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conductors, such as parallel metal or polysilicon plates, which act as electrodes. The

electrodes are insulated from each other by a dielectric material. With the continual
shrinkage of microelectronic devices, such as capacitors, the materials traditionally used in
integrated circuit technology are approaching their performance limits. Silicon dioxide
(“Si0,”) has frequently been used as the dielectric material in capacitors. However, when
a thin film of SiQ, is formed, such as less than 5 nm in thickness, the film has defects,
which leads to high leakage. This deficiency has lead to a search for improved dielectric
materials. High quality, thin dielectric materials containing Group IIA metal titanates,
such as strontium titanate (“SrTiO;” or “STO), barium titanate (“BaTiO;”), or barium
strontium titanate (“(Ba;Srx)Ti05") are of interest to the semiconductor industry because
these materials possess higher dielectric constants than SiO;. These dielectric materials

are typically formed by chemical vapor deposition (“CVD”) or atomic layer deposition
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acconpanying drawmngs in which: FIG 1 is a
cross-sectional view of an enbodi ment of a high-k
structure forne i t r i nventi on;
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formed according to the present invention;

FIG. 3 is a plot of dielectric constant (k) versus frequency for STO films formed
according to embodiments of the present invention;

FIG. 4 is a plot of capacitance density versus frequency for STO films formed
according to embodiments of the present invention; and

FIG. 5 is a plot of current versus voltage for STO films formed according to

embodiments of the present invention.

MODES FOR CARRYING OUT THE INVENTION
The following description provides specific details, such as material types,

material thicknesses, and processing conditions in order to provide a thorough description
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The high-k structure may be formed on a substrate. As used herein, the term
“substrate” refers to a base material or construction upon which the high-k structure is
deposited. The substrate may be a semiconductor substrate, a base semiconductor layer
on a supporting structure, a metal electrode, or a semiconductor substrate having one or
more layers, structures, or regions formed thereon.

The high-k structure may be formed from multiple portions of a high-k material,

such as a perovskite-type material having the general chemical structure of ABO;, where
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substrate may be a conductive material, such as polysilicon or a metal including, but not
limited to, platinum, aluminum, iridium, rhodium, ruthenium, titanium, tantalum,
tungsten, and alloys thereof, as well as combinations thereof. As deposited, the portion of
the high-k material may be in a substantially amorphous state and have a low k.

The deposited portion of the high-k material may be annealed at a temperature
greater than or approximately equal to a temperature at which the high-k material

transitions from an amorphous state to a crystalline state. This temperature is referred to
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By depositing and annealing the multiple portions 4 of the high-k material, a
crystalline template for subsequent film growth may be provided. In addition, growth and
control of the amorphous to crystalline phase content of the high-k structure 2 may be
controlled. Without being bound by a particular theory, it is believed that the anneals of
the high-k material enable the high-k material to change from the amorphous state to a

substantially crystalline, perovskite state. As a result, the high-k structure 2 may be ina
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ruthenium, titanium, tantalum, tungsten, alloys thereof, or combinations thereof, or
polysilicon. To form the capacitor, each of the first electrode 18 and the second

electrode 20 may be deposited by conventional techniques, such as by sputter deposition,
CVD, ALD, or other suitable technigue. For instance, the first electrode 18 and the
second electrode 20 may be sputter deposited at room temperature. The high-k structure 2

may be formed, in multiple portions 4 as described above, over the first electrode 18. The
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shown in FIG 2. The nenory device 12 includes the
WQ2(9889408Y, a silicon-containi;ng |ayer 14, andP@I/US2007/084615

conductive |ayer 16. Only those process acts and

structures necessary to understand the enbodi ments of

the present invention are described in det a| I beI ow
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substan irst electrode 18
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oP @xaﬁhﬁb Sﬁl?feﬂe buha {thR@ke 2 W'use@%@g@ﬁe@eﬁ@@hﬂabie devices,

ocess, I n an oxidizing environnent.
dbcmﬂzngnmasltors rm;gaibehaicﬂﬁm;ct ed at a tenperatur e

t he eri a
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approxi mately 545C to approxi mat el y 650C. The final

pémaletaﬂof pesiongpiihe STOTNRER:] ndirsidatmarEybsEte. Brea LR cycle
AR PyepfiRRS ol b & ARGOEdr Rl B ORGP0 il

stru C
;ﬁéb@ﬁdo@e’hhto&hb WIEY M&h&ief thﬁemcllnédisﬂhs ﬁrst plastnah gubsTae. Strontium

final anneal may al so |rrprov n interf bet we t he
nglrﬁﬂks AR P OTEURRE LHEDIF for dprmig thesHb gor DY ALD arc well

