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Claim Of Priority
[0001] Benefit of priority is bereby claimed to U.S. Patent Application
Serial Number 11/498,559, filed on Angust 3, 2006, which application is herein

incorporated by reference.

Technical Field
[0002] This application relates generally to semiconductor devices and
device fabrication and, more particularly to dielectric layers, their method of

fabrication, and ferroelectric properties.

Background
[06003] The semiconductor device industry has a continuous market
driven need to reduce the size of devices such as transistors. Smaller transistors
result in improved operational speed and clock rate, and reduced power
requirements in both standby and operational modes: To reduce transistor size,
the thickness of the silicon dioxide (SiQ;) gate dielectric is reduced in propostion
to the shrinkage of the gate length. For example, a metal-oxide-semiconductor
field effect transistor (MOSFET) might use a 1.5 nm thick SiO; gate dielectric
for a gate length of less than 100 nm. Such physically thin gate dielectrics may
be a potential reliability issue with gate leakage and breakdown problems in
upcoming generations of smaller MOSFETs. Small, low power consuming, and
more reliable integrated circuits (ICs) will likely be used in products such as
processors, mobile telephones, and memory devices such as dynamic random
access memories (DRAMSs).
[0004] The semiconductor industry relies on the ability to scale the
dimensions of its basic devices, such as the MOSFET, to achieve improved
operational speed and power consumption. Device scaling includes scaling the
gate dielectric, which has primarily been silicon dioxide (Si02). A thermally

grown amorphous SiQ; layer provides an electrically and thermodynamically



driven need to reduce the size of devices such as” transistors.
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reliability p ¥Y8?fEf’(ilﬁFf -W&?Pﬁ%ﬁgﬁ“ﬁfpéﬁgﬁlg%ﬁ §%: [ 0006] Fi gure

1 depicts an goeomjc | ayeHigwte RGHhdtiacss aflont dingrhor offeddmentaforag a _

dielectric | aye%‘[bofd%g&%f 2 ncthod to forn £ Ilieie@&%rlgfe%%?/%to%lcquck agﬁrsﬁion

according to various embodiments;

[0008] Figure 3 illustrates an embodiment of a configuration of a
transistor having an atomic layer deposited dielectric layer according to an
embodiment;

[0009] Figure 4 shows an embodiment of a configuration of a capacitor
having a dielectric layer containing an atomic layer deposited oxide, according
to an embodiment;

[0010] Figure 5 is a simplified diagram for an embodiment of a

controller coupled to an electronic device, and

[0011] Figure 6 illustrates a diagram for an embodiment of an electronic
system having devices with a dielectric film containing an atomic layer

deposited layered sequence of oxides, according to an embodiment.
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[bOO?]Figure 2 illustrates a flow di agram of el ement’s for an
enbodi nrent of a nethod to forma dielectric |ayer by atom c | ayer

deposi ti onyaGeRkfdesp to various enbodi nents; [0008] Fig
illustrates an enbodi nent of a configuration of a trangiitg{lgsrzooﬁgms?llg

an atom c |ayer deposited dielectric |ayer according to an

enbodi ment; [0009] Figure 4 shows an enbodi nent of a configuration of

a capacitor having a dielectric layer containing an atomc |ayer

deposi ted oxide, according to an enbodi ment; [0010]Figure 5 is a

s: gglt |r leegl g;\a/l?rcgm ;ga ?goﬂbg'di ment 6of I a controller coupled to an

2nbodi ment of an el ectronic ]syls?gh]%%\?ii#gegfsftééﬁ%é: \?\ﬁ ?lhagr gime}c (Ca)(r:t ?inc

fil mcontainingop at onimielfelyeving dpaited ddcliptioarrefirstogbremeempanyng des,

according to adgav%nmg)so iat”&?)&wf, by way of illustration, specific aspects and embodiments in
which the present invention may be practiced. These embodiments are described
in sufficient detail to enable those skilled in the art to practice the described
embodiments. Other embodiments may be utilized and structural, logical, and
electrical changes may be made without departing from the scope of the present
invention. The various embodiments aré not necessarily mutually exclusive, as
some embodiments caﬁ be combined with one or more other embodiments to
form new embodiments.
[0013) The terms “‘wafer” and “substrate” used in the following
description include any structure having an exposed surface with which to form
an integrated circuit (IC) structure. The term “substrate™ is understood to
include semiconductor wafers. The term “substrate” is also used to refer to
semiconductor structures during processing, and may include other layers that
have been fabricated therenpon. Both wafer and substrate include doped and
undoped semiconductors, epitaxial semiconductor layers supported by a base
semiconductor or insulator, as well as other semiconductor structures well
known to one skilled in the art. The term “conductor” is understood to generally
include n-type and p-type semiconductors. The term “insulator” or “dielectric”
is defined to include any material that is less electrically conductive than the
materials referred to as conductors or as semiconductors. Dielectric is defined to
include insulators that have properties that may be commonly Jnown as
ferroelectric, high dielectric constant (k), electrostrictive or relaxor.
(0014] The term “horizontal” as used in this application is defined as a
plane parallel to the conventional plane or surface of a wafer or substrate,
regardless of the orientation of the wafer or substrate. The term “vertical” refers
to a direction perpendicular to the horizontal as defined above. Prepositions,
such as “on”, “side” (as in “sidewall”), “higher”, “lower”, “over” and “under”
are defined with respect to the conventional plane or surface being on the top

