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erld of the Invention 5 The present invention relates to the field
of sem conductor devices, and in particular, to a sentconductorhdeV|ce
havi . |ayer of an el emental netal and its conductive metal oxide.

Background of the Invention 10 Seniconduator devices may have a layer in
which electrical characteristics are changed if the |ap§0181tAidi zed or

reduced. Wth conduct|Vﬁ)nater|aIs such as substrate reqi ons s|I|con
[ O AND J .

menbers, contact =M — L ¢ VAV ) 15 is
typlcally to be prevented or at Ieast ntnlntzed Cbnventlonal naterlals
used for conductive materials i,ncl.uge silican (nonocrystalline,

‘pol ycrystalline, and anorphous); cont ai ni ng conpounds.

Oxi des of nost of these materials typlcally are insulators. The formation
desi 1'od. 81 " one. L ORIt Uheiidn Je1SteZt b f S8R Bt ﬁ@hﬁﬁg@c@%bf’im
| n capaci tord;ewceag and de panticodar ctior iac semiconductars dewicalikawict r i c,

reduci ng at NagBRESE AR |CRARAEAl Fﬁ‘et{a?r@g& ﬁtdd d&i \}ée(iﬁa?aldﬁﬂ{o%ded The

ferroelectric’nmay | o0se enough o rroe ec ric proper
virtually useless as a ferraelectric capacitor. Ferroelectric capacitors
appear to beBackgraundiafi the inventieapect to this probl emthan many
sentcongbctor devi ces. Processing with a relatively inert anbi ent, such as

nitrogen, argon, helium and the |ike, without any OXIdIZIn? %ases may
still cause ferroBesiconductasadevices may have a layer in which electrical

characteristics are changed if the layer is oxidized or reduced.
With conductive materials, such as substrate regions, silicon
members, contacts, vias, and interconnects and the like, oxidation

15 is typically to be prevented or at least minimized. Cdnyentional

| materials used for conductive materials may include silicon

(monocrystalline, polycrystalline, and amorphous), metals, and
metal-containing compounds. Oxides of most of these materials
typically are insulators. The formation of insulating oxides can

20 result in electrical opens, which may not be desired.

In some semiconductor devices, reducing agents may pose a
problem. In capacitors using oxide ferroelectric materials as the
dielectric, a reducing atmosphere may cause the ferroelectric to
become degraded. The ferroelectric may lose enough of its

25 ferroelectric properties to become virtually useless as a
ferroelectric capacitor. Ferroelectric capacitors appear to be
more sensitive with respect to this problem than many
semiconductor devices. Processing with a relatively inert
ambient, such as nitrogen, argon, helium, and the like, without any

30 oxidizing gases may still cause ferroelectric capacitors to
become degraded. ' '

in addition to ferroelectric capacitors, other semiconductor
devices may have problems with reducing agents, such as
hydrogen. Hydrogen may accelerate hot electron degradation of

35 many types of electrically programmable read only memories
(EPROMs) and particularly electrically erasable EPROMs
- (EEPROMSs). Hot carrier transport through a gate or tunnel

Ies to becone



becone degraded. In addition to ferroelectric capacitors, other

seni conduct or devi ces may have problems with reduci ng agents, such as
hydrogen. Hydrogen nmay accel erate hot el ectron degradation of 35 many
types of electrically programmble read only nenories (EPROVE) and
particularly electrically erasable EPROVs (EEPROME). Hot carrier transport
t hrough a gate or tunnel -2 - diel ectéic | ayer generally |essens the
nunber of tines the EEPROM may be cycled, wherein a cycle is the

conbi nat i ondpleetric da ?am;eseﬁélgp lessens Wieasiurabst et tithes, thieydr ogen may

auses dat 2 B apMomay, Baliabd nel8i g ffclelieStha omifBohc %ne

present i nvpnogramnnngustep andean cerasing cs’tepevMso,cbydrognmgnaysmerat e
havi ng a pr a f gi a e first
ogion s el NLOHELCES fofim Mgibwi6d, Moistur™tah ERROM Beferalls |
surface Qr p@é‘éﬁédd@t%rthﬁ@tlgﬂbeQtdﬁ@'\S The first layer overlies the fl rst
region and includes an elenental netal and its conductive netal oxide. The
reactions to oxidize the elenental netal and reduce the conductive netal
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10 oxide are reversible. The first |ayer is oxidized or reduced
‘preferentially to the first region. The present invention also includes the
process for formng the device. Qther features and advantages of the
present invention will be apparent fromthe acconpanyi ng drawi ngs and from

the 15 detailed description that follows. -4 - Brief Description of the
Drawi ngs The present invention is illustBated by way of exarrpl e and not
limtation in the figures of the acconpanying draw ngs, 5 which like

FIGs. 1 and 2 each

references indicate simlar elgim Hion
i nclude a cross-sectional vieWwaG ' ' ubstrate at various
process steps in formng a | ayer haV| ng a netallic conpound that includes

an el emental netathg eéehtcm@mvnvmélaaéb axsdmleuﬁduetdwdberae pl ug In
accordance with 10, Oneog.g})éidl nent of the Igresent i.nven

and 6 each GRMBHSING & RIS aying & pUmaty ;sutfaGe cﬁofﬁsédt?&'%te at
various $rocarsd atfinst layet.or Mihw first aggiomasi either nlecatéd cwithimdhed t hat,

| nt er conneciSutb o adiEcdh, 88 ind. DriBRRE ST IoCdled VT U,
i nvention. mubstrateandTbeefitst layrruovedies dhie fustiregiomrandsincludes al s and
[he e S UTRBTBLINEL 444 RPUIANY el el o sy o
each incl udetoaogdjgg the- elemental metal and reduce the conductive metal
10 oxide are reversible. The first layer is oxidized or reduced
preferentially to the first region. The present invention also
includes the process for forming the device.
Other features and advantages of the present invention will
be apparent from the accompanying drawings and from the
15 detailed description that follows.




20 of a portion of a substrate at various process steps in fornmng an
electrode for a ferroelectric capacitor, wherein the electrode includes an
"elenental netal and its conductive netal oxide in accordance wth another
enbodi ment of the present invention. FIGs. 12-17 each include a

cross-sectional view of a 25 portion of a substrate illustrating a |ayer
that includes an el enental netal and it% €onductive netal oxide in
accordance wi th another enbodi ment of the present invention. . - 5-

—t

Det ai | ed Description of tge: o7 H -B*etlﬁ’ée'ﬁ?ﬁviﬁﬁ%e”t ion includes a
sem conduct or device havi g amaterrar rncruding an erenental netal and its
conductive 5 netal oxide, wherein the material is capable of being oxidized

or reduced prefe t . vehtigh i f @g(lage@p' T terial
| essens the Ii lje}rﬁﬁogc?iééf%ntt fvhtish qgemus{rag?@(;nrbyloswgzie%fijzed. orler.g?igggd when
r

ah t he ad\% acfené‘ reg

this i s undagt lipitalion e the fgures RY dhei ACEOMARNYANGALaWiNGsa; iMons i n

\Qfﬂ: ch t&e mlwrmr: dikquémnml-ind{bafées'tamtbaﬁ elemers] hand ailnevmilshri bed .
elow are illus v r . . . r

bescr i ption G bo6idbed BNG: oy ceph bl & fl-peBte Ayl Wilen 1

mat eri al shpattibmofphasybistratacainvarious peageass istepesifeforming iakéayerood of
oxidizing o i reH XENOR) Ifn t ' hQN 1S
not to be rfel%gi?:@g% {ﬁﬂee{atrl}g? er@gﬁagﬂgaﬁhﬁ be m)(fees eénsﬁlgm;#eﬂ(}ﬁgggétcdgegg?ed to

t he adj acentts ré@pductivednetal; gxide over a contact plug in accordance with

10 one embodiment of the present invention.

FIGs. 3, 5, and 6 each include a cross-sectional view of a
portion of a substrate at various process steps in forming a layer
having a metallic compound that includes an elemental metal and
its conductive metal oxide over an interconnect in accordance

15 with another embodiment of the present invention.