18hL&GGR AHes 48, thg%for@;a}%ﬁottd%&rfbb@ 8l dngatin. Fhemb %zQJé -of example

structure 2 may stantially honogeneous and may
dady, shibstoatitiiardoyrsor yay alchidecbut Theot Aingted ko, stayolopentaldignyl

RO STRUSIERTs 6REoTIEr BogEUbE0aRE ey SRC TS
©ENPHBH ) N ohAYE (teRimAhNBEpt Slckitmbie), Sr @, 1, N,); (“Sr(diketimine),” or
“SDBK™), or combinations thereof. The titanium precursor may include, but is not limited
to, titanium tetramethoxide, titanium tetracthoxide, titanium tetra-n-propoxide, titanium
tetraisopropoxide, titanium tetra-n-butoxide, titanium tetra-t-butoxide, titanium tetra-2-
ethylhexoxide, tetrakis(2-ethylhexane-1,3-diolato) titanium, titanium diisopropoxide
bis(acetylacetonate), titanium diisopropoxide bis(2,2,6,6-tetramethyl-3,5-heptanedionate),

titanium bis(ethyl acetacetato)diisopropoxide, bis(ethylacetoacetato)



perovskite-type material is desired, such as in

optical or tuning applications. For the sake of
W@WHH493Dnl y, the high-k strycture 2 may be UBEHUPP07/084615

hi gh-frequency tunabl e devices, decoupling

capacitors, or gate dielectrics. For the sake of
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bls(ethyl acetacetato)dllsopr%EOX|
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Pagr r}ags 2218/ gllngggﬁi;?ag rhakt)l#% tl'iﬁﬁﬂg gtgtteo)AtH& ﬁgﬂoléﬁnng and annealing the last

poRiohafitsd SIT @hl’hlférﬁmars@&dﬂdtp@d‘tinuﬂ‘i substrate may be formed over the STO
tetraki s(ethyl nethyl am no)-titaniu

layet ard WW¢W w&eéiﬂaHaﬁmanép%b 8% Aicfetpmperature of approximately

4 P
Dbt E P e Pk i Rt PRk SRt The SEQ gy bern
a)subﬂﬂntfaﬁgr‘ﬁmallimnperbmeemte The portion of the STO
mat eri al  may be deposited at Srature gf . ..
appr oeriRletps SIS Serﬂ‘??etoeéfﬂa%ﬁe(f% PR rtnGpreppt nggpyion m
HRLQEaE! T ?E%ﬁ%g@Lf@ﬁJt%‘Eé BddsHu@MRrREUShakCe HeHRAIsHR s to the
portion o O material may be annealed at a
stepepeitiat urventis. t hin a range of from approxi mately 545
Cto approximately 625 C, such as from approximtely
550 C to approximately 600 C. The deposited portion of
the STO material my be amxambrd for an anount of
time within a range of from approximately 2 mnutes
to approxi mately 15 mi nut e8xanpdedver, the anneal tine

may p %JOUStc? Electncal Properties of 15 nm, 31 nm, and 100 nm STO Films

STO stacks having an STO film positioned between two layers of platinum were
formed. Each layer of platinum (“Pt”) was sputter-deposited to a thickness of 30 nm.
STO films having a total thickness of 15 nm, 31 nm, or 100 nm were formed by



depending on the tenperature used in the anneal. If a
| ower tenperature is used, the anneal tinme maybe

WO gWg8s408han t he above-nentingd range. ConverBElS$2007/084615
a higher tenperature is used, the anneal tinme may be
shorter than the above-nentioned range. The annea
may be conducted in an oxygen environnent. Additiona

portions of the STO material osi ted
cofuetinieanuitipls Aeld @ps parrabpsies, With ?%q% fﬂ%ﬁ aprbannea Jete producing a

glni.he STO layer is achieved. After each
%ﬁ%ﬁgfﬁéﬁggf new y-deposited portion of the STO
mat efTo &rmmthy 1beam $TQ fikubs$ ant poatidnyoithy STAIhiteral staadeposited

