118 :JUN 2004 METHOD OF FABRI CATI NG | MPROVED CAPACI TORS W TH PI NHOLE _REPAI R
CONSI:DERATI ON WHEN OXI DE CONDUCTORS ARE USED FI ELD OF THE | NVENTI ON Th@ JUN 2004
present invention relates generally to nmethods of formng capacitors, and
specially to fabricating inproved MOM and MOS capacitors with pinhole
repair consideration when oxi de conductors are used as part of the bottom
or top electrode. JIB JUN 2GGa BACKGROUND OF THE | NVENTI ON
Met al - oxi de-netal (MOM) (al so known as netal -insulator-netal (MM) or
nmet al oxi de sem condutor (MOS) capacitors involving high dielectric
constant (K) oxide insulators, such as Ta205, are becom ng nore and nore
inportant in mcroelectronics. Hi gh-K oxide insulator MOM or MM
capacitors are used for nenory in DRAM or as RF capacitors in m xed signal
IC (integrated circuits). Hi gh-K MOS capacitors can form part of MOSFET
devi ces. When an oxide material insulator is deposited onto a netal /
sem conduct or | ayer or when a netal is deposited onto an oxi de insul ator,
the netal / sem conductor |ayer tends to react with the oxide through a
reduction reaction. This is especially true of the bottom netal el ectrode
of a MOM capacitor, for

s

METHOD OF FABRICATING IMPROVED CAPACITORS WITH PINHOLE

REPAIR CONSIDERATION WHEN OXIDE CONDUCTORS ARE USED

FIELD OF THE INVENTION

The present invention relates generally to methods of forming

\
p—

- capacitors, and specially to fabricating improved MOM and MOS capacitors with
pinhole repair consideration when oxide conductors are used as part of the bottom

or top electrode.



examal e. This creates oxygen vacancies in the oxide insulator resul thnngﬂ o0
| eakage <current. This generation of oxygen vacancies by the reactioR
bet ween the oxide insulator and the nmetal / sem conductor |ayer el ectrode
al so happens during annealing of the oxide insulator in an oxidizing
anbient after the deposition of the oxide insulator. This limts the
effect of the annealing in the reduction of oxygen vacancies and so
| eakage current. Qther degra i he el ri rQperties of the
oxi de insulator 'is al so possngqueﬂg’ll}gplg gle'.;ﬁ'%v % tance because of
the formation of another insulating netal oxide film (or an oxide of
sem conductor 2 1 8 JUN 2004 | ayer) of the metal / sem conductor | ayer
el ectrode during theyfe osition of the oxide insulator or during the _
post - deposi ti on anneM§inigexideanetski(OMiglalsmikanwn a5 metahinsudderantial | ed
"A stacked cakgci tor technology with ECR plasma MOCVD (Ba, Sr) Ti @3 and Ru02
/ Ru/ Ti N/ Ti $MIVGY 6 apetahewisls depricaidwon(MOgRAPhdrs liFERvE@REh Hadson.
ev., vol. 44, pp. 1076-1083, Yananichi et al. used RuQ2 /Ru as a
conduct i ng coRstdpt KK) veedde ingBajors,Buct( lak ghe, B, 0xtcdBetdititlg@ e 8Ad more
TINTI Six/n *-poly (bottomelectrode) in their capacitors. U S. Patent No.
5,861, 332 fimp¥rtast immiceketiohis. Hi%fBKh@dd@finJLﬁé}b'k 2OM)br MISERAFALRSs Of @
sem conduct or device which is capable of inproving the chemcal ~ an
t Pe{ Hal st abt hsddyforimeémeny irtDRANI QFQE RF Bp£116# i 3hix@A $id {18 T6RIntSLAR ' 1Y
o] e

i circuits). High-K MOS capacitors can form part of MOSFET devices.

When an oxide material insulator is deposited onto a metal /
semiconductor layer or when a metal is deposited onto an oxide insulator, the metal
/ semiconductor layer tends to react with the oxide through a reduction reaction.
This is especially true of the bottom metal electrode of a MOM capacitor, for
example. This creates oxygen vacancies in the oxide insulator resulting in leakagé
current. This generation of oxygen vacancies by the reaction between the oxide
insulator and the metal / semiconductor layer electrode also happens during
annealing of the oxide insulator in an oxidizing ambient after the deposition of the
oxide insulator. This limits the effect of the annealing in the reduction of oxygen
vacancies and so leakage current. Other degradation of the electrical properties of -
the oxide insulatof is alsp possible such as a reduced capacitance because of the

formation of another insulating metal oxide film (or an oxide of sémiconductor



Jower electrode is acconplished by forming a SrO filmover a rutheni %nﬂi
di oxide (RuQ2) filmover a patterned rutheniumfilm whereby the Sr HEN 2004
Ru®2 react to forma SrRu® filminterface during a high tenperature
deposition of a high dielectric filmover the structure. U S. patent No.
5,877,062 to Horii describes a nmethod of formng an integrated circuit
capacitor having a protected diffusion barrier netal |ayer therein. The

di ffusion barrier . netal .layer inhibits parasitic mgration of silicon from
the pol ysP‘?WieE)o?ltr B-\euréue{a(]) /? %l?é“‘*F?lﬂ wetar if’d'tef elesirrge domimgethevdepaaitom ofTtie
capacitor diglectric i 8 JUN 2004 |ayer is selected fromthe group Ta205 ,
SrTi 03 et ¢ Oxigeansiipiop ondunugirRnostd epeEit pnoEMRLioY inen oxilizipgymbitnt. s an

obj ect of the present invention to provide a method of fabricating

i mproved MOM and MOS capacitors by the use of a conductive netal oxide
filmbetween the oxide insulator and the top netal only. Another object of
the present inventidn &s artclerentitiiel AATetabloed bpadifdy eeBhORG WRALYEER MOM
capacitors by the use of a conductive netal oxide film between the oxide

i nsul at or phEMENEOEYDABLSEITAD, Md Ru? /Ry TV TERE SR K odbs (PRAUGL]VE
metal oxide filmbetween the oxide insul ator and tshe%%gp Oms\tsaﬁ. @%g%&ggenot her

obj ect of DRANIfsE'SEIEE Trane Hledforl. DebvQ vRlL A4l §8 @768V A arnichi et al. used
RuO,/Ru as a conducting oxide between (Ba,Sr)TiO, (high-K oxide insulator) and

TiN/TiSix/n"-poly (bottom electrode) in their capacitors.

L

U.S. Patent No. 5,861,332 to Yu et al. describes a method of fabricating
a capacitor of a semiconductor device which is capable of improving the chemical
and thermal stability of lower electrodes. The chemical and thermal stability of the
lower electrode is accomplished by forming a SrO film over a ruthenium dioxide
(RuQ,) film over a patterned rutheniumrfilm, whereby the SrO and Rqu react to
form a 5rRuQ, film interface during a high temperature deposition of a high

dielectric film over the structure.