FiGs. 4 and 9 each include a graph showing various materials
and their oxidation states given the logarithm of partial pressure
of oxygen at the material and the temperature of the material.

FIGs. 7, 8, 10, and 11 each include a cross-sectional view

20 of a portion of a substrate at various process steps in forming an
electrode for a ferroelectric capacitor, wherein the electrode
includes an elemental metal and its conductive metal oxide in
accordance with another embodiment of the present invention.

FIGs. 12-17 each include a cross-sectional view of a

25 portion of a substrate illustrating a layer that includes an
elemental metal and its conductive metal oxide in accordance
with another embodiment of the present invention.
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adj acent region is not to be oxidized, the material should be nore 20
easi [y oxidi zed conpared to the adjacent region. Many material s cannot be
used with this invention because a change in oxidation state changes the
el ectrical properties of the material. For exanple, titaniumis a conductor
and can be oxidized to forma titaniumoxide (TiOx where x is no nore than
two.) Titanium 25 nonoxide (TiO is a s8m conductor, and titanium di oxi de
(Ti®). is an insulator. Therefore, the tltanlun1nater|al may change from a
conductor to a sem conqysififadP'Dedtripth 2 K&dinsas® These changes

usual |y cause unwant ed "el'ectrircal characteristrcs wthin a sem conduct or

device. In order to avoid the transformation 30 froma conductor to a

sem'd_conguctor 03 dlmbathvéPguncmmd%s %tQ@nﬁmMuctatbrI@embh its

oxi di zed and_reduce [ 0B, S ei t her, be both_c uc

sem conduct n%rab(;ﬁief'ﬁgd?@ygt'@g %c%‘?%%’?';a eﬁ%‘? I'é Pﬁﬁbuﬁﬂyebe
used wi ta thnetaleemde | whenginotherraaterial s tdapablenof deingooxidized comet al
oxi des. [ sm (Cs) are
conducti ve agyhtc}gﬁ @%)%ﬁ'azljwogﬁ é@lﬁ)ce{\'ﬁen m déom %% ﬂﬁ

r heni um di oxmateriatetggsans thenlikalibeodxthat @hec@d}aq@nt regionuis -6 -

di oxi de (Ir@xgdizbY of er%@uUWHéﬁfﬁréXiéi%r{dé%ﬂéﬂr]A éﬁé?&caegéiumnoﬁh' ch
are al so cond |ve Eylow il lustrates thBWEeactl or rut,heni u

oferr] lowedrhy @nplcationsq iy whichythe dn 2dal THAY RISt on i s
rever Si‘bOe The applications that are described below are illustrative and are

not meant to be limiting.

General Description
Gibbs free energy changes are used to determine which

15 material should be placed adjacent to a region to lessen the
likelihood of oxidizing or reducing the region. For example, if the
adjacent region is not to be reduced, the material should be more
easily reduced compared to the adjacent region, and if the
adjacent region is not to be oxidized, the material should be more

20 easily oxidized compared to the adjacent region. Many materials
cannot be used with this invention because a change in oxidation
state changes the electrical properties of the material. For
example, titanium is a conductor and can be oxidized to form a
titanium oxide (TiOx where x is no more than two.) Titanium

25 'monoxide (TiO) is a semiconductor, and titanium dioxide (TiO2) is
an insulator. Therefore, the titanium material may change from a
conductor to a semiconductor or an insulator or vice versa. These
changes usually cause unwanted electrical characteristics within
a semiconductor device. In order to avoid the transformation

30 . from a conductor to a semiconductor or an insulator or vice versa,
the material in both its oxidized and reduced forms should either
be both conductors, both semiconductors, or both insulators.

A category of materials that may be used with the present

invention are metals that can form conductive metal oxides.

35 Ruthenium (Ru), rhenium (Re), iridium (Ir), and osmium (Os) are
conductive and can be oxidized to form ruthenium dioxide (RuO2),
rhenium dioxide (ReO2) or rhenium trioxide (ReQ3), iridium
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Rut heni um can be oxidized to formrutheni um di oxi de, and rutheni um di oxi de
can: be reduced to formruthenium and oxygen. The present invention requires
a mxture of the metal and 10 its conductive netal oxide. The m xture
allows the reactions to be nore freely reversible conpared to having just
the metal or just the conductive netal oxide. If both are not present,
extra energy and nore inportantly Ionger‘@i‘mes are needed to forma
m xture. If the mxture is to be preferentially reduced, the 15 m xture

shoul d have dioxide (IfOol)e armhdsrhiune tettadxidai (OsO)r respebti@hly,r whitly

| essen the |iKkel |lhood Q r%ducrnﬁﬁfg{\ aigjuaﬁt reai on; gf tl{,le myxture is to
be pref er ent BEF | 315Gy candugtivey Vi BUSHALS S deartngn'Y: HHeMUMYy |
such as Ru, to reduce the likelihood of oxidizing an adjacent |ayer. The

present invention nmay be used in 2 ri f applications including
substrate regions, silicon rrenbers,qquc%rggct ﬁl}nggvi a plugs, ferroelectric

capaci tos, and interconnects. As used hereinafter, nelemental netal" is.a
nonat om ¢ ne ' TP : : : ; ; i ke.
Sone el enent q?ilelgeb?a S ﬁgéva’eﬂec%mg\tn’?\%%tt% tg%&dterg '?get_'gﬁhs %%qg{l éé'r] ,

Rederr], Realé enium carbe oxidiges 19 formy reieniume digxidey iaid ons of sone

appl i cat i ons bl BRINIE6 cam e redBLYEStoaNskTh LRheRIUMR CARd BiygBTESent

ser conduct ot devitie Prasenf iventPhaeduids s riStrg bhdne bielh 't hat an
under | yitr@y | égecondutctivéemstabioxide or Thedunbdure-lgHows i thel veastians to
cubstrate. 1008, MArBRely, vers®f Horfoffl 3B UGIY, 108 6 BREMDGR ), oe
| ayer 12, aniusisthen eanduaiivepmetal Rxide. t HE batbsareitnotnpresente extrai zed,
part of the energy and more importantly longer times are needed to form a
- mixture. If the mixture is to be preferentially reduced, the
15 mixture should have enough of the conductive metal oxide, such as
RuOg2, to lessen the likelihood of reducing an adjacent region. I
the mixture is to be preferentially oxidized, the mixture should
have enough of the metal, such as Ru, to reduce the likelihood of
oxidizing an adjacent layer. The present invention may be used in
20 a variety of applications including substrate regions, silicon
members, contact and via plugs, ferroelectric capacitors, and
interconnects. As used hereinafter, "elemental metal" is a
monatomic metallic material, such as Ru, Re, Ir, Os, Pb, Cu, and
the like. Some elemental metals have conductive metal oxides,
25 such as RuO2, ReO2, Re03, Ir02, OsO4, and the like. Descriptions
‘of some applications follow.

Contact and Via Plugs and Interconnects
The present invention may be used with or as part of a
30 contact or via plug within a semiconductor device. The plug may
be used to lessen the likelihood that an underlying layer would be
oxidized or reduced. FIG. 1 includes a cross-sectional view of a
portion of a semiconductor device having a substrate 10, a doped
region 11 within the substrate 10, a patterned oxide layer 12, and
35 a silicon plug 13. If the substrate would be oxidized, part of the
silicon plug 13 would form to a silicon dioxide layer. Before an
interconnect is formed over the plug 13, the silicon dioxide layer



Ve
silicon plug 13 would formto a silicon dioxide |ayer. Before an
i.nterconnect is fornmed over the plug 13, the silicon dioxide |ayer. - 7-
woul d have to be renoved. The renoval of the silicon dioxide | ayer may al so
remove the part of the patterned oxide |layer 12. Therefore, it is
advant ageous to protect the silicon plug _13 prior to an oxidation step. 5
A conductive layer 21 is formed over the %xide layer 12 and patterned to
forma protective cap over the silicon plug 13 as shown in FIG 2. The

conductive |wpald Have¢d Lﬁ@sre?nd\?éd Ur?héfre@ﬁoﬁéleﬁﬁfih@ siliebal divkitid t s

duct t al d t d t
2 Tar get - havia" Ty alscs Toxs e Rad o ths mateftet SXide BeRnAZ e "
met al oxi de. Théesforége il dy cadvariagéessRio aprbtBether kilicorowlug- 98 pdocent of

all of the o'c . ' n the sputter target is Ru and the bal ance of
the atomc r %ﬁﬁ%bmget Is Ru(Jerr]. In this case, the sputter

target afd |ayer Alcoaductwenlaner caims‘ormnhoveaythe pxide $aymy1aeandr med
usi ng ot her fgcﬂﬂj%i nEOfoﬁ%aéT%r%te%tﬁPétddf ﬂ’féf'tél dﬁ‘g)ngl'f'Q gsRu target

and a plasm o%gen may be use 0Si I n addition,

a layer of FENGWR e bye gandustivee [y rt2 frinsludera ik tuge gk an
deposi tion aétérﬁuhtwmréll anaXitélécﬁﬁdanwmﬁefau @xide. Pardyerf 21 h:fnaI?Ubbo

i err]. o A et S Aorer ol e Laver AL B
deposi td@ Ripnredémental mdtal rmtdwﬂdemwdmmlsieammy@udél Whent the
layer includes Ru and RuO2, about 5-95 percent of all of the
atomic ruthenium in the sputter target is Ru and the balance of
the atomic ruthenium in the target is RuO2. In this case, the
sputter target and layer 21 have similar compositions. Layer 21
15 may be formed using other methods. For example, reactive ion
sputtering using a Ru target and a plasma including oxygen may be
used to deposit layer 21. In addition, a layer of Ru may be formed
by sputter deposition or chemical vapor deposition and
subsequently oxidized to convert only part of the Ru to RuO2. In
20 another embodiment, a layer of Ru and a layer of RuO2 may be
sequentially deposited. Additional layers of Ru and RuO2 may be
deposited. Regardless of the method used to form layer 21, about
5-95 percent of all atomic ruthenium present in layer 21 is Ru
and balance of the atomic ruthenium in the layer 21 is RuO2. In
25 other embodiments, layer 21 may include Re and any of its oxides,
Ir and IrO2, Os and OsO4, or the like. As used in this
specification, “Re and any of its oxides” includes Re and ReO2, Re
and ReQ3, or Re and ReO2 and ReO3.
A masking layer (not shown) is formed over the layer 21 and
30 patterned using a conventional lithographic technique. The layer
21 is patterned by ion milling the exposed portions of the layer
21 or by plasma etching the exposed portions of layer 21. I[f the
layer 21 includes Ru and RuO2, the plasma etching chemistry may
include oxygen or fluorine-containing compounds, such as carbon
35 tetrafluoride (CF4) and the like. If other materials are used,
other etching chemistries may be used. After the patterning step,
~ the masking layer (not shown) is removed.



/_J

5-95.percent of all atomic rutheniumpresent in layer 21 is Ru and bal ance
of thé atomic rutheniumin the layer 21 is RuQerr]. In 25 other

embodi ments, layer 21 may include Re and any of its oxides, Ir and :
IrJerr], Gs and Cs(err], or the like. As used in this specification, "Re
and any of its oxides” inc_I udes Re and Re(Jerr], Re and ReG3, or Re and
ReG2 and Re®. A masking layer (not show®-is forned over the |ayer 21 and

30 patterned using a conventional |ithographic technique. The |ayer 21 is
patterned by ion I X r f b asma
etching the Ay é%’??)ié %% gf F?G @%Meoqq}? 2 i;t,%\}eﬁrﬁet'hleﬁ%fli@-ﬁgsﬁll@ and
Ruer ], ¢ HES i 10 lae Ao leseans the Tkelinaad daat §59 geiliceR i

fluorine- corWauid oG] mlmmcbmn gy eh sabsequent o3c$daﬂm rstébuofl‘héemﬁﬁ#) and

Used. Arier EMErt (pf hE' é}f@iﬁﬂi‘ié"mﬁiiﬁi,o o e 9B oSt F1RE ovea.
i 2 erAsztislnebbs stecbei oxHdiged zf)nd(ijére thelayee Qh?ozeygem hmuTt |ralotgratepIt;thgpi)l(gljai;I I IQS
du?/i ng a su@eqﬁ%\ﬁwom gg& 'Jé R [émgTwm ﬁ‘ié ﬁﬁqnpié@f 217 Lb}ielg((")kfE |82ed to
form RuQ| er ri]ayerrzbrstaysmendui:m&revmmgf $hQ3Riiole@xcdizedze<A diaeiumne
layer 21, amgg L t”bara sdt iﬁﬁbtd?eidy%\‘em Pebaiss qitahiurﬁawmcw th

the Ru in | JVve, even, he Ru is

so st ay conduc
oxi di zed. A '8 BafPD ero’eaﬂﬁg ‘PJeb taniym %Pxid%ewhﬂh H8calse
titani umn0 whinghlatera mr@theroezmbwimiem§ thte dag 3 t inagninciude cai metalwhi ch

's an and its conductive metal oxide instead of silicon. In this manner,
the substrate 10 and the region 11 may be better protected from
oxidation, and electrical connections through plug 13 may be
maintained.

15 Both contact and via plugs may be formed using the present
invention. For example, plug 13 shown in FIG. 1 may be comprise
Ru and RuO2 that may lessen the likelihood of oxidizing a region
within the substrate adjacent to the plug 13. Similarly, plug 13
may contact a silicon member, such as a gate electrode to prevent
20 its oxidation. If plug 13 includes Ru and RuO2, layer 21 shown in
FIG. 2 is not needed. If hydrogen migration into regions within the
substrate is a concern, about 5-95 atomic percent of all
ruthenium within the plug 13 should be RuO2.
The application of the present invention to interconnects is
25 similar to that for contact or via plugs. FIG. 3 includes a cross-
sectional view of a portion of an integrated circuit including: a
- semiconductor substrate 10, a doped region 11 within the
'substrate 10, a first insulating layer 12 with a contact opening, a
contact plug within the contact opening that includes a titanium
30 nitride layer 141 and a tungsten layer 142. A second insulating
layer 143 overlies the first insulating layer 12 and the contact
plug. The second insulating layer 143 includes an interconnecting
channel. A molybdenum layer 144 and a copper layer 145 are
deposited over the second insulating layer 143 and within the
35 interconnecting channel. The substrate is chemically-
mechanically polished to remove portions of the molybdenum and
copper layers 144 and 145 that lie outside the interconnecting
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10 i.nsulator. In other enbodinents, the plug 13 may include a netal and
i.ts :conductive netal oxide instead of silicon. In this manner, the
substrate 10 and the region 11 may be better protected from oxidation, and
el ectrical connections through plug 13 may be maintained. 1 5 Bot h
contact and via plugs may be forned using the present invention. For
exanpl e, plug 13 shown in FIG 1 may be -cdnaprise Ru and Ru(Jerr] that may
| essen the |ikelihood of oxidizing a region within the substrate adjacent

to the plug gRanfelitbaidrin HeUfhtercoMe@ONtRIé Brividtigrplimager . such as a

gate el ectrode t,o prevent 20, 1ts oxidation. If plug 13 inc]udes, Ru and
Ruderr] | ay&8PMiGORHEGION deyice up fQ ‘gkb? RRIBYEA. ﬂTq gﬂf§’69§§gﬁ mgtoa[me& i nto
re?ihon_s W t th cb?xgqﬁghaat{geﬂﬁ,@]_goncer n, about _?_ 95 atom ct per ce][lt t ﬁf a_I. | .
rut heni um wi t hi n tyhe .shou e err]. appl.ic 0 e '
pr esent inventionl\ (Prghtleg?c‘gﬂﬁeﬁ?gp?g '§§ﬁ i'Fri'JPQ‘V Bg ng{'z? rh%g‘m’act or

via plug$ Fillasteatesc tie ereactionss for siartiingavarioas copperocompouridsin

integrated circuit including: a sem conductor substrate 10, a doped region

11 within the substrate 10, a first insulating |ayer 12 wth a contact
opening, a contact plug wi4Kth+202ZonBLeu2Gre P2y h&UQ ncl udes a titani um
30 nitride layer 141 and a tungsten layer 142. A second insulating |ayer

Maul ating Tayer FIG 4l ipauiles & ordeholfiedating ShénrriATonSRR gchieum
| ayer 1440 antbgarithppesf Ipaytial prossure dfpogyyed andr lténh emwved%d rthel ats i ng
chom cal Ty- Tedictodoxiation i bES i, GomAd AR, THe wedR IBudhen and
copper | ayer gragh isnthel 4agatithm| ok oxygendpattiad pressuren(lcag ip@2) when
the pressure is in units of atmospheres. The graph has three
curves, two of which are related to copper compounds. In the
15 upper, left-hand part of the uppermost curve, the reaction
conditions favor the formation of CuO. In the region between the
uppermost and intermediate curve, the reaction conditions favor
the formation of Cu20. In the lower, right-hand side of the _
intermediate curve, the reaction conditions favor the formation
20 of Cu. For a given temperature and oxygen partial pressure, one
| can predict which product (Cu, Cu20, or CuO) should be formed.
For example, if the temperature is about 400 degrees Kelvin and
Log pO2 is about -60, Cu should be formed. Similarly, at about
400 degrees Kelvin and Log pO2 of about -20, CuO should be
25 formed. The curve indicates that at higher temperatures, a higher
oxygen partial pressure is needed to oxidize Cu.
The inventors believe that placing a material that is more
readily oxidized than Cu lessens the likelihood that Cu is oxidized
to Cu20 or CuO. The lowermost curve in FIG 4 is for Re and ReO2.
30 This curve is similar to the copper-related curves previously
discussed. It is noted that the curve for ReO2/ReQ3 is not shown
in FIG. 4, but it would lie between the Cu20/Cu curve and the
Re/ReO2 curve.. FIG. 4 shows that Re is more readily oxidized to
ReO2 compared to Cu being oxidized to Cu20O or CuO because Re
35 oxidizes at a lower Log pO2 compared to Cu for a given
temperature. Both Re and ReQO2 are conductive, and a layer of Re
and ReO2 may be used over the interconnect 145 to lessen the
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-9 - channel to formthe interconnect. The formation of the sem conductor

device up to this point in the process is perfornmed by -conventional

met hods. A problemw th copper is that it nay be oxidized. Bel ow 5

illustrates the reactions for form ng various copper conpounds: 4Cu+20[err]
2Cu[err]Ot0[err] ' 4CUO FIG 4 includes a graph illustrating the

rel ationship of the 10 [ogarithm of parti#- pressure of oxygen and

tenperature to the reduction/oxidation of the copper conpounds. The y-axis

the preseur olkeAnBOR IS Ehé EACWiRiAORe PitorBIn o BT BoPEL "o of

whi ch are repXidigeds copper corrpounds In the 15 upper, |eft-hand part of
the upper nost Cumecohmcheécrd f@’ﬂ%tfd?ﬁﬁed B fHE ey Wb‘n@ﬁhoén@uo In

the region between the u r no I nt er medi ?:ﬁé the ctlon

cond| tions fSOBPef Hayers R’gg 01‘ FRPWN 1N, FiHe 0\\:@?9 Nﬁnd si de
0]1: a}he ;: g erIaaﬂaraﬂmcmchﬂadesH@erag!:tﬁleﬁzcontietemnabbat/cﬁ-gﬁhatdmrmation (210 :
‘0 or a_given t rature an OXY rti P&HES predi ct
whi oh pr oducPS{EENt BRI AtBMiS eI RE 8 Takef JsrBR: SHE thel MaRRte Rt e

t enper at ure ttseaatomicmuerdugr drstheelayer isnRaQp. pThe ﬁormtmn CB‘O Cu shoul d

be forned. Sggybﬁbwe %{yec’} ﬁgi .4,9,3 68998%{r§%@’;§)§{@qhh08 %?‘gjures

CuO should b es t
a hi gher oxygatesaing methosiss previpysly. desgripgd "dBi’e U02 gEC

10 that ruthenium is being repiaced by rhenium. A passivation layer
171 is formed over the conductive fayer 161 to form a
substantially completed integrated circuit as shown in FIG. 6.
Other layers and electrical connections (not shown) may be
formed if needed. ,

15 The present invention may be used to lessen the likelihood
of oxidizing or reducing other parts of a semiconductor device
including a silicon-containing layer overlying the substrate, a
dielectric layer overlying the substrate, a barrier layer overlying
the substrate, and electrodes, such as gate electrodes or

20 capacitor electrodes, overlying the substrate.

Ferroelectric Capacitors
The present invention may be used in forming ferroelectric
25 capacitors. FIG. 7 includes a cross-sectional view of a portion of
a semiconductor device that includes: a semiconductor substrate
10; a metal-oxide-semiconductor transistor 30 having
source/drain regions 301, a gate dielectric layer 302, and a gate
electrode 303; field isolation regions 31 adjacent to the
30 transistor 30; a first planarized insulating layer 32, a titanium
dioxide layer 33, a contact plug 34, and a bottom electrode 35
that is about 500-2000 angstroms thick and comprises -platinum.
Conventional techniques are used to form the semiconductor
device up to this point in the process. The titanium dioxide layer
35 33 and the bottom electrode 35-will contact a subsequently
formed ferroelectric layer. Layer 33 and 35 may be replaced by or
used in conjunction with other materials, but those materials

-}
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The inventors believe that placing a material that is nore readily oxidized
t.han Cu |l essens the likelihood that Cu is oxidized to Cu[err]O or CuO The
| owermost curve in FIG4 is for Re and ReJerr]. 30 This curve is simlar
to the copper-related curves previously discussed. It is noted that the
curve for ReJerr]fRederr] is not shown in FIG 4, but it would lie
between the Cu[err] O Cu curve and the ReARed err] curve.. FIG 4 shows that
Re is nore readily oxidized to ReQ2 conpared to Cu being oxidized to
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and ReC2 may sHlican-econsaining hlayersetoomeact with ithel desoeleelic layeo. -
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conductive layer’ 1861 i s forned over enum and cqpper yers 144
and 145 as sha¥®r S3 may pclude eddescef \fBaQnGSH&r@r Zjeeoniye, ytgrdalmang

ReQ2, wheg ei grafpauliké: 9E|@étmelé SErrﬁﬁﬂf aet a3 b abadustarhemn wthep the | ayer
rheni um, n er | ReC2. The
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- patterni ng mafiridés memlwtama/mieﬂwlr beondoctive me:laRtxmdesceptthH) metet
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circuit as shown A patterreed derroeleairic slayet 4ile@bawtal70e8006t i ons ( not
shown) npy b@ngstroms thick is formed over the bottom' electrode 35 as shown
in FIG. 8. The ferroelectric layer 41 includes lead zirconate
titanate (PZT). It is noted that the word “zirconium" is
sometimes used in place of "zirconate," but this is still the same
material. The ferroelectric layer is deposited by spin coating,
15 sputter depositing, or metalorganic chemical vapor deposition.
The ferroelectric layer is annealed in an oxidizing ambient at
about atmospheric pressure and a temperature in a range of 550-
750 degrees Celsius. The annealing time is about 5-30 minutes if
a furnace is used and about 10-300 seconds if a rapid thermal
20 processor is used. The oxidizing ambient may include oxygen by
itself or in combination with relatively inert gases, such as
nitrogen, argon, helium, and the like. Non-oxidizing ambients,
such as relatively inert gases without oxygen (nitrogen, argon,
helium, or the like) and particularly reducing ambients, such as
25 hydrogen, should be avoided unless the ferroelectric layer is
subsequently annealed in an oxidizing ambient.
A masking layer (not shown) is formed over the
ferroelectric layer 41. The ferroelectric layer 41 is patterned by
wet or dry etching techniques. Wet etching may be performed
30 with a solution including hydrofluoric acid, nitric acid, and
hydrogen peroxide. The solution is maintained at about room
temperature during the etch. Dry etching may be performed using
plasma etching or ion milling. For plasma etching, the etching
chemistry should include oxygen, fluorine-containing compounds,
385 such as carbon tetrafluoride (CF4) and the like, and chlorine-
containing compounds, such as carbon tetrachloride (CCl4),
molecular chilorine (Cl2), and the like. After patterning, the



formed if needed. 15 The present invention may be used to | essen the
.L.i kel'i hood of oxidizing or reducing other parts of a-“sem conductor device
including a silicon-containing | ayer overlying the substrate, a dielectric
| ayer overlying the substrate, a barrier |ayer overlying the substrate, and
el ectrodes, such as gate electrodes or 20 capacitor el ectrodes, overlying
the substrate. Ferroelectric Capacitorsi{®Pre present invention nay be used
in formng ferroelectric 25 capacitors. FIG 7 includes a cross-sectional
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Iayer or aI on-contal ni ng ers to reac

ferroel ect rthat] ﬁsﬁbgraphslmammlcume rfostelamerﬁa?/bead {Pb) zand .lead ot her
enbodi 1Nt soxide (PbO) and one curve for Ru and RuO2. The curve indicates
that at higher temperatures, a higher oxygen partial pressure is
needed to keep PbO from being reduced to Pb. FIG. 9 shows that

RuO2 is more readily reduced to Ru compared to PbO being reduced

- to Pb. Both Ru and RuO2 are conductive, and both do not _

15 significantly react with PZT. Therefore, Ru and RuO2 may be used
as the top electrode for the ferroelectric capacitor. Similarly, Re
and any of its oxides, Ir and IrO2, Os and OsO4, or the like, may
used as the top electrode. The top electrode must include both
the elemental metal and its conductive metal oxide.

20 Referring to FIG. 10, a patterned top electrode 61 is formed
to cover the top and outer sides of the ferroelectric layer 41. The
top electrode 61 includes Ru and RuO2, where about 5-95 percent
of all of the atomic ruthenium in the top electrode 61 is RuO2 and
the balance of the atomic ruthenium in the top electrode 61 is Ru.

25 It is noted that the top electrode 61 has more RuO2 concentration
compared to layer 21 or 161 because the top electrode 61 is to
protect the PZT in the ferroelectric layer 41. Top electrode 61 is
formed by sputter depositing a layer about 500-5000 angstroms
thick using any of the methods previously described in forming

30 the top electrode 61. Similar methods are used if the layer
includes Re and any of its oxides, Ir and IrO2, Os and OsO4, or the
like.

A masking layer (not shown) is formed over the layer of Ru
and RuO2 -and patterned using a conventional lithographic

35 technique. The layer of Ru and RuQO2 is patterned by ion milling or
by plasma etching the exposed portion of the layer. If the layer
includes Ru and RuOg2, the plasma etching chemistry may include
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| ayer 33 may include oxides of magnesium zirconium tantalum 5 or the
Jike: Electrode 35 nust act as a conductor. In other -enbodi nents, electrode
35 may include palladium titaniumnitride, metals and/or their conductive
metal oxides (if the netal can forma conductive netal oxide), or the |ike.
A patterned ferroelectric layer 41 about 700-2000 10 angstrons thick is
formed over the bottomelectrode 35 as-gl@wn in FIG 8. The ferroelectric
l'ayer 41 includes |ead zi rconate titanate (PZT). It |s noted that the word
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pattern d 30
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peroxi de. Thgpselgsticde 61 Withé@ PedudinghiRuO2! OdMthis manner, the
ferroelectric layer 41 may be better protected from reduction.
The other metals and their conductive metal oxides may be
15 replaced by or used in conjunction with the layer of Ru and RuO2.
A substantially completed integrated circuit is formed as
shown in FIG. 11. A second planarized insulation layer 71 is
formed on the titanium dioxide layer 33 and the top electrode 61.
An opening in layer 71 is formed that extends to the top electrode
20 61. A conductive plug is formed within the opening that includes
a titanium nitride layer 72 and a tungsten layer 73. Other
materials may be used in the conductive plug, but the ability of
the Ru and RuO2 to oxidize and reduce may limit the choices. The
material used for the conductive plug should remain conductive.
25 Besides titanium nitride, the layer that contacts the top
electrode 61 may include titanium tungsten, tungsten, elemental
metals and their conductive metal oxides, or the like. An
interconnect 74 and a passivation layer 75 are formed over the
conductive plug and layer 71. Other interlevel insulating and
30 interconnecting layers may be formed, if needed. Electrical
connections to other parts of the integrated circuit, such as the
gate electrode 303 and the left-hand source/drain region 301, are
formed but are not shown in FIG 11.



tenperature during the etch. Dry etching may be performed using plasma
-,etching or ion mlling. For plasma etching, the etching chem stry should

i ncl ude oxygen, fluorine-containing conpounds, 35 such as carbon

tetrafluoride (CF4) and the like, and chlorine- containing conpounds, such

as carbon tetrachloride (CCl[err]), nolecular chlorine (Cferr]), and the

like. After patterning, the -12- mask4ng | ayer (not shown) is renoved to
.give the patterned ferroelectric layer 41 as showmn in FIG 8. As previously
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Simlarly, &b thedsiliopromitride dayersdepensling 1o the jdeposition chemisky, or
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. . ferroelectric layer. This application shows how a ferroelectric
layer may be virtually encapsulated by protective layers including
silicon nitride. FIG. 12 includes a cross-sectional view of a
portion of semiconductor device that includes .a first insulating
15 layer 80 and a bottom electrode 81 that includes elemental
iridium (Ir) or a mixture of Ir and iridium dioxide (IrO2). The
bottom electrode 81 is deposited and patterned similar to the
other layers previously described that include metals and their
conductive metal oxides. A patterned second insulating layer 91
20 - is formed over the first insulating layer 80 and part of the
bottom electrode 81. A silicon nitride layer is deposited and
anisotropically etched to form nitride sidewall spacers 92 as
shown in FIG. 13. A layer of titanium dioxide is also deposited
and anisotropically etched to form titanium dioxide spacers 93 as
25 shown in FIG. 13. In another embodiment, the titanium dioxide
layer may be replaced or used in conjunction with oxides of
magnesium, zirconium, tantalum, or the like. Optionally, the
titanium dioxide layer does not need to be anisotropically etched,
but covers all of the exposed surfaces of the semiconductor
30 device. This optional embodiment is not shown in FIG. 13. During
the formation of the spacers, hydrogen may have been generated
and reduced IrO2, if any was originally present. A short anneal
using an oxidizing ambient may be performed, if needed, to
oxidize some of the Ir to IrO2. After spaCer formation, IrO2
35 should make up between 5-95 atomic percent of all of the iridium
within the botiom electrode 81.



the elenmental nmetal and its conductive netal oxide. 20 Referring to
._FIG 10, a patterned top electrode 61 is forned to cever the top and outer
sides of the ferroelectric |layer 41. The top el ectrode 61 includes Ru and
Rud err], where about 5-95 percent of all of the atom c rutheniumin the
top electrode 61 is RuO2 and the bal ance of the atomc rutheniumin the top
electrode 61 is Ru. 25 It is noted thagthe top electrode 61 has nore RuQ2
concentration conpared to layer 21 or 161 because the top electrode 61 is

to protect the PZT,in t efer oel egtric | rode 61 is
formed by sputt 6%’;59?‘1 GtHgG . Meiygb-la%ufa@b%éSm% g’h‘gb?%m t hi ck using
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et chi ng che“ﬁeétgéle 'Be @ségﬁ’tﬂ?q cﬁ]%"gahyéﬂfﬁhﬁaﬁ S%F 't Hét grkl ng
| ayer (not abielyrand shydrogeadperexidey  Iraadditionhto remaving| any residual as
shown W) F %rr&glectnc layer 101, the wet etching step also etches some of
the ferroelectric layer 101 within the opening to make certain
that the ferroelectric layer 101 only contacts the titanium
dioxide spacers 93 and the bottom electrode 81. The substrate
including the ferroelectric layer 101 is annealed in a manner
15 similar to the ferroelectric layer 41 that was previously
described.
A top electrode 111 is formed and includes elemental
osmium (Os) and osmium tetraoxide (OsO4) as seen in FIG. 15. The
OsO4 makes up about 5-95 atomic percent of the total osmium in
20 the top electrode 111, and the balance of the osmium in the top
electrode 111 is Os. The top electrode 111 is deposited and
patterned similar to the other layers previous described that
include metals and their conductive metal oxides. Other layers
and electrical connections are made to the ferroelectric
25 capacitor, but are not shown in the figures. '
in this embodiment, the ferroelectric layer has electrodes
81 and 111 that include metals and their conductive metal oxides.
Nitride spacers 92 surround the sides of the ferroelectric layer
101 but do not contact the ferroelectric layer 101. Hydrogen
30 should not contact the ferroelectric layer 101 via the sides
because the nitride spacers 92 should act as a hydrogen barrier.
The ferroelectric layer 101 was not reduced by hydrogen that is
produced during ‘the nitride spacer formation because the nitride
spacers 92 were formed prior to the ferroelectric layer 101. The
35 titanium dioxide spacers 93 separate the nitride spacers 92 and
the ferroelectric layer 101. Therefore, the silicon within the
nitride spacers 92 should not react with the ferroelectric layer



As can be seen in FIG 10, the top electrode 61 protects the top and outer
sides of the ferroelectric layer 41. The RuQ2 in the top el ectrode 61 may
be reduced to form Ru. The top electrode 61 | essens the likelihood that the
ferroelectric layer 41 would be 1 0 reduced during subsequent processing.
In order for ferroelectric |layer 41 to be reduced, a reducing agent nust
mgrate through the top electrode 61 w{gaut reducing RuJerr]. In this
manner, the ferroelectrlc | ayer 41 nmay be better protected fromreduction.
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using ion milling. The ion milling patterns the layers 121 and 122

so that they are coincident with each other. A titanium dioxide

15 layer 123 and a second silicon nitride layer 124 are formed over
the insulating layer 80 including the layers 121 and 122. The
layers 123 and 124 are anisotropically etched to form sidewall
spacers. The etch to form sidewall spacers may be performed in
one or more steps. The deposition of silicon nitride generates

20 hydrogen that may reduce the.PbO within the ferroelectric layer.
After the spacers have been formed, the substrate including the
ferroelectric layer 122 is an annealed in an oxidizing ambient.
This anneal is similar to the anneal used for ferroelectric layer
41 that was previously described. A top electrode 125 including

25 Ru and RuO2 is formed over the ferroelectric layer 122 and the
sidewall spacers. RuO2 within the top electrode 125 lessens the
likelihood of reducing the ferroelectric layer 122. Both the
conductive layer 121, which acts as the bottom electrode, and the
ferroelectric layer 122 are virtually encapsulated by the first

30 silicon nitride layer 81, the second silicon nitride layer 124 of
the sidewall spacers, and the top electrode 125. Because it is not
completely known if the degradation problems with ferroelectric
capacitors are related to the bottom electrode or the
ferroelectric layer, this embodiment may be effective against

35 degradation problems since the bottom electrode and
ferroelectric layer are more encapsulated than in other
embodiments.

L



-14- Protective Layer Applications The present invention may be used to
-forma protective layer. Al though this enbodinment is described in
conjunction with a ferroelectric layer, the protective |ayer may be used
for any 5 nunber of devices. Silicon nitride is a good hydrogen barrier,
but .silicon -nitride cannot cone in direct contact with a PZT | ayer because
of possible reactions between silicon ang_the PZT materials. Also, hydrogen
may be produced during the formation of the silicon nitride |ayer,

dependi ng on the lclﬁpo ition chem stry 10 . chgsen, that may.redyce the oxide
conpounds wi t hi nFtGe IeincEpes: & grosgyeectionalsvigy qic & Peﬁ'% how a
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80 and a ?oﬁadmisgeagt%;tm 8Thehsubstrate diecludesremtfirst i insulating Ilayeor a
o 5 0% B e W o] o g
deposi t &d A : Sk i . bed
that i ncl udeovares Byaadireh@anauskiraciayss. hesapush aeRu mad RU0RIdhat cond
i nsul ating Hgﬁﬁésgﬁefoﬁrs'tsefé&m @fekhéheaphtbr. Nl feriguletaielaglr and

Dol sot ropi Gkt lies e ST Ursh GRevRHVe lavaei 138, 208 & PIRUAEE vdt Rl
13. A layer185 liesagvermtHeofdreelettrd slaydepp341 edtenplatinant lapecad3y
et Ched1t0O fgcr:fg' ta'st e %@c%n%'quct?gagefo? tch% %%pacitor. The formation of
the device up to this point in the process, including the anneal of
the ferroelectric layer 134, are conventional. A second insulating
layer 136 is formed over the electrode and is thick enough so that
there is little, if any, capacitive coupling between the platinum
15 layer 135 and subsequently formed shielding layer. Typically, the
second insulation layer 136 is at least about 5000 angstroms
thick. The substrate including the second insulating layer 136 is
annealed in an oxidizing ambient to lessen the amount of hydrogen
that may be trapped within the second insulating layer 136.
20 Shielding layers 137 and 138 are formed over the second
insulating layer 136. Shielding layer 137 includes a mixture of
Ru and RuO2 similar to layer 61. Shielding layer 138 includes
silicon nitride and is formed by sputter deposition or plasma-
enhanced chemical vapor deposition. The temperature and amount
25 of hydrogen present during the silicon nitride deposition should be
relatively low to minimize the reduction of RuO2 to Ru within
layer 137. After deposition of layer 138, the substrate is
annealed in an oxidizing ambient to help oxidize some of the Ru
within layer 137 and to seal any pinholes that may be present
30 within layer 138. For a reducing agent, such as hydrogen, to
interfere with the ferroelectric capacitor, the reducing agent
must not only pass through layer 138 but also pass through layer
- 137 without reducing the RuO2 to Ru within layer 137. This
embodiment not only illustrates a good hydrogen barrier, but also
35 shows that the shielding layers do not have to electrically
participate in the semiconductor device if this is so desired.



25 shown in FIG 13. In another enbodinent, the titani um dioxide |ayer may
be ‘repl aced or used in conjunction with oxides of nagnesium zirconium
tantalum or the like. Optionally, the titaniumdi oxide |ayer does not need
to be anisotropically etched, but covers all of the exposed surfaces of the
sem conductor 30 device. This optional enbodinent is not shown in FIG 13.
During the formati on of the spacers, hytiggen may have been generated and
reduced IrJerr], if any was originally present. A short anneal using an
oxi di zi ng anbi en r.for ol f .pee s X1 di of the Ir to
IrJerr]. After Lrbggér “FE??&PA‘E‘Q&?&'F'&%HB% q@% 'i\ﬁ%w&{%%et ween 5-95
at omi ¢ per cdasctibed with referendeli tomspedific: embadimentsethereafde 81.

-15- Aferr i Ci¢l el O it d i hart m doped PZT
as seen in Eﬁé@é\;léj’ "thﬂ etr)érro%ﬂg%tnfrt?fcﬁﬁqavéﬁakglﬁﬁéﬁag??tg ?;hgwy one of the
met hods pr e¢ha09e§ eaRr he svadentheretewitheut Wepartinge rgnﬂﬁge preadee pzT.
The subg r aggiritnet woopd of fhiee inwintivt erf set forttein 11k aﬁf)@ﬂb’e@ ned by .
chem cal - mechani cal ﬁol i Shl.ﬁ e enéu(rje that all of thﬁg}gﬁ”?el ectric
layer 101 of&MShe TREPREE gaf'gpe?” rawings, are, 39cordingle (@B ¢ | ayer
101 is wet egdmibdisnnanailfudtraiiven rathéndihag i@y destiictive csemgel, nitric
acid, and hydrogen peroxide. In addition to renoving any residual 10
ferroelectric layer 101, the wet etching step al so etches sone of the
ferroelectric layer 101 within the opening to nake certain that the
ferroelectric layer 101 only contacts the titanium



di oxi de spacers 93 and the bottom el ectrode 81. The substrate including,the
ferroelectric layer 101 is annealed in a manner 15 sinmilar to the
“ferroelectric layer 41 that was previously described. A top electrode 111
is formed and includes el enental osm um (Gs) and osm umtetraoxide
(Gs(err]) as seen in FIG 15. The Gs(Jerr] makes up about 5-95 atom c
percent of the total osmiumin 20 the-10p electrode 111, and the bal ance
of the osmumin the top electrode 111 is Gs. The top el ectrode 111 is
deposited and patterned simlar to t-tgg@iﬁgr | ayers previous described that’
I nclude nmetals and their conductive xi des. Ot her |ayers and

el ectrical connections are nmade to the ferroelectric 25 capacitor, but are
not shown i n thew i ks enbodi nent, the ferroelectric |ayer has
el ectrodes 81 an\é\iQ%‘s?%?lhﬁbn%PEde nmetal s and their conductive netal

oxides. Nitride spacers 92 surround the sides of the ferroelectric |ayer

101 but 5do Mot A Gymilonduetde devide @orprisimger 101. Hydrogen 30 shoul d not
contact the ferrgelectrigc lawer, 401 via the si e the nitride
spacers 92 shoul 8 ﬁﬂﬁs{éggea (ﬂédr%(éehayg?gi%rpr'#%zif%ﬁ&%gﬁ?'ectri c layer 101
was not reduced ayfirstdregien abaa losationdsetattedr from ta egroiup iconsistingr

formati on because the ?jtride spacers 92 were forned prior to the

ferroelectric |ayer 18 The 35 titaniumdi oxjde spacers 93 separate the
nitride spacers 92 and@ logatian r(dd)ebting cwithjrrthep subgieater @diacemMe1i 1 i con

W t hi nqtghe nitride spacer s mw $@tfaceadngd th the ferroelectric layer
a location (132, 41, 101, 122, 134, 135, 132, 41, 101,
122, 135, 141, 144, 145) overlying the
substrate; and
a first layer (21, 161, 61, 81, 111, 121, 125, 133, and 137)
15 overlying the first region,
characterized in that:
the first layer includes an elemental metal and its
conductive metal oxide; |
the elemental metal is capable of being oxidized to
20 the conductive metal oxide in an oxidation;
the conductive metal oxide is capable of being reduced
to the elemental metal in a reduction;
the oxidation and the reduction are reversible
. reactions; and
25 the first layer reacts in one of the reversible
reactions preferentially to the first region
reacting in a first reaction. '

2. The device of claim 1, further characterized in that the
30 elemental metal and its conductive metal oxide are:
ruthenium and ruthenium dioxide;
rhenium and any of its oxides;
iridium and iridium dioxide; or
osmium and osmium tetraoxide.

-
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-16-. 101. The el ectrodes 81 and 111 and the silicon nitride spacers 92 ,
virtually encapsul ate the ferroelectric layer 101. Wth this enbodi nent,
reduction of the ferroelectric layer 101 is less likely than with
conventional ferroelectric capacitors. 5 FIG 16 includes another
enbodi nent having a protected ferroelectric layer. FIG 16 has an oxide
layer 80 and a first silicon nitride laygr 81. A conductive layer 121,

whi ch includes Re and Re®2, and a ferroelectric |ayer 122, which incl udes

PZT, are fogned.over the first. silicopn nitride |ayer, 81., The conductive 10
| ayer 121 a%t sq-g‘? '(B%tquoﬁfaéFbét'r ,eraﬁha%?r%?phfrh thﬁg conducti ve

| ayer 121 | essenthe Hirst iregiomasdaofegiedusvitignt the fsubsteatect(ii), hayer 122.
The layers 121 and 12Z; . Wa[o N G L g, ' 1 ddy NQ
~patterns the layers 1 'J%gﬁ‘dqu@ég@hléib?hgvgglyﬁe“éo#ﬁr%i%%_ﬁ?"\?\nwhme%écid
“other. A titanium di ofi dielestrig dgyer (43, ah1 422 cd84)sian |lacirodei de | ayer
124 aresgformed over tsgnsyl e lagee’ (139 | g?jé‘zgf kdntay¥ephud 2l and

122. The layers 123 a 1 are ani i cal.ly to, form sidewal |
spacers. The etch to P . %é?déﬁalﬁm p@v@ﬁﬁ? RI8gp 2% gnnitereemRCtor nore
steps. The deposition(145)giangon nitride generates 20 hydrogen that nay
reduce the PbO wt hi e r lectri .o ALter the spac have been
formed, the sub\é\heat e{'{%{]téﬁi é&' Hg 'f"éﬁ?é@%&pé‘@q 'Z§§2?q ghén anneal ed
in an oxi di zi ng anbi econduibtiveametal oxide rpreferentialhe tonrthel firstd f or
ferroefectric layer 4%%99,; b% FH)@(‘]?Z%'&?' y described. A top electrode 125
i S ne

i ncluding 25 Ru and over the ferroelectric |layer 122 and
the sidewall spacers. RuO2 within the top el ectrode 125 | essens the

l'ikelihood @f MeucieVicé hef CRIiAPE, eRirtHer CR¥PACtEFiZedB hhhke
the first region is a ferroelectric layer (41, 101, 122, and
- 134); and
15 the conductive metal oxide is capable of being reduced to
the element metal preferentially to the ferroelectric
layer being reduced.

5. A semiconductor device comprising:

20 a substrate having a primary surface;

a first region that is selected from a group consisting of a
region within the substrate (11), a silicon-containing
layer overlying the substrate (132), an electrode
(135), a barrier layer overlying the substrate (141 and

25 144), a contact plug overlying the substrate (13, 142,
34, and 132), a via plug overlying the substrate, and an
interconnect overlying the substrate (145);

a first layer (21, 161, 121, 133, and 137) overlying the
first region,

30 characterized in that the first layer includes an elemental
metal and its conductive metal oxide, wherein the
elemental metal is capable of being oxidized to its
conductive metal oxide preferentially to the first
region being oxidized.

35 -

6. The device of claim 5, further characterized in that:
the first layer has a plurality of first atf_nis;’//_ -

| ) O A O



conductive layer 121, which acts as the bottom el ectrode, and the .
ferroelectric layer 122 are virtually encapsul ated by the first 30 silicon
nitride |layer 81, the second silicon nitride |layer 124 of the sidewall
spacers, and the top el ectrode 125. Because it is not conpletely known if

t he degradation problenms with ferroelectric capacitors are related to the
bottom el ectrode or the ferroelectric Lgyler, this enbodi nent nay be

ef fective against 35 .degradation problens since the bottom el ectrode and

LR G 17 o ot TRERET BRI hag 8 bRl of MR LIRSS
sem conduct or device Bading a ferroel ectric capacitor and shielding |ayers

to protect the fﬁirl%%{sgf%éf?@%wrﬁoagq [ $PSE I B PP SWitRin the fivdstrate

includes a first 1 ns nd a titani um di oxide | ayer 131.
A polysilicon plug 13jayey @eciedheyelemental BHaLicti ve | ayer 133, such as
Ru and BJJerr]) that defines the first electrode of the capacitor. A -

ferroelectric layer 134 |liges over_the first c tive. l [ 133, and a
- platinum | a?er % q’%geoogrd?m 5,6?136@?5&'}4'%8?93@7&&,1'@4&}/3?% pl ati num
|l ayer 135 10 actise afirstheegienorisl &h einterctmnriect (h45yapati include®he for mati on
of the device up to tgi ?)p%?J %b I n the process, including the anneal of the
ferroelectric layer 1 2, e gnver]t ional. A second insulating |ayer 136 is
fornmed over the ¢hecelementaldmetat Hsckhemivogh so that there is little, if
any, cap@ci tive coupling between the platinum
8. A ferroelectric capacitor comprising:
a ferroelectric layer (41, 101, 122, and 134); and
a first layer (61, 111, 125, and 137) overlying the
ferroelectric layer,
15 characterized in that:
the first layer includes an elemental metal and its
conductive metal oxide; and
the conductive metal oxide is capable of being reduced
to the elemental metal preferentially to the

20 ferroelectric layer being reduced.

9. The ferroelectric capacitor of claim 8, further characterized

in that: .
the first layer (61, 111, 125, and 137) has a plurality of
25 first atoms;
the conductive metal oxide has a plurality of first atoms;
and

at least 5 atomic percent of the first atoms within the first
layer are in the conductive metal oxide.

30
10. The ferroelectric capacitor of claim 8, further characterized
| in that: ,
the ferroelectric layer (61, 111, 125, and 137) includes
lead; and
36 the elemental metal includes ruthenium.
-
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15 layer 135 and subsequently formed shielding |ayer. Typically, the. .
second insulation layer 136 is at |east about:5000 angstrons thick. The
substrate including the second insulating |ayer 136 is annealed in an
oxidizing anmbient to | essen the anmount of hydrogen that nay be trapped

wi thin the second insulating | ayer 136. 20 Shi el ding |layers 137 and
138 are forned over the second insul at+@@d ayer 136. Shielding |ayer 137

i ncludes a mxture of Ru and Ru@ simlar to |ayer :61. Shleldlng | ayer 138

i ncl udes silico ' % ' Iasna-
enhanced chem cﬁ%@é&m uelctgftlr:l’ a Fm%%ﬂ‘%g

hydr ogen present during the silicon n|tr|de dep05|t|on shoul d be relatlvely
low to m nimze the reductloQg%%uggégﬂignéy£&5é$k%uéayer 137. After
deposition of |ayer 138, the S e 1S annealed 1 n an oxidi zi ng anbi ent
to hel p oxidize some of thhe Ru within |ayer 137 and to seal any pinholes
that may be presem‘ie eséht Hhvehfisa’ inbl@desca semicbieductorgdevicesuch as-

mist not onfRVRiE@ Taveth s 48 GheBTu Tt i2fnaghn Ry Ry 1570 20
wi t hout redmludm@earRL@[amer]tai omBtaiand itsl epaductive Thetal coxidei, nent not
oY, st diaid sRRCIRyRYC P BERabi dihg, Biiciabdcor Todibage Lhat the
seni conduct preterentiallyf ta lans adjacentisegiosy of {) gdevice. + Hhe regenhg
Zggghf Irreq?ﬁ 'S?ﬁ\f]eﬁﬂ*@? | 268N IAQNARES pPEESs S Fot PRIMhg N tlé déwBes. to specific
Substrate regions (11), silicon-containing layers (132), dielectric
layers (41, 101, 122, and134), electrodes (135), barrier layers
(141 and144), contact and via plugs (13, 142, 34, and 132),
interconnects(145), and ferroelectric capacitors may be
15 protected by and/or formed with the layer. Examples of
elemental metals and their conductive metal oxides that may be
used with the present invention are: ruthenium and ruthenium
dioxide, rhenium and rhenium dioxide, iridium and iridium dioxide,
osmium and osmium tetraoxide, or the like.

(FIG. 5 accompanies this abstract)



Howeyer, it will be evident that :various nodifications and changes can .be
made thereto wi t hout departing fromthe broader 5 spirit or scope of the
i nvention as set forth in the appended cl ains. The specification and

drawi ngs are, accordingly, to be regarded in an illustrative rather than a
restrictive sense. -19- Cainms Wiat is clained is: 5 1. A sem conductor
device conprising: a substrate (10, 80) pgving a primary surface; a first
region at a Iocatlon selected fron1a group consisting of: a location (11)

lying within the
surface; and a | 122 }E;éjjé;;//b//ggzi352§? 122,

: ' stirate: 161,
61, 81 111 121 125, 133, and 137) \15 11 ) overlying the{first
region, charactefized in that: the firs ayer includes an el nt\al net al
and its conductiye nmetal oxide; the elemental nmetal is capabl<=of foeing

oxidized to 20 n an _g@&i dati on;
t he conductive netal

oxi de is capable of‘belng reduceo
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to the elenental nmetal in a reduction; the oxidation and the reduction ,are
reversi ble reactions; and 25 the first layer reacts in one of
the reversible reactions preferentially to the first region reacting in a
first reaction. 2. The device of claim1, further characterized in that the

30 el emental nmetal and its conductive netal oxide are: ruthenium and
rut heni um di oxi de; rhenium and any of itg/soxides; iridiumand iridium
di oxi de; or osmium and osm um tetraoxide. -20- 3. The device of claim]1,

further characterized in that: the first region is a region within the
substrate (11), a silicon- uﬂngalnlng | ayer overlying the substrate (132),; a

dielectric layer (41 __101¢C Y IXA) —an el ectrode 5 1 (135), a
barrier layer ( éng "a cont act péﬁg (ﬁf 142443 . 2apa\1 N avia
pl ug, or an inteRgo 15); and the me 4gl met al [N s\ | Y of being
oxi di zed to the ' ' 10
regi on bei ng oxi d / g/devPet Of /| Ai 142 22'a i zed in
that: the first ionA s7a roel gctfi g | r h
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134); and-15 t he conductive netal oxide is capable of being reduced
to the elenment netal preferentially to the ferroelectric |ayer being
reduced. 5. A sem conductor device conprising: 20 a substrate having
a primary surface; a first region that is selected froma group consisting
of a region wthin the substrate (11), a silicon-containing |ayer overlying
the substrate (132), an electrode (135),3/8 barrier |layer overlying the
substrate (141 and 25 144) , qﬁpontagi plug overlying the
substrate (13, 142, 34, and 132), a via plug oveglying the substrate, and

an interconnect overying the substrat9/?}%5yf,éf7fpéﬁ/£9/er (23, 161, 121
| ' 3 a

133, and 137) overlyindthe first regilonl chayatt e 7ed in that
the first |ayer £ al [2p0/ Z a2 VIR =X al  oxi de,
wherein the ele (8, B2 /v3xf'o egpnducti ve
netal oxi de pref ' Egi 546." The
device of claim{ 81 HZeW A N has a
plurality of fir ; = = ) \uuphuﬂgL 3 NS q a
plurality of firfst atromns; 301 302 301
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and at least 5 atomc percent of the first atons within the first |ayer are
in the elenmental netal. 5 7. The device of claimb5, further characterized
in that: the first region is an interconnect (145) that includes copper;
and the elenmental netal is rhenium 10 8. A ferroelectric capacitor
conprising: a ferroelectric layer (41, 101, 122, and 134); and a first
| ayer (61, 111, 125, and 137) overlying 4/5e ferroelectric |ayer, 15

characterized in ; and its
conducti ve netal [ #gxide; d/ onduetixe al/ oxi ¥Y's abf"'edof bei ng.
reduced to the t r eat 1,4l o)
ferroelectric | gyer/ b egdc 3;79 THe erg&elg ir pacifoFfof claim
8, further chara { t /1 i | &yer 4741 nd 137)
has a plurality ‘ | oxide
-has a plurality | Pgt\at he first
atons within thenfN st | rAar 3N A - WX
4 o]
s NN 227z N«
N W W N W, W W i ; V2N L.
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10. The ferroel ectric capécitor of claim@8, further characterized in
the Terroel ec :

tric

| ayer (61, 111, 125, and 137) includes |ead; and

the el emental netal includes ruthenium
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