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" SEM CONDUCTOR MEMORY AND METHOD OF MANUFACTURI NG THE SAME

BACKGROUND OF THE | NVENTI ON Field of the Invention ' Thi s
i nvention relates to a sem conductor menory and 5 nethod o g)’ssl_(}/@
rmenuf acturi ng a sem conductor nenory, and in particul ar fg
sem conductor nenory and net hod of manuf acturing such a ‘nmenory using
a thin filmof high- dielectric constant or ferroelectric material as

capacitor insulator for a storage capaci tor. 10 The term

h| gh di el ect r i SEMEECNEPETOR NMIEMORE AN METHOD OF NMAMEWFASITURING FHEnSAMEer s
to a high- dielectric- onstant or ferroel ectric thin f| | m form ng
t e capacitor insul ator, CRAFOURP OF FHE JAVRT™}I®Se i nsulating thin
filns are %erdg the eneral nanme of high- dielectric-

~constant 15 Ejb? €77 o %cf@ YRR film capacitors as described in det ai l
hereaf t er . Pr i Al hvention relat@ELe A MQoRERCY RRRACY QLA

usi ng hi gh- die rnc- cons nmateri al's as Capacitor 1ns
20 filng ar %@%@%f‘%ﬁ@%@@&fﬂn&y% éﬁéﬁlé@ﬁé@@&bf%@ﬁ@ﬁy, _and I=ﬁqw 1 ng
hi gh el ectrostatic capacitances of small surface area, in particular

| arge- scal e DRpdttiielas, the 4 acientitainductor theyohavmd ddghel of
el ectrostatic capacitance per unit
manufacturing such a memory using a thin £ilm of high-

dielectric- constant or ferroelectric material as a
capacitor insulator for a stcrage capacitor.

10 The term high dielectric constant or ferrcelectric
material thin £ilm refers toc a high- dielectric- constant
or ferroelectric thin film forming the capacitor insulator,
and capacitors using these insulatir.g thin £ilms are
referred to by the general na:re of high- dielectric- constant

18 or ferroelectric thin film capacit@rs as described in detail
hereafter. .

Priocr Art
Semiconductor m@moﬁy capacitecrs using high-
aielectric= constant materials as capacitor insulating

20 films are now being considered for use in applicati@ns
reguiring high electrostatic capacitances of small surface
area, in particular large-scale DRAM, due to the fact that
they have a higher electrostatic capacitance per unit
surface area than a capacitor using a conventional

25 insulating film such as a silicon oxide £ilm cor silicon
nitride film. . |

For example, according to "IEEE International Electron

Device Meeting pp.823-826 {1991) ", there have been reports
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'surface area than a capacitor using a conventional 25 insulating film

such as a silicon oxide filmor silicon nitride film For
exanpl e, according to "I EEE International El ect ron Devi ce Meeting pp.
823-826 (1991)", there have been reports of using (Ba,
Sr)Ti B (abbreviated hereafter as BST) as a h| gh ferroelectric

mat eri al . Capacitors of identical structure using ferroelectric

materials as capacitor insulating filns are also being 5 considered for
use as |arge- scafl a18imgh-(A8t.atSnd Ismbapbseviated h@Fe@ﬁﬁﬁﬁl @s BEEHraknd to
"1995 Synposiumon VLS Technol 0 gest of Technical Papers,

pp. 21 23=124[ er M} 9th FETRARI e ctgﬂ%ate*m,a use of Pb(Zr, Ti)O[err] (referred

h f
material in these  15abagitars ak THRRELFEY pialtl R Baind Pl SEe8 i cagr
Wien sem conduglar z“%?% %&J&S&M&i@é%ﬁmﬁs are ai%“&f)é gred,
e capacl

af ter manuf act uri ng i‘nterconnect i ng | ayer V\/m ch
makes el ecg ri Calonaidd Aot @se as 1hPG&-58826) t Rbn-00Ta8llekenepBECt i NY

| ayer ‘relating to

For example, according to "1998 Sywposiumr on VL.SI Technology
Digest of Technical Papers, up.123-124", has mentioned the
use of Pb{Zr, Ti)0; {referred to hereafter as PZT) as a
ferroelectric material. The electrode material in these

10 cases was a ncble metal, Pt, as in the case of BST.

wWhen semiconductor memories using these materials are

manufactured, after manufacturing the capacitor, an
interconnecting layver which makes electrical connection to
this capacitor, and an interconnecting layer relating to

18 peripheral circuit parts which perform electrical
conversions betweean the memory cells and the cutside of the
memory caip, are formed. An insulating £ilm must be formed
to provide electrical insulation between these
interconnecting lavers and between these interconnecting

20 layers and the capacitor, and this process must be performed
in a reducing cr slightly @xidizing atmosphere to avoid
deterioration of the interconnecting layers. However, the
capacitor is known to suffer considerable damage as a result
of this pr@cess.

25 For example, according to “"Material Research Society
Symposium Proceedings, Vol. 310, 'pp5151~156 (18%3) ", it is
reported that PZT which is a ferrcelectric material 1@5@3”'.

its ferrocelectricity and leakage current increases whern an



* 15 peri pheral circuit parts which perform electrical conver si ons

between the nenory cells and the outside of the menory chip, are
formed. An.insulating filmmnust be forned to provide electrical

i nsul ati on between these i nterconnecting |ayers and between these

I nterconnecting 20 | ayers and the capacitor, and this process nust be
per f or nmed in a reducing or slightly oxidiizing atnosphere to avoid
deterioration of the interconnecting |ayers, However, the capaci tor

i s known to s f#¥QrEitbmdisqErrned va ea%@nam%%mlayer insylating fidEess.

25 _ For exa accog di ﬂ to "Materi al g ear.ch SOCIeté
Synp05|un1Proceed|gg§ TERBF . éﬁlg epBeTgfylgén%f§§ jiTing; process, reported
that PZT which, i g, frﬁéﬂ%%ﬁ@%c@}é&%% oBbne®3Ps carridd Sub&d QekegLY! i ty

and | eakage curren ease

Siqerr] filmdged fdeshyrdMEB8a3in i Py e | BN méie] | Bt 88cdhlk8ktion

Further, in the menory manufacturing process, annealling in a
hydr ogen gt MOSPiAse drfd Oftid | echupsiisBor afdiAed in the Si@Pet (bEDOW! Ehe

reliability of the metal interconnection
capacitor. This hydrogen treatment is known to have an
effect on capacitor characteristics as in the case of the
inter-layer insulating £ilm forming step.
For example, according to "8th International Symposium

10 on Integratedé Ferroelectrics, 1llc (1896} ", when SrBi,Ta;0s
{referred to hereafter as SBT) is used as a ferrcelectri
material, there is considerable detericration of
ferroelectricity when treatment in a hydrocgen atmosphere is
performed, and attempts have been madé to repair the damage

15 due to this hydrogen treatment by annealing in an oxygen
atmosphere. |

However, it was found that there are problems in
applying the above methods to an actual manufacturing
process, i.e.:

20 {1) The materials used for the metal interconnection formed
after the capacitor manufacturing step, such as aluminum,
etc., are not resistant to the high temperature @xidiéing
atmosphere.

(2} In the oxygen annealing of the following step, the oxygen

26 concentration decreases due to the thickness of the
inter-layer insulating £ilm, and recovery from damage is
also less. According to experiments carried ocut by the

inventor, if hydrogen treatment has been carried ocut to
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5 | ayer and the transistor forned in the |ayer bel ow the

capacitor. This hydrogen treatnent is known to have an effect on
capacitor characteristics as in the case of the ~inter-layer
insulating filmformng step. For exanple, according to "8tn"
I nternational Synposium 10 on Integrated Ferroelectrics, 1llc

(1996, )[err] when SrBi[err]Ta[err]Jerr] (referred to hereafter as
SBT) is used as a ferroelectric material, there is considerable

det eri orati on. @§sure relipdidddive @f ithe ramadatcrat FERRGLTOX hydr ogen

t h ' forned, and attenpts h heen.nade t ir th
damage 15 dGRRFGCESThdroleries SRR By dnfestiny PHOa sy deve
t here. ' f s d . ' _ '
appl ying the aBBYETASERSES FY A septan il ShEme et 19 SoPLeee i ¢
20 (1) The Lol s apsedebal A ie @Bl der connection forned af

ter tshe capacitor manufacturing step, such as al um num etc., are
not resistsgant to thedd giyge g Ritasopdidich e capacididgoslergnation (2)
In the oxygen annealing of the follow ng step, the oxygen 25
concentration déelesxdestdea od the uppemedsaifrades from thentapadcer
insulating film and recovery from damage is. also | ess. According to
experi ments caifsgdagingpyayex) . Due it%%ﬁﬂl@r pheromedosged t8& nent has

been carried out 't% . .
manufacture of large-scale memories which employ a

considerable arount of fine intercomnnections, all products
10 in the same manufacturing lot become defective, vield
declines and reliability. drastically decreases.

In additian to the above problems, it was found that
compared to capacitars which have not been treated,
capacitors treated in a hydrogen atmosphere suffer

18 considerable degrading of electrical characteristics due to
voltage stress and alternating electric field stress, and
there are serious problems with regard to their reliability.

Japanese Published Unexamined Application No. Heil
8-55967 (published on 27 February, 1996} which relates to

20 a method of menufacturing a ferroselectric thin £ilm
capacitor, discloses how leakage current is reduced by
annealing oxygen vacancies in the ferrocelectric thin £ilm
{in an oxidizing atmosphere}. However, nc mention is mé,de

of the problem of electrode delaminaticn.

28 SUMMARY OF THE INVENTICN
It is therefore an object of this invention to resolve

the above problems, and in particular, to provide a



3 ¢ ensure reliability of the transistor, capacitor
characteristics do not recover sufficiently once they have

deteriorated even if anealing is subseuently perforned in oxgen, and
repair is difficult. 5 One type of deterioration is capacitor

del am nati on (del am nation of the upper electrode fromthe capacitor
Tnsulating layer) . Due to this phenonenon in the manuf act ure of

| ar ge- scal e nenories which enp consi derahl e appunt of fine

|nterconnectlSﬁ@$C@@@u€?@§u@?@0r¥0¢3mpﬁlﬁﬁ@93§n§a§§ﬁ&ﬁ9§t@@Vﬁﬁgl%P“becone
defective, yie decl i nes.and rella ity drast,i aII reases.
I'n addltlonmLoeﬁﬁ@ggbgygrﬁPgblg FEPREL SR Bﬁﬁdapﬁa% eﬁ?@ﬁ% red to
t b
capact t ors é) Qﬂ%@?& ) §1§§ d Em%%rh%% ofa%?nugggg'% g @é]t?aaf ﬁ%ﬁ@'}f

hydrogen at no Bra“gl consi der el ectr

characteristics dU%t Gchieve YOkl 888val 5838cand aét@*@éum ol ealdiiidad i el d
stress, and here are serious problens W th regard to their

rellabllﬁty. experlments ¢apeiedeoRublbs BeddynexaradditgrpdE caphicdrodo. Hei

characteristics, the inventor found the main cause to be a

structural transformation in the vicinity of the boundary
between the upper electrode and the high- dielectric-
constant or ferroelectric material functioning as the
10 capacitor insulating £film, in particular the production of
oxygen vacancies on the surface of the metal oxide which is
the high- dielectric- constant or ferroelectric material.
It was found that a large number of these oxygen vacancies
were present at the boundary between the upper electrode
15 (formed after the highf dielectric- constant or
ferrcelectric thin £film) and the high- dielectric- constant
or ferrcelectric thin film. It was also found that
deterioraticn of adhesive properties between the noble metal
of the uppér electrode and the high- dielectric- constant
20 or ferrcelectric material (delamination of upper electrode)
was strongly correlated with this oxygen vacancy
concentration.
The inventor attempted to actively oxidize the high-
dielectric- constant or ferroceledtric materiai«@l@ctroée_
25 boundary after forming the capacitor electrodes |
(particularly the upper electrode}. As a result,
degradation and delamination were suppressed in the step for

forming the insulating £ilm of the high- dielectric-

R



8-55967 (publi'shed on 27 February, 1996) which relates to 20 a met hod of

manuf acturing a ferroelectric thin film capacitor, discloses how

| eakage current is reduced by - anneal i ng oxygen vacancies in the
ferroelectric thin film (in an oxidizing atnosphere) . However, no
mention i s nmade of the problem of el ectrode del am nati on. 25
SUMMARY OF THE | NVENTI ON It is therefore an object of this
i nvention to resolve the above problems, and in particular, to
provi de a constant or {exresiestrdc naherjadPaRacel #or a Wigdtiisothe

havi ng | ow | eakage current, high ca acitanie_@ng_high r epmant

pol ari zati on, ofigPse o 5 BFP et RiE oL PR T FETR UERL 2 RE bRy was improved. g

achi eve the ab | ect |t of..various .5 _ experinents carried
ot 10 st udy ool AeE sfords, S 5 eo¥lesBladihar ca-2XRAY, BRY Sxibh
found the nmain ISE. -t S tk kDLt he,
vicinity of theé%éo%%%éa’?%bﬁe%m b%¥%%éé%é§hg£%%%ﬁééﬁgl%gg%ﬁ&%ﬁ%ﬂ?hgﬁﬁi gh-
dielectricg cap&@Dcd 2 RfasPbxt ebhagieet Fé6c IWé ohplariddnebi ©e RpErids hbe 10

capacitor insulating film in particular the production of
method of performing hydrogen treatment after forming the
capacitcr.
This invention, which was conceived ocn the basis of

the above observations, therefore provides a semiconductor

10 TEMOrY comprising an integrated capacitor having a structure
comprising an upper electrode, lower electrode and high
ferroelectric oxide thin £ilm which functions as a capacitor
insulating film held between these electrodes, and a
protective insulating £ilm formed by plasma treatment

18 cevéring this capacitor structure, wherein a layer with
additional ocxygen is formed on the surface of the high
ferroelectric oxide thin £ilm functioning as the capacitor

insulating film.

BRIEF DESCRIPTION OF TEE DRAWINGS:

20 Pig. 1 is a sectional view showing an example of a
capaciter functioning as a storage capacitance of a
semiconductor memory according te this invention.

Fig. 2 is a sectidnal view cf a capacitor acccording
to the priocr art.

25 Fig. 3 is a sectional view showing a defect of the
capacitor according to the pricr art.

Fig. 4 shows CV characteristic comparison curves for



"oxygen vacanci es on the surface of the netal oxide which is t he

hi gh-di el ectric- constant or ferroelectric material. It was found
that a | arge nunber of these oxygen vacancies were present at the
boundary between the upper el ectrode 15 (formed after the high-

di el ectric- constant or ferroelectric thin film and the high-

di el ectric- constant “or ferroelectric thin film It was also found

t hat deterioration of adhesive properties between the noble netal

of the upper etbBeteaRhciier afeordjmg gpeﬁﬁ%s Anyentdes aRe they capgeitor
ferroelectric materi.al (deI% I nati,on of upper el ectrode) was strongly
correl ated wi t ACERFELBRy 58N géc9ﬁ89r &r-- concentration. The

[ t tt ted [ | I dis hi ghs ' lLe- t ant
or forroelectrio mataiaP: Breker bhe EomtEatitls ol ft iy e "
capaci tor el ectpgdesacs or ARG 86! dnd D NERAPLERl AR ap0t By

result, lon a nation were suppressed In the step for
form ng tge i nggkatanggl tbnehk pheoki @+ .diel ectric-

constant or ferroelectric material capacitor, which is the subsequent
step, and | ong-ter mstig.i &ishictss whsramieniatic curves of electrostatic

capacitance variation due to alternating electric field
stress of the capacitor according to this_invention.and,the
capacitor according to the pri@r'art.

10 _ Fig. 7 shows breakdown voltage distributicn
characteristics after alternating electric field stress of
the capacitcr according to this invention mdl, the capacit@r'
according toc the prior art.

Fig. 8 is a characteristic diagram showing temperature

18 dependence of an oxygen treatment effect according to this -
"invention.

Fig. 9 is a characteristic diagram showing time
dependence of an oxygen treatment effect according to this
invention.

20 Fig. 10 is a drawing showing a sectiomal view and an
oxidation state in a case where a material having poor
oxidation resistance is contained in the upper surface of
a cell structure.

Fig. 11 is an IV characteristic diagram of a PZT

28 capacitar cbtained by oxvgen treatment according to this
inventiocn.

Fig. 12 is a diagram showing a comparison between this

invention and the prior art of IV characteristics after



‘I'n other words, it was confirned that carrying out oxygen t reat ment
before hydrogen treatnent after form ng the 5 capacitor was extrenely
effective conpared to the prior art met hod of perform ng hydrogen
treatment after form ng the “capaci tor. This invention,

whi ch was concei ved on the basis of t he above observati ons, therefore
provi des a sem conduct or 10 nmenory conprising an integrated capacitor
having a structure r|S|n an upper el ectrode, |ower el ectrode and
hi gh fer@@ﬁ%&%@%ﬁ?no%l ﬁ%#iln1mhich functions as a capacitor

| filmheld,b el d d
neul at  ng 111 m for M oy o F achitAeaRr BhSVESy £ Wndariagn RENEER RS,

st.ructure, wher :

surface of the %%%ﬁil@%y%hggﬁb%e g%??l%ggké%gﬁgéﬁégééﬁéaéﬁ%%ct|onfng é%gthe
capaci tor af&%&uﬁﬂagﬂﬁdﬂﬂdﬁ treatment. BRI EF DESCRI PTI ON OF THE
DRAW NGS: 20 Fig. 1 is a sectional view showi ng an exanl e of a
capaci tor g uncti oni IS 14 S50 @jecrapashbaing sdtomparisonsbetwear Uiy
nmenory according to this invention. Fig. 2 is a sectional view
of a capacitor imyvemtdiong and the ezaitr grtorcfaliV cl@gacteristigigy.afiern a

secti onal V|eM/shownn .a defect of the capacitor according to the
prior art. passivation treatment.

Fig. 15 is & sectiopal view of the structure of a DRAM
using BST as a capacitor insulating film as one example of
10 this inventiom.
Fig. 16 is a sectignal view of the structure of a DRAM
using PZT as a capacitor insulating £ilm as one example of

this invention.

DESCRIPTION CF THE PREFERREDlEMBODIMENTS

18 This invention will now be described in detail
referring to the drawings.

Fig. 1 is a section through the essential parts of a
capacitor functioning as a storage capa@itance of a
semicenductor memory. PFirst, a lower electrode 102,

20 capacitor insulating film 103 (of a high- dielectric-
censtanﬁ or ferroelectric materigl), layer 1C4 with
additicnal oxygen on the surface of this capacitor
insulating film 103 and upper electrode 105 are formed on
asemic@nducthsubstrate101é@mprisimgafmmctionaldevice

25 such as a transistgr, and the capacitor comprising these
upper/lower electrodes and ferrcelectric material is

covered by a protective film 106, which is an inter-layer



Fig. 4 shows® CV characteristic conparison curves for t he

capacitor according to this invention and the capacitor according to
the prior art. Fig. 5 shows |V characteristic conparison curves
for the capacitor according to this invention and the capacitor 5
according to the prior art. Fig. 6 shows characteristic curves
of electrostatic capacitance variation due to alternating electric
field stress of the capacitor according to this invention and the
capaci t or accépﬁpiét%ggt e PFrior art. 10 Fig. 7 shows breakdown

vol tage distributiqn ..charagterigtics after.alternating electric field
ctress of t ndh gBERITS LRCEor PRy & BRI EAFRScRE PR AT I L e t or
according to Lhg,pii 8'?{3 %hriﬁ rotective £11% 196 S cHAA %%%féﬁﬁ!'c di agram
showi ng tenperature 15 ege_n encé of an oxygen treatnent effect .
according to §RkerconnecitiveNtdPis el@ctrically%&md&ﬁm@t@@&é@i@éﬁt I C

di agram showi ng tine dependence of an oxygen treatnent effect
according to eflestrode 105 of the capacitor.