U.S. patent No. 5,877,062 to Horii describes a method of forming an
integrated circuit capacitor having a protected diffusion barrier metal layer therein.
The diffusion barrier metal layer inhibits parasitic migration of silicon from the

polysilicon plug to the first electrically conductive layer. The capacitor dielectric



repajring pinholes in an oxide insulator |ayer when a conductive netal
‘oxide filmis inserted between the oxide insulator layer and the bot fJnJUN 2004
netal |ayer. Other objects will appear hereinafter.. It has now been

di scovered that the above and other objects of the present invention may
be acconplished in the foll owi ng manner. Specifically, a bottom netal

| ayer is deposited. A high dielectric constant oxide insulator is
deposited.laka er ?vcgrd:[he gﬁttom fa Iaﬁer. The structure is annealed in
an oxi di ZI Sygrﬁ)ei%? R 308 TR 1830 SEHOh 0B B nieadr) TE) 4§ Sb(AETingy,al
oxide 5 i J f{g% Z@rtially.fillin’the one or nore pin hole defects to
repair th glzbﬂfip ). 2 d @) r; T, anshBy TigRj,cic.conduct or | ayer is then
deposited over the high dielectric constant oxide insulator |ayer. An
upper netal |ayer is deposited over said upper oxide conductor |ayer. |
BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of an

i nproved capacitor and the nethod of fabricating the same according to the
present invention will be nore clearly understood fromthe follow ng
description taken in conjunction with the acconpanying draw ngs in which

| i ke reference nuneral s designate simlar or

“epaer”



correspondi ng el enments, regions and portions and in which: Figs. 1 through

3 schematically illustrate in cross-sectional representation three g JUN 2004
al ternate enbodi nents, respectively, of the present invention. Figs. 4
through 6 are enlarged, schematic sequential illustrations of internediate

fabrication steps in the second and third enbodi nent formation of a
capacitor having at |east a | ower oxide conductor |ayer. JUN 2004 DETAI LED
DESCRI PTI ON OF THE PREFERRED NT_Unl ess ot herwi se specified, all
structures, |ayers, etc. nay Shhpd THE INVENEION, e ¢ by conventiona

met hods known in the prior art. The previous approaches ignore an inportant
consideration which is pinhole defect formation in the oxide insulator. It
is inmportant that the pinholes be repaired, especially for |arge area
capacitors. This is fewatinglyloitds ey abjecinofetiie presant iroxirdiozi g pesdatient
after the oxide insul ator deposition on nmetal or a sem conductor |ayer,
whi ch can msthed mfufabricatingxinderobed MMONIf arich @©SacpRIBrPLHNGlLEise (7S,
exposed .bottomnetal / sem conductor layer will be oxidized, resulting in
repai r of pinthotize mdgl dxidetilnebetmrtienahé yxids ehdiddtepand tHEBGRARESE NI THi S
anneal i ng can al so reduce oxygen vacancies or other defects and quite
frequently reduce | eakage current.) Pinhole repair is thus inportant for
high yield of MOM MOS capacitors. If there is a |layer of conducting oxide,

this self-repair nmechagthgfobject'8f the present invention is to provide a method of

' fabricating improved MOM capacitors by the use of a conductive metal oxide film
between the oxide insulator and the bottom metal with or without the use of a

conductive metal oxide film between the oxide insulator and the fop metal.

Yet another object of the present invention is to provide a method of
repairing pinholes in an oxide insulator layer when a conductive metal oxide film is

inserted between the oxide insulator layer and the bottom metal layer.

Other objects will appear hereinafter..

oz’

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
bottom metal layer is deposited. A high dielectric constant oxide insulator is
deposited. layer over the bottom metal layer. The structure is annealed in an

oxidizing ambient to cause the exposed bottom metal to form a metal oxide



avai|able. In this invention, the focus is on how to apply conductive,_ oxi de
‘bet ween an oxide insulator and metal to forma capacitor with pinhol @8 JUN 2004
repair considerations. Accordingly as shown in Figs. 1 - 3, are three
respective enbodi nents of the present invention. The gist of the invention
is that at | east one oxide conductor layer, e.g. indiumtin oxide
(I'n2GB:Sn), tin oxide (Sn®2), zinc oxide 8 i1l 8JUN 2004 (ZnO), ruthenium
oxi de (Ru .@tc... 1s formed under .and/or over a_high-K oxide insulator

| ayer in 21? Wgﬁﬂk}ﬁ%ﬁ'@a‘ﬁ‘fc‘ﬁrﬁﬁ’m PFﬁé‘OIE\lﬁ' gefets sk repain thess pindrole defectsrdyn  be
selected fromthe roug Ta2b, SrTi08, BaTi Bl (Ba, Sr)Ti03, Pb(Zr,Ti)O03,

Sr Bi 2Ta209“lf’%§ﬁ>$1d(g- Pendpghor ZpyerTis then sepositetiros@lthe kigh. dibfecatc oxhgdgnt
conductor |ayer is formed under the high-K oxide insulator layer, it is
formed as ®Ideripswlatas lpgsreAn uppar metablagepind apbsttetiapairrsagd dgher e K
oxi de insulator layer as will be discussed below. The netal |ayers may
conpri se aconekicHir laxgyer, preferably Al, with a barrier netal, preferably
TiNor TiNTi, adjacent the mddle high-K oxide insulator layer. rd 1J 8
JUN First Enbodi ment As shown in Fig. 1, in the first enbodi ment of the
present invention,

e



only, an upper oxide conductor layer 18 is used in the formation of MOM
‘capacitor 100. Bottommetal |ayer 10 is deposited. Bottom netal Iayerﬁﬂ})l}N 2804
having a thickness of from about 1000 to 4000A, may conprise | ower Al

| ayer 12, having a thickness of from about 1000 to 4000A, covered by | ower
barrier nmetal |ayer 14, "which preferably TINor TiNTi, etc., having a

t hi ckness of from about 100 to 400A. Hi gh-K oxide insulator layer 16 is
deposited over netal | ayger i-gh- ide insulator |ayer 16 may be

sel ected fromthe group .%,E S 61‘? HEDRABANGS Tj 03, | Pb(Zr, Ti) 03,
SrB' 2Ta20 (SBT), (Pb, La)(Zr, Ti)O and Bi 4T 30121 etc. High-K oxide

i nsul ator | ayer 16 has a thickness of fromabout 50 to 500A. The structure
is then anneal ed in _an oxidizing anbient to repair oxygen vacanci es or

ot her defects and ald¥ ff@’f‘#@ﬁaﬁl'td adyapiaghe|dsar( noprenaiveapacikigandlihd n -

hi gh-K oxide insul ator |ayer 16. During the anneal, any pinhole exposed
bot t om net &iethed, ef fatgicating dhe ganti zZecamting 4o tthalprgseht hveandn wlllbat:Bothe

pi nhol e defect, thus repairing any such pinhole. 10 68 JUN 2004 Upper

oxi de conddeady unspertodd fronhitlehfotiyving debaption thkemrt kenjugeup wafh i de
conductors such as indiumtin oxide (In203:Sn), tin oxidé (Sn02), zinc

oxi de (ZnGyscompamgimgidroxinge it Rubih, liled eeferér@etmﬁﬂe@gpgggiéﬁgteogﬁ{ﬂagrg}eal ed

corresponding elements, regions and portions and in which:

Figs. 1 through 3 schematically illustrate in cross-sectional

representation three alternate embodiments, respectively, of the present invention.

Figs. 4 through 6 are enlarged, schematic sequential illustrations of
- intermediate fabrication steps in the second and third embodiment formation of a

capacitor having at least a lower oxide conductor layer.



hi gh- K oxi de insulator |layer 16. Upper oxide conductor |ayer 18 has a
,Ihickness of from about 100 to 400A. Upper oxide conductor |ayer 1q38¢FN2mM
suppresses the oxygen vacancies that woul d ot herwi se be generated b e
reacti on between adjacent oxide insulator |ayer 16 and upper netal |ayer

20 by separating oxide insulator |layer 16 and upper netal |ayer 20. Upper
nmetal |ayer 20 is then deposited over upper oxide conductor |ayer 18 to

f orm MOM capaci netal | ayer 20 has a thlckness fron1 about

1000 to 4000A afre-lek: , PLIGN OF RE VEODIME]

preferably Ti N or TthTl, etc., haV|ng a thlckness from about 100 to 400,,
adj acent hi gh-K oxide insulator |layer 16 and upper main netal |ayer 22,
which preferably Al _having a thickness from about 1000 to 4000A, overlying
upper barrier netal Urd%rotgﬂxwwelepédiﬁieﬁ, adinttodturestlapapaetc ! @y de Bigedl may
be used as a MOM M M capacitor or MOS capacitor. For a MOS capacitor using
a hi gh- K o5 ageotnplishest ky corivaptionasnethods kfioven MOBBF @ ruct ure, only an
upper oxi de conductor |ayer would be used and not a | ower oxi de conductor

| ayer separating the high-K oxide insulator [|ayer and the sem conduct or

| ayer (versus the bottomnetal |ayer 10 of a 11 18 JUN 2004 MOM M M

capacitor 100) as tThegeaduat hpproacheleighBil £h 8RO6taltNensAUr S ALR 0

pinhole defect formation in the oxide insulator. It is important that the pinholes be
repaired, especially for large area capacitors. This is usually done by an anneal in an
oxidizing ambient after the oxide insulator deposition on metal or a semiconductor
layer, which can form insulating oxide films. If there are any pinholes, the exposed
bottom metal / semiconductor layer will be oxidized, resulting in repair of pinholes
by this, essentially, self-repair mechanism. (This annealing can also reduce oxygen

vacancies or other defects and quite frequently reduce leakage current.)