surface of the wafer or substrate, regardless of the orientation of the wafer or
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Det ai | ed Descri ption [0012] The followi ng detail ed descri ption refers
to the acconpanyi ng drawi ngs that show, by way of illustration,

speci fi c agpesismi@vg enbodi nents in which the present ipgy&iRbd090168FY
be practiced. These enbodi nents are described in sufficient detail to

enabl e those skilled in the art to practice the described

enbodi nrents. O her enbodi nents may be utilized and structural,

| ogi cal, and el ectrical changes may be nade w t hout departing from
the scope of the present invention. The various enbodi nents are not
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or as sem condumimnductdm MI@S) transistos hskeliqthnephy@cdl gete dikdedtms thicknesssind
t hat have pro ertles for

hi gh di el ecr:)t r Pc e‘dolr‘{g x‘%{% dcg%e %ﬁr e P@émé’?a*’é affge%ls Sﬁ%'{lﬁf Lhﬁe
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parallel to thg o nga%% *ng{r%"f:éal %3&% §¥&J@%§ﬁ% Q?l\@ﬁie@g ofd theoretical

substrate, regar e SS 0 orrentaton o er or substrate.
The term™” ver tsiliah 'dquaiedﬁsoi Xlayerdhat emultbha\*péhm cap#citangepdenpigy as a

hori zont al g&'v? crﬁ&)qg&c[m%fﬁ&ga I:ﬂrpéﬂfancf%ﬁg'blﬁié'e o?n@ideratlgﬁéje" (as

in "sidewal I over are fined
with respect tIBOITI}e con\ﬁeﬁiOszO;iﬂmi@essrt dgmqsae@o@eﬁnglrmemég@tep

the warer or AR yPLnAN pEleE e RO g 0t PP L Rouidin
t heref ore, nottht capbeitanakirthi surfaceichannehep whishdhe SifY is @ﬂ?ogléf@rfbled? thehe
FLgS fe nt inve ntfbﬁl?‘atfoﬁ o?gfdbﬂggoﬁm&frsm’l rLQSn a’?ﬂi@ '&gﬁgn&rl/ﬁa'vgﬁmn%le%lﬂﬁ c th
ul'l scope of equivalents to which such clainms are entit
result in teq being from 3 to 6 Angstroms (A) larger than the SiO; thickness, t.
Thus, with the semiconductor industry driving to scale the gate diclectric
equivalent oxide thickness to under 10 A, the physical thickness requirement for
a SiO; layer used for a gate dielectric would need to be approximately 4 to 7 A.
[0018] Additional requirements for a SiO; layer would depend on the
gate electrode used in conjunction with the SiO; gate dielectric. Using a
conventional polysilicon gate would result in an additional undesirable increase
in tq for the SiO; layer. This additional thickness could be eliminated by using a
metal gate electrode, though metal gates are not currently used in typical
complementary metal-oxide-semiconductor field effect transistor (CMOS)
technology. These two effects require devices designed with a physical 8iO;

gate dielectric layer of about 4 A or less.
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[ 0015] I nproved gate dielectric filnms, as discussed herein, may

I nclude at | east one of increasing the dielectric constant of the
gat e i nsulwoanoswesses i al over the 3.9 value of silicon GOTAISA®;/0B@CH
the use of a ferroelectric material to provide a non volatile nmenory
cell with a single gate electrode. [0016]First, a general discussion
on the use of high dielectric constant (i.e., high k) materials w |
be given. A gate dielectric in a nmetal oxide sem conductor (MXS)

transi stor has _both a physical, te dielectri hlckness nd. an
equi val ent oxi@g 191 ckneé‘iic‘("cél?’%%"rﬁélsé‘iﬁ? %&?‘Eﬁ’c‘: TR & Rl gHﬁ%’és
quantifies theelgdtBedl idotation ?l"{fﬁéﬁi&s 188 SiCACS] basedGtakid. ATt eleetticdlne
gate dielectric in terns

t at t
72" Geti ned as BHBRISORRES g e BErEnE 2 B SRRo AVE Y BEN Fakenlt)

| ayer that wou godaausulitbe SigBcan PARICHARGR itd 8RS £4p W6L1A cBinittike a
dielectric, ignoring | eakage current. and reli abi I |t cons @a ons