The layer 104 with additional oxygen refers to a layer
formed when the upper electrode 105 is f@rmed by fully |
repairing a layer with a minute oxygen vacancy, produced on
the surface of the high- dielectric- ccnstant or

10 ferroelectric thin £ilm functioning as the capacitox
insulating £ilm 103, by annealing in an oxygen atmosphere
as described hereafter.

The electrode material of the lower electrcde 102 and
upper electrode 105 is typically platinum, but metal

15 materials comprising for example palladium, nickel,
tungsten, titanium and molvbdenum as principal components,
either alone or in the form of thelr alloys, or metal oxides
or the like with electrical conductivity, may alsc be used.

The high- dielectric- constant or ferrcelectric thin

20 £fiim which functions as the capacitor imsulating £ilm 103
may for example be a ferroelectric thin film.cem?rising an
oxide having at least one of the metals lead, bismuth,
strontium and barium as its main component. Typical
examples of ferroelectric thin f£ilms are lead titanate-

25 zirconate {(Pb(%r, Ti}0;)} abbreviated as PZT and PLZT in which
this is doped with La, lead titanate {PbTiO0;),
strontium-bismuth tantalate (SrBi,Ta;0s} abbreviated as SBT,

and bismuth titanate (Bi,T1:012).



“invention. 20 Fig. 10 is a drawi ng showi ng a sectional view and an

oxidation state in a case where a material having poor oxi dati on
resistance is contained in the upper surface of a cell structure.

Fig. 11 is an IV characteristic diagramof a PZT 25 capaci tor obtai ned
by oxygen treatnment according to this I nventi on. Fig. 12
i's a diagram showi ng a conpari son between this I nvention and the
prior art of IV characteristics after ' 7

passivation treatnenffypical examples pf fuigh- Aiglefamshamnifant or
char act or i sti ceaERosTeBrir sy kppare pentHBrpLrogeivn Jeanal G
of [V char act oTArIL appafiv Rt IR BGE,  aropt N AIRANE [ RBIGT 21
15 is a sectiopgh wheWuRl tiB8naktbUeBETE0Qf . 2 DRAM |
8 The protective film 106 which is the inter-layer
insulating film may for example be $i0; or Si:Ng which are
normalily used as inter-layer imsulating films for LSI.

For camparisvn; sectional views of an integrated
capacitor manufactured by a prior art process not according

10 to this invention are shown in Fig. 2 and Fig. 3. As shown
in Fig. 2, there is no step to introduce additiocnal oxygen,
and a layer 201 with oxygen vacancy is produced at the
boundary between the upper electrode 105 and the high-
dielectric- constant or ferrcelectric material 103. Also

15 as shown in Fig. 3} a delaminating part 301 is produced at
the boundary between the upper electrode 105 and the high-
dielectric- constant or ferrcelectric material 1@3 when the
$i102 protective film 106 is formed or due to hydrogen
treatment after forming the capacitor, ané the upper

20 electrode 105 often falls off due to delamimatior.

The way in which this layer 201 with oxygen vacancy
is repaired by the layer 104 with additional oxygen will
first be shown from the initial electrical characteristiés,
Fig. 4 shows a comparison of differential capacitance-bias

28 voltage characteristics (abbreviated hereafter as CV
characteristics) of an integrated capacitor using a high-
dielectric- constant material, e.g. BST, as ferroelectric

material.

190



‘using BST as a capacitor insulating filmas one exanple of 10 this

I nventi on. Fig. 16 is a sectional view of the structure of a
DRAM using PZT as a capacitor insulating filmas one exanpl e of
this invention. DESCRI PTI ON OF THE PREFRERED EMBODI MENTS
15 This invention will now be described in detail referring
to the draw ngs. Fig. 1 is a section through the essenti al
parts of a capacitor functioning as, a storage capaci,tance of a

semi conduct or nenor yWheR ide 1aviesdP Llevieh iyaaep Vacansy i paepispd by

[ | at i film103.(of high-.dielectric- . t . | ectri

mceri a0 | aydHtr A ek 16 e GoTEaRe crepoin ERS: haVeR Yack GRVIRRs
» . 1 . ‘

o conduct o Rt Lpcfedicd B3 B0d MRS SERIAGE R, BOESLALEREL 00

a transistor, abg hdforPRperEineOrP! tahddehi®Sat 1V or YBBEYd P¥WBFoved.
el ectrodes and ferroelectric matéerial 1s covered by a protective film
106, whiclgis am imdlgar 4,aele characteristics shown for this invention
relate to the case where the layer 104 with additional oxygen
is formed by oxygen treatment {arnealing in an oxygen
atmosphere), and the characteristics shown for the prior art
are those where the upper electrode 105 is formed without

18 pérf@ming hydrogen. treatment or oxygen treatment.
Moreover, if hydrogen treatment is carfied out as according
to the prior art and oxygen treatment is carried cut
afterwards, the deterioration is even worse than the priox
art characteristic curve shown here.

18 Fig. 5 shows a comparison for leakage current-volitage
characteristics (referred to hereafter as IV
characteristics). The height of the energy barrier to
electrons at the boundary between the upper electrode and
high- dielectric- constant or ferroelectric material leads

20 to a reduction of leakage current value on the negative
potential side which is a current limiting mechanism, and
an integrated capacitor with enhanced insulating properties.
is thereby formed due to the layer with additional oxyger.

When the ferroelectric material PZT is used as the

28 capacitor imsulating £ilm 103, an improved hist@ry curve of
electric flux density=électric field characteristics
{abbreviated hereafter as hysteresis characteristics) is

observed. In the case of this invention, the coercive

11



“insulating film. An opening is fornmed by a suitable etching
process in a part of this protective film 106 so that a netal

i nterconnection 107 is electrically conducting to the upper 5 el ectrode
105 of the capacitor. The | ayer 104 with additional oxygen
refers to a | ayer formed when the upper electrode 105 is fornmed by
fully repairing a layer with a m nute oxygen vacancy, produced on

the surface of the high. .di.electric- constant or. _10. ferroelectric thin

filmfunctioni & e§§19=gfe %‘?&%m‘“&&fcb is a thrgsigld, valiug ﬁg‘fcetﬂ@rcarf %ng

I n an oxygen a [ @S ! er I The

el ectrode nat e%%%%&%ghghgepg‘%zﬁ 5’?’2% rldé(%‘gq“?glz d%ﬁcj&‘te%ses, ljt%ngerx e eaf:l%ér]ode 105

s tyically plgbhBulabdbnMBhdlreakds R Boxd SR IHdIG iR Qe

pal | adi um ni ckel, tungsten, titanium and nol ybdénum as pri nci pal

conponents, non-9ollaeh 12l eleoet, ie bt afieem.of their alloys, or netal

oxi des or the like with electrical conductivity, may al so be used.

The hi gh- 8di el ect ri MNexdpnsthmntefiffedteroddilers rinvemiion 20n léngrtehich

functions as the capacitor insulating film 103 may for exanple be a

ferroel ectric rBiAabilityompeilsbrgdgmonstrated-de having at | east one of

the metals | ead, bisnuth, strontium an b@ri um as jts, mai n_component.
[ }EF%I

Typi cal - exanp|B€ RGN 1G] At ip AT eT LSl 3% (Qhathe

integrated capacitor was described in the previous section.

It would appear that there are some cases where, depending
10 on the required memory specification, usable initial
| characteristics cazn 8till be obtained without thisg invention
even if performance is low. However as regards long-term
reliability and parti'cularly during operation wh@re the
applied voltage polarity is reversed at high speed, it wé.s
18 found that there was a strong time-dependent fluctuation of
dielectric constant and leakage currént so that practical
operation was impossible.
In addition to improving initial characteristics, this
invention also suppresses time-dependent f£luctuations.
20 Fig. 6 shows a comparison of this invention with the prior
art relating to time-dependent variaticn @i electrostatic
capacitance of a BST capacitor when ar alternating electric
field is applied. As is seen in the figure, in the capacitor
according to this invention, growth of an oxygen vaéancy
28 region which is produced at the boundary between the
electrode and high- dielectric- constant or ferrcelectric
material which is due to alternating electric field stress,

is suppressed. Conseguently the oxygen vacancy region does

12



25 zirconate (Pb (Zr, Ti) O[err]) abbreviated as PZT and PLZT in which

this is doped with La, lead titanate (PbTi(err], strontium bi smuth
tantal ate (SrBl[err]Ta[err]qerr]) abbrevi ated as SBT, and bi smut h
titanate (Bi4Ti 302)- 9 :

Typi cal exanpl es of high- dielectric- constant or ferroelectric thin
films are bariumstrontiumtitanate ( (Ba, Sr)TiJerr]) abbreviated

as BST, strontiumtjt t SrTi d ba t t _
I\/EgT: gear] ]2 ln@ Ogt@%naceﬂ(%r @Ig ﬁ%%“éiﬁgﬁq@@f%r‘]‘ﬁﬁﬁ#%u@g%%;h inEt gr -l ayer
i nsu | | rr

- D scd “hettostatas Pdadtarad did dquder/terr] which are

normal | y used S For

conpari son, sectlor!ﬂ%vweg\fgﬁé tﬂfmégﬁéfgéﬂdert chér%@:%ﬂgm@éffaﬁié"ed

by a prior art process not according to this invention are shown in
Fig. 2 and Fi gredkddwrsR@itage cummillatﬁﬁ&a i Ihies erdtse Wheat ajhd Gsdmmé r oduce
addi ti onal oxygen and a layer 201 with oxygen vacancy is produced
at the § axaatyi rige taleart rtile fiipgdet i egplddsd 103 rakdtet kaphicglvor

dielectric- constant or ferroelectric mterial 103. Also |
according to this inventicn, the cumulative failure rate is

suppressed. It is probable that suppressing generation of

the oxygen vacancy region alsc supprésses preakdown voltage

failures due to this regicn, aﬁd the failure rate therefore
10 decreases.