Pinhole repair is thus important for high yield of MOM/MOS

capacitors. If there is a layer of conducting oxide, this self-repair mechanism is not

e

available. In this invention, the focus is on how to apply conductive oxide between

an oxide insulator and metal to form a capacitor with pinhole repair considerations.

Accordingly as shown in Figs. 1 - 3, are three respective embodiments
of the present invention. The gist of the invention is that at least one oxide

conductq._r_r laiyer, e.g. mgi_mm tin oxide (InpO3:5n), tin oxide (SnQ,), zinc oxide



a MOSFET device. The sem conductor |ayer may be conprised of polysilicon,

doped. pol ysilicon, and a pol yci de. Sec nd Enbodi nent As shown in Fig. %Jbﬂ 2004
A

the second enbodi nent of the present invention, only a very thin | owe

oxi de conductor layer 36 is used in the formation of MOM capacitor 200.
Bottom netal |ayer 30 is deposited. Bottomnetal |ayer 30, has a thickness
from about 1000 to 4000A, and may conprise lower main netal |layer 32 which

preferably i t hi,ckne from about, 1000 tq 4000A, covered by

| oner barr i@?@(@%ﬁhgﬁ%%e?mgﬁhg‘ﬂ@s'cﬁc'pfse%é‘inﬁﬁILS}‘ldFF Rngf orpRer hight K. oxithavi ng
a thickness Eronlabout é&& to 400A. Very thin |ower oxide conductor |ayer
36, which ARHHET $Bieedt adMPM AT MUS cgpasitpr. oFhedyighel oxidelins Wi daydy may
indiumtin oxi@gﬂe &I gZCB: Sn), tin oxide (Sn02) ayer 30. Lower oxide
conduct or PEye§ledtgdntemy thei grrmes Tagh, Ty, dbAU0,, (Bo%x)TiCl2 Bh(Br,TER,2004
"Hi gh-K oxide_ insulator |ayer 38 is deposited over |ower oxide conductor

| ayer 36. FRinlaOpiiRie (Phsla)é€nTi)Qayped B3JiMy eke sel ected from the group
Ta205, SrTiG3, BaTi 3, (Ba,Sr)Ti 3, Pb(zr,Ti)03, SrBi2Ta209 (SBT), (Pb,
La)(Zr, Ti)O3

If an oxide conductor layer is formed under the high-K oxide insulator

layer, it is formed as a very thin layer to facilitate pin hole repair of the high-K

S

oxide insulator layer as will be discussed below. The metal layers Iﬁay comprise a

metal layer, preferably Al, with a barrier metal, preferably TiN of TiN/Ti, adjacent

the middle high-K oxide insulator layer.



and Bi 4Ti 3012, etc. H gh-K oxide insulator |ayer 38 has a thickness of, from
‘about. 50 to 500A. Lower oxi de conductor |ayer 36 suppresses the oxygé%BJUNZﬂM
vacanci es that would otherw se be generated by the reacti on between

adj acent oxide insulator |ayer 38 and bottom netal |ayer 30 by separating
oxi de insulator layer 38 and bottomnetal |ayer 30. As shown in Fig. 4
(al so common to the third enbodi nent di scussed below), insulator |ayer 38
may have pi.nhal e defects 39 there through that expose underlying | ower

oxi de cond§€?§i3P8§%¥J§6 Because | ower oxi de conductor |ayer 36 overlies
bottom netal |ayer 30, sinply annealing insulator layer 38 in an oxidizing
anbi ent to oxidize bottomnetal |ayer 30, as was done in the first

enbodi ment, would not repair any pinholes 39. Briefly, any pinhole(s) 39
is repaired by: etchﬁﬁgmvheiefhpéeﬁlﬂﬂm&mtem%bdﬁnaﬁnﬂuhé8&&%ﬁ¥&h€%@oﬁe|OW

pi nhol e(s) 39 to expose underlying bottomnetal |ayer 3 fol | oned by
anneal i ng Pnlyam eppeti @idgeanhicentlaye Wk disg@ it B BXRLSE of MRS éaé:'aﬁﬂoxbm tom
nmetal |ayer 30 as shown in Figs. 5 and 6 and as will be discusse

greater dei@.l below 13 18 JUN 2004 As shown in Fig. 2, after the repair
of any pinhole(s) 39 in high-K oxide insulator |ayer 38, upper netal |ayer
40 i s then deposited over pinhole

Bottom metal layer 10 is deposited. Bottom metal layer 10, having a
thickness of from about 1000 to 40004, may comprise lower Al layer 12, having a
thickness of from about 1000 to 4000A, covered by lower barrier metal layer 14,

which preferably TiN or TIN/Ti, etc., having a thickness of from about 100 to 400A.

High-K oxide insulator layer 16 is deposited over metal layer 10. -
High-K oxide insulator layer 16 may be selected from the group Ta,0;, SrTiO,,
BaTiQ;, (Ba,Sr)TiO,, Pb(Zr,Ti)O,, SrBi,Ta,0, (SBT), (Pb, La)(Zr, Ti)O, and Bi,Ti,O,,,

etc. High-K oxide insulator layer 16 has a thickness of from about 50 to 500A. -

The structure is then annealed in an oxidizing ambient to repair

R—

oxygen vacancies or other defects and also to repair any pinholes (not shown in Fig.
1) in high-K oxide insulator layer 16. During the anneal, any pinhole exposed
bottom metal layer 10 would oxidize and partially fill and insulate the pinhole

‘defect, thus repairing any such pinhole.

10



repajred high-K oxide insulator |layer 38 to form MOM capacitor 200. Upper
‘metal. | ayer 40 is then deposited over high-K oxide insulator |ayer 3@& UN 2884
form MOM capaci tor 200. Upper netal |ayer 40 has a thickness from ab

1000 to 4000A and may conprise upper barrier netal |ayer 44, which is
preferably TiNor TiNTi, etc., having a thickness from about 100 to 400A,
adj acent hi gh-K oxide insulator |ayer 38 and upper main netal |ayer 42,

whi ch preferably A __havi n)g a thickness from about 1000 to 4000A, overlying
upper barrier netal YBY® 0Xi4g copduetpr Baperdi Srewhichs metyobm selectedgfroh it t he
third, and preferred, enbodinent for MOM capacitors of the present

i nvent i on, BE"RePY OXIHE FONSRiProRicheasciadinmtiiy okidpdfnZBs:an tiraoxidpK&IOYXi de
conductor |ayer 60 are used in the formation of MOM capacitor 300. Bottom
metal | ayefinS@Nde (aydsirnd¢niBotoxidn (RatQy)), leaycs théh depuiingl avert dHrRkR@ss
from about 1000 to 4000A, namy conprise |lower Al |ayer 52, having a

t hi ckness higbnK aixidet insolagortlay 0IB0 Alp peo vridectobyub @iy 2 ABHAT: Hedidesd Y er

54, which 14 preferably TiNor TiNTi, etc., having a thickness from about
100 to 400fsonvebguit Hi0ntol £008k. Uippedanadneoied @itod RyRE 1@@;.153’_9&3%@5 fweyo%n

sel ected from the group of oxide conductors such as indiumtin oxide
(1 n2CB: Sn) yadahnies thaie wolfih Glerwabd'Be GehSRéI S the’ HabEH WORELIGRUP) -
etc., is deposited over bottom

oxide insulator layer 16 and upper metal layer 20 by separating oxide insulator

' } layer 16 and upper metal layer 20.