[0017] A Si 02 |Hggraldpr ?%?laétergé?élel?cm&eﬁew‘(%

gate di el ect ridecidakds, the\imber Ghtdraicdfers, baﬂlohalay@byssﬁﬁaﬁatéﬁm akmess
t. This teg results fromthe ca aC|t i% in_ the urf ce hannel

which the Si ozm%nepégsgp@sga ﬁh% g nie YR 870 ono ayers will be
depl etion/i nvemﬁamﬂmmrthamm slcgqp}eewlm R61 e Ez&bﬂij)ldtcegtzmgemaﬁt of

resul t |ntaI bei ng 6 An rons (A g tha
hi ckness, t. PR 3S (R A ﬁﬁ“@fémgﬂlﬁf&aﬁa S"F d&?ﬁtrff}'r ! ?ftralaé% e
the gate di e' gelative teAIbhIK BtrfdthreOX tEe ST 16¥eR ©F Snly@nb BE Vo ﬂaﬁmﬂaydrhﬁull
physi cal thickness re rement for Si 06a ayer used
diel ectric woltg¥ ?fé‘éﬂgilﬂ) %&gébprrrﬁfida%ﬁf’t? ]{4]’%‘3 meaﬁtfgzl%f%%gﬁgf?‘fﬁnal
requirenents fi@ay GauSt @w effeatﬁe shértibéweapanshderlyingeogdictive kitiedn cdanelsed
in conjuncti o th tae Si 0 ate di eltliE'Ct“ C. IBEi g‘g)s%yconv t.iongll
pol ysilicon g cHYReLa yf“ oo gafe. Aot lrbig R sRE& ML PR LS
int", for thepthisikdl thitkfeéss tJ Wwhithadio} iayasdantbieiscMad sSThemitistubiethickness
el imnated by uysin a rret e .el.ectrod ho al .gat
not currently ‘ﬁ'? FIWB a¥°afl %Lf F}E’h’ﬁﬁtttﬁﬁﬁ f’r%‘i iggéx%rcg‘g% %’qu%ﬁrcct or
field effect tdevives$sd ﬁd’ve(a@(ﬁﬁ)s tliﬁ(ﬂbﬁ@ﬂ mg&, otfidraticledtiics thid Bid,meed tpba e
devi ces desi gned 'glﬁ?g @55% ate dielectric layer of about
4 A or less. favjih "016801
[0020) For a typical dlelectnc layer used as a gate dielectric, the
capacitance is determined as in a parallel plate capacitance: C = kepA/ t, where k
is the dielectric constant, €g is the permittivity of free space, A is the area of the
capacitor, and t is the thickness of the dielectric. The thickness, t, of 2 materiat
is related to its t.q for a given capacitance, with SiO; having a dielectric constant
kox=3.9, as

t = (W/kox ) teg = ( /3.9) teq
Thus, materials with a dielectric constant greater than that of SiO; will have a
physical thickness that can be considerably larger than a desired te,, while
providing the desired equivalent oxide thickness. For example, an alternate
dielectric material with a dielectric constant of 10 could have a thickness of
about 25.6 A‘ to provide a teq 0f 10 A, not including any depletion/inversion layer
effects. Thus, a reduced equivalent oxide thickness for transistors can be

realized by using dielectric materials with higher dielectric constants than SiO,.



[0019] Sili"con dioxide is used as a gate dielectric, in part, "due to
its electrical isolation properties in a Si02 - Si based structure.

This el ect&{)/)gais%@%at ion is due to the relatively lar Q%Tﬁﬁ%vﬂ%%lo“
ev), I'C

Si02 (8.9 makes it a good insulator. Significant
reductions inits band gap would elimnate a material for use as a
gate dielectric. However, as the thickness of a Si02 |ayer decreases,
the nunber of atomc |ayers, or nonolayers of the nmaterial in the

t hi ckness decreases. At a certain thickness, the nunber of nonol ayers

wi Il be suffiqoengly snethe thiladr dgivalehibkidmfkn s rtquirel fhelswen
conpl ete arrangenent of atons as fqund_in a thi .. or bul k

[ : ] ker ayer.
As a result oﬁ@ﬁé‘@ﬁﬁﬂ’%ﬁ@&‘fﬂlﬁﬁ‘ﬁa&ﬂSwl%ftqaﬁ'é‘s't"{)g’én%}%s E’taP’L!i’&(l Mg
thin Si02 | ayghafmaelials, MAEryPical BBrifaME réiifremeitis nhakied teplaeing S10% al |
band gap. The | ack of a full band gap In Si 02, %at die] ectri gjéﬁlay
cause an ef f ecliffigaltshe migraelgrtemcgindnieie s1Y p3rg sLORBHRIGAASVEFT i
channel and aneqiRE thak e dafd didlebttis 88 gl¥rfon d SiliSortkideRdte ADfinptRper ty
sets alimt on the physical thickness tqQ which a Si 3_% l%%%;l' c%be
scal ed. The mfmwtoﬁ?/lmx s¢rig 9B thepiliaendayep ihyrs gristsdre RESOHEY HifbAght
to be about 7-sgaf)1ayth6r SIG Ruld K fofrhédinadeitivh éetheldesif@Miielaettic due to
| esst han about 10 A, other dielectrics than_ Si 02 nee to_leale .

A&ﬁﬂl getric layer

consi dered f orhighstemperagrg grocessing. Jheresult weyddeffectively

di el ectric | ayghsistafthidwo duldidyersth phianéiivith edch OtHed BAC With filiesilicon Jayer
determned as in a parallel plate capacitance: C = keOA/ té \A@?re Kk
i s the diel ectonwhighthediglectrigis foamed, Thsapswitng qyerall pagifapge wpldbe A
ids lthe area OLmétf&ﬁtﬁ?(aaM&c&ws,in Qf?ﬂs.tTHe&eqfdﬁﬁ}etiiélﬁ&ﬂlemcgfs théum oftgef
ielectric. The thickness, t, of a material .is relate i.ts 4 or
a given capacitantickngisandg re%lﬂﬁ%\?ﬁtwatfa&t%"éﬂﬁéw es&'c}n%’{@ﬁfhe%@mc:
3.9, as t = ()belrpUorméd Wit aQleléchilc cobbtant offieitienls With a dielectric
constant greater than that of Si02 wll ha_l\_/&éa l{.}gysi cal thickness
that can be considerably |arger tharfag es] of g, While providing
the desired eqrhveglkesiOoMyeds ilintikstiantly fhncdatusing e ganinatlaor patcess,

Chi ckness of dibi 6% BRniss o 50y g o ricr R an e foffaffe any

depl eti on/ i nvesvehtahatladyetierahfes ¢4 Brmddbdwedn the silicadlagepindahepite oxi de

USRI TN (TR AR RN KT
would be limited by the layer with the lowest dielectric constant. However,
whether a single dielectric layer with a high dielectric constant or a barrier layer
with a higher dielectric constant than S8iO; is employed, the layer directly in
contact, or interfacing with the silicon layer must provide a high quality interface
to maintain high channel carrier mobility. Preventing the formation of an
undesirable Si0; layer is one advantage of using lower temperatures in an
atomic layer deposition (ALLD) process.
[0022] One of the advantages of using SiO; as a gate dielectric has been
that the formation of the SiO; layer results in an amorphous gate dielectric.
Having an amorphous structure for a gate dielectric provides reduced leakage
current associated with grain boundaries in polycrystalliﬁe gate dielectrics,
which may cause high leakage paths. Additionally, grain size and orientation
changes throughout a polycrystalline gate dielectric may cause variations in the

film’s dielectric constant, along with uniformity and surface topography issues.
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[ 0021] The thi'nner equival ent oxide thickness required for |ower ~
transi stor operating vol tages and snal | er transi stor di mensions may
be found | erials, but typical fabricating re

makes repIaC|ng gﬁ%& difficult. The nicroel ectronics |%§ Iﬁg@aéﬁ¥?ﬁ
uses silicon-based devices, which requires that the gate dielectric
be grown on a silicon substrate. During the formation of the
dielectric on the silicon |layer, there exists the possibility that a
smal | Iayer of Si02 could be fornmed in addition to the desired

di el ectric duerhoafi, qﬁatt-,ﬁm&mﬁgme aamﬁaeg%%faqu%ﬂd}eeeewbﬁstmutldtwe to
effectively be’a di electric |layer consistin two sub-layers in

paral l el wth Se@::ﬂ%hﬁ@rth%tﬁ’@a%aﬂﬁg? pka %fNFtPJé’Bﬁ forgy @t least 1A Pellf t he
di el ectric is choffBehon! hﬁleﬁﬁ%ﬁﬂl@ﬂe?ﬂﬁﬁ@dlhﬁé@@'a&%%& dEledtec e t hat

of two dielectrics in series.. The teg of the dielectric layer is. the
sum of the s| dose ittt dielertricaeopstRy WNCB&EUF be fabgieigd ant ﬂt*%‘wef with

thickness, t, fanloishotls SRE ITH Rhs ngﬁﬁ@&tme filin & slio®le@ Gl vdntage of
constant of k witten as teg =15102 + (cox ./ k)t. Thus, if a Si02

| ayer is uni nttewglle‘ﬁwtfﬂvpﬁémn@%ﬁ%’a dePRSIEPR IOFSSS Ul at or process,

the teci is aggegylim t%o%reoﬁs%&éﬂoﬁ%yset&mgluexﬁmﬁmnamoartbr
Si02 layer. In the event that a barrier |ayer fornmed between the

silicon | ayer fameing dicleptidc E%FW@‘?W“SHGEWE%@CB&W@P PR er

prevents the fgpaBtd Murfite fuphtls bR dicldddte fithn WaH deiEcdrit @fre@dnlie
the layer with the | owest die€lectric_ constant. However &v)\,ﬁq‘et her. a

singl e di el ectelsciiqahyroperies of the BatgIRxidlecindthe resuliing operatingchazacietishies
layer with a hjrghakadiselrethe le@.kggertiheﬁttthfohgma h{sicdl 3051 lpate eiklediie

layer directly in contact, or interfacin the silicon |ayer mnus
provide a hi ginajliaFieese iy Berretlq B"'Frﬁ‘?"ﬁgél WCWP@P&%‘?HEWB%F%/‘PE‘?
mobi i ty. PreyRMS)igudiiesd sHih@dieRbrielaydh vntdessaﬂoﬁt&edﬁn&geloausﬁgu s

one advant age of usi ng | ower terrper atures in an at Omﬁ_‘a 3%)&5
deposi tion (AUS)D preseesss that preyiie ooty supiiees satPpaTed o oGt ignsi 02

as a gate dielgghédsc has been that the formation of the Si02 |ayer

results in an am)rphous ate dielectric yi ng an_.anor phous
structure for [§0%lte di &FEtEA f@nﬁeﬁwa‘e@“?%rm&‘%a0518%8‘5’2356&%?4?5 of

associ ated W tihe ﬂﬁﬁ:hﬁl wendpsdiea bbbpaltyesupstrat binficegah ighi emb@t rics,
whi ch may cau h l.ea Addi ti.o

orientation cﬁ\gﬁ PFHF‘GET&%@E}’P “&gﬁ%ls%?%‘?‘ F’F F%Tﬁ%f‘g Qteét’ lt%f’ e
cause variati Qsaﬁsddma@e Highererg iglpacts iiagy mﬁlmfrheahﬁh@ aﬂatsbunered
uniformty an surfa 0 ue calll material s

havi ng t he advVafff gﬁh@&ﬁggﬁ/w@& ‘?{faé:‘%%g@gﬁ?b%?eati ve to Si02
al so have the [dom;dvant ay dieddctrit filkry ihakd usieg itomig lager depasition (ABDpul k
configuration. best, candj dat es, f or. CI n 102

dielectric arée” J‘H}?&’Ea\ﬁ’? F%%S@P%‘Pé%‘ift"e . p\f\?f%? l?gtg@ﬁxh‘e“es
fabricated as cantphividd fay esntmwillidp @amsiivos bttm:sn frxatenal la¥ére, addaphbight
o e ALD dosoalel ertighisigia BHERBIOS RS Aottt dinbitWiifeol, SHBHAE Byt O

in the ALD dep"(ﬁ’é1 Anothér consi dérati’on
sel ecting the d@bﬁted@lﬁeléﬁﬁﬁlcﬁhﬁhﬁdhhmanengmeered transition with a substrate

surface, or may be formed with many thin layers of different dielectric materials

t

to enable selection of the dielectric constant and other material properties to a
value between that available from pure diclc‘ctric compounds.

[0026] Secondly, a general discussion of atomic layer deposition (ALD)
will be given to describe how the use of ALD improves the diclectric properties
discussed above and improves manufacturability and process control. ALD,

which may also be known as atomic layer epitaxy (ALE), is a modification of

7



formng a dieleétric filmconcerns the roughness of a dielectric film
on a substrate. Surface roughness of the dielectric fihn has a

significa n the electrical properties of the '
and the rgggﬁ@%ﬁgb%gerating characteristics of the traﬁgﬁéﬁgﬁibgﬁg
| eakage current through a physical 1.0 nmgate dielectric my

I ncrease by a factor of 10 for every 0.1 increase in the

root - nean-square (RMS) roughness of the dielectric layer. This is
anot her advant age of using ALD processes that provide snooth surfaces

conpar ed to Ol R&hicHERPet adpRRiBR(EVHH ami Q9 41sDBE cated a@t@ﬂx‘éﬂﬁélt?ﬂﬁkd—
sputtering deposition process, particles of the material

deposi ted bonf$afla"t DheAsPolisPTeRF AT HE trodusfd et a time “’W%Wbétmte

particle hits i SHOLAGEWItRIA T eRAoh cRhBBer 6 RA&er) AN tisqhREduchSh bf Gkes
may cause damage. Hi gh eneégé | npacts .may create pits. The surface of

a sputter ed | EPEEOURBRFCHEOTS Siieh the form of peqmential gHIssSAESAP BIFEAYS ¢ he
substrate. @2&11\%09' Bl £5hEd 8f d drbdiri R 288 dhd irbffscH A istmbh@O flow into a

deposition (ALD) will have a substantially snmooth surtLace relative to

ot her processisesifieamsn PEEsgion form sharbRaried of imee Betyenn the Buisssatii ¢ i ons

bet ween mat er 'r@ﬂcttbﬁﬁﬁ‘ﬁﬁbet@éﬂu@&i’ﬁltﬁ b @hs, wHH i Qhargfcabdiiis kil Bef gag d
uniformty. As a result of such control, atom c layer deposited

diel ectric filapd/eagvasustedan engi neered transition with a substrate

surface, or nyyoPg for maglmu fidh ﬁﬁ&ibntstﬂprbfhﬁayﬁl,ﬁ Rbcedt fhedreirecursor
dielectric materials to enabl e selection of t d eleté?lgc const ant

and ot her mat érfEAtesndieehemusorbed af Ghepubetryies F5t BBEEf r om
pure di el ect ¢ iyhaOHENAE: SIS R e pnlivg s rgaaw.e,adxceus@mmoaﬁomf

atom c | ayer deposition (ALD) gl ven t SCri e
of ALD i npr ovdRe feReHaf "@P’é"é’f’ﬁ’ FP:%@‘@H@PW fgg"“ﬂ?%%ti’gg%m& 8% Sorbeé

|brrprkoves manufi Gﬁslri'ibl | ithé saéthd %@@aﬁ@ﬁh&b@ﬁcesé\ls&onﬂmm;o thkso
e known as atonmic |ayer epita AL IS, a, ati
chenmi cal vaporsub¥EHsvhegth "(WB;'S‘Y‘&%EF q%?gft%ﬁ %ﬂﬁ’r%ﬁj&%hﬁgﬂpﬁﬁ? MRt i vel y

pul sedCVD. " | Redkibn ﬂqmwmam@emmﬂwmam GMHQEdnmnﬂ;eatﬁra time
to the substrate surf ce mount e ‘S‘ﬁ\glﬁ react ion.ch

er, (or
reactor). Thi M Etfﬁeﬂ‘l‘F“Bfo sreztgpgwpg%lpg T?gg‘('ttq A2df or m
of sequential pRedusRs eﬁées@ﬁ@fpu@ﬂmnﬁrrmﬁbﬁehmﬂan Wighua peecafson

precursor gas, .the precursor gas is e to fl ow i nt 0 a fl ea
or region for CQ tWISET c?r%?"ﬁ“ﬁﬁgg% EF YN ’b{ﬁagt ?:hclhOtﬁer%
reacti on chanhpé subsu@turgﬁdqmbfcbcla c@@be paformiad imlessthyn oasgmondimnn

R

range from about 0.5 sec to about 2 to 3 seconds.

{0029) In ALD processes, the saturation of all the reaction and purging
phases makes the film growth self-limiting, which results in large area
uniformity and conformality. ALD provides for controlling film thickness in a
straightforward manner by controlling the number of growth cycles.

[0030] The precursors used in an ALD process may be gaseous, liquid or
solid. However, liquid or solid precursors should be volatile with high vapor
pressures or low sublimation temperatures. The vapor pressure should be high
enough for effective mass transportation. In addition, solid and some liquid
precursors may need to be heated inside the reaction chamber and introduced
through heated tubes to the substrates. The necessary vapor pressure should be

reached at a temperature below the substrate temperature to avoid condensation

8



saturates and is chenmisorbed at the substrate surface, during the
first pul sing phase. Subsequent pulsing wth a purging gas renoves
excess pragghaRfordobsm t he reaction chanber, specifical lpprhiRSo7/016801
precursor that has not been chem sorbed. [0028] The second pul sing
phase introduces a second precursor to the substrate where the growth
reaction of the desired filmtakes place, with a reaction thickness

t hat depends upon the anobunt of the chem sorbed first precursor.
Subsequent to the filmgrowmh reaction, reaction byproducts and
precur sor exceadfshegprecypsorg eultifersohsttahe Deatotthosel Ehaitingrgrowihtrhechanisms
precursor chemgst,r. r Q sorb_and (Y

eact with cach ihabiBley Joa” (BicE BHeRRt SolRhh R B e 8E B oG
performed in leggmoritiarraes mayeaonsbmewhat dyrarg the pesesyibecause ofichapges in
reacti on chambers. T iﬁﬁll [ rsor pulse times range from about
0.5 sec to abgﬂfécf%r%f s%%%irﬁl gee 29]In ALl) processes, the
saturation of [6031]t he r dathéridesirathelcipmacgristcpfoaddd prigsors irelddel m
growh self-lijiti Whi results,in |arge.area unifaorm
donformity. TR A RS iRl oo Bhorbid sy oy

st rai ght f or warsdrfaenetrobandcoodminigly thy advantagasibicthe A Tymethbl, wlyi_ch e;dies
Ol e P e Pl el bl R0t OSBRI LB, HRDER Bl
hi gh vapor pr éfslowesmparet touleuklLD Epeiwthncandrpelcmted: &he piérarspagrinould
pressure shoul d b i . ar Cly r han. I'n
addi tion, sol i€ e'gira]s &s%{]né}?ﬁ%g%?%ﬂ %’re égjé%o?hgﬁ%gﬁ%ﬁétgﬁcﬁ%%%{vhg}a%ed

i nsi de the reare¢dueor elbithbsurfarecsivellr asducmectahisoughthesdseptionis eifierent

t he substrates, Jhe n r o pr r t a
tenperature b%‘b@ﬁ?ﬁﬁéﬁ%%%%t gﬁggj%ée%}‘%? ééﬁelgf %@nggggﬁgc&sggg@ 3 |°gn of
t he precur sor siggrsdively sithshe secend pweursar, whizhsmdyfbel dalted a repcgntb e form
mechani sns of - i . r i y
be. used, ¢ houdf BrisEith; Kalulichall. kRRRloRl a R gk e 30 E R
process becaustchirfg, ehdiprgernrsors shanld aotedissobvg infhetfim. Sldieiuge pf bighlysor .

[0031] Ot her dq@%cgiegt,&tcﬁg&ggxgs ) il ESndtl with MM BRWGOS cbifehntGifa

t hermal stabill ate” tenperature, since deconposition
may destroy sumétaliceorganic (D @MOCERDEE Pepcijonsh Fughisrathedyeprodiicts ¢fghal D

nmet hod, whi ch /| SAGH] t :
substrate sur é%(lg bﬁ% 63{]1? Bﬁgﬂgeconﬁggrté g%&?%ﬁgﬁ%ywé%ﬁglaff e %%eorefacﬁlgn
ALD growt h, cahabbendyriagatparie stge. Finadlyr the by-pxatygisgherld motisaet osn, or

react with thegsihhadss sukfigsigh the interaction between the precursor

and the surface as well as the mechanismfor the adsorption is .
di fferent for [883%er ent IppseaghanpesuentecA (BE ) preceshahe sgiElimiing

surface shoul ¢5&aCleqREfE GRS s¥quihtidl shifc-IREANAI RREEHES RS- AMDY refies
may be called™a reactant, to formthe desired film Additionally,

precursors sh®Bhemitrybstraenaireactive surface gnd a reagtivemelespirpprecyrer. n

precursors shoylgs ROD sthess! MSletlar giecuridrfre piRedfiffo Me AN18RéLtion
reactive precursors in ALD may contrast with the precursors for

conventional ¥BaEPEePRatsh CThewpstehmmesprgor fspstion ¥dbe fubsEate iyvpisally t he
by- products offofii\eed §YP&E o gasmééﬂ(obsu@g)s@%%oiréweﬁq;m&uesoalah@w hei r
du

easy renoval fromthe reaction chanper ring a plljlisge stage. Finally,
t he  by- pr oducPEFHTR Histredciion ChRbefPEigF fp BHnPHPulsyof shegtext precursor

of the fabrication sequence.
[0033] By the use of RS-ALD processes, films can be layered in equal

metered sequences that are all identical in chemical kinetics, deposition per

cycle, composition, and thickness. RS-ALD sequences generally deposit less



[0032] I n a reaction sequence ALD (RS-ALD) process, the self-limting
process sequence involves sequential surface chem cal reactions.
RS- ALD r elywe3omi@bem stry between a reactive surface aegasadoeefcksve
nol ecul ar precursor. In an RS-ALD process, nolecul ar precursors are
pul sed into the ALD reaction chanber separately. The netal precursor
reaction at the substrate is typically followed by an inert gas pul se
(or purge) to renove excess precursor and byproducts fromthe
reaction chanber prior to an input pul se of the next precursor of the
fabrication secbuenbdl! laygeesiBje.t Tipieally, oferrsition or progdb sate of atiout B85 can
be | ayered in qnak I8 SRS AIUSBIAS bl relfifead! | [ dentical in

epo C

chem cal kinetics, siftion per tycle, conposition, and thickness.
RS- ALD sequend@834ener al The aduprdages of RSsALPRagiude donfinuitysatanp igferfaceyande
i&_ﬁsg&gfg% g%t @Eic&l(}’o]f’-k?%y&he%)igﬁ A

Typically, a il 4

per RS-ALD cycle ca%b@gly?%gﬁl&g}é\ﬁd{k#l%ge ntages o S- ALD _

i ncl ude cont i riapesdeposition (72@A) andphysis vaﬁodrlmsw@@%ﬂ‘iod‘éf ¢qpdermality
nucl eating regl i i . f i hem

Goposi t1 on ( <SbRRF vl Eehfa ilokios ik 16 [}t RYGOE/L8 gobaitbn
confornal i ty deehmiqueyuseiodigw efmprmsurerand nildpoxidyingspraerssasolark of
l'ayer-by-layer degslgﬁﬁbé br?ﬁlctr%gggtgﬁ%o b(fg,sﬁ'oﬁih thRhdsE ABGmALM sB1eRNGh the

m | dly oxidizing processes, 2pendence on the reaction
chanber, gr owtunstier okensles pgefprmets and ahilie]ty enginesranuliiiayerlaminate flmss
per f or med, - andy/abkdshiutioh Br G, REE IndRdlal br ARBLALBPro@k e blloW il L

resolution of one to two nonolayers. RS-ALD processes allow for |
deposi ti on corfepesitiomcariwel on gherordgr of singleanepmiayers andsheehilite dgpastt ¢ v
to deposit monghayigFeds Of andiFPhdGbdsf i1 M. [0035] A cycle of an ALD
deposi ti on sequence i ncludes pulsing a precursor material, pulsing a
purgi ng gas fdf03He preGﬁFE@FPfMPQSIP%MFﬂceM@EQﬁs?B}S}“%d

pul sing the rﬁﬁ@éﬁ&'n&tm,gamngaﬁurgfn%%&mmﬂe plec@sHEpMsRRT ekt
deposi tion thickness that depends upon the anount of the First,

precursor t hatPregssrpandalsing he geastant|s BYEHE R eSiipSnE vernFarsiiRat
nmay be repeat edirtpHﬁEiblll tHid\@esiaRht RFerddd up b 8% Snlotnesith€ HiRt pidduosthag| e
material dielectric layer, or may be alternated with pulsing a third
precursor rmt eAdseibs opigh aidgtusatey s Stagm sTHis Fyalemay e repepied LaRkihe

pul sing a fourdeRiréCasdkads iPEMidied O a siABIE nRAtbrSd! Ak1dchee Fa9C bmby Be
purgi ng gas. There need not, be a reactant %as if the precgursor, c

n
i nteract with 3lisenatedyeith pylgingiathizd precurser m e‘f‘ﬂep‘ﬂﬁ‘é‘%aaf“?é“&j%ﬁﬁgﬂﬁt%e

netal |ayer onnmid@thRst, pusingdyRirth sacfhfpr@BisdrNadduldiheaReactdnbiect
matter. In the case where the thickness of the first series of ALtE

cycl es resul t SPUTEING 88T 6gs nged not e p reagtapt gas ihthe preqursah,Fapgpierast 4
Ida]y fer s thi g_k, ltﬂ@ duﬁshﬁtleiﬁfé@ﬂ[ﬁ ﬁsm@esa@}‘of@m?m nednlsmayelesu hidseléotridlayer, )
ifferent dielectric layer that js only a_few nolecul ar lLayers i ck,
This rmy be ki AAEEd i HemEisay SPRETERIoR 1B erans RGPS M kees: of e
nanol am nat e nR@nseries 6DADPDSIycRs fdshiig iafa dikleétic ldyenthanig@ndy ofewt molecular
nore different, material s . [.n a | ayered stack, where the,. e [.e
Ot or nat i g | dpUs BHE g 1l sBeand et o iy SRty R e AR St
order of a nanapaitestis edlg arfesy niidedlae dayetsthieksthisirhag lerknovwa ai agnelayer
nonol ayer thick of. the material. The nanol ayers are not. |i.m 0
alternating siREFEa}gpREogRIRaLs. H?\rﬁﬁ?og?rflgﬁa?ey'ﬂfﬁm ﬁé’?’“ﬂ’ﬂ%‘f"u@‘é’ #’jll\c;tlr%g
sever al | ayer sthiif lapére oficedr radreal ffaemanatedalsirt dlagered stack, where the layers

are alternating layers of different materials having a thickness on the order of a

nanometer, and may be a continuous film only a single monolayer thick of the
material. The nanolayers are not limited to alternating single layers of each

material, but may include having several layers of one material alternating with a
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single layer of the other nmaterial, to obtain a desired ratio of the
two or nore materials. Such an arrangenent may obtain a dielectric
const ant tRabodsii$el ween the val ues of the two or nore peghRbdoHofoso
singly. A nanolam nate nmay al so include having several |ayers of one
material formed by an ALD reaction either over or under a single

| ayer of a different material fornmed by another type of reaction,
such as a MOCVD reaction. The layers of different materials may
remai n separate after deposition, or they may react with each other
to forman al Isﬁxyglé lyerr of thdethar inateriklatossblainy degired retiedf the two dnmiong

| ayer, and the s of the dlelec i.c_l.aye
such dopi ng. ? é %‘r%‘saéﬁf’g?ﬂl%’g%gure dlé{ ﬁcﬁégﬁt%g h% ove
descri bed ALD the's/klﬁels défahe fvar o6 mgreanawmﬂmmgl&l lmﬁumlammatomagrraiso include

substituted bariumtitanate. ustl e ntaeof
zirconium th aﬁF@ﬁ&Y"t’?ﬂg@’ Bt © r@%‘eﬁﬁ \fg‘r‘&% i o%n gither over or
ferroel ectri c wrlkes slaglesayet-abh dlffeﬁa’nt mmmbfoainediby aestberi tgpe ¢MNwERAGN, t 0

a very high diel ctr |l e ive
strains suit ab 8 L’ﬁﬁ)@?@ W&nfrgai'ayaresv"ufé’ 't '%EWE naﬁ%‘ﬁ‘gﬁhﬁfﬁ{' ayers
may be fornmed ssparatscafidt 8épesitioh, ornhayrhaeyareack Wﬂyafch odferbaformrmzempgonat e
and barlumtltanat of, . as _three different |nte

titani um oxi de eﬁaﬁ?luﬁ!l%(faagrm%b‘%flrc‘ggél?su%d(ﬁ( ygraxgéjtthﬁy%g?elga i'ons
resulting in tdielcetﬁsﬂa}edmprmpwsmédmmhd&a@gu X Zrx03). The

i ndi vi dual | ayef,s. h 1 I

deposition to @Q#ﬂ\ t he ?r’]}l' o7 ﬁn$lxﬁ§+&f 'IS%rmﬁé @c%f%b%%gghggn%#]ﬁp
deposi t ed" st anethod 833@ining annifbinu tm af zwc@nanbsmsnamd baaluhatytenatef By
barium titani um OX.I ;@Hq; m
is formed on a g ﬁggér?%gaﬁg%hl?cr?mg&? \eﬂg% Bgmlgﬁs% SI valiel
sequenti al at cﬁnmm aJfexyemeo:lnpnmtdnabsu,ltabh|fmqmgolailemeb@nkmﬁmm foa
RS-ALD, or ALD, Ap

ayers. usