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SEMICONDUCTOR MEMORY AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND O~ THE INVENTION 

Field of·the !nvention 

This invention relates to a ~emiconductor memory and 

method of man~facturing a semiconductor memory, and in 

particular:. to a semiconductor memory and method of 

m©!nufacturing such a memory using a thin film of high= 

dielectric- constant or ferroelectric material a~ a 

capacitor insulator for a storage capacitor. 

The t@.rm high dielectric con~tant or ferroelectric 

material thin film :refers to a high~ dielectric= constant. 

or ferroelectric thin film fonning the capacitor insulator, 

and capacitors using these insulating thin fil~ are 

refe~red to by the general name of high- dielectric~ constant. 

:us or ferroelectric thin film capaci tor!3 a~ de~cribed in detail 

her~after. 

Prior .Art 

Semiconductor me.moey capacitors using high­

dielectric= constant material~ as capacitor insulating 

20 fil~~ are now being considered for use in.application~ 

requiring high electro~tatic capacitanc~~ of small surface 

area, in particular large= scale DRAM, du.e to the fact that 

they have a higher electrostatic capacitance per unit 

~urface area than a capacitor using a conventional 

25 in~ulati:!::i.g film :such as a silicon oxide film or silicon 

nitride film. 

For example, according to 111 IEEE International Electron 

Device Meeting pp.823=826 (1991) 00
, there have been reports 
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of using (Ba, Sr}Ti03 {abbreviated hereafter as BST) as a 

high ferroelectric material. 

Capacitors of identical structure using ~erroelectric 

materials as capacitor insulating film~ are al~o being 

con~idered for u~e as large~~cale, non-volatile memories. 

For example, according to "1995 Symposium on vr~s:i: Technology 

Digest of Technical Paper~, pp.123-124°0
0 has mentioned the 

u~m of Pb{Zr. Ti)03 (referred to hereafter a~ PZT) as a 

ferroelectric material. The electrode material iri these 

10 ca~e~ was a noble metal, Pt 0 a~ in the case of ~ST. 

~"hen §erniconductor memorie~ u~ing these materia1~ are 

manufactured, after manufacturing the capacitor, an 

interconnecting lay~r which make~ electrical co:nn~ction to 

thi~ capacitor, and an intercov..n.ecting layer relating to 

Jl.~ peripheral circuit part~ which perfo:nn electrical 

conver~ions between the memory cells a."1.d the outside of the 

memory chip, are formed. An. insulating fllm mu~t be formed 

to provide ~lGctrical insulation between the~e 

interconnecting layers and between the~e interconnecting 

20 layers and the capacitor, and this process mu~t be performed 

in a reducing or slightly oxidi~ing atmospher~ to avoid 

deterioration of the interconnecting layer~. However, the 

capacitor is known to suffer conl!lliderable damagif§! as a result 

of this process. 

25 For example, according to 00 V..ateria1 Re~earch Society 

Symposium Proceedings, Vol. 310, pp.151-156 (1993) 00
, it is 

reported that PZT which i~ a ferroelectric material loses 

i trs f erro~lectrici ty and leakage current increases when an 



SiO~ film is formed by C\~ as an inter=layer insulating film. 

Further, in the memory manufacturing process, 

annealing in. a hydrogen atmosphere is c.arried out as a final 

~t~p to ensure reliability of the met©ll inte:rcom:ection 

layer and the transistor formed in th~ layer below the 

capacitor. This hydrogen treatment i~ know:n to have a:., 

effect on capacitor eharacter~~tics as in the case of the 

inter~layer in~ulating film forming step. 

For ~xample, according to 00 Sth International Sympo~itm'! 

10 on Integrated Ferroelect:rics, 11c ~1996) ~0 , when SrlBi:;i'ra.20~ 

(referred to hereafter as SBT) is used as a ferroelectr:tc 

material, there is considerable d~terioration of 

ferroelectrici ty when treaari~nt in a hydrogen atmosphere is 

performr1ed, and attempts have been mad~ to repair the druM.g~ 

15 due to thi~ hydrogen treatment ey annealing in an oxy-gen 

atmosphere. 

However, it was found that there are probl€:ms in 

applying the abov~ methods to an actual manufacturing 

20 ~1) The material~ used for the m~tal interconnect.ion formed 

after the capacitor ma:rn:ufacturing :step, such as alumi~um., 

etc.a are not resistant to the high trum.perature oxidizing 

a t..mosphere. 

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

2~ concentration decreases·due to th~ thiekn~ss of the 

inter=layer insulating film, and recovery from damage is 

al~o less. According to experiments carried out by the 

inventor, if hydrogen. treatmtm.t has been carried out to 



en~ure reliability of the transistor, capacitor 

characteristics do not recover ~uf f iciently once they have 

deteriorated even if annealing i~ subsequently performed in 

oxyge:n:1, and repair is difficult. 

One type of deterioration i~ capacitor delamination 

(delru-imination of the upper electrode from the capacitor 

insulating layer). Due to thi~ phenomenon, in the 

jM,llUfacture of large~~cale memories which employ a 

considerable a,'Ff;.mm.t of fine inteireonneetion~, all products 

10 in the same rn.anufacturing lot become defective, yield 

decline~ and reliability drastically decrem:m~. 

