhg stgte of an oxide.
Al so, a nulti-l re ure including g = types of filns

selected fromthe nmetal fil ns,
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tride films _and the netal oxide filnms nmay be used as the anti-
di ffusion conductive film17, 27, 37, 47. 10

enbodi ments, a multi-layer film
iridiumoxide film instead

| ower el ectrode 11,
43. In the third and fourt

h enbodi nents,

In the first to fourth
including a platinumfilmand an

el ectrodes 33, 43 and a plurality of anti-diffusion conductive

37, 47, each having a smal I37Ai-ekogs

. Z

I

CR{ CU

of the platinumfilm my be used as the

21, 31, 41 and{@/14 he upper electrode 13, 23, 33,
a plurality of upper 15
films

In

such an enbodi ment, a stabl pper]
to be deforned bef%jjs f %ﬁy/
thefirstE ur {§di ,

of barium i(nfg'ate, Ira;

al pergvski t
ti3 pAat’e ki pconat
| ayer shaped perovskite ferroel ec- j

SrBi[err]TaJerr]derr] or the like

filmconstituting the capacitive i
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Al'so, if an insulating netal oxide film such as a high dielectric

film other than the ferroelectric filmis used as the capacitive
insulating film12, 22, 32, 42, then the ca- paci tor device may be
applied to a dynamc RAM 5 In the first to fourth enbodi nents, a
silicon nitride filmor a silicon pyynitride film instead of the
silicon ox- ide film may be used as the interlevel insulating film 14,
24, 34, 44. The sem conductor substrate 10, 20, 30, 40 may be an

i nsul ati ng substr te (s ﬁ_ gl ass substrate), a 10 conductive
substrate or a s ett ziﬁsbstrate on whi ch transistors or the like

are forned.
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47 43
Substitute sheet WHAT IS CLAIMED | S:

REPLACEMENT SHEET 1. A sem conduct or devi ce conpri sing: a
substrate (1 0); a capacitor device, which is forned on the
substrate (10) and includes a capacitiyg14 | ower el ectrode (11), a
capacitive insulating film (12) nmade of an insul ating netal oxi de
filmand a capacitive upper electrode (13); an interlevel

insulating film(14), which is formed over the capacitor device and has

an opening (1P;ir§?cti2g(ét)e capaci tive upper 5§(Dect rode4g33);
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a metal interconnection (18), which is forned on the interlevel insulating
film(14) so as to be electrically connected to the capacitive
upper el ectrode (13) through the opening (18) and includes a
titaniumfilm (1 8a); and an anti-diffusion film(17), which is
formed between the capacitive upper elggtigode (13) and the netal

i nterconnection (18), has conductivity and prevents titanium at ons,
conposing the titaniumfilm (18a) of the netal interconnection (18), from
passi ng through the capacitive upper electrode (13) and diffusing into the
capacitive insulating film(12). 2. The sem conduct or devi ce of
Claiml, characterized in that the anti-diffusion film (17) is a
nmetal nitride filmor netal oxide filmhaving conductivity. 3. The

sem conductor device of Claim1, characterized in that the capacitive

i nsul ating film(14) is a ferroelectric filmor a highly dielectric
film 4. The sem conductor device of Claim1, characterized in that the
titaniumfilm (18a) is an adhesive | &er, formed as a | ower nost

| ayer of the netal interconnection (18), for i mprovi ng adhesi on
between the netal interconnection (18) and thg upper quctrode

(13), and wherein the anti-diffusi g+t t+s—a— t ani um
nitride film 5. The sem conduct or deyice of [ facterized in
that the capacitive upper el ectrgde (13) structure

i ncluding a grain boundary.
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44 ) Substitute sheet 6. A net hod for
fabricating a sem conductor device, conprising the steps of:

féerm ng a capacitor device including a capacitive |ower el ectrode, a
capacitive insulating filmnmade of an insulating netal oxide film
and a capacitive upper el ectroplg/i@gn a substrate; form ng an
interlevel insulating film having a contact hole reaching the capacitive
upper el ectrode, over the capacitor device; _ dep05| ting a conducti |4/1§

filmpreventing the passage of ti tas
Nt
t m%

cover the eatire rface.of the i nmm“mmmm“
Cont act ioh 4?8.) pat {errirg b bntict b rbedatoede /i

| east a part 4}9& ductive fil
is left, there ormhg an anti - gl

conductive film and form m

nmetal interconnection including a net al

interconnection is electrically connected to the capacitive upper

el ectrode via the anti-diffusion film 7. A method for fabricating a

sem conductor device, conprising the steps of: fogm ng a capacitor

devi ce including a capacitive | ower eI ect rode Wi 3A

i nsul ati ng fllmmade of an insul af S i achv{

i nsul ating |1I cont act '

upper el ect rod%:lamﬁl‘me capaci tor /,\/ 1
R, 4 3
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f or ni ng, on the interlevel insulating film a resist pattern having an

0peni-ng‘at' a site corresponding to the contact hol e;

depositing a conductive filmpreventing the passage of titanium atons

t her et hr ough so as to cover thed48ntire surface of tSubstieiessheet
pattern; REPLACEMENT SHEET e

- 28 SepipuReis @MEDIS: lifting off the conducti yeRERUACEMENTt SIHFE

the resist pattern such that a part of the

oo
i nsi de the CON?&ﬁicgl?Ht d'r%el/ﬁébombﬁﬁﬁgby form ng an an |120$n$%€ 208%

di ffusion fil m out e conductive TYilnm and

interl evel i n%Ug,_ﬁts{rQ@ Q’!\Q’ m a netal interconnection |[n
frl msuch that the net i nterconnection is electricgpll y con_nected to

capacitive g capaciteHRiicet Which!i® #médaor he siBbirate!

met hod for fabricating a sem conductor device, conprrsing tche steps of: @
sequential ly %\ﬁé‘rkéll@&r@ierm a 'Egﬁ@éitiv@ inShlaffHy filfs M2 hate BELAlinSUEtG mblad 2

t
second net al n conductive film which prevents the

passage of tibﬁﬂb‘ﬁ%%@@capacitive uppetrlggc%gg%h, ~on a substrate;
I and the co cti

patterning the second netal film ve filmby using the sane

et chi ng an in%ﬁﬁ%l iﬁégﬁa’tﬁamlr’fﬂ{iﬂ, Which is tdvep tﬁ@&fﬁacﬁé@&é\@&?ﬁ%&%s of

t he second net al m an an anti-diffusion fil'mout o

conductive fi 'a“‘°.§e.”‘r',‘gu(ﬁ%’eaa{i'?ﬁﬂ"%i%ﬁa&‘m ﬂuﬁb%\"h%kir&b ®;al oxide filmto

forma capacitiv I ng
a metal interconnection (18), which is formed on the interlevel insulating film (14) so

as to be electrically connected to the capacitive upper electrode (13) through the

.v_
opening (18) and includes a titanium film (18a); and
an anti-diffusion film (17), which is formed between the capacitive upper electrode
(13) and the metal interconnection (18), has conductivity and prevents titanium
atoms, composing the titanium film (18a) of the metal interconnection (18), from
passing through the capacitive upper electrode (13) and diffusing into the capacitive
insulating film (12).

2. The semiconductor device of Claim 1, characterized in that the anti-diffusion film (17)

is a metal nitride film or metal oxide film having conductivity.

— 3. The semiconductor device of Claim 1, characterized in that the capacitive insulating

film (14) is a ferroelectric film or a highly dielectric film.

4, The semiconductor device of Claim 1, characterized in that the titanium film (18a)is
an adhesive layer, formed as a lowermost layer of the metal interconnection (18), for
improving adhesion between the metal interconnection (18) and the upper electrode
(13),
and wherein the anti-diffusion film (17) is a titanium nitride film.

5. The semiconductor device of Claim 1, characterized in that the capacitive upper

electrode (13) has a crystal structure including a grain boundary.
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. | RePLALnaEit oncel
patterniﬁgthefir t [metal 11 tolfgrma capacitive |lower electrode;
formng an interl eyel iznguﬁﬁﬁimm I having a contact hole reaching the
capacitive ypper el ectrode, jover a capacitor device copstltuted by
t he capacitive | owgr el ectrgded4t he capacitive i ns3ukstitote sheet and
the capacitive uppgr_electrode; and. | _ form ng, or28 Sepiterbet 2090
insul ati gy fi lAMnethodBorrabriciiRg @RAsINdBE0F B&lidsd b&ﬁpﬁsiﬁ%flﬁrﬁtéﬁd? of: film
such that the netal interconnection is electrically cohnected to the
capaci tive  forming &/RBS4cil _Qfe‘zfc@dﬁcl\ﬁhlﬂ’agtJéi‘ff‘ca'iﬁ&iii\?éj'I(fw_(lé.'f‘.S Bldttr %é,g%ecg?agipye A

met hod for fabricating a sem conductor device, conprising t

forming a Capﬁ’d‘éu’létil\"lg filRphade! lBFtahoii'\%ulﬁﬁlﬁb InétaPB%id Lw@a?ga% addpagitivd | UppaRde

of an insulating netal oxide fil'mon a su
deposi ting aneldetrtié 8M@lsubSfatbat ing filmso as to cover the substrate ‘as
well as the capacitive insulating film

REPLACEMENT  Skéekalng an interlevel insulating film, having a cont 46

ct hole reaching the capacitiv
formng a resist pattern over the Tnterleve msu?atlngr?lrmg Pﬁe rpe3|s-

pattern havi ngppér electrode, VP&l EdbaeitsideRick€0i ON Where a capacitive upper
electrode is to be forned; etching the interlevel insulating film

by using the ggpbsifing’aicbRduckve ﬁlnﬂﬁ?éﬁlent;irf%efh%bééss?ge of titfﬁiﬂH‘l\tB?\lsftﬁ?ﬂéﬂ%ﬁgh

el ectrode form ng openi ng through the erl'evel™ 1 nsul ati ng

sequential |y dgpathbbwid tiie 8Mirésuffhdaorang i@er%QﬁﬁHgdléﬁh% ﬁlﬂw'd@v@élﬁé’ﬁ@&icﬁﬁtla}cg e

passage of titanium atons therethrough so as“to cover t en
surface of thgggesist pattern as '

U patterning the conductive film such that at least a part of the conductive film located
inside the contact hole is left, thereby forming an anti-diffusion film out of the
conductive film; and
forming, on the interlevel insulating film, a metal interconnection including a titanium
film such that the metal interconnection is electrically connected to the capacitive
upper electrode via the anti-diffusion film.

7. A method for fabricating a semiconductor device, comprising the steps of:
forming a capacitor device including a capacitive lower electrode, a capacitive
insulating film made of an insulating metal oxide film and a capacitive upper
electrode on a substrate;
forming an interlevel insulating film, having a contact hole reaching the capacitive
upper electrode, on the capacitor device;
forming, on the interlevel insulating film, a resist pattern having an opening at a site
corresponding to the contact hole;
depositing a conductive film preventing the passage of titanium atoms therethrough

so as to cover the entire surface of the resist pattern;
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NEFLACEMENT SHEET |

ectTodeform-rg fopeni ng; lifting off the netal

hgr with the resist pattern such

part} of the conductive filmwhich are

de #b6rni ng openi ng, ar Substitute sheeby
el ectrode out of tIg8 Sepsémbet @ODOd an

anti - di ffusi Offfing! dff Miel cdidu E?t"fhtﬁ 'tﬁé%snst pattern Sef that a ipart of the

formng, on the interlevel insulati m a nmetal | nterconnect

g
i ncluding a tichAMidEve film |OCﬂteB| S8 UhE ddiedct tHAfe @tléﬂ l’h@llte%g gﬁﬁﬁt él?'%}nhl-e

electrically connected to e capacitive e vl a

anti-diffusi Ofalffdsldﬁ]ﬂm:bgt ofthg%ndwlvé)ﬂn{ Qhgf abri catl ng a sem conduct or
device of O ains 9, characterize that the conductive film

is a metal nifgy fdn'tﬁh%tef@eﬂn LN fil '%Q%YW in\ﬁlug}ﬁg & titanium! N€

met hod for fabricating a sem con ucto évice o

characteri zed iy such that t eleBiithl édFﬁ\eHeh e apacitive
ferroelectric fil rl#]cor R hﬂétgf ectrlc(%dré‘E qué@’t '[Ehotﬁ oF
fabricating auﬁﬁéVQQ&%t\ﬁchg%ﬂl-%ﬁﬂBfon(Hhﬁ' ms 6 to 9, characterized in

that the titaniumfilmis an adhesive | ayer, fornmed as a | owernost |ayer of

the retas. ., Ametnodf@TaGRARAG b YBmidoAIPIGNCE Sorfthiiny B8 gt the et al

I nt erconnection an capacitive uppér el ectro and

wherein the agphgdhih H}Sﬁb@lﬂnéﬂé IGrgt g?et?ormtﬁ‘ln‘émaﬁﬂrlé @e%? ogdd%rfi!m %se%-ﬁhﬁetﬁl the

net hod for fabrrcati a sem conduc device o erel

capaci tive UPRR SAPG 'QMEubRR Fint WHicH privertts Uhé paushyd! BF tharflidt! Stoms

boundary.

wel | as the upper
filmand the condyctji ve &f SEm pgmget
that part of the tial film an
| ocated in the 1

. therethrough, on a substrate;

N .
patterning the second metal film and the conductive film by using the same etching
mask, thereby forming a capacitive upper electrode out of the second metal film and
an anti-diffusion film out of the conductive film;
patteming the insulating metal oxide film to form a capacitive insulating film and
patterning the first metal film to form a capacitive lower electrode;
forming an interlevel insulating film, having a contact hole reaching the capacitive
upper electrode, over a capacitor device constituted by the capacitive lower
electrode, the capacitive insulating film and the capacitive upper electrode; and |
forming, on the interlevel insulating film, a metal interconnection including a titanium
film such that the metal interconnection is electrically connected to the capacitive
upper electrode via the anti-diffusion film.

9. A method for fabricating a semiconductor device, comprising the steps of:
forming a capacitive lower electrode and a capacitive insulating film made of an
insulating metal oxide film on a substrate;
depositing an interlevel insulating film so as to cover the substrate as well as the

capacitive insulating film;
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1.
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13.
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forming a resist pattern over the interlevel insulating film, the resist pattern having an

opening over a region where a capac_:itive upper electrode is to be formed;

etching the interlevel insulating film by using the resist patter as a mask, thereby
forming an upper electrode forming opening through the interlevel insulating film;
sequentially depositing a metal film and a conductive film preventing the passage of
titanium atoms therethrough so as to cover the entire surface of the resist pattern as
well as the upper electrode forming opening;

lifting off the metal film and the conductive film together with the resist pattern such
that part of the metal film and part of the conductive film which are located in the
upper electrode forming opening, are left, thereby forming the capacitive upper
electrode out of the metal film and an anti-diffusion film out of the conductive film;
and |

forming, on the interlevel insulating film, a metal interconnection including a titanium
film such that the metal interconnection is electrically connected to the capacitive
upper electrode via the anti-diffusion film.

The method for fabricating a semiconductor device of Claims 6 to 9, characterized in
that the conductive film is a metal nitride film or metal oxide film having conductivity.
The method for fabricating a semiconductor device of Claims 6 to 9, characterized in
that the capacitive insulating film is a ferroelectric film or a high dielectric film.

The method for fabricating a semiconductor device of Claims 6 to 9, characterized in
that the titanium film is an adhesive layer, formed as a lowermost layer of the metal
interconnection, for improving adhesion between the metal interconnection and the
capacitive upper electrode,

and wherein the anti-diffusion film is a titanium nitride film.

The method for fabricating a semiconductor device of Claims 6 to 9, whérein the

capacitive upper electrode has a crystal structure including a grain boundary.
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