Af ter itin adann aI| thelas
b kv Ras eetfsCe RO itk Aol Shie PRy Shes

dé@gﬁ@pasqgggwg he STO | ayer and the struct ure may be

finally anneal ed, such as at a tenperature

appr 6‘xpm¢re¢qpu1®d@0 &)/ purga (Fxspgrexidrey %ﬁﬁ@ﬁ@)/me (20 sec) =1

appr 3x?smckl y 5 nminutes. The STO layer may be in a

subsSapict@sdrypulsey( 30 sdch/bmee (Plesoyskilizer Qf @aec)ffuege (30 sec) =1

foll gym')ngc}@xarrpl e serves to expl ai n enbodi nents of the

pr esgptowA V& Yhi/ih, 130 sedDg(Escdet ai | . This exanple is not

:geb?iﬁ%‘&?tﬂ@&% %1?§4@§é@g?@gggaustlvel gr g;lﬂglslevi as to
For |OBC%;8 Pg F“Féooperu es of 15 nm 31 nm
and o %HH* STO film
posi t1° évdra \?/es 3 %rrrgmgfe fgﬁé f’%u%ﬂ\ﬁg? e

for BOCGWFFSPI&y °8’f‘ inum ("Pt") was

sput VEPoHSH @Félilﬂeéﬁu#ﬁ “thi ckness of 30 nm STO filns

havi dguta apgnoalmattﬂvél%ﬂ°é%§5%f3 15 nm 31 nm or 100 ntn
were formed by WO 2008/ 064035 - 9 _ PCT/ US2007/ 084615
cond @t My, mdl Sr()piyeleé\waeaapbamalrte abtaoytbt 8sym pértibn efibh STO

ALD. and anneal cle pr a. portion of the STO
natqrip) W?B‘F‘rﬁ W@W&ﬁ%&gp “a 5 nmportion of

the %E@tf&ﬁ%ﬁs?ég%& oP@HoHEROS nhshd AP wike dfdubte®ntd the

first platinumlayer. Eacth portion of 'the STO materi al
desised thiepﬁss oRlP 1ms was hthoewsd. Tio fpmether3d oyrm BliOsiny, @@approximately

1358] PO B 3 TEPBMERE 5P Bhon B b AL PR LR i glginum
1430 @mé&w hingAat 95?0°(($ 0A @GR B2 SE c(f%@p&ﬁﬁ*)g approxin®it€ly 10 nm
aggll gnn%al?z&g \E/elgavgondéc?ed untlgnthg deg’n(")f:ds’thl((::]tscx-less6 gf 31 nm was achieved. To
form the 100 nm STO film, a 20 nm portion of the STO material was deposited by ALD at
300° C on the first platinum layer, followed by anneal at 550° C. Additional stages of
depositing 20 nm and annealing were conducted until the desired thickness was achieved.
A second platinum layer was deposited over the 15 nm STO film, the 31 nm STO film, or
the 100 nm STO film, and the STO stacks were subjected to a final anneal at 600° C. The
15 nm, 31 nm, and 100 nm STO films were substantially crystalline.

Elecirical properties (dielectric constant, capacitance density, and leakage current
density) of the STO films were measured by conventional techniques. A plot of dielectric
constant (k) versus frequency is shown in FIG. 3, a plot of capacitance density versus
frequency is shown in FIG. 4, and a plot of current versus voltage is shown in FIG. 5.

Table 1 provides a summmary of the capacitance densities, k, and leakage current densities

for these layers.
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STO films were either not annealed (as deposited) or were annealed at 550° C or 650° C,

as shown in Table 2.

Table 2: Electrical Properties of Control 100 nm STO films.

[O Stack Anneal Conditions | Capacitance kat 10kHz Leakage current
/STO/Pt Density I (Alem?) at
00 nm) f?/pmz at 10 kHz 1.5V

o anneal As deposited 1.1 12 2%x10-8

nneal 550° C/Oy/5 min 1.5 17 3x10-9

nneal 650° C/Oy/5 min - - Electrical short

STO films having thicknesses of 15 nm and 31 nm were also deposited in a single

portion by ALD. These STO films had electrical shorts and, therefore, capacitance

density, k, and leakage current density were not measured. The STO films formed
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STO films having thicknesses of 15 rimand 31 urn were
al so deposited in a single portion by ALD. These STO
WO R00886493% el ectri cal shorts ?Q therefore, PCT/US2007/084615
capacitance density, k, and [‘eakage current density
were not neasured. The STO filnms fornmed WO 2008/ 064035
- 11 PCT/ US2007/ 084615 wutilizing the nmultiple ALD
deposi tion and anneal cycl the final annea
(shown in Table 1) had hi@ﬁ%ﬁ& ielectric constants
V@Q@thmgkdhgakage current densities than the contro
STOfilnms (shown in Table 2), which were deposited as
a single portion. Wiile the invention nay be

susc vari o nodi fi cati ons and alternative
orné*nﬁggi?#ﬁgngﬁﬁﬁﬁuﬂ%ﬁ%gIﬂgyﬁé%een shown by way of
exanpirRiddh kBB kdtavh RGOSR %qi)lurﬁ‘l&?f of E&ﬁemﬂ@mﬁ bRendtérial,
detail herein. However, it shou e under st ood t hat
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to cover I catl ons ul va

al t er nat i w@®alired the Aghvid tbieriall he spirit and scope of
the invention as defined by the foll ow ng appended
claims. WO 2008/ 064035 -12- PCT/ US2007/084615 CLAI M5

Wiat )i s cipgl fﬁ%ﬁilob%f cthim ANH@‘&H%})(%EHWSA&QE f monojayers of the

structure conpri si ng cture om

haghpt mamhaitopnmﬁqs@aiqmmmsg 013 heghﬁ{ gllatelqaﬁ;'@t #omal layer Whpssetion.
each of the plurality of portions of the high-k
material is formed by: depositing a plurality of

monokayer ha K ki
S T i B T A

h@ﬁwa&nﬁlgcoammswﬁppwnm hngbﬂ@h&ym@d@ﬁ@d from thi gtouk consisting

t it t he hi.gh-
of st Blang S Righ 8« BR: bash ot Bl T dsbl, P
ZWERRERI tRarded) Rt LidighnamPlitebadtt tin@t, BNS] aXBRSune fitahfe, barium
hi gh- k mat eri al conpri ses dep03|t|n a high-k mat eri al

zgeInaen diganpieohatoig gid frad sragnetiym giobefe, b@mnw piobate, lithium
tz%ni'tél %o?assﬁ}narg&%a{t%anaétfuﬂp@ L&?f&'}l@éﬁ%@a g&?&ié\rﬂ%}talum niobate,

bhe@ad stramtunaniobatz] leabaiue: hibbasdheaymbagdiwinl dbatcharontum
titanate, barium 2|rcon|un1t|tanate haf ni um oxi de,

bisgudh Ratpiue Dirmuh Blatte, andicombmationsdBaeel | t hi um

tantal ate, potassium niobate, strontium al um num
tantal ate, potassiumtantal um niobate, barium
strodtiu niThe oteétod of kiran lb‘ahd:rﬁilm annherbiag ¢he logh-kumaterial comprises

titani i obat b th tantal
CB‘%“QE?F%%W? E%}%ﬁgfftgh E’Jiﬁfr S g)( %rgq{ngorph%t}asg@?e t% a substantialty

crystalline state.

5. The method of claim 1, wherein annealing the high-k material comprises
heating the high-k material to a temperature within a range of from approximately 545°C

to approximately 625°C.

6. The method of claim 1, wherein annealing the high-k material comprises
heating the high-k material for from approximately 2 minutes to approximately 15

minutes.



4. The nmethod of claim 1, wherein annealing the high-k

materi al conprises converting the deposited high-k
WORR0810644BS f r om an anor phous s{ite to a subst anR¢HUP3P07/084615

crystalline state. 5. The nethod of claim 1, wherein

anneal ing the high-k material conprises heat i ng the

hi gh-k material to a tenperature within a range of

from approximately 545C to approxi rratel 625C. 6. The .
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ffrom appro mnutes to approxum

stiictid.es. WO 2008/ 064035 PCT/ US2007/ 084615 7. The

met hod of claim11, wherein formng a high-k structure
froma plurality of portions of a high-k materi al

conpg i sesp ﬁ&ﬁ&hﬁ(@ ofclAi ? tvﬁ{grézﬁ IR ¥iOFRBRNEQRR 1R BBma plurality

structure. e met claim1, wierein formng a
ofyogtierls of amglfmkxmtehabmnmr}:sbmfoaﬂnmgya higl- -kptnetisrigviol aghickness of

hi gh- k ria rises form h-k str
enpagimg ) Lt e § SRR B kel e npr Rirphtgh o°
di el ectric constant of greater than approxi mat el y 80.

9. The nmethod of claim1l, wherein form ng‘#a hi g
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pﬁg{jﬁg HPQV{B ‘ﬁp ﬂfhl ?%Sﬁ eg'{;ai ﬁ%ﬁ%&g@i n%fxﬂf fubg Sfiq}xglﬁ%ﬂﬁns of the

tirdIR P 8F Soribl SMREELH RAnAtBeal Bh Yrdkidusly- REmed petionLsthohigh-k
pstrogtllﬁomtltanatelg 13. The rre%tfhod lgf cl ai ﬁ]@{iz g

in annealing the plurality of nonol ayers of
strontiumtitanate conprises heating the plurality of
nonol ayers of strontiumtitanate to a

12.  The method of claim 1, wherein forming a high-k structure from a plurality
of portions of a high-k material comprises depositing a plurality of monolayers of

strontium titanate and annealing the plurality of monolayers of strontium titanate.

13.  The method of claim 12, wherein annealing the plurality of monolayers of
strontium titanate comprises heating the plurality of monolayers of strontium titanate to a

temperature within a range of from approximately 550°C to approximately 600°C.



tenperature within a range of from approxi mtely 550C
to approxi mately 600C. WO 2008/ 064035 - 14-

WEYBUsPeD7/ 084615 14. The mpjhod of clai m 1, PEUPBHEF/84615
conprising: forming a first electrode; fornming the
hi gh-k structure over the first electrode; formng a
second el ectrode over the high-k structure; and
anneal ing _the first electrode, the high-k structure,

and the sébomathef efelagyd. fufther cpp@risdERod of cl ai m 14,
Wherﬁk&ngﬂﬁﬁéﬁél rda@e first electrode, the high-k
structur and t he second el ectrode conpri ses
anneédringg thhightlr stucelrectar deefirst ddectioidgh- k  struct ure,

and the.second Iectrode er at ur e, of

appr m%?w glectroglg ovey E"f ﬁ‘@%ﬁ‘[}g WIS ARY a hi gh

di el %‘a‘{eﬁhﬁ% e Eﬁ%ét %I&tm&,o [HRHi 8- Structurd] dhtiahd deéolf electrode.
0

portions hi gh-k material, wherein each of the
plurality of portlons of the high-k material is

o, Mo ef P Bt Sl P udyin oSG R iRl S e icn

siﬂuchlile kariBh&gdcahd électiidbsbmptisad lahyealiogaganaclsirodd the'ﬁliigh k
structure of claim 16, wherein the structure has a

strvgternEssheseconhelpesadegt RIYPPERTHEPEMRPraxiETE e et e
constant of greater than approximtely 80. 19. The
structure of claim 16, wherein the high-k material is
sel egbed fArspmmkehavgfgxﬂ;ngh dmsice‘td dogstait, dn:amiriﬂing

titana strontium n bari um.stront
Uit A iy shortipPt St e P iHA CE el iRty of

pbfRds bt RARUMLAIHICE 3ltktdntilB @ QaliRar i um | ant hanum
tﬁta%ate gﬁrlun12|rconlunﬁtltana?é haf ni um oxi de,

| ead nagne3|un1n|obate [ithium niobate, |ithium

t ant Iate

S|u nio stronti |l um n .
L ant a7at o THBSFERGE GEF AR Ear i Aeans e Buphit Portions of the
HSSH-10 Rfatedi E'S@&@ér@iaﬁjfﬁ&ﬂo Ebugm ni obate, barium
titani um ni obate, strontiumbisnuth tantal ate

bisnuth titanate, and corrbi nati ons thereof. 20. The

str uclﬁgu re ”[%f s%%&{lr@o%gtalm LfEt\Dlﬁé'rmﬁ%@ﬂuﬁ % a tilfc ess of

el ect'fode I plurall portions

a@Er(ﬁ(ﬁﬁatEﬂwglﬂ'dﬁl amt £dieRtiric @btktant SEgremer thbﬁé approgienaeieso.
plurality of portions of the high-k material,

wherein each of the plurality of portions of the

hi gh-jly mat@Licalicth oFURTh 3B WAL (R MER K hterial is selected from the

group consisting of barium titanate, strontium titanate, barium strontium titanate, lead
titanate, lead zirconate titanate, lead lanthanum zirconate titanate, bartum lanthanum
titanate, barium zirconium titanate, hafnium oxide, lead magnesium niobate, lithium
niobate, lithium tantalate, potassium niobate, strontium aluminum tantalate, potassium
tantalum niobate, barium strontium niobate, lead barium niobate, barium titanium niobate,

strontium bismuth tantalate, bismuth titanate, and combinations thereof.

20.  The structure of claim 16, further comprising a first electrode in contact
with the plurality of portions of the high-k material, and a second electrode over the
plurality of portions of the high-k material, wherein each of the plurality of portions of the

high-k material is substantially annealed.