Upper metal layer 20 is then deposited over upper oxide conductor
layer 18 to form MOM capacitor 100. Upper metal layer 20 has a thickness from
about 1000 to 4000_A and may comprise upper barrier metal layer 24, which
preferably TiN or TiN/Ti, etc., having a thickness fr.om about 100 to 4004, adjacent
high-K oxide insulator layer 16 and upper main metal layer 22, which éreferably Al
having a thickness from about 1000 to QOOOA, overlying upper barrier metal layer

24,

pe—g

| The first embodiment capacitor of Fig. 1 méy be used as a MOM/MIM
capacitor or MOS capacitor. For a MOS capacitor using a high-K oxide insulator
layer as part of a MOSFET structure, only an upper oxide conductor layer would be
used and not a lower oxide conductor layer separating the high-K oxide insulator

layer and the semiconductor layer (versus the bottom metal layer 10 of a

i1



metal. | ayer 50. Lower oxide conductor |ayer 56 has a thickness of bel 04/

about . 100. High-K oxide insulator |ayer 58 is deposited over |ower oxideJUN 2004
conductor |ayer 56. Hi gh-K oxide insulator |ayer 58 nmay be selected from

the group Ta206, SITiG3, BaTiG3, (Ba,Sr)Ti03 , Pb(Zr,Ti)03 SrBi2Ta20
(SBT), (Pb, La)(zZr, Ti)OG3 and Bi4Ti30lL etc. H gh-K oxide insulator |ayer

58 has a thickness of fromabout 50 to 500A. Lower oxide conductor | ayer

56 suppres en. v cies that _woul d otherw se_be generated by
the reacti ﬁ%@ﬁé@ﬁéﬁaﬁa@@%ﬁ@gonﬁgsﬂvawfe vaykl shogt thesobeey/ dnaimetal

| ayer 50 by E/F(ﬁ |dng oxirge insulator layer. 58 and bottom netal |ayer
50. As shovh gll[‘:?g eXI€alt 86 SEBHAIMIUGOL Hyes seah e conisaplisrshof giodeaikised
above), insplator |ayer 58 nay have pinhole defects 59 there through that
expose uncfgjﬂe iRYgYSt ranska pelygisieduct or | ayer 56. Because | ower oxide
conductor layer 56 overlies bottomnetal |ayer 50, sinply annealing

i nsul ator |ayer 58 to oxidize 18 JUN 2 N 15 bottom netal |ayer 50, as was

done in the first enbodi nent, would not repair any pinholes 59. Briefly,
any such piSsteridFxibodiinente repaired by: etching the exposed

As shown in Fig. 2, in the second embodiment of the present

& invention, only a very thin lower oxide conductor layer 36 is used in the formation

of MOM capacitor 200.

Botfom metal layer 30 is deposited. Bottom metal layer 30, has a
thickness from about 1000 to 4000;&, and may compris.e lower main metal layer 32
which preferably Al, having a thickness from about 1000 to 40004, covered by
lower barrier metal layer 34, which preferably TiN or TiN/Ti, etc.,rhaving a

thickness from about 100 to 400A.

R—

Very thin lower oxide conductor layer 36, which may be selected from
the group of oxide conductors such as indium tin oxide (In2O3:5n), tin oxide
(5n0,), zinc oxide (Zn0), ruthenium oxide (RuQ,), etc., is deposited over bottom

_metal layer 30. Lower oxide conductor .layer 36 has a thickness of below about

100A.

12



|l ower oxide conductor |ayer 56 bel ow pinhole(s) 59 to expose underlying
bottom netal |ayer 50; followed by annealing in an oxidizing anbient %P UN 2004
oxi dize the exposed underlying bottomnetal |ayer 50 as shown in Figg. %

and 6 and as will be discussed in greater detail below. As shown in Fig.

3, after the repair of any pinholes 59 in high-K oxide insulator |ayer 58,
upper oxi de conductor |ayer 60, which may be selected fromthe group of

oxi de conductors su S ndi in,oxide (1n203;Sn), tin oxjde (SnQ2),
zi nc oxide (zZnO), rut gﬁifuffn%%héuf%m@ereﬁ;g 'EQO%’E%‘% Y& oM B dovder
pi nhole r (s ' or layer 58. Upper oxide conductor |ayer 60 has a
t hi ckness @g%c%ggﬁ%%1%kf%ﬁk m@ﬂﬁgﬁq%rgé mphbriealented fpa thengroup
suppr esses.t he e apci _that woul d otherwi se be generated by the
reaction E]é 2@@&%@7 géﬁﬁﬁ @%@%ﬁnpms]fh’@tfgﬁ)os} 2APorl a8y, @ﬁﬁldgbeka)@m qi)Q,ayer
70 by separ%#%pf(sxide insul ator |ayer 58 and upper netal |ayer 70. Upper
metal | ayet78ktisOnneif ighokioxide wviletardpper Bxiagen toraess of frohaylerutéd t o
form MOM capaci,t or 300. Upper netal |ayer 70 may conprise upper main netal
| ayer 72, tahI99%. drasverr eiiflg cahducive dayqypié sigepresses thetady gbAyeicaddies \Wtch 16
0 8 JUN 20 preferably Ti N, adjacent upper oxide conductor |ayer 60. Upper
nmet al | ayevodld otherwisetlid gémesiedflso thabodtiod 0R0waen 40{20ént YRR inb i fhy et al
| ayer 72 has a thickness from

layer 38 and bottom metal layer 30 by separating oxide insulator layer 38 and

} bottom metal layer 30.

As shown in Fig. 4 (also common to the third embodiment discussed
below), insulator layer 38 may have pinhole defects 39 there through that expose
underlying lower oxide conductor layer 36. Because lower oxide conductor layer 36
overlies bottom metal layer 30, simply annealing inéulator layer 38 in an oxidizing
ambient to oxidize bottom metal layer 30, as was done in the first efnbodirnent,

would not repair any pinholes 39.

N’

Briefly, any pinhole(s) 39 is repaired by: etching the exposed lower
oxide conductor layer 36 below pinhole(s) 39 to expose underlying bottom metal
layer 30; followed by annealing in an oxidizing ambient to oxidize the exposed
underlying bottom metal layer 30 as shown in Figs. 5 and 6 and as will be discussed

in greater detail below.
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.about 1000 to 4000A, and upper barrier metal |layer 74 has a thickness from
about- 100 to Ook Repair of Pinholes in Lol mer-Oxide Conductor Layerg8 JUN 2004
Capacitors Fig. 4 is an enlarged illustration of a sanple pinhole defect

39, 59 of the second and third enbodi nents, respectively, of the present

i nvention which include very thin | ower oxide conductor |ayer 36, 56,
separating high-K oxide insulator |layer 38,58, frombottomnetal |ayers

30, 50, respectivel | d,. |l eferious effects.o i nhol es 39, 59,
pi nhol es 39|,O 59 ws%ﬁsb%%@%g#%é%%l—ﬁ%é%? ,relBEEEQg?@YIIG%EPIe&%i?C?e%b@UKt or

| ayer 36, botto tal layer 30, 50 annealing of high-K oxide
i nsul at or (?g?/g?ﬁ%@?tng@yﬁnbgeﬂwer ﬁ%lelt%vx}ay%bé@ s dhemidenepisedioverpinide 59 as
is done in_the Jabr t_enbpdi melnt t hat has only upper oxide conductor |ayer
18. One wayPPd® ’cﬁi T oxide 1prylatoz dastey 38 &o fasm sapaditor20&t fabricate the
capacitor of the first enbodiment, that is using an upper oxide conductor
| ayer 18 to separate upper netal |ayer 20 from high-K oxide insul ator
| ayer 16 without any 17 18 JUN 20Q4 | ower oxi de conductor |ayer to separate
hi gh- K oxi de i nsul a er ayetpl logef £0ns theat daposited alvet AH-K16kidd hhsulh®r
acceptabl e for that design and necessary for MOS capacitors

layer 38 to form MOM capacitor 200. Upper metal layer 40 has a thickness from

about 1000 to 4000A and may comprise upper barrier metal layer 44, which is

RN

preferably TiN or TiN/Ti, etc., having a thickness from about 100 to 4004, adjacent
high-K oxide insulator layer 38 and upper main metal layer 42, which preferably Al

having a thickness from about 1000 to 40004, overlying upper barrier metal layer

44,

Third Embodiment

As shown in Fig. 3 in the third, and preferred, embodiment for MOM

capapitors of the present invention, a very thin lower oxide conductor layer 56 and

S—

an upper oxide conductor layer 60 are used in the formation of MOM capacitor 300.
Bottom metal layer 50 is deposited. Bottom metal layer 50, having a

thickness from about 1000 to 4000A, may comprise lower Al layer 52, having a

thickness from about 1000 to 40004, covered by lower barrier metal layer 54, which

14



where any | ower oxi de conductor
fromthe sem conductor |ayer would short the sem conduct or

Jayer

| ayer separating the high-K oxide insglator

38 JUN 2004

source/drain. However this will not suffice for the second enbodi nent and
the third, preferred, enbodinment of the present invention. To solve this

pi nhol e 39, 59 repair problemof the second enbodi nent

third enbodi nent, the inventors have di scovered the followi ng nethod

and the preferred

illustrat j ' 4.8, h [ i gs. 4, thin | duct
| ayor 56, Pegeruy 8 of g e ReMneBubictBsasdion aboroacbronay&r ss. 5 from

bottom netal |ayer 30, 50. The very thin conductor |ayer 36, 56 has a

t hi ckness bel ow about 100A. Deposition of high-K oxide insul ator

58 over

8 JUN211 ABe gReih of rpxiley comduciorsesusht as enditioh tihooxide rIseD eSh), ven abGhe

| ayer 38,

| ower conductor |ayer 36, 56 may result in the formation of nunber
of pinholes throughYPRsfnRioger oxidemondgetos Biyes 66 whish prayhiot eel@%ed EHm
Pinhol e 39, 59 exposes a portion of underlying conductor |ayer 36, 56. 18

sacrificin part of the high-K oxide insulator 38, 58) is then perforned

to renove(¥Ke,) exiposaitie Fniducttbeniuay exidR6(RUEE), unelels

sitel iRdr Ploplagl es 38,

58. The selective / non- selective etch of exposed underlying conductor

| ayer 36, nifalninyebs0.\iedwear oxidy cohéfictor layer 56 has a thickness of below about

e

100A.

High-K oxide insulator layer 58 is deposi’ced over lower oxide
conductor layer 56. High-K oxide insulator layer 58 may be selected from the group
TQZOS, SrTi0,, BaTiO, (Ba,Sr)TiO,, Pb(Zr, Ti)O,, StBi,Ta,0, (SBT), (Pb, La)(Zr, THO,
and Bi,Ti,0,,, etc. High-K oxide insulator layer 58 has a thickness of from about 50
to 500A. Lower oxide conductor layer 56 sup?resses the oxygen vacancies that
would otherwise be generated by the reaction between adjacent oxide insulator

layer 58 and bottom metal layer 50 by separating oxide insulator layer 58 and

bottom metal layer 50.

As shown in Fig. 4 (also common to the second embodiment discussed
above), insulator layer 58 may have pinhole defects 59 there through that expose
underlying lower oxide conductor layer 56. Because lower oxide conductor layer 56

overlies bottom metal layer 50, simply annealing insulator layer 58 to oxidize

15



or a, vapor phase etch. For exanple in the preferred In203: Sn oxi de
‘conduct or | ayer 36, 56, Ta205 high-K oxide insulator |ayer 38, 58, aﬂﬂadUNlmm
bottom netal |ayer 30, 50 conprised of |ower Al |ayer 32, 52 covered by

|l ower Ti NNTi layer 34, 54 adjacent Ta205 hi gh- K o5dde insul ator |ayer 38,
58, a highly selective etch is available. The high-K oxide insulator |ayer
conprised of Ta205 is very chemcally stable and requires a strong acid
such as HF in orderlkg_e% h it. However, the indiumtin oxide conductor

| ayer 36, SEHEMEE f @ Stepedons/indbe firshesbediswanécrpvidl mwitrepairapgr
phase HCl etch is wused to selectively etch indiumtin oxide relative to
Ta205 as sH IEisﬁgFig. 5. In the event that the etch to be used does not
have good selectivity, it is possible to conpensate by depositing a
slightly thicker high-K oxide insulator |ayer 38, 58 and then use that

rel atively non-sel ective etch to renove the exposed portion of underlying
conductor |ayer 36, BiflyAanysaouin pirthdié(g) 5% ares RpRired Sy %E&*ihﬁlﬂi’élleﬂla&%d
al l owed so that some wundercutting of the conductor [layer , 56 1s

produced, lasrestoxide edndittorTagerlSs belowlpfhdidik) 2808 ?ﬁfogén g\ﬁaglgfggggﬁogx posed

conductor | ayer 36, 56 under pinhole 39, 59 uncove a portion

of under | ymeglMeyad! 50;a868owal RHes Y S in Fig,.6, .a

subsequent anngg? in an oxidi z1 ng gn@‘?%ﬂ?% B8/ HBfEnt R datin? 1
exposed underlying bottom metal layer 50 as shown in Figs. 5 and 6 and as will be

discussed in greater detail below.

As shown in Fig. 3, after the repair of any pinholes 59 in high-K oxide
insulator layer 58, upper oxide conductor layer 60, which may be selected from the
group of oxide conductors such as indium tin oxide (In203:5n), tin oxide (Sn0O,), -
zinc oxide (ZnQ), ruthenium oxide (RuQ,), etc., ié then deposited over pinhole
repaired insulator layer 58. Upper oxide conductor layer 60 has a thickness from

“about 100 to 400A. Upper oxide conductor layer 60 suppresses the oxygen vacancies

that Would otherwise be generated by the reaction between adjacent oxide insulator

R

layer 58 and upper metal layer 70 by separating oxide insulator layer 58 and upper

metal layer 70.
- Upper metal layer 70 is then deposited over upper oxide conductor

layer 60 to form MOM capacitor 300. Upper metal layer 70 may comprise upper.

» main metal laye¥ 72, which preferably Al, over upper barrier metal layer 74, which

5 y



causes enough of the exposed bottomnetal |ayer 30, 50, for exanple |ower

TiNTi layer 34, 54, to formenough oxide, e.g. TiON, at 34a, 54a toiﬁﬂégthN 2

partial fill, and thereby repair pinhole 39, 59 by the insulating ef

of oxidized netal |ayer 34a, 54a. MOM capacitor 200, 300 may then be

conpl eted as detail ed above in .the second and third enbodi nents,
respectively. Summarizing, for the MOM capacitor 200 of the second

enbodi nmen i netal lLayer 40 i§ depgsited over anneal ed, '
pi nhol e 3 r&%%%’ﬁ%’ gr)c‘iN %ﬁgﬁ%‘k“%&‘?f&é‘“ﬁ%%mﬁ?wéﬁ BPetg et YRDRP haapaci t or
200. For the, MM capaci tor 0 the third enbodiment (Fig. 3), upper

oxi de conéﬁ%k%?sslf@gla %ﬁtol(oﬁggoé UpRerpr@in getal dayes 5o bips a dhiskessdrameal ed,
pi nhol e 59 repai.red &k‘gh- oxi de insulator layer 58. Upper netal |ayer 70
is then dé’%B‘Hf tos4Pg u?ﬂngPB% breTieb matiektlayen Hykas sthiciness fuonMEdout
capaci tor _300. ile particular enbodinents of the present invention have
been il d8¥fuf¥f-and described, it is not intended to linit the invention,
except as defined by the following clains. 20 kJ 8 JUN 201 Clains 1. A

nmet hod of fabricating a netal -oxide-nmetal (MOVM) capacitor, conprising the

steps of: depositing a bottom netal |ayer;
Repair of Pinholes in Lower Oxide Conductor Layer Capacitors

" Fig. 4 is an enlarged illustration of a sample pinhole defect 39, 59 of
the second and third embodiments, respectively, of the present invention which
include very thin lower oxide conductor layer 36, 56, separating high-K oxide

jnsulator layer 38, 58, from bottom metal layers 30, 50, respectively.

To avoid the deleterious effects of pinholes 39, 59, pinholes 39, 59
must be repaired. However, because lower oxide conductor layer 36, .56 masks
bottom metal layer 30, 50 annealing of high-K oxide insulator layer 38, 58 will not
‘allow repair of pinhole defects 39, 59 as is done in the first embodiment that has

) only upper oxide conductor layer 18.
One way to avoid this difficulty is, of course, to just fabricate the

capacitor of the first embodiment, that is using an upper oxide conductor layer 18 to

separate upper metal layer 20 from high-K oxide insulator layer 16 without any

17



.depositing a high dielectric constant oxide insulator |ayer over saidg

.bottem netal |ayer; said high dielectric constant oxide insulator | a&e& JUN 2004
havi ng one or nore pin hole defects; wherein said high dielectric constant
oxide insulator layer is conprised of a material selected from the group
conprising Ta205, SrTiG8, BaTi03, SrTiO 3, (Ba, Sr) Ti03, Pb (Zr, Ti) 03,

SrBi 2Ta20 ) (SBT) , (Pb, La) (Zr, Ti) 03, and Bi,Ti 3012 ; annealing said

t t i i en Q._._cause i d.exposed baottompetal to
Form a-necare bt CorbRboP Tyt Sebar B RESE GGt BRRTRR TRy AdraR S t o

repair sai [ f.ects; depositing an upper oxi de conductor |ayer
over sai d%}@éﬂn{(}?éelﬁ@ge[%rllﬁb constant oxide insulator |ayer; said upper

oxi de conductor layer is conprised of a material selected fromthe group
conprising indium tin oxide (1n2G3: Sn) , tin oxide (Sn02) , zinc oxide
(ZnO) , and rutheni gﬁn oxi de (Ru02) and depositing an upper netal |ayer over
sai d upper oxide coftfustasrentable for shatdasigreandmeedssarayior MOSprapaeisomn

‘upper .
where any lower oxide conductor layer separating the high-K oxide insulator layer
from the semiconductor layer would short the semiconductor source/drain.

However this will not suffice for the second embodiment and the third, preferred,

3 embodiment of the present invention.

To solve this pinhole 39, 59 repair problem of the second embodiment
and the preferred third embodiment, the inventors have discovered the following

method illustrated in Figs. 4 - 6.

As shown in Figs. 4, a very thin lower conductor layer 36, 56 is used to
- separate high-K oxide insulator layer 38, 58 from bottom metal layer 30, 50. The

very ‘thin condu;tor layer 36, 56 has a thickness below about 100A.

R—

Deposition of high-K oxide insulator layer 38, 58 over lower conductor
layer 36, 56 may result in the formation of number of pinholes through insulator
layer 38, 58, such as pinhole 39, 59. Pinhole 39, 59 exposes a portion of underlying

conductor layer 36, 56.

18



Al |l ayer over an upper TiN layer, and said bottomnetal |ayer conprigggganzmm

l.ower -barrier metal |ayer over a lower Al 21 JUN 2004 |ayer; wherein
bottom netal |ayer includes a |ower barrier metal adjacent said high
dielectric constant oxide insulator layer and said |ower barrier netal

| ayer being selected fromthe group conprising TiN and TiNTi layer. 2.
The nmethod of claim1l, wherein said bottomnetal | ayergl ncl UdFSt a biarrletrar
metal | ayer adjacent ' | 18P o di ' . I nsyl at or .| ay
and sai dyupperJ met aﬁgﬁ’gs‘gg lﬁﬁgu%gs%éﬁg%rﬁgp?&%%ﬁ Q%jéyglre 62‘8# 5%%9&01?%e

upper 0x1 dRaSOSNE Hi kauale RAHSR SePRIELELIBLAL L oyer . bel ng @ rt

nitride selected fromthe group conpri's t hod

[ ' [ ' 0 to 4000A
of claim1.,W88L8EkHN |§% tggt&o net a | ayer .isb. out 1(2'0 000/
(i s UK B8 bR Iy vy o Wiwolamoklence
. or ) :
ot al 1 ayer B B B 5O sB A B GORT heiPE layer 36, 36 ey be wet o dry eich,

or a vapor phase etch.

For ekample in the preferred In203:5n oxide conductor layer 36, 56,

Ta205 high-K oxide insulator layer 38, 58, and bottom metal layer 30, 50 comprised

P

-of lower Al layer 32, 52 covered by lower TiN/Ti layer 34, 54 adjacent TapOg high-
K oxide insulator layer 38, 58, a highly selective etch is available. The high-K oxide
insulator layer comprised of Ta2O5 is very chemically stable and requires a strong
acid such as HF in order to etch it. However, the indium tin oxide conductor layer
36, 56 may be easily etched by HCI. Thus a selective wet / vapor phase HCI etch is

used to selectively etch indium tin oxide relative to TapO5 as shown in Fig. 5.

In the event that the etch to be used does not have good selectivity, it
is possible to compensate by depositing a slightly thicker high-K oxide insulator
layer 38, 58 and then use that relatively non-selective etch to remove the exposed

portion of underlying conductor layer 36, 56.

As shown in Fig. 5, some over-etch should be allowed so that some

undercutting of the cond'uctor layer 36, 56 is produced, as shown at 90. The

. '[



4. A nethod of fabricating a netal-oxide semn conductor caegcr:: tio:] (M:ﬁ)ﬂ JUN 2004
.conprising the steps of: providing a structure having an o l'yi ng ! at

sem conductor |ayer; depositing a high dielectric constant oxide insulator

| ayer over said semiconductor |ayer; said high dielectric constant oxide

i nsul ator layer having one or nore pin hole defects; annealing said

structure in an oxidizing anbient to cause said exposed sem conductor to

form an oxitey Rbr-bhe c@%x‘:&se&%naubtofo e?%]%g%g l ol eh%aggl a l%e[rfg Iar|1| 'ng

said one or nore pin : e defec;; repdlor sala ok di ol eotrh o
deposi t i NQxBBsddARSIriB% lof BnGANAHE L2LcaT ;

const ant o>><< dse | lflat gr i &gﬂ ganc}ac}g% %’Icﬁﬁ%ﬁ &0 me]t a: Iaye.rng?/ﬁ(rjes
sai d upper oxide conductor |ayer; mhereln sai d upper netal |ayer i _

a barrier nmetal |ayer adjacent said high dielectric constant oxide

[ | ayer, sai,d barrier netal |ayer being a
I nsul at or y As shown 1n Fig. 6, a su sequent anneal in an oxidizing ambient

causes enough of the exposed bottom metal layer 30, 50, for example lower TiN/Ti
layer 34, 54, to form enough oxide, e.g. TiON, at 34a, 54a to partial fill, and thereby

repair pinhole 39, 59 by the insulating effect of oxidized metal layer 34a, 54a.

MOM capacitor 200, 300 may then be completed as detailed above in
the second and third embodiments, respectively. Summarizing, for the MOM
capacitor 200 of the second embodiment (Fig. 2), upper metal layer 40 is deposited

- over annealed, pinhole 39 repaired, high—K oxide insulator layer 38 to form MOM
capacitor 200. For the MOM capacitor 300 of the third embodiment (Fig. 3), upper
oxide conductor layer 60 (not shown in Fig. 6) is deposited over annealed, pinhole
59 repaired, high-K oxide insulator layef 58. Upper metal layer 70 is then deposited

over upper oxide conductor layer 60 to form MOM capacitor 300.
While particular embodiments of the present invention have been

111ustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

2.9 o |  |



metal nitride selected fromthe group conprising TiNand TiNTi. 5 The

nmet hod of claim4, wherein said sem conductor |ayer is conprised of %BJUN o8
material selected fromthe group consisting of polysilicon, doped 4
polysilicon, and a polycide. 6. The nmethod of claim4, wherein said high
dielectric constant oxide insulator |layer is conprised of a materi al

sel ected fromthe group conprising Ta205, SrTiG3, BaTi(3, SrTiG3, (Ba, Sr)

Ti 03, Pb(Zr, Ti) 03, SrBi2Ta209 (Sél‘% Pb, La) (Zr, Ti) 03, and

Bi 4Ti 3012 i sai d upper oxide conduc jim ayer is conprised of a materi al
selected fromthe group conprising indiumtin oxide (1n203 Sn), tin oxide
(Sn02), zinc_oxide éZnO%, and rut heni um oxi de (Ru02); and sai d upper

metal |ayer cdnpriSe®ehidpperiapricsicnoemets uﬁ’ﬁéﬂeﬂ“ﬁl‘:aia)@@?m 7. The

net hod ofcaglariifod, whepeiBisg chappesp,oXide conductor layer from about 100
to 400A thick; said oxide 23 M8 JUN 2004

depositing a bottom metal layer;

depogiting a high dielectric constant oxide insulator
layer over said bottom metal layer; said high dielectric
constant oxide insulator layer having one or more pin hole
defects; wherein said high dielectric constant oxide
insulator layer is comprised of a material selected from
the group comprising Ta,0s, SrTiO;, BaTiO,;, SrTi0O., (Ba,
Sr)TiC3, Pb(Zr, Ti)O3, SrBi,Tas0s (SBT), (Pb, La) (Zr, Ti)Os,

and Bi4Ti3012 H

annealing said structure in an oxidizing ambient to
cause said exposed bottom metal to form a metal oxide
partially filling said one or more pin hole defects to

repair saild pin hole defects;

depositing an upper oxide conductor layer over said
high dielectric constant oxide insulator layer; said upper
oxide conductor layer is comprised of a material selected
from the group comprising indium tin oxide (In,03;:Sn), tin
‘oxide (8n0;), zinc oxide (Zn0), and ruthenium oxide (RuO,};

and

depositing an upper metal layer over said upper oxide
conductor layer; said upper metal layer comprises an upper
Al layer over an upper TiN layer, and said bottom metal

layer comprises a lower barrier metal layer over a lower Al
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insul ator layer is fromabout 50 to 500A thick; and said upper "Etabféaﬁﬁrzmy
from about 1000 to 4000A thick. 8. A nethod of fabricating a

net al - oxi de-nmetal capacitor, conprising the steps of: depositing a bottom
netal |ayer; depositing a | ower oxide conductor |ayer over said bottom

metal |ayer; depositing a high dielectric constant oxide insulator |[|ayer

over said | ower oxide conductor |ayer; said high dielectric constant oxide

i nsul ator. | ayer having one_or nore pin hole defects exposing the
under | yi 1§Y&4i' d¥h6WErD 8% dePRbHeciora] dysier dnelivAgssai 4o¥kPosed | ower

oxi de comguctier haygl 59? 2EEADVEL 51 i J1DWBIe 10048 copduehar bayer under
said one or _nore Eln hol e defects exposing the underlying said bottom

met al | ay@Pulanesal pHgrsand seidctewer ipumteoxingitzilngayabi baing at nospher e
111 ng Sag saa gro, Pt IR e b Bnd s Pl Nl 2 8P Rol o derect s:
depositing an
2. The method of claim 1, wherein said bottom metal

layer includes a barrier metal layer adjacent said high

dielectric constant oxide insulator layer and said upper

metal layer includes a barrier metal layer adjacent the

upper oxide conductor layer, each said barrier metal layer

being a metal nitride selected from the group comprising

TiN and TiN/Ti.

3. The method of claim 1, wherein said bottom metal
layer is from about 1000 to 4000A thick; said upper oxide
conductor layer is from about 100 to 400A thick; said oxide
insulator layer is from about 50 to 500A thick; and said

upper metal layer is from about 1000 to 4000A thick.

4, A method of fabricating a metal-oxide

semiconductor capacitor (MOS), comprising the steps of:

providing a structure having an overlying

semiconductor layer;

depositing a high dielectric constant oxide insulator
layer over said semiconductor layer; said high dielectric
congtant oxide insulator layer having one or more pin hole

defects;

annealing said structure in an oxidizing ambient to

cause said exposed semiconductor to form an oxide of the
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upper oxi de conductor |ayer over said repaired high dielectric conductor

oxi de |l ayer; depositing an upper netal |ayer over said upper oxide F?BJUszﬁ
conductor |layer to forma netal -oxide-netal capacitor. 24 0 S JUN 200* 9.

The nethod of claim8, wherein said bottomand upper netal |ayers each
include a barrier netal |ayer adjacent said high dielectric constant oxide

i nsul ator |layer, said barrier netal |ayer being conprised of a netal

nitride Ia 0. The_method of , claim8, wherein said oxide insulator
| ayer is ﬁHﬁPP BELEF éaﬁafew%‘rl@e%cﬁ@dhfn@o;ﬁal@h@nﬁr BHPMEBRFPP B ng:

Ta2C) 5, $iclic03erBalk080 Sedh03, 4188 in HJ1eTidBeckl,(Zr, Ti) 03, SrBi2Ta209
(SBT) , (Pb, La) (Zr, Ti) 03, and Bi4Ti30 L2; said |ower and upper oxide

conductor |ayers being conprised of a naterlal sel ected fromthe group

conpri sing inﬁ%ﬁ&b&tﬂngxaﬂe %ég@@?x Qxig QSQQQ% fal&lnc oxi de

(ZnO) , and rutheni um oxi de sal uppe nmetal Tayer being
conpri sedigh dﬁe&ppérlﬂlC@@g@&nbv@xldﬂ11nsulator layer; and

depositing an upper metal layer over said upper oxide
conductor layer; wherein said upper metal layer includes a
barrier metal layer adjacent said high dielectric constant
oxide insulator layer, said barrier metal layer being a
metal nitride selected from the group comprising TiN and

TiN/Ti.

5. The method of claim 4, wherein said semiconductor
layer is comprised of a material selected from the group
consisting of polysilicon, doped polysilicon, and a

polycide,

6. The method of claim 4, wherein said high
dielectric constant oxide insulator layer is comprised of a
material selected from the group comprising Taz0s, SrTiOs,
BaTiO;, SrTi0O;, (Ba, Sr)Ti0;, Pb(Zr, Ti)Os, SrBi,Ta,0y (SBT),
(Pb, La) (Zr, Ti)0;, and Bi,Ti3;0;;; said upper oxide conductor
layer is comprised of a material selected from the group
comprising indium tin oxide (In;0:;:8n), tin oxide (Sno.),
zinc oxide (Zn0O), and ruthenium oxide (Ru0Q,); and said upper
metal layer comprises an upper Al layer over an upper TiN

layer.

7. The method of claim 4, wherein said upper oxide

conductor layer from about 100 to 400A thick; said oxide
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upper Ti N layer, and said bottomnetal |ayer being conprised of a Ioaer -
barrier |layer over a lower Al layer, said barrier |ayer being conpri BiIHN 2004
a material selected fromthe group conprising TiNor TiNTi layer. 11. The
met hod of claim8, wherein said oxide insulator |ayer is conprised of

Ta205; said | ower and upper oxide conductor |ayers are conprised of indium
tin oxide; said upper netal |ayer conprises an upper Al |ayer over an

upper Ti NI d said b?tton1netal | ayer cqnprises a _|ower barrier

| ayer ovéﬁsgﬁggﬁéﬁgﬁyeFa§§r,r%%j%P%HﬁrﬁQﬂtoI%%ﬂé’tﬁépﬁg BBApPPLed of a

mat eri al upglectedalr 0aVEREE 860 URoo @M d Sided abioNzand: EkNV Ti layer; and said
etching of said exposed |ower oxide conductor |layer is selected fromthe
group conprising: a wet HCl etch; a vapor phase HCl etch, and a dry etch.