As shown by the comparison example in Fig. 3, the
producticn of a delamination region 301 at the boundary
between the upper electrode ané the high- dielectric-
constant or ferroelectric material when the Si0; protective

16 film. 106 is formed or when hydrogen treatment is performed
after forming the metal interconnectiom 107, leads to a
reduced product yield and production line thrcughput which
do nct meet practical needs. However, it is seen that in
the capacitor according to this invention, this delaminatian

20 is adeguately suppressed.

When the reason for this was analyzed, it was found
that théregi@n with lower oxygen C:@'ncentration due to the
formation of the protective $i0; £ilm or to hydrogen
treatment after forming the metal intercommection, is

25 concentrated mainly at the boundary between the upper
electrode and the high- dielectric- constant cor
ferroelectric material £ilm, and the decrease of oxygen -

concentration leads to loss of adhesicn at the boundary

13



15 as shown in Fig. 3, a delamnating part 301 is produced at t he
boundary between the upper el ectrode 105 and the high- dielectric-
constant or ferroelectric material 103 when the SiJerr] protective
film2106 is forned or due to hydrogen treatnent after formng the
capacitor; and the upper 20 el ectrode 105 often falls off due to

del am nati on. The way in which this [ayer 201 with oxygen

d by the,l 104 wit.h_ad | |
(et e showbdst b pbek S1pdtEbad Fad r ey 01 puPlri S5 hnt
h . It
ihzﬁcﬁ‘e?f’il’?édsf?%g%és@%%%%%%%%%ﬁ 2P 25iehRR7°: Y pd Bonkd e%%E@sffb%; an
i ntegrated capagd Fapsg@s%a@% easckﬁelammaff;%%%hig 115085 85 1@5\?}@

e.g. BST, as ferroelectric mat er | nthe
layer 201 wi t iy gaetveranntirodepiig esty¥n into tHdbbuhfdepibefvedhe

vol tage drop in the [ayer with oxygen vacancy i s reduced, so the
ef fecti ves di eltd nppecoeieantode 105 and tihe dghrydbpkeatribg- mmsmmt
region at 1V or less is inproved. 5 In Fig. 4, the characteristics

shown for thi ®3 feereedactric matanial 163 tiet cakby sHpPresses dJeneraidanwi t h

addi ti onal ox
y@%e the oxygen vacancy region, but also improves adhesion

between the upper electrode 105 and high- dielectric-

constant or ferrselectric material 103.

10 Embodiment 1
A method for manufacturing the integrated capacitor
comprising the layer 104 with additional oxygen shown in Fig.
1 will now be described in detail. Pirst, a platinum film
which was to be the lower electrode 102 of th,é capacitor was
15 formed by sputtering on a substrate 101 comprising an
electric field effect transistor formed by the usual method.
The £ilm thickness was 100nm.
Next, PZT was deposited to 100mnm thickress as the
capacitor imsulating £ilm 103 by reactive sputtering in an
20 oxygen atmosphere on this electrode 102. The pressure
during the deposition was 0.5 Torr, and the substrate
temperature was yoom temperature. This structure was
rapidly oxidized for 30 seccnds at 650 T at normal pressure
to crystallize the PZT. |
25 Platinum was further deposited by sputtering to 50nm
on this PZT 103 to form the upper electrocde 108.

Subsequently, using a mask formed by an ordinary

14



‘is formed by ‘oxygen treatnent (arnealing in an oxygen at nosphere),
and the characteristics shown for the prior art are those where the
upper electrode 105 is forned without 10 per form ng hydrogen treatnent
or oxygen treatnent. Moreover, if hydrogen treatnent is carried out
as according to the prior art and oxygen treatment is carried out
afterwards, the deterioration |s even worse than the prior . art

Tt o IO ek e o S SRR B8P0 70
charact eri sticqy, Jhe hela, anggcﬁggégé%g%réghﬁég%@n g SLE GRS,

t he boundary b upp e ec ric-

constant or 1 eueAQlec e Al o Wuctire bR P UEION Hodpakage

current value on the negative potentla I's a current
limting nmechapicymzirond was chfFdbit %@ﬁé@apam tor with enhanced

I nsul ating properties | s thereby formed due to the layer with

addi ti onalg oxygen. However, it WhenfourdfhabehecoxygenadefialefZNaywenised
as the 25 capacitor insulating film 103, an inproved history curve of
electric flux @8dsehows| betfic. 2 bad %WQ@Y@@@’E |f@g:med at ghghasrdand

hereafter as h tereS| s characterl stics), i grved n the case of
this invention! he ypper electrcde (Pt) 103 and PZT 103, i.e. on

the surface of the PZT, and that adhesion was insufficient.
Oxygen annealing was therefore performed in this state in
10 an electric furmace having a horizontal quartz tube. The
oxygen annealing conditions were 30 minutes oxidation at
500 T in an oxygen atmosphere at crdinary pressure.
Fig. 8 shows the variéti@n @fr@mant polarization when
3V was applied in the case where, due to the producticn of
15 a significant layer with deficient oxygen immediately after
depositing the upper platinum, the Pt/PZT/Pt structure cid
not exhibit sufficient ferroelectricity and was therefore
subjected to oxygen annealing as described above. As shown
in the figure, sufficient remnant polarization was cdetected
20 by performing oxygen annealing at 400-575 T. On the other
hand, a decrease of remnant polarization was cbserved at
annealing temperatures of 600 T or more. This shows that
the preferred annealing temperature is 450-550 °C,' and more
oreferably 506 T.
28 Fig. 9 shows the variation of remmant polarizationwith
oxygen annealing time at 500 T. It is seen that an
annealing step of about 10 minutes is effective. An

important point here, although limited to the case of this

15



~electric field which is a threshold value electric field pr oduci ng

remmant pol ari zati on decreases, the remant pol ari zati on i ncreases
and nore stable operation of the non-vol atile nenory is obtained. 5
Next, the effect of this invention on long-term reliability will be
denonstrat ed. The inprovenent of initial characteristics of the
I ntegrated capacitor was described in the previous section It woul d
appear that there are sone cases where, depending on the required

menory specifi %%'F?%at%@a%?@a?ﬁ?%’a?tm‘:turﬁha?*gcf @@Ps??@?@@@@t thd-she
bt d th t hj f Ho
oo Fegards | onttvitiae B he) Tza%%wena%#%%p Ft %9%%%3% A Thsraton

where the A La98, | was
15 found that {}%%’%ES\%% strong n;‘t?f;é g%err% FI uc%%@t?‘%%%géd o
dielectric Conéﬁé”élééﬂaiﬁaﬁégﬂéwféﬁ&liédt Bgt oﬂ{r@ék' &ﬁheaég tng.operation
was i npossi bl e. dition to inproving initia

charact er gsti cspetbfbcally, thl@\/mzm@m@tﬁ@nwpm@im@ntum mﬁﬂﬁﬁrﬁlge
fluctuations. 20 Fig. 6 shows a corrparl son of this invention with the
pri or ar i nodl emingodyesi ks popdidoret Chei layenwithabeygevagahcy

capaci tance of a BST capacitor when an alternating electric
at the upper electrocde/high- dielectrie- constant or

ferrcelectric material boundary, but alsoc repairs damage on
the sidewall of the high- dielectric- comnstant or
10 ferrcelectric material.

By subjecting the upper platinum £ilm to a
photolithography step and performing oxygen treatment after
dividing the capacitor, delamination due to stress whern the
substrate temperature is raised, is also suppressed.

18 Further, when the capacitor ié divided intc memory
Cells according to a memory cell structuré, it isg possible
that a material with poor oxidaticn resistance, e.g.
titanium nitride, which is used to connect to the transistor
in the lower layer substrate 101, may be exposed. Fig. 10

20 shows & sectiomnal view where the capacitor is divided into
memory cells.

Fig. 10{1) shows titanium nitride 1001 priocr to
oxidation, and in Fig. 10(2), the-exposed.periphery of the
titenium nitride 1001 is oxidized to form a high resistance

25 layer 1004. Due to the damage caused by capa@iﬁér
processing, the titanium nitride 1001 which has an exposed
periphery does not retain the usﬁal oxidation resistance of

titanium nitride, and annealing in an oxygen atmosphere is

16



- field is applied. As is seen in the figure, in the capacitor
according to this invention, growth of an oxygen vacancy 25 regi on which

i s produced at the boundary between the el ectrode and hi gh-
dielectric- constant or ferroelectric material which is due to
alternating electric field stress, I s suppressed. Consequently the
oxygen vacancy regi on does 12 :

QELaETEZECZﬁt‘c@LﬁF""“" b 1 RRRS P oo, 00907 8 copaert et beR s e
characteri st f th .
char act eri St oy Ol bl Socpang I 8 E‘f%%“@’f%?%%%gﬁ%&ﬁg%if#éaﬁ?%fe%c%d’p;l?.ﬂiﬁg nhen
according to t&k S ACMEN 40 ix@@f&‘ﬂi‘ﬁﬁtfﬁmf ashgfe rate is

a

suppressed. It 1s pro e that suppressing generation of t he oxygen
vacancy region al sopgupgggseesthigapedonnen9l tages effect@véutespélﬂﬁ@m this
region, and the failure rate therefore 10 decr eases.
shown by $ he cmopeen somelaimy deifore gtcBinghef the platuiduu I“F@:ﬂﬂo‘ﬁ]‘ﬂaCh
del am nati on region 301 at the boundar

becocmes the lower electrode 102, or when etching has already

been carried out to some extent but the sidewall of the lower
titanium nitrate laver 1001 is nct yet exposed.
Eence, this invention may be applied at variocus points
10 | in time depending on the structure of the memory cells. The
advantage of this invention is cbtained in principle by
performing the oxygen annealing step after ferming the upper
' eleétrade 105 but before the passivation step (formation of
the infc;er=1ayé;r insulating £ilm 106}, and it may be applied
15 to all memory celi structures. |
Morecver, as described in the above example, the
invention is alsé effective in eliminating damage due t@
capacitor processing steps, and it is therefore even more

desirable to apply it after processing 'ls completed.

20  Embodiment 2
Next, another embodiment will be described where the
layer 104 with additional oxygen is formed on the surface
of the capacitor insulating £ilm by a method other than
annealing in -an oxygen atmosphere. |
25 The essential feature this invention is to introduce
oxygen into the boundary between the upper electrode and the o

high- dielectric- constant or ferrcelectric material.

17



‘bet ween t he upper el ectrode and the high- dielectric- constant or
ferroelectric material when the SiJerr] protective 15 film106 is
formed or when hydrogen treatnent is perforned after formng the
metal interconnection. 107, leads to a reduced product yield and
production |ine throughput which do not, neet practical needs.
However, it is seen that in the capacitor according to this
invention, this delamnation, 20 ' .is-adequately, syppressed. _ . _
Waen t he reasoW@%@géﬁﬁ@lgﬁg}W egtd A ‘F%’d%d’s to actiygly e ¥R on
w th | ower oxygen concentration due,to th s or Lon pf _the
‘protective Si q%?éﬁY,%@I% il’ln"lmtt pgxpﬁ?dg%sgﬁrc&e VIR E%%%n%%s%fggét}%w n]gw he
metal interconnecti 155, 4- , '1*‘91% ol boundary between
the upper %%e}aesfc)?:r@o _zm’an ut%eg Eﬂ@ S‘Te e%@c@b@%ﬁﬁht or _
ferroelectric materighadititaily, (HEatBOIRASE thle Q¥YE2Nelectzo8BNEERIIALI ON
| eads to | oss of adhesion at the boundary
13 5 istadeen thiechigipe Biellectrdde cotstughordietesdlectric
const ant ctric material. Hence, it may be conjectured that
material by sputtering ifni oxygen. This was done for example

by direct current sputtering in an argon atmosphere
{200mTozrr) to which 10% oxygen was added. |
A platinum £ilm famed by the ﬁsual pure argon
10 sputtering is strongly oriented in the {111} direction and
the size of the particles is of thé same order as that of
the film thickness, bowever a platinum £ilm sPuttered in a
pure cxygern atmosphere comprises microparticles and loses
practically all £ its orientation in the (111) direction.
18 In other words, crystal properties are extremely poor. On
the other hand, it was found that adhesion to the high~
dielectric- constant or ferroelectric material is very much
improved. In a delamination test using adhesive tape, a
platinum £ilm on a high- dielectric- ccnstant-ar
20 ferroelectric thin £ilm grown by pure argon sputtering peels
of £, tut platinum formed by this oxygen sputtering did nct
peel. This is thought to be due to the fact that sufficient
oxycen is supplied to the high- dielectric- constant or
ferroelectric material boundary as in the case of oxygen
25 ameal.i‘ng shown in Embodiment 1.
This effect was more marked the higher the oxygen
conceﬁtratian of the sputteriﬁg atmosphere, but although

adhesive properties improved with increased oxygen

18



- the suppressicon of delamnation by this invention is due to t hat fact
that introduci ng oxygen into the boundary between 5 t he upper el ectrode
105 and the high- dielectric- constant or ferroelectric materi al
103 not only suppresses generation of the oxygen vacancy region, but
al so i nproves adhesion bet ween the upper el ectrode 105 and hi gh-
dielectric- constant or ferraelectric material 103. 10

Enbodi nent 1 . A matﬂod for manufacturi he i ntegrated
capaci tor  CORGRBFFFGRM nEsPagEPos o FakRAFErdnal A RSAERLSRbun | n

Fi g. w Fir pl num.fi|

whi ch was to b%@%%ﬁ (%%3 %3:] Jﬁ,@%ﬁ%s%%g% Olrﬁ:g %§CI ?%r’ %%pr?§era£gﬁmd
by sputtering uhs teel conpri sing an electric field effect
transi stor for&(r%ng%é Bﬁéélégségl @%t hod. The fil mthickness was 100nm .
Next, PZT was dep05| ted to 100nm thi ckness as the capaci tor
insulating film 103 by reactive sputtering in an 20 oxygen at nosphere on
this el ectrodeedbascirkégtpBessure during the deposition was 0.5 Torr,
and the substrate terrperature was room tenperature. This structure
was 8rapi dly oRndithed ¢bfectiveraidmdis 660t ermthauppsr plestunde

to crystal lize the PZT. Pl ati numwas further deposited by
sputtering to 5@y CVD déﬁng@@mrmwwsr%«%é@g dadardgde 1105,

an oxygen atmosphere. Specifically, the platinum complex,

e.g. platinum hexafluoroacetylacetone
[Pt {EFA) : Pt {CF3COCHCOCTF3) 2] , was raised to a tewperature of
10 50 T, and introduced into a reaction furnace with argon as
carrier gas. This startingmaterial was introduced into the
reaction furnace together with oxygen.
The flowrate of carrier gas was 50cc/min. After
deposition for 3 minutes, a 100mm thick platipum film was
18 formed as the upper electrode 105. As the deposition of the
upper electrode 105 takes place in an oxygen atmosphere,.
oxygen 1s introduced intoc the upper electrode
{platinum) /high- dielectric- constant or ferrcelectric
material boundary, and the same effect is cbtained as in the
20 oxygen annealing of Embodiment 1. |
Depending on the structure of the device, annealing
in an oxygen atmosphere at ordinary pressure may cause
undesirable oxidation of the barrier metal, such as for
: @xémple with TiN.
25 By applying the invention to annealing under oxygen radical
irradiation or annealing in an oxygen plasma, it was found

that the annealing temperature could be decreased.



: Subeequently, using a mask forned by an ordinary

photol i t hography process, the capacitor was divided by sputter
etching into mcroregions corresponding to nenory cells, and a
capacitor structure having three | ayers Pt/ PZT/ Pt was t hereby
obtained 5 However, it was found that the oxygen deficient |ayer
201 shown in Fig. 2 had al ready been forned at the boundary bet ween
t he upper elqurod (%;gw#OS and PZT 103, i.e. on the surface of the
PZT, and that EmRfsls as insufficient. Oxygen anneal i ng was.

therefore perfornmed_in thJFi estate I n

ctr furnace hayi a
hori zontal ' quartz tUBEE" mpmx%%&ﬁ afreifrhe Coh ERC e T e i
m nutes oxi datd PR ca ac*té? e lth 3B319XY060L AL BRSPNE! %@ﬁe@b?hﬁ%@’m
pressure. vvs the variation of remant polarization
when : 3V aéss gppl | ed in the case where, due to the production of 15
a significant layer with deficient oxygen imedi ately after
deposi ti ng t heripperl piledvs Whe tdier RIMPAIS Rtass reledraeret tstics ofich
exhibit sufficient ferroel ect ricity and was theref ore subj ected to
oxygen anneal icapasi s baviag theveongtretioiwn shown in Fig. 1 where the

capacitor insulating film is 10Cnm thick PZT (referred to

hereafter as PZT capacitcrr The voltage on the horizontal
axis is the vecltage of the upper electrode 105 based on the
10 lower electrode 102.
The essential feature is the decrease of leakage
current on the negative voltage side, and the breakdown
. voltage defined by 107'a/cm® is improved from -4V to ~4.5V.
In the current-voltage characteristics of the PZT capacitor,
15 the current on the positive voltage gide of the voltage at
which current begins toflew {in Fig. 11, approx. -4V} is
a Schottky current, and the value of the current is
determined by band discontinuity in the boundary between the
electrode and PZT. |
20 _ In this Schottky region, decrease of the current value
on the negative voltage side shows decrease of electron
injectien probability £rom the upper electrode side, i.e.
increase of band discontinuity due to rapid oxidation of the
upper electrode/PZT boundary. This prcvides the most
25 direct illustration of the effect of introducing oxygen
according to this inventiom.
Fig. 12 shows a case where Si0; was deposited by CVD

from plasma decomposition of the starting material TEOS

20



‘in the figure, sufficient remant polarization was detected 20 by

perform ng oxygen annealing at 400-575[err]. On the other hand, a
decrease of remmant pol arization was observed at anneal i ng
tenperatures of 600[err]C or nore. This shows that the preferred
anneal i ng tenperature is 450-550[err]C , and nore preferably
500[err]C. 25 Fig. 9 shows the variation of remmant polarization

Anneal i ng st ep GPERIR g Ph Rt el ipRidd e A t2e Bk 8or i £ipn,
- here, althoughﬂ@%_ta?ié %atﬂé%i%i‘? 8Indt&hfrentaveltia%et%haracteri tics

15 ~integrated capacitor structure, hat apart fromthis
advant age of theddyweRlsheed dzragerbRotiaghtBl- pdbgieatibh-£film onlFamst ant
or ferroelectric material 103 which is exposed on the sidewall is

al so repaired hheoujgetredscal the usudl mefienl f | chlel ylashe SAOZSEL Umtwasy of
the invention shown in Fig. 1 not only solves the problemof the

| ayer witl6 oxygeposddadcpt a substrate imwerdtacte ce/3IFQYHC . di el ectri c-
constant or ferroelectric material boundary, but al so repairs, damge
on In a capacitor formed by the priocr art method, in

adéition to delamination of the upper electrocde 105 which
frequently occurred, insulation breakdown cccurred at low
voltages even whern delamination did not occur as shown in
10 the figure so practical application was impeossible. On the
other hand, according to this invention, delamination was
prevented and thére was practically no degradation of
current-voltage chai‘acteristicss |
Fig. 13 shows electric flux density-electric £ield
15 charactéristics for a PZT capacitor with 100nm £ilm
thickness. A capacitor formed by a prior art technique
which is shown in the figure as a comparison {pricr art method
{1)] showed ferrocelectricity, but the coercive electric
field was high,l and it was unsuitable for cperation at the
20 low ‘s}@ltages required for ordinary LSI semiconductor
memories.
on the cther hand, according to this invention, the
coercive electric field was suppressed to a low value, and
a capacitor showing sufficient ferroelectricity was formed
25 even at a scurce voltage of 3V. Characteristics after
performing passivation with TEOS by the same plasma
decomposition as for current voltage-characteristics are

shown in Fig. 13, prior art method (2}.
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*the sidewal | “of the high- dielectric- constant or 10 ferroelectric

mat eri al . By subjecting the upper platinumfilmto a

phot ol i t hography step and perform ng oxygen treatnent after di vi di ng
the capacitor, delam nation due to stress when the substrate
tenperature is raised, is also suppressed. 15 Further, when the
capacitor is divided into nenory cells according to a nenory cell

Tesistance, oo | WBePp g, caphfboR HBLTRERbTEMHE B8 FRE, RBkbARiop,

transi stor : s b OMBL YESesddpdh I 4 €y d,.~Fig. 10
20 shows a sxtaaegufiok‘héadlﬂej?/l:i£ ew V\%éiﬁe@?ﬁe céép%iéié?%j?‘l? sf%é%]ad%%éﬁﬁég no-

nmenory cells. suitable for fitdkt 41 hppiRews ilonl, a0he Bapdddiitds 4884-rREhEr tO
oxidation, and in Fig. 10 (2), the exposed periphery of the titani um
nitride 1001 ito bl Zedrant on nsleowed)ne eshahgacdue 260 pasygivatéd, Due to
the damage caused by capacitor processing, the titaniumnitride 1001
whi ch DDa% an @8g§pidef high fgariosecrrdeésyhoandedamanshsatiedagdegi:dtei on

resi stance of titaniumnitri dfe, and anneal | nr% i n an oxygen at nosphere
i s refmnant polarization for 1%v cperation.

Also, whereas a sharp decline of insulation breakdown
voltage is observed for a prior art capacit@r as shown in
Fig. 14 when the plasma Si0; f£film 106 is formed as a
10 passivatiocn £ilm on a capacitor using BST as ferroelectric
material, and particularly at mnegative vocltages, this
phenomenon was not observed according to this invention.
Next, an example of a semiconductor memory fabricated

using these capaciters will be given.

15 Embodiment 5
Fig. 15 is an example of a DRAM using BST as high-
dielectric- constant or ferroelectric material. The BST
film thickness used here was 25nm, theélectr@static |
capacitance was 80fF/u m?, and the insulating critical
20 voltage defined by 10™® A/cm® was 2.2 volts. It was found
that a DRAM using this capacitor had a réliability of 10
years. |
Fig. 16 is an example of a semiccnduéf:or menmory for
non-volatile operation using PZT as the high- dielectric-
25 constant or ferrcelectric material. The film thickness of
PZT used here was 100nm, the remnant polarization was 50 P’

C/em® for 3V operation, and the non-remnant peclarization
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difficult. In this figre, 1002 is a connection plug to the silicon
expansi on | ayer (herein, polysilicon), and 1003 is an inter-1|ayer

insulating film(Sigerr]), To resolve this problem it is
effective to perform 5 - oxygen annealing before etching of the platinum

filmwhich beconmes the | ower el ectrode 102, or when etching has

al ready ‘been carried out to sone extent but the sidewall of the | ower
titaniumnitrate Ia 10012§§ n z ﬁgt exposed. Hence, this

i nvention nmay SHEPS, aF|§ S®points 10 in time depending on the
structure of the nenory cells. The advantage of this invention is
obtained in principle by perform ng the oxygen anneali.ng step after
form ng the ugpRlustrial @:R0LT @fe aAlRA il ikgf ore the passivation step
(formation of the inter-layer insulating. film 106), and it may be
applied 15 t 0 alds deserybed Herdabisiel ascording to the ddmismreiy
described in the above exanpl e, the . invention is also effectlve in

el i m natisng daesgeyderdmethod of mgrutfaciuping éhel sgnicepéic o namdry

therefore even nore desirable to apply it after processing is

conpl et ed. @ﬁothlaa%%W%%%%@ne lowering of cRPRCLItaARGENEF & ASRESHAT mi | |

Pﬁedgaf;gggd g%sﬁiatlen ﬁallur %5@}0iectr@dé(aéféﬁggat%é%g%%e $d Ypd on

formation of a passivation film (insulating film) inaplasma

which can be processed at a comparatively low temperature
10 are prevented, lowering of capacitance when an alternating
electric ;field is applied is suppressed, and the insulation
failure rate is reduced; Moreoveyr, when a ferrocelectric
material is used as the ferroelectric film, the remmant
polarization is increased and the ccercive electric field
18 is decreased. By praviding-a capacitor having these
excellent characteristics, it was therefore possible to
produce a nocn-volatile semiconductor memory of high

reliability.

N
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of the capacitor insulati ng filmby a met hod ot her than annealing in

an oxygen agrmmnﬂlﬂa The essential feature this invention is
to i ntroduc ﬂm Fmo the boundary between the upper electrode and
th - edi el eetrﬁc-* constant or ferroelectric material.

__17 Anot her effective nmethod of doing this is to actively
I ncl ude - oxygen in the upper electrode (in this case platinum 105
so as to introduce oxygen into the boundary Speci fically,
plati numin tR&AG C&PW 105 |s 5 deposited on the high-

d - .
oxygen.  Thi 303,2?32 eoéo%&é%iﬁ%ﬁ? bF negory Polpk fui BE AL HEREPRREY, | o,
argon at mosph Aa%afc:ltor %@gﬁé’eé ré)t %t‘ﬁﬂ'@cgcrhgzéﬂﬁgﬁ%%%h ﬁ@ﬁeadéj%tr@de,

A platinum fil ormed” usual pure a sputtering is

strongly o enfad etk sl RGN Favkoelect e Skug olLberiin

particles is of the sane order as that of the filmthickness, however
a plati num fi | famiideheflaba apacitopimsubardery ﬁihm@ﬂérm@mmm:m,

m croparticles and | oses
B a protective insulating f£film formed by plasma treatment
covering said capacitor structure, and a layer with
additional oxygen on the surface of the .high dielectric oxide
thin film functioning as sald capacitor imsulating £ilm.
2. A semiconductor .memory according to Claiml, wherein
said high- dielectric~ constant or ferroelectric thin £ilm
is formed from an oxide having at least one of the metals
lead, bismuth, strontium and barium as its principal
B component . |
3. A semicconductor memory according to Claim 1, wherein
said high- dielectric- constant or ferrcelectric thin £ilm
is formed from any of the metal oxide crystals, lead
titanate-zirconate, strontium titanate, barium-strontium
B titanate, bismuth titanate and strontium-bismuth
tantalate.
4. A semiconductor memory according to Claim :IL, wherein
a protective insulating f£ilm covering the capacitor
structure is a protective £ilm hav;ng SlllCQn cxide as its
principal component.
§. A semiconductor memory according to Claim i, wherein
said upper electrode is formed from a metal material having
at least ocne of platinum, palladium, nickel, tungsten,

titanium and molybdenum as its principal component.
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practically all fits orientation in the (111) direction. 15 I n ot her

words, crystal propg mely poor. n the other hand, it
1 mmnlmmmmﬂﬂ diel ectric- constant or

was found that adhgp
i nproved. I n a del am nation test

ferroelectric materral i st very snue
usi ng adhesi ve tape, a platinumfilmon a high- dielectric-constant
or 20 ferroelectric thin filmgrow by pure argon sputtering peels

of f, but platinum fgrgege. gc{)géca?cEﬁat the @g}’é&&&%&h& th éﬂélm 1, whéfgkrl Thi s

S thought to be due to t gen’‘i s supp
to the high- difl®dddhlcHMstERt Rémory lsfféft@éaeﬁémc?arﬁéﬁwétaegttédary

as in the case of oxygen 25 anneal i'ng shown i n Enodi nent

This effect wasenmre usdiniged hbehhidiwledtel ©®X@fiBtant orcﬁéﬁ:@@él@étﬁmcm‘
the sputtering atnosphere, but although adhesi ve properties inproved
Wi th increasedluivydiinlm capacitor. concentration, the deposition rate |
fell. A practical oxygen concentration is of the order of 5-30% and
pref erably of 7t ReSEpYepaducioymemory according te Claim 1, wherein

said semiconductor memory is formed from a memory which
performs DRAM operaticn using a high- dielectric- constant
or ferrcelectric thin jﬁi;t,m capaciter.

8. A method of manufacturing a semiconductor memory
comprising at least a step for ﬁoming & capacitor structure
by growing a high ferrcelectric oxide thin film as a
capacitor insulating £ilm between a lower slectrocde and an

5 upper electrode, and a step for forming an integrated
capacitor by growing a protective f£ilm covering said
capacit@r structure, further comprising a step for forming
a layer with additicnal oxygen on the surface of said high
ferrcelectric oxide thin film by introducing oxygen into the

10 upper electrode/ high ferroe],@ctric oxide thin film boundary
through said upper electrode after forming said protective
film by plasma treatment.

9. A method of manufacturing a semiconductor menory
according to Claim 8, wherein said step for forming said
layer with additional oxygen on the surface of the high-
dielectric- canstant;-@r ferroelectric thin £ilm through said

B upper electrode, is an anneai:i,ng step in an oxygen
atmosphere.

10. A method of manufacturing a semiconductor memory

according to Claim 8, wherein said step for growing said
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" Enbodinment 3 5 - T Another—effeetive nethod is to formthe upper

el ectrode 105 jaet\ ' | ati num conpl ex as starting materi al
in an oxygen m @ﬂﬂﬂg@@ ically, the platinumcompl ex,
e. g. platinum hexafl uor oaceyyr gCeg [ Pt

(HFA)[err] Pt (CF[err] COCHCOCF[err])[err]] was raised to a tenperature of 10
50[err]C, and introduced into a reaction furnace with argon as

carrier gas. IS stactl material. was i.ntroduced into the . __reaction
furnace toget %JIQ%\}G\%FWQ‘? S ydaf covering 'Salrgﬂ?@’@% SRS e ghs was

50cc/ mm. Afterqs: Qg 59N f QU 1| . @10 mthipk ) gti num film
was 15 for %e}%lgs@n-t E‘gal%p%r Oél gcgecﬁc%éég]%%}%&}sﬂt%ﬁ%e %@@?ﬂ% ﬁﬁ’#l‘“cﬁ" the
upper el ect ro@%@:bﬁ@@g@gg@npls%@?,ei n an oxygen at nosphere, oxygen is

r

i ntroduced into the upper el ectrode (platinum /high-dielectric-
constant or ferroelict o method cHukafihfhcberNfgry saiitbdiuGaE wlf&s) 1S
obtained as in the 20 oxygen anneal ing of mpodinent 1.

Dependi ng on eRecsdingt breCihirhd, dedieceinamadal angealing istedn iOXHGEN

at mosphere at ordinary pressure, may cause ., undesirabl e oxidation of
the barrier nff¥FensgeRosghere is a stepnwherainramealing is Perfiopmeddng t he

n'an owygen, Spl SrETRTAGEEe A AP0- 1S Brar eraiammearerieainan ¢
coul d begdecreaggd- 16 minutes.
12. A method of manufacturing a semiconductor memory

comprising at least a step for forming a capacitor structure
by growing a high ferroelectric oxide thin film as a
capacitor insulating film between a lower electrode and an

5 upper electrode and a step for forming an integrated
capacitor by growing a protective £ilm covering said
capacitor structure by plasma treatment, further comprising
a step for forming a layer with additional oxygen on the
surface of said high ferroelectric oxide thin film by

10 introducing oxygen into the upper electrede/high
ferrcelectric oxide thin f£ilm boundary through said upper
electrode f£ilm after thé step for forming said upper |
electrode in the steps for forming said capacitor structure.

13. A method of manufacturing a semiconductor MeMoTy

according to Claim 12, Wherein said stépf for forming said
iayer with additional oxygen on the surface of said high-
dielectric- constant or ferrcelectric thin £ilm through said

5 upper electrode, is an annealing step in an oxygen
atmosphere.

14. A method of manufacturing a semiconductor memory
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Enbodi nent 4 Next, the inprovenent of electrical

characteristics I“m“ e to this invention will be
described in det al mn ﬂ rshovvs the current-voltage

characteristics of * Gapam vtors having the construction shown in Fig.
1 where the capaC| tor insulating filmis 100nm thick PZT (referred
to hereafter as PZT capaci tor) . The vol tage on the horizont al

axis is the voltage of the pp | ectrode 105, r :
el ectrode 102.8¢¢ g”dmg to G e PR ST AR e?hgg%eg%’%ég% o%%\@akage

current on t he negati g in%e@é 8o A0gk 4 NG jé&f cturyohgage
deflne? by|t10[ *cﬂfeé f ST Fove rom - to -4 Jg}l In the
current-volta |

- V( 85%] £ age,; ;ﬁﬁfﬁéé tfg:ré Oév Oﬁ&éwré?éﬂhﬁﬁéﬂé@é /pldBma &BeieHrrent on

the positive tage at whi ch current begins to
flow (in £ 9. ddoomfiidion bep s a Schottky current, and the val ue

of the current is determ ned by band di scontinuity in the boundary
bet ween t he el Bcta auietheordtl FZhamdizcturing al aemhiconduhborgenegyon,
decrease of the current val ue on the negative voltage side shows
decrease of elamagnsing to Claim 12, wherein said annealing step i1n an
oxygen atmosphere is & step wherein annealing is performed
at & temperature of 400-575 C at ordinary pressure for at
B least 10 minutes.
16. A method of manufacturing a semiconductor memory
comprising at least a step for forming a capacitor structure
by growing a high ferroelectric oxide thin film as a
capacitor imsulating f£ilm between a lower electrode and an
5 upper electrcde, and a step for forming an integrated
capacitor by growing a protective f£ilm covering said
capacitor structure, wherein a step for forming said upper
electrode in the steps for forming said capacitor structure
is a step for growing an upper electrode film in an atmocephere
10 comprising oxygen, and oxygen is introduced into the upper
electrode-high ferrcelectric oxide thin filmboundary in the
step for forming said upper electrode so as to focrm a layer
with additional oxygen on the surface of said high
ferroelectric oxide thin £ilm.
17. A method of manufacturing a semiconductor memory
according to Claim 16, wherein said upper electrode féming
St@p is a method for growing a metal thin £ilm by sputtering
in an oxygen atmosphere.

18. A method of manufacturing a semiconductor memory
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injection probability ! t he upper el ectrode side, i.e. i ncrease of

band di scontinuity du mﬂm on of the upper el ectrode/ PZT
-boundary. This provid HERA2 8 direct illustration of the effect of
i ntroduci ng oxygen accor |ng to this invention. Fig. 12
.shows a case where SiJerr] was deposited by CVD from pl asma

deconposition of the starting material TEGCS

2 im %%@%%ié%%bf 5Bt 7, S BRI o AL

\(,a\?tragt ?ggzui)sdt usua 1odrfB$h%fé? %ﬁé’ @é&éer ;ﬁ?ﬁ?l %%?%a%y t‘%%ﬁoa ted

at a substrat@@@éﬁeé%@gﬁhéie:%%[err] C. In a capacitor fornmed
by the prior art nmethod, 1n addition to del am nation of the upper

el ectrode 105 which3. A metheduehinamofaeirureihg ish sehdidondiuateak temery
occurred at |ow vol tages even when del am nation did not occur as
shown in 10 acededinguee Gbajmadii ezl ismitd stapadamposiipice sadd t he

other hand, according to_this invention, delanm nation was
protective film covering sald capacitor structure is a

silicon hydride or a tetraethoxysilane plasma assist
3 decomposition step.
20. A methcd of manufacturing a semiconductor memcry
according to Claim 17 or 18, wherein said step for forming
a metal thin £ilm by sputtering or CVD is a step for forming
a metal thin film comprising at least one of platinum,

& palladium and nickel as its principal component.
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s

prevented and there was practical I'y no degradati on of current-vol t age

characteristics. Fig. 13 shows el.ectric flux density-electric
field 15 charact eristics for a PZT capacitor with 100nmfilm

t hi ckness. A capacitor fornmed by a prior art techni que which is shown
in the figure as a conparison [prior art method (1)] showed
ferroelectricity, but the coercive electric field was high, and it
was unsuitable for operation at the 20 _ |ow voltages reqired for ordinary
LSl sem conduct or menori es. ABSTRACY o' the other hand, accordi ng

Low vai e, and A i gong eI R ARy i NS G0t 1 oi ty vas
o Mo 29 nef ST b ey e folar kit Bl s
f 0[ hg gr E g)nt vabtageighaiasheatsbhsesdpecially, S%%é@‘;kadéi BeldfinBition art
Wer eas @& éapaaﬂzsed mpthacfordanichmf hihe paseivavion film {insulating
film)'éf a capacitor using a high- dielectric- cecnstant oxr
ferroelectric material by plasma processing at a relatively
low temperature and a method for manufacturing the memory.
The semiconcuctor memory has an integrateé capacitor
10 composed of a capacitor structure constituted of an upper
electrode, a lower electrode, and a capacitor imsulating
£ilm (of a high- dielectric- constant or ferroelectric thin
film) which is held between electrodes and serves as a
capacitor insulating £film and a protective imnsulating £ilm
15 which covers the capacitor structure and is formed by plasna
treatment. An oxygen intreducing layer is further formed
on the surface of the thin film constituting the capacitor
insulating film. - In the manufacturing process of the memory,
for example, the oxygen introducing layer is formed on the
20 surface of the high- dielectric- constant or ferrcelectric
material by introducing oxygen to the boundary between the
electrode and the material by conducting heat treatment in
an oxygen atmosphere before the]pr@tective insulating £ilm
.( Si0, passivation film) is formed by plasma treatment after
26 the formation of the electrode. Therefore, lowering of
capacitance, defective insulation, and especially,
electrcde delamination, which are caused by the formatiocn

of the passivatica £ilm {insulating £ilm), can be prevented.
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required increased coercive electric field and was not suitable for
practical application, the capacitor according to this invention
showed no change due to passivation, 5 retai ned high ferroelectricity,
and denonstrated adequate remant pol arization for 3V operation.

Al so, whereas a sharp decline of insulation breakdown voltage is
observed for a prior art capacitor as shown in Fig. 14 when the

Capac tor usi i BATEE8H, Pre MRt o neeBRR IV Ladtiak  Salfa ne

negative vol t 2g@88celibe sur 5@}&{)}5 O Y8s; Dot . obser rding to thi
i nventi on. ce mﬁl\slé%?fp;rean e a%%ei]% amg%ﬁ%fgé’%%uczg%af&né%%gg wherl
fabricated an alteRgathoge eleRagiiorsald lidhenfirtdbed. #hen B bodinent 5

(7))

Fig. 15 is an exanple of a DRAM using BST as high- dielectric-
constat or fefevebetecktrirametiealialTie BSEd as thid knellkictlnesEiused here
was 25nm_ the electrostatic capaci tance was 80fF/ p n2, and the

i nsul ati §g cr mpreaver20suckopnagéfecti med apy iticr@akecif wesifiualvolts. it
was found that a, DRAM using this capacitor had a r eliability of 'LD
years. polaripptions @ degresgm it coergivenvebhage: orternuemy beor

non-vol atil e ngéﬁéan using PZT as the high- dielectric-
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25 " constant or ferroelectric material. The film thickness of PZT

used here was 100nm the remant pol arization was 50 p Ccn2 for 3V
operation, and the non-remnmant pol arization _
22 conponent was 25 [er] Ccnferr]. I ndustrial Field
of Application As descri her eabove, according to the

sem conductor 5 menory and net hod manuf acturing the sem conduct or
menory. of this invention, |owering of capacitance of a capacitor,
insulation failure and el ectrode del am nati on due to the formation of

a passivation film(insulating f ilr
processed at a conparatively |ow t & < 10 are prevented | owering of
capaci tance when an alternating A i 'c field is applied is
suppressed, and the insulation . failure rate is reduced. Mboreover,

tﬂ a plasm whi ch can be

when a ferroelectric terial is used as the ferroelectric film the
r emmant polarlzatlog0 iocreased and the copBifive electric field 15
i s decreased. By providj ﬁ a capgcitor havin e excel | ent
characteristics, it was e ' -04
i
103

107, 108
106
| 201
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produce a non-vol atile sem conductor nenory of high reliability.

23 WHAT IS CLAIMED | S: 1. A sem conductor nenory
conprising an integrated capacitor having a structure conprising an
upper el ectrode, | ower el ectrode and a high ferroelectric oxide thin
film functioning as a capacitoi isulating filmheld there between, 5
a protective insulating filmforned dﬁfplasna treat nent,

FIG. 3
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covering said capacitor structure, and a layer with addi ti onal oxygen
on the surface of the high dielectric oxide thin filmfunctioning as
said capacitor insulating film 2. A sem conductor menory
according to Claim1l, wherein said high-dielectric- constant or
ferroelectric thin film is for from an oxi de having at |east one
of the netals | ead, bisnuth, s ntium and barium as its principal
5 conmponent . 3. A sem conductor nenory according to daiml,
wherein SaiA3hi ghis diel ectric- constant or ferroelectric thin film
is formed froth arydef metal oxide crystals, |ead
titanat-e-zircornate, strontiumtitanate, bariumstrontium 5 titanate,
bismuth titanate anj@ ==t TSt T tantatqgtre— : 4. A
ccd 1

sem conduct or menor wding to |[Claim1, jwherein: a phgotective
|nsulat|ngfllmcoverlng*’the capagi t or structdyre is a fprotective film
havi ng silicon o&fhde as ts princi pali conponempt. . 5 A

sem conduct or nefbrf GceErding to [ aim1, wherein sai @ upper

el ectrode is forvgd fromg netal terial having at | egst one of _
pl ati num pal |l adfum nickel, PRICTS AT titani gm and nokybdenum as its
princi pal corrporqgent 096 s ) ' - 24
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[er'r] ' 6. A seziconductor nenory according to Claim1, wherein

said sem.conductor nenory is forned froma non-volatile menory usi ng
a high- dielectric- constant or ferroelectric- thin filmcapacitor.

7. A sem conductor nenory according to Claim1l, wherein sai d

sem conductor nenory is formed fromg germry whi ch perfornms DRAM
operation using a high- dielectric- bBst ant or ferroelectric thin
fil m capaci tor 8. A nethod of manufacturing a sem conductor
menory t least a step for form ng a capacitor structure
by growi ng a i gt ??ect ric OXI de thin filmas a capaci tor
insulating fil m b and an. Halgej el ectrode, and
a step for form n?%ﬁslant egra ed ” cap' ‘ ‘o growi ng a protective
filmcovering saidgggf capaci t or struct £a4et her conprisi<hg a step for
form ng ayer onal oxy = the surface of said high
ferroelectric gde 8o ?%ﬁéﬁm i nt roduci Coldidein | nto the =40 upper

el ectrode/ hi gh dnerroel € i | () thfough said
upper el ect rod%fteg@ DM by plhsma

treatnent. . Fenmi condubtor nenory |
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according to Claim8, wherein said step for formng said | ayer with
addi ti onal oxygen on the surface of the highl dielectric- constant or
ferroelectric thin filmthrough said 5 Upper el ectrode, is an annealing
step in an oxygen at nosphere. 10. A nethod of

manuf acturi ng a sem conduct or Menor Yy according to Claim8, wherein
said step for growing said 5/9 25

[err] protective filmcovering said capacitor structure is a

silicon hydride or a tetraethoxysilane plasna assi st 5 deconposi tion
st ep. 11. A method of manufacturing a sem conductor nenory
according to Caim9, wherein said annealing step in an oxygen

at nosphere is a step wherein annealing is perforned at a tenperature
of 400-575 e at ordinary pressure for at 5 | east 10 m nutes.

12. A method of manufacturing a sem conductor nenory conpri sing at

| east a step for formng a capacitor structure by growi ng a high
ferroelectric oxide thin filmas a . '

FIG. 9
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capacitor insulating filmbetween-a | ower electrode and an 5 upper

el ectrode and a step for formng an integrated capacitor by growing a
protective filmcovering said capacitor structure by plasna
treatnment, further conprising a step for formng a layer with
addi ti onal oxygen on the surface of said high ferroelectric oxide
thin filmby 10 i ntroduci ng oxygéh/gnto t he upper el ectrode/ high
ferroelectric oxide thin fil mboundary through said upper el ectrode
filmafter the stop for form ng said upper el ectrode in the steps for
form ng said capacitor structure, 13. A method of manufacturing
a sem conductor nenory according to Claim1l2, wherein said step for
form ng said | ayer with additional oxygen on the surface of said

hi gh- dielectric- constant ge=j§gi o€l ic thin filmthrough said 5
upper electrode, is an annealing §Tqg{ I an?iC gen at nosphere.

14. A method of manufacturing a sem conductor nenory

26 1 111111 10111 121121 2112 fl1%iii [err]

~according to Claim12, wherein said step for growi ng said protective
filmcovering said capacitor structure is a

105

101




»

silicon hydride or a tetraethoxysilane plasm assist 5 deconposi tion

st ep. 15. A nethod of manufacturing a sem conductor nenory
according to Claim12, wherein said annealing step in an oxygen

at nosphere is a step wherein annrealL-ng i s perforned at a tenperature
of 400=575 t at ordinary pressure f | east 10 m nutes.

16. A nethod of manufacturing a senldgﬁductor menory conprising at

| east a step for form ng a capacitor structure by growi ng a high
ferroelectric oxide thin filmas a capacitor insulating film between a
| ower elect ﬂ ; upper el ectrode, and a step for formng an

i by growing a protective filmcovering said

’ereln a step for fornlng sai d upper el ectrode

|ntegrated |
capacitor structure,

in the steps for foryady . ¥ “FtToUcturTe =5—g step for
growi ng an upper et ¥ctrg |I|ng n an atrnsphere 10 congrising oxygen,
and oxygen is_jntroduced into the upper el ectjrode- hi gij ferroel ectric
oxide thin f| bound ; %‘ stdp for fonm ng sai d upper el ectrode
so ato form Ia : w t h jaddi t1 ongl oxygenjon the sgrface of said

hi gh fer electrlq;OX|de thin film *thod of

manuf act uri ng-a sem co

sai d upper elgctrq step.ils.a.

thin film by i&butt : x an oxyger atnnsphi}e 18. A
nmet hod of ma acturlndf i Dductor fenory .
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according to'Claim 16, wherein said upper e ectrode formng step is a
met hod for growing a netal thin filmby CVDin an oxygen at nosphere.
19. A nmethod of manufacturing a sem conductor nenory according to
Claim 16, wherein said step for growing said protective filmcovering
said capacitor structure is a wbcon hydri de or a tetraethoxysil ane
pl asma assist 5 deconposition st 20. A nethod of

manuf act uri ng a sem conduct or nenory according to Claim17 or 18,
wherein said step for formng a netal thin filmby sputtering or CVD
Is a step g 7y a nmetal thin filmconprising at |east one of

pl ati num 51’, ~ Rk @and nickel as its principal conponent.
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