!n addition to the above problem~, it ~"as found that 

compared to capacitors which have not been treated, 

capacitors treated in a hydrogen atmosphere ~uffer 

:us con~iderable degrading of electrical characteristic~ due to 

voltage stress and alternatb:g electric field ~tress, and 

there are ~eriou~ problems with regard to their reliability. 

Japan~se P-.lbli~hed Unexamin~d Application No. Hei 

8-55967 {published on 21 F~ru.ary, 1996) which relat~s to 

20 a method of man:ufaetu.ring a f erroelect:ric thin film 

capacitor, discloses how leakage current i~ reduced by 

annealing oxygen vacanci~s in the ferroelectric thin film 

{in an oxidizing atmosphere}. However, no mention is ma.de 

of the problem of electrode delrunination. 

SUMMARY OF THE IN\i"'ENTION 

It i~ therefore a:n object of this invention to resolve 

the above proble..~s, and in particular, to provide a 



,. 

~~iconductor memory comprising a capacitor having low 

leakage current, high capacitance and high rem,~a.,.,t 

polari~ation, and a method of manufacturing such a memory. 

To achieve the above objects, as a re~ult of variou~ 

experiments carried out to ~tudy degrading of capacitor 

clr..aracteristics, the inventor found the zr.ain cau~e to be a 

struetur©J.l transformation in the vicinity of the boundary 

between the upper electrode and the high- dielectrie­

eonstant or ferroelectric material functioning as: the 

11.11) e©J.pacitor in.sulating film, in particular the production of 

oxygen vacancies on the surface of the metal oxide which i~ 

the high- dielectric- constant or ferroelectric material. 

It was found tllilt a large nmw.ber of these oxygen vacancies 

were present at the bounoory between the upper electrode 

15 (formed after the high- dielectric- con~t©J.nt or 

ferroelectric thin f il:m) and the high- dielectric~ con~tant 

©r ferroelectric thiI1 film. It wa~ also found that 

deterioration of adhesive properti~~ between the noble metal 

of the upper electrode and the high~ dielectric- constant 

20 or ferroelectric material {delamlnation of upper electrode} 

wa~ ~trongly correlated with this oxygen vacancy 

concentration. 

The inventor att~.ted. to actively ox:fi.d.i~e the high~ 

dielectric= con~tant or ferroelectric mat~ri©J.l=electrode 

25 boundary after forming the capacitor electrodes 

{particularly the upper electrode}. A~ a re~u.lt, 

degradation and delamination. were su.ppr~~rned in. the ~t~p for 

forming the insulating film of the high- d.iel~ctric= 



consta..'l'lt or ferroelectric mat~rial capacitor, which is the 

subs~quent step, and long~te:rm reliability wa~ improved. 

In other words, it was confirmed that ca:!:rying out oJtygen 

treatment before hydrogen treatment after forming the 

capacitor wa~ extremely effective compared to the prior art 

method of performing hydrogen treatment after forming the 

capacitor. 

Thi~ invention, which wa~ conceived on the ba~is of 

the above ob~~!':'vations, the:refcr:ie provide~ a ~~iconductor 

10 m~'tlory comprising an integrated 11'.!apaci tor having a structure 

compri~i:ng an upp~r electrode, lower electrode and high 

ferroelectric o:xid~ thin film which :functions a~ a capacitor 

in~ulating film h~ld between the~e electrodes, a..~d a 

prot~ctive insulating film form~d by pla~ma treatme.nt 

15 covering thi~ capacitor ~tructure, wherein a layer with 

additional oxygen is for!l!'~d on the ~urface of the high 

f~rroelectric oxide thin film functioning as the capacitor 

in~ulating film. 

BRIEF DESCRIPTION OF THE DRAWINGS~ 

Fig. 1 is a sectional view sh.owing an ~xmnp.le of a 

capacitor functioning as a storage capacitance of a 

~emiconductor memory according to thi~ invention" 

Fig. 2 is a sectional view of a capacitor according 

to the prior art. 

Fig. 3 is a sectional view showing a defect of the 

capacitor according to the prior art . 

.Fig. 4 shows CV charact.erist.ic coimpari~on curves for 



the capacitor according to this invention ar...d the capacitor 

according.to the prior art. 

Fig. 5 shows IV characteristic compari~on curves for 

the capacitor according to this invention and the capacitor 

according to the prior art. 

?ig. 6 shows characteri~tic curves of electrostatic 

capacitance variation due to alterr.ating electric field 

~tre~s of the capacitor according to this i:nven.tion and the 

capacitor according to the prior art. 

10 Fig. 7 shows breakdo'tm voltage distribution 

characteristics after alternating electric field stress of 

th~ cap@l.ci tor according to this invention ru"'ld the capacitor 

according to the prior art. 

Fig. S i2 a characteristic diagrmm showing temperature 

15 dependence of an oxygen treatment ~£feet.according to this 

invention. 

Fig. 9 is a characteri~tie diagram showing time 

d.epem::!ence of a..""l oxygen treatment ef feet according to this 

invention. 

Fig. 10 is a drawing showing a ~ectional view and an 

oxidation ~tate in a case where a ~aterial having poor 

oxidation resistance is contained in the upper ~urface of 

a cell structure. 