25 12. The neghod gf ,elabm 8 whereln sal m | er from about
1000 to 4000A thick;msaid | ower ofﬁﬁgnﬁg%%bﬁg%gg ngég FEL%%|OM/abOUt 100A

t hi ck; s&ippagiicas. tasprasong|@lyerstieps radfm about 50 to 500A thick; said
upper

depositing a bottom metal layer;

depositing a lower oxide conductor layer over said

‘bottom metal layer;

deposgiting a high dielectric constant oxide insulator
layer over said lower oxide conductor layer; said high
dielectric constant oxide insulator layer having one or
more pin hole defects exposing the underlying said lower

oxide conductor layer;

etching said exposed lower oxide conductor layer to
remove said lower oxide conductor layer under said one or
more pin hole defects exposing the underlying said bottom

metal layer;

annealing said structure in an oxidizing ambient
atmosphere to cause said exposed bottom metal layer to form
a metal oxide partially filling said one or more pin hole
defects to repair said pin hole defects; depositing an
upper oxide conductor layer over said repaired high

dielectric conductor oxide layer;

depositing an upper metal layer over said upper oxide

conductor layer to form a metal-oxide-metal capacitor.
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oxi de conductor layer is fromabout 100 to 400A thick; and said uppgi

nmetal |ayer is fromabout 1000 to 4000A thick. 13. A nethod of fabri lai‘ﬁa“' 200%
a netal -oxide-netal capacitor, conprising the steps of: depositing a

bottom netal |ayer; depositing a bottombarrier nmetal |ayer conprised of a
metal nitride, over said bottomnetal |ayer; depositing a | ower oxide
conductor |ayer over said bottomnetal nitride |ayer; depositing a high

dielectric constant_ oxide insulator |ayer over said | ower oxide conductor
| ayer; said hi‘gh dPelBEEPPE cbretait Sxivtensisursader PPayer #89ing one or

nore pinuiples dekact $agxpastagnt he-underd W 133l dekauer 5,0xi de conduct or
| ayer; etching said exposed | ower oxide conductor |layer t0O renove said

| oner oxi®dd 2c6AGuERSE agkrdimbertsin ;U sde phauhaterdefects
eXPOSI NG 1Ll iNd8t |5V bAY, $8E AnlEL Al 1 2t Nl AR5 30RCEE! DO, gaLLl Structure

In an oxidizing anbient to cause s expo rrirer nmetal nitride |ayer
to form aitride layer.

10. The method of claim 8, wherein said oxide
insulator layer is comprised of a material selected from
the group comprising: Ta,0s, SrTiOs, BaTiO;, SrTi0,;, (Ba,
Sr)TiO;, Pb(Zxr, Ti)O;, SrBi,Ta,0, (SBT), (Pb, La) (Zr, Ti)Os,
and BiyTii015; sald lower and upper oxide conductor layers
being comprised of a material selected from the group
éomprising indium tin oxide (In,0s;:8n), tin oxide (8no0;),
zinc oxide (zZnO), and ruthenium oxide (RuO;); and said upper
metal layer being comprised of an upper Al layer over an
upper TiN layer, and said bottom metal layer being
comprised of a lower barrier layer over a lower Al layer,
said barrier layer being comprised of a material selected

from the group comprising TiN or TiN/Ti layer.

11. The method of c¢laim 8, wherein said oxide
insulator layer is comprised of Ta;Os; said lower and upper
oxide conductor layers are comprised of indium tin oxide;
said upper metal layer comprises an upper Al layer over an
upper TiN layer, and said bottom metal layer comprises a
lower barrier layer over a lower Al layer, said barrier
layer being comprised of a material selected from the group
comprising TiN and TiN/Ti layer; and said etching of said
exposed lower oxide conductor layer is selected from the
group comprising: a wet HC1l etch; a vapor phase HCl etch,

and a dry etch.

25




26 oxide of the barrier nmetal sufficient to repair said one or nore 48 JUN

pi nhol e defects; depositing an upper oxide conductor |ayer over said 2004
repai red high dielectric conductor oxide |ayer; depositing an upper barrier
netal |ayer over said upper oxide conductor |ayer; said upper barrier

netal |ayer being conprised of a netal nitride, and depositing an upper

netal |ayer to forn1a met al - oxi de- netal capacitor. 14. The method of
claim13, mher | ayer is conprised of a materi al

% id ox nsulator
sel ected from* the g?oﬁﬁtéﬁﬁp?# IREM B209lersiTy 63 19BRPFHI™ ETEL8,  (Da,
Sr) Ti031aRkr fﬁam,aEbﬁt0§OG@r£$zﬂ§§5h(tﬂfﬂir kaid (BRerl8Xifer, Ti) 03,

and Bi 4Ti 3O L2 ; said | ower and -upper oxi de conduct or | ayers being
conpri se@FAUETREL éRVEF S8l keted 4@Q#ﬁt%ﬂ9%yﬁhﬂ§k:c§ﬁﬁﬁl@Kh@e indiumtin

oxi de 1n2@31,18R) laytekn OxEfdSy 4N P)s0 £ IGA )ﬁ'hqgk(é-zggld u}g}ggrr ut heni um

oxide RU02) ; and said bottom and upper neta l"ayer ei ng nprised of
Al . 15. Prédgecrhodustor| davel 3is whereiabsed dooXitde400A thick; and

said upper metal layer is from about 1000 to 4000A thick.

13. A method of fabricating a metal-oxide-metal

capacitor, comprising the steps of:
depositing a bottom metal layer;

depositing a bottom barrier metal layer comprised of a

metal nitride, over said bottom metal layer;

depositing a lower oxide conductor layer over said

bottom metal nitride layer;

depositing a high dielectric constant oxide insulator
layexr over said lower oxide conductor layer; said high
dielectric constant oxide insulator layer having one or
more pin hole defects eprsing the underlying said lower

oxide conductor layer;

etching said exposed lower oxide conductor layer to
remove said lower oxide conductor layer under said one or
more pin hole defects exposing the underlying said metal

nitride layer;

annealing said structure in an oxidizing ambient to

cause said exposed barrier metal nitride layer to form an
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I nsul ator layer is conprised of Ta205; said | ower and upper oxide @‘BJUN' .
conductor |ayers being conprised of indiumtin oxide;, said bottoma ' 200%
upper netal |ayers being conprised of Al; said bottomand upper barrier

netal |ayers being conprised of TiN, and said etching of said exposed

| ower oxide conductor layer is selected fromthe group conprising: a wet

HC1 etch, a vapor phase HCl1 etch, and a dry etch. 27

oxide of the barrier metal sufficient to repair said one or

more pinhole defects;

depositing an upper oxide conductor layer over said

repaired high dielectric conductor oxide layer;

depositing an upper barrier metal layer over said
upper oxide conductor layer; said upper barrier metal layer

being comprised of a metal nitride, and

depositing an upper metal layer to form a metal-oxide-

metal capacitor.

14. The method of claim 13, wherein said oxide
insulator layer is comprised of a material selected from
the group comprising: Ta,0s, SrTi0O;, BaTiO;, SrTiO., (Ba,
Sr)TiQ;, Pb{Zr, Ti)O;, SrBi;Ta,0s (SBT), (Pb, La) (Zr, Ti)O0s,
and BisTi3;0:12; said lower and upper oxide conductor layers
being comprised of a material selected from the group
comprising: indium tin oxide (In,0;:Sn), tin oxide (8no,),
zinc oxide {ZnO), and ruthenium oxide (Ru0;); and said

bottom and upper metal layers being comprised of Al.

15. The method of claim 13, wherein said oxide
insulator layer is compriéed of Tay0s5; said lower and upper
oxide conductor layers being comprised of indium tin oxide;
said bottom and upper metal layers being comprised of Al;
said bottom and upper barrier metal layers being comprised
of TiN; and said etching of said exposed lower oxide
conductor layer is selected from the group comprising: a

wet HCl etch, a vapor phase HCl etch, and a dry etch.
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