Fig. 11 is an IV characteristic diagram of a PZT 

25 capacitor obtained by oxyge..~ treatment according to this 

invention. 

Fig. 12 is a diagram showing a comparison between this 

invention ru""ld the prior art of IV characteri~tic~ after 



passivation treatment. 

Fig. 13 is a diagram showing a comparison bet\•1een this 

invention and the prior art of hystere:si~ characteristics 

after pa~sivation treatment. 

Fig. 14 is a dia.gralt';1 ~howing a compari~on between this 

invention and the prior art of IV cha~acteri~tics after 

pa~sivation tr~atment. 

Fig. 15 is a sectior..al view of th~ ~tructure of a DRAM 

using BST as a capacitor insulating f il~ as one exmraple of 

10 this invention. 

Fig. 16 is a sectional view of the structure of a DRA..'i"4i 

u~ing PZT a~ a capacitor insulating film a~ on~ example of 

this invention. 

DESCRI~TION OF THE PREFE...~~ED EJMBODIJM!ENTS 

This invention will now be described in detail 

referring to the drawing~. 

-Fig. 1 j,s a section through the essential part~ of a 

capacitor functioning as a storage capacitance of a 

~~iconductor me.~ory. Fi~~t, a low~r electrode 102, 

20 capacitor insulating film 103 (of a high= dielectric= 

con~tan.t or fe:!'roelectric material), layer 104 with 

additional oxygen on the surface of this capacitor 

in~ulating film 103 and upper electrode 105 are formed on 

a s~iconductor substrate 101 comprising a functior..al device 

25 ~uch as a transistor, and th~ capacitor comprising these 

upper/lower electrodes and ferroelectric material is 

eoveried by a protective film 106, which i~ an inter=layer 



in~ulating film .. 

An opening is formed by a ~uitable etching p:roces~ in 

a part of thi~ protective film 106 ~o that a metal 

interconnection 107 is electrically conducting to the upper 

electrode 105 of the capacitor. 

The layer 104 with additional oxygmA refer~ to a layer 

formed when the upper electrode 105 is formed. by fully 

repairing a la.yer with a minute oxygen vacancy, produced on 

the ~urface of the high- dielectric~ constant or 

10 ferroelectric thin film functioning a~ the capacito~ 

in£:ulating film 103, by a.."1.."'ll.eali!il.g in an oxygen atmo£:phere 

a~ de~cri~d .hereafter. 

The electrode material of the lower electrode 102 and 

upper electrode 105 is typically platinu..~, but metal 

16 material~ comprising for example palladimnt, nickel, 

tung~ten, titanium and molybden1rn'tn a~ principal components, 

either a.lone or in the form of their alloys, or metal oxides 

or the like with electrical conductivity, may al~o be-used. 

The high- dielectric- constant or ferroelectric thin 

20 film which functions as th~ capacitor in~m.latlng film 103 

may for example be a ferroelectric thin film comprising an 

oxide having at least one of the metals leadu bismuth, 

strontium and oo:rfa.rm as its imain component. Typical 

exmnples of ferroelectric thin films are lead titanate-

25 ~irco:nate {Pb~ Zr, Ti} 0 3 } abbreviated. as PZT and PLZT in which 

this is doped with La, lead titanate (PbTi03 ), 

strontium~bismuth tan.talate (SrBi2Ta~O~) abbreviated.as SBT, 

and bismuth titanate {Bi,Ti30u} • 



Typical examples of high- dielectric- constant or 

ferro~leetric thin films are bariu.m=stronti'IU...i'll titanate« (Ba, 

and barium tita.'11.ate (BaTiO:i). 

The protective film 106 which i~ th~ int0r-layer 

insulating film may for exrunple be Si02 or Si3N4 which are 

non"lm1ly r..u:ied a~ inter-layer in~ulating film~ for LSI. 

For comparison, sectional views of an integrated 

capacitor maEmfactured by a prior art p:r:oce~s not according 

10 to this invention are sho'WD. in Fig. 2 and Fig. J • As show.a 

in Fig. 2, there is no step to introduce additional oxygen, 

and a layer 201 with oxygen vacancy is produced at the 

lb©und.ary between the upper electrode 105 and the high~ 

dielectric- constant or ferroelectric material 103. Also 

15 as ~hown in Jti'ig. 3, a delamir.ating part 301 is produced at 

the bmmdary between the upper electrode 105 and the high­

d.ielectric·- contlltant or ferroelectric material 1°03 when the 

Si02 protective film 106 is formed or due to hydrogen 

treatment after forming the capacitor; and the upper 

20 electrode 105 often falls off due to dela~ination. 

The way in which this layer 201 with oxygen vacancy 

i~ repaired by the layer HM with additional oxygen will 

fir~t oo ~ho1ri.-n from the initial electrical cnaracteri~tic~. 

Fig. 4 shows a co:mpari~on of differential capaci ta.nee-bias 

25 voltage clJ:t.,;.aracteristics {abhreviat~d he:reafter: as CV 

characteri~tics) of an integrated capacitor u~ing a high-
'· 

dielectric- constant material. e.g. BST, a~ ferroelectric 

:material. 

1© 



'Wben the layer 201 with oxygen vacru.'"lcy is repaired by 

thi~ invention, the voltage drop in the layer with oxyge~ 

vacancy i§ reduced, so the ef fee ti ve dielectric constant in 

In Fig. 4, the characteristic~ shown for this invention 

relate to the case where the layer 104 with additional oxygen 

i~ formed by oxygen treatment {ar..nealing in an oxygen 

atmo.§lphere) • and the eharacteri3tics sho'ml for the prior art 

©J.re those where the upper el~ctrode 105 is formed without 

10 performing hydrogen treatment or oxygen treatment. 

15 

Moreover o if hydrogen treatment i~ carried out asi according 

to the prior art and oxygen treatment is carried out 

af terward.s, the deterioration is ev~n wor~e than the prior 

aJtt characteristic curve ~ho'fl.ln here. 

Fig. 5 shows a comparison for leakage curl:'ent~vol tage 

characteri~tics (referred to her~after a~ IV 

characteristics). The h~ight of the energy barrier to 

electrons at the boundary between the upper electrode and 

high- diel~ctric= constant or ferroelectric 1!r.aterial lead~ 

20 to a r~duction of leakage current value on the negativ~ 

potential side which is a current limiting mech©J.ni~m, and 

an integrated capacitor with enhanced in~ulating properties 

is thereby formed due to the layer with additional oxyger... 

Wh.en the ferroelectric material PZT i~ used as the 

25 capacitor insulating film .103, an improved hi:story curve of 

electric flux density-electric field characteri~tics 

(abbreviated hereafter as hysteresis characteristics) is 

ob~erved.. In the case of this invention, the coercive 

11 



electric field which is a threshold value electric field 

producing r~nt polarization decrea~es, the remnant 

polari~ation increases and more stable operation of the 

non~volatile memory is obtained. 

Next, the effect of thi~ inv~n~ion on long~term 

reliability will be demonstrated. 

The improvement of initial characteri~tics of the 

integrat{!ld capacitor was described in the previou~ section. 

It would app{!lar th.at there ar~ ~ome ea~es where, depending 

10 on the required memory specification, usable initial 

characteristic~ ca.."'l still be obtained without this invention 

even if performance is low. However a~ regards long-te:rm 

reliability and particularly during operation where the 

applied voltag€! polarity is reverm~d at high ~peed, it was 

15 foumd that there was a strong time-dependent fluctuation of 

di~lectric constant and leakage current so that p?:actical 

operation ~'as imJ;~ossible. 

In addition to improving initial characteri~ticsu this 

invention also suppresses time-dependent fluctuations. 

Fig. 6 sho~ a comparison of thi~ invention with the prior 

art relating to time-dependent variation of electrostatic 

capacita..'flce of a BST capacitor wherll. an alternating electric 

field is applied. As is seen in the figure, in the capacitor 

according to this invention, growth of an oxygen vacancy 

25 region which is produced at the boundary between th~ 

electrode and high= dielectric= constant or ferroelectric 

material which is due to alternating electric fi~ld ~tress, 

i~ ~uppres:sed. Consequently the oxygen vacancy region does 

12 



not often occur, and time-depend~nt variations of 

electrostatic capacitance ar~ reduced. · 

Fig. 1 shows the time-dependent cb.aracteristic~ of the 

breakdown voltage cumulative failure rate when the same 

alternating electric field is applied. In the capacitor 

~eeording to this invention, the cumulative failure rate i~ 

suppressed. It is: probable that siuppre~iH:dng generation of 

the oxygen vacancy region also ~n:i.ppre~~.ms breakdo~':l vol t©J.gie 

failures due to this region, and the failure rate therefore 

:n.o decrease~. 

As sho~-n by the comparison example in Fig. 3, the 

production of a delamination region 301 at the boundary 

between the upper electrode and the high~ dieleetrie­

eonstant or ferroelectric material wh~n the SiO:ll protect.iv~ 

11.5 film 106 is formed or when hydrogen treatment is pe:rfo:irmed 

©J.fter forming the metal interconnection 107, leads to a 

:reduced product yield and production line throughput which 

do not meet practical needs. JBowever, it is seen that in 

the capacitor according to this invention, thi~ delami:nation 

20 is adeq~ately suppressed. 

When the :reason for thi~ was analyzed, it was found 

that the region with lower oxygen concentration due to the 

formation of the protective SiOa film o:r to hydrogen 

treatment after forming the metal interconnection, is 

25 concentr©J.ted mainly at the boundary between the upper 

electrode and the high- dielectric= constant or 

ferroelectric mw.terial film, and the diecreas~ of oxygen 

concentration leads to loss of adhesion at the boundary 

13 



bet:i•1een the upper electrode and high- dielectric- constant. 

or ferroelectric material. Hence, it may oo conjec~u..red that. 

the suppre~sion of delamination by this invention is due to 

that fact tl"..at introducing oxygen into the boundary between 

the upper electrode 105 ai."1-d the high- dielect:1ric- constant 

o:r ferroelectric :material 103 not only ~uppresm~s generation 

of the oxygen vacancy region, but al~o improves adhesion 

between the upper electrode 105 and high- dielectric~· 

constant or ferroelectric material 103. 

1@ Elr@bodiment 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 o First, a platinum. film 

which was to be the lower electrode un of the eapaci tor was 

l~ fo:irmed by sputtering on a substrate 101 comprising an 

electric field effect transistor formed by the usual method. 

The film thickness was 100nm. 

Next, PZT was deposited to lOOnm thick;.,ess as the 

capacitor in~ulat.:i.ng film 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 :room temperaturEL This ~tv.Aeture was 

rapidly oxidi2:ed. for 30 second~ at 650 'C at normal pres~ure 

to e.rystalli~e the PZT. 

2~ Platinum was further deposited by sputtering to 50:nm 

on this PZT 103 to form the upper electrode 105. 

Sub~equently, using a imask formed by' an ordinary 



photolithography process, the capacitor was divided by 

~putter etching into microregions corre~ponding to memory 

cell~, and a capacitor structure having thre~ layers 

Pt/PZT/Pt was thereby obtained;; 

However, it was found tlhat the oxygen deficient layer 

201 shown in Fig. 2 had already been formed at the boundary 

~tween the upper electrode (Pt} 105 and ?ZT 103, i.e. on 

the ~urface of th.e PZT, and that adhesion was insufficient. 

Oxygen annealing wa~ therefore pe:rformed in this state in 

11.0 ~,.,, electric furnace having a hori~ontal quartz_ tube. The 

oxygen annealing conditions were JO ~inute~ oxidation at 

500 t; in an oxygen atmosph~re at ordinacy pre~sure. 

Fig. 8 shows the variation of ·r~...mnant polari~ation when 

3V wa~ applied in the case where, due to th~ production of 

15 a significant layer with deficient oxygen immediately aft~r 

depo~iting the upper platinum, the Pt/PZT/Pt ~tructure did 

not exhibit ~ufficient ferroelectricity and wa~ therefore 

~ubjected to oxygen ar.ur1ealing as described above. As shown 

in the figure, sufficient remnant polari~ation wa~ detected 

20 by pei·forming oxygen annealing at 400-515 'Co On the other 

ham:lle a decrease of remnant polarization was observed at 

annealing te.'1!.peratures of 600 t or more. Thi~ shows that 

the preferred a.""Tu.1.ealing t~mpe:rature is 450-550 t, and more 

preferably 500 'C. 

25 Fig. 9 shows the variation of rem,.'il'].ant polari~ation with 

oxygen annealing time at 500 't;. It is seen. that ar». 

an.nealing step of about 10 minutes is effective. An 

important point here, although limited to the case of this 

15 
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integrated capacitor structure, is that apart from this 

advantage of the invention, damage to the high= dielectric= 

con~tant or ferroelectric mat~rial 103 which is exposed on 

the sidewall is also repair~d by oxygen ar..nealing. 

5 Specifically, the constr:J.etion of the invention. ~hO\\'ll in Fig. 

1 not only ~olves the problem of° the layer with oxy-gen vacancy 

at the upp~r ~lectrode/high= dielectric- con~tant or 

ferroelectric material boundary, but also repairs dar:r,age on 

the ~idewall of the high= dielectric= constant or 

10 ferroelectric material. 

15 

By ~ubjecting the upper platinum film to a 

ph.otolithography step and performing ox_ygen treatment after 

dividing the capacitor, delamination due to ~tress when the 

~ub~trate temperature is raised, is al~o suppressed. 

:Fu.rther, when the capacitor is divided into m~ory 

cell~ according .to a.memory e~ll strueturea it i~ pog:mible 

that a mat~rial with poor oxidation re~i~tanee, e.g. 

titanium :nitride, which is used to ccmnect to the tran~i~tor 

in the lower layer substrate 101u may be exposed. Fig. 10 

20 ~how~ a sectional view where th~ capacitor i~ divided into 

m~ory cells. 

Fig. 10 {1). shows titaniu..1'l!t nitride 1001 prior to 

oxidation, and in Fig. 10 ~ 2) , the exposed periphery of the 

titanium. nitride 1001 is oxidi~ed to form a high resistance 

25 layer 1004. Due to the damage caused by capacitor 

processing, the titanium nitride l001 which Jr.a~ an exposed 

p~riphecy does :not retain the usual oxidation resi~tan.ce of 

titanium nitride, and annealing in an oxygen atmosphere is 

15 



difficult. In this figure, 1002 is a connection plug to the 

silicon expansion layer (herein, polysilieon) a and 1003 is 

an int~r-layer insulating film {Si02}. 

To ~~solve this problem, it is effective to perform 

oxygen am'l1.ealing before etching of the platinimr. film which 

becomes th~ lower electrode 102, or when etching has already 

been carried out to so:me extent but the sidewall of the low@lr 

titanium nitrate layer 1001 is not yet exposed. 

JH:en~ee, this invention may be applied at various points 

lLO in time depending on the st.ructu?:"e of the memory cells. The 

advantage of this invention is obtained in principle by 

performing the oxygen annealing step after forming the upper 

electrode 105 but before the pa~sivation ~tep {formation of 

the inter-layer insulating film 106}, and it may be applied 

15 t9 all memory cell structures. 

Moreover, as described in the above ex~ple, the 

invention is also effective in eliminating damage due to 

capacitor processing steps, and it is therefore even more 

de~irable to apply it after processing·is completed. 

20 Embodiment 2 

25 

Next, another embodiment will be de~eribedwhere the 

layer 104 with additional oxyg~m is formed on the surface 

of the capacitor insulating film by a method other than 

an:nealing in an oxygen atmosphere. 

The essential feature this invention is to introduce 

oxygen into the boundary between the upper electrode and the 

high~ diel~ctrie~ constant or ferroelectric material. 

17 



Another ef fee ti ve method of doing this is to actively include 

oxygen in the upper electrode {in thi~ case platinum} 105 

~© as to introduc~ oxygen into the boundary. 

Specifically, platinum in the upper electrode 105 is 

deposited on the high- dielectric- constant or ferroelectric 

material by ~puttering in oxygen. 

lb.Y direct current sputtering in an argon atmosphere 

{200mTo:rr) to which 10'll$ oxygen wa~ added. 

A platinu..~ film formed by the u~ual pure argon 

JJ.O ~puttering ifll strongly oriented in the {111} direction a.ud 

the ~ize of the particles is of the ~a.me order a~ that of 

the film thickness, however a platinum film ~puttered in a 

pure oxygen atmosphere comprise~ microparticle~ a...,d loses 

practically all f its orientation in the (111) direction. 

US In other words, crystal propert.ie~ are ext:r@mely poor. On 

the other hand, it was found.that adhe~ion to the high.,.,. 

di~l~ctric-- con~tant or ferroelectric mate:=ial is vecy :much 

improved. In a delail!'iination te~t u~ing adhe~ive tape, a 

platinum. film on a high~ dielectric= con~tant or 

20 ferroelectric thin film grown by pure argon ~puttering peels 

off, but platinum formed by thi~ oxygen sputtering did not 

peel. Thi~ is ·thought to be due to the fact that sufficient 

oxygen is supplied to the high= dielectric~ c011sta.."'Xt or 

ferroelectric im.a.terial boundary as in the case of oxygen 

25 annealing sh.own in Embodiment 1. 

This effect was more marked the higher the oxygen 

concentration of the sputtering atmo~phere, but although 

adhe~ive properties improved with increased oxygen 

1$ 
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concQntration, the deposition rate fell. A practical 

oxygen col_l).centration is of the order of 5~30%, &'11.dpreferably 

of the order of 10~. 

Embodiment 3 

Another effective method is to form the upper electrode 

105 lby CVD using a platinum complex as starting material in 

an oxygen atmosphere. Specifically, the platinum complex, 

e.g. platinum hexafluoroacetylacetone 

[Pt{HFAb:Pt(CF3COCEICOCF3b], was raised_to a t~irlperature of 

:W 50 t, and introduced into a react.ion furnace with argon a~ 

carrier gas. Thi~ starting material '!.\t"a.S introduced into the 

reaction furuaee together with oxygen. 

The flow:rate of carrier gasi was SOee/min. After 

depo~i ti on for 3 :minute~, a U>Onm thick platinum film was 

15 formed as the upper electrod~ 105. Ail:! the depo~ition of the 

upper ~lectrode 105 takes place in an oxygen atmosphere,. 

oxygen is introduced into the upper electrode 

{platinum}/high= dielectric- constant or ferroelectric 

lMl.terial boundary, and the same effect is obtained as in the 

20 oxygen annealing of Embodiment 1. 

Depending on the structur~ of the device, an.,,ealing 

in an oxygen atmosphere at ordinary pressure may cause 

undesirable oxidation of the barrier metal, such as for 

example with TiN. 

25 By 4'J.pplying the invention to ru,."'].llealing U."tder oxygen :radical 

irradiation o.r alim.ealing in a.n oxygen- pla~ima, it wa~ found 

that the annealing temperature could lbe decreased. 



Embodiment 4 

Next, the improve..ment of electrical characteristics 

of the capacitor due to this invention will oo de~cribed in 

detail. 

Fig. 11 show~ the current-voltage characteristics of a 

capacitor Jb.aving the cm1stru.ction shown in Fig. 1 where the 

capacitor insulating film is lOOnm thick PZT «:referred to 

hereafter a2 ?ZT capacitor} . The voltage on the hori~ontal 

axi~ i~ the voltag€! of the upper electrod~ 105 based on the 

10 lower electrode 102. 

The e~sential feature is the decrease of leakage 

current on the negative voltage ~ide, and th~ breakdown 

voltage defined by 10-1A/cm2 is improved fro..i"Ui =4V to -4.SV. 

In th~ current-voltage characteristics of the PZT capacitor, 

1~ the current on the positive voltage side of th~ voltage at 

which curr~nt begins to flow (in. Fig. 11, approx. =4V) is 

a Schottky current, and the value of the current i~ 

determined by oo:nd discontinuity in the boundary between the 

electrode and PZT. 

20 In th.is Schottky regio:n, decrease of the current value 

on the negative voltage side shows decrease of electron 

injection probability from the upper eieetrode side, i.e. 

increase of ba.'"'Ad discontinuity due to rapid oxidation of the 

upper electrode/PZT boundary. This provides the most 

25 direct illustration of the effect of introducing oxygen 

according to this invention. 

·Fig. 12 shows a case \'.!'here SiO~ was deposited by CVlD 

from plasma decomposition of the starting mat0rial TEOS 



{abbreviation of. tetraet.hoxysilane) as the pa~sivation film 

106 on this capacitor, and current~vcltage characteristics 

were measured after .removing the passivation film only on 

the electrode by the usual method. The pla~ma Si02 film was 

depo5\ited at a ~ubstrate ta"1!'lperature of 390 "C. 

In a capacitor formed by the prior art method, in 

addition to delruninatio:n of the upper electrode 105 which 

frequently occurred, insulation breakdown occurred at low 

voltages even when delamination did not occur as shot .. on in 

IO the f ig"JLre so practical application was impossible. On the 

other handa according to this invention, del&~ination wa~ 

prev~nted and there was practically n6 degradation of 

eurrent~voltage characteristic~. 

Fig. 13 shows electric flux density=elec.tric field 

15 characteristics for a PZT capacitor with lOOnm film 

thiekn~~~- A capacitor formed by a prior art technique 

which is shown in the f igu.re as a comparison [:prior art method 

{1)) showed ferroelectricity, but the coercive electric 

fi~ld. wa~ high, and it was r..m.suitable for operation at the 

20 low voltage~ required for ordinary LSI se..miconductor 

m~11rl.ories. 

On the other hand, according to this invention, the 

coercive electric field was supp!:'essed to a low value, and 

a capacitor sh.owing sufficient ferroelectricity was form~d 

25 ev~:n at a source voltage of 3V. Characteristics after 

perfo~ing passivation. with TEOS by the same plasma 

decomposition as for current voltage~characteristies are 

~hown in Fig. 13, prior art method {2). 



Whereas a capacitor not according to this invention 

requir~d increa~ed coercive ~lectrie field w'"ld was not 

su.it©J.bl~ for practical application, the capacitor according 

to this invention showed no change due to pa5sivation, 

retained high ferroel~ctrieity, and d~onstrat~d adequate 

r~ant polarization for JV :operation. 

Also, whereas a sharp decline of ir..sulation breakdown 

voltage is observed for a p::-ior art capacitor as shown in 

Fig. 14 when the plasma Si02 film 106 i~ foJrmed as a 

10 pa~mivation film on. a capacitor u~ing :BST as ferroelectric 

material, and particularly at negative voltages, this 

phenom~non was not. observ~d according to this invention .. 

Next, an example of a semiconductor mmnory fabricated 

using these capacitors will be given. 

15 Etl!'.bodiment 5 

Fig. 15 is an example of a DR»~ using BST as high~ 

dielectric- constant or ferroelectric material. The BST 

film thickne~s used here was 25mcri, the electrostatic 

capacitance was SOfF/µ m~. and the insulating critical 

20 voltage defined by 10-11 A/cm2 was 2. 2 volts. It was found 

that a DRAM using this capacitor had a reliability of 10 

ye©l.r~. 

Fig. 16 is an example of a semiconductor memory for 

non=volatile operation using PZT as the high- dielectric~· 

25 const©!nt or ferroelectric material. The fil~ thickness of 

PZT used here was 100nm, the rimumant polari:f!ation was 50 µ 

C/cm2 for 3V operation, and the non-r~.Jmnant polari~ation 



component was 25 µ C/c:m-;,. 

Industrial Field of Application 

As described hereabove, accordin.g to the semiconductor 

IDemocy and method of manufacturing the ~emiconductor mmtnory 

of this invention, lowering o:E capacitance of a capacitor, 

in~u.lation failure and electrode dela:mination due to the 

fo~ation. of a passivation film {insulating film) in a pla~ma 

which can be processed at a comparatively low temr.peratu:::-e 

10 are prevented, lowering of capacitance when an alternating 

electric field is applied is suppressed, and the insulation 

failure rate is reduced. Moreover, when a ferroelectric 

JtMtterial is u~ed as the ferroelectric film, the remna..'flt 

polari~ation is increased and the coercive electric field 

15 is decreased. lBy providing a capacitor having the~e 

excellent characteristics, it was therefore possible to 

produce a non-volatile semiconductor me.~ory of high 

reliability. 
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tmAT IS CLAIMED IS: 

1. A semiconductor memory comprising an integrated 

capacitor having a structure comprising an uppe:r electrode, 

low~r electrode a.."1.d a higrh ferroelectric oxide ttin film 

functioning as a capacitor insulating film held thereootween, 

5 a protective insulating fihn formed by plas~.a treatment 

covering 5aid capacitor structure, and a layer with 

additional oxygen on the surface of the high dielectric oxide 

thin film functioning as said capacitor insulating film. 

2 • A s~iconductor memory according to Claim 1, wherein 

said high= dielectric= constant or ferroelectric thin film 

is for!ll!ied from an oxide having at least one of the metals 

lead, bismuth, Strontium and barium. a2 it~ principal 

component. 

3 . A semiconductor :memory according to Claim 1, wh0rei:n 

~aid high- dielectric- constant or ferroelectric thin film 

is formed from any of the metal oxide crystal~, lead 

titanate~~irconate, strontium titanate, barium-strontium 

titanate, bismuth titanate and strontium=bismuth 

ta:ntalateo 

4 . A semiconductor memory according to Claim 1, wherein 

a protective insulating film covering the capacitor 

structure is a protective film having silicon oxide as its 

principal component. 

5. A s~iconductor memory according to Claim 1, ·wherein 

said upper electrode is formed from a metal material having 

at least one of platinum, palladium, nick~l, tungsten, 

titaniu.m and molybdenum as its principal component. 
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6 . A s~..miconductor memory according to Claim 1, wherein 

l:llaid se.~iconductor memory is formed from a non-volatile 

memory using a high~ dielectric- constant or ferroelectric 

thin film capacitor. 

7. A semicon.ductor memory according to Claim 1, wherein 

~aid semiconductor memory is :formed from a memory which 

performs DRAM operation using a high- dielectric.:. ec:m.sta."lt 

or ferro~leetric thin film capacitor. 

8 • A method of :manufacturing a sem.iconductmr memory 

comprising at least a step for forming a capacitor strm:::tur@J 

by growing a high ferroelect:t·ie oxide thin film as a 

capacitor insulating film betweE:m. a lower electrode and an 

upper electrode, and a step for forming an integrated 

capacitor by growing a protective film covering said 

capacitor structure, further comprising a ~tep for forming 

a layer with additional oxygen on the surface of said high 

ferroelectric oxide thin film by introducing oxygen into the 

10 upper ~lectrode/high ferroelectric oxide thin f il:m boundary 

through s©J.id upper electrode after forming said p::r:otecti ve 

filn by plasma treatment. 

~- A method of :manufacturing a s~iconductor memory 

according to Cl©J.im 8, wherein said step for forming said 

layer with additional oxygen on the surface of the high-· 

dielectric~ constant or ferroelectric thin film through said 

upper electrode, is an annealing step in an oxygen 

atmosphere. 

10. A method of manufacturing a semicc:m.ductor memory 

aeeordin·g to Claim S, lfl>lherein said step for growing said 



protective film covering said capacitor ~tru.cture is a 

silicon hydride or a tetraethoxysila.,e plasma assist 

decomposition ~tep. 

11. A method. of manufacturing a s~-niconductor memory 

according to Claim 9, wherein ~aid ar..nealing ~tep in an 

oxygen atmosphere is a ~tep wherein ar.unealing is performed 

at a t~~perature of 400~575 t at ordinary pres~ure for at 

lea~t 10 minutes. 

12 • A method of man:ufacturing a ~emiconductor 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 film covering said 

ca'.9aci tor ~tructure by plasma treatment, further comprising 

a step for forming a layer with additional oxygen on the 

su~face of said high ferroelectric oxide thin film by 

rn introducing oxygen into the upper electrode/high 

ferroelectric oxide thin film boundary through said upper 

electrode film after th@ ~tGp for forming ~aid upper 

el@ietrode in the step~ for forming said capacitor structure. 

13l . A method of manufacturing a se..."ir.iconductor m@..mocy 

according to Claim 12, wherein said step for forming said 

layer with additional oxygen on the surface of said high~ 

di~lectric~ constant or ferroelectric thin film through said 

upper electrode, is an annealing step in an oxygen 

atmosphere. 

14 . A method of :ananuf acturing a ~emicondu.ctor m~ory 
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according to Claim 12, wherein said step for growing said 

protec~ive film covering said capacitor structure is a 

silicon hydride or a tetraethoxysilane plasma assist 

decomposition step. 

15. A method of :mam.:fact·:.u:in.g a s~"'lr.iconduetor m~ory 

according to Claim 12, wherein said annealing step in an 

at a temperature of 400~,575 'C at ordinary presm;.re for at 

least 10 minutes. 

16. A method of :manufact::1rin.g a semiconductor memory 

comprising at least a step for forming a capacitor structure 

by growing a high ferroelectric oxide thin film as a 

eapaei tor insulating film between a lower electrode and an 

upper electrode, and a step for fo:r::mi~g an integrated 

capacitor by growing a protective film covering said 

capacitor ~tr.icture, wherein a step for fo~ing said upper 

electrode i:JJ. the steps for forming ~aid capacitor ~t=uctu.re 

is a ~tep for growing an upper electrode film in an atmosphere 

l@ compri:sing oxygen, and oxygen i~ introduced in.to the upper 

electrode-high ferroelectric oxide thin f iL"lfi.boundacy in the 

~tep for forming ~aid upper electrode so a~ to form a layer 

with additional oxygen on the surface of ~aid high 

ferroelectric oxide thin film. 

17. A method of manufacturing a smniconductor memory 

according to Claim 16, wherein. ~aid upper electrode forming 

step i~ a method for growing a metal thin f il:m by sputtering 

in an oxygen atmosphere. 

18. A method of manufacturing a semiconductor m~o:ry 
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according to Claim 16, wherein f$aid upper electrode forming 

step is a method for growing a metal thin film by CVD in an 

oxygen atmosphere. 

19. A method of w.a.."lufacturing a semiconductor m~ory 

accordi~g to Claim 16, wherein ~aid step for growing said 

p~otective film covering said capacitor ~tructure i~ a 

silicon hydride or a tetraethoxysilane pla~ma as~i~t 

decomposition step. 

20. A m€thod of manufact:ui.ring a s~ieonductor memory 

according to Claim 17 or 18, wherein £:m.id step for forming 

a metal thin film by sputtering or C"'V'D i~ a step for forming 

a metal thi~ film comprising at least one of platinum, 

palladium and nickel a~ its principal component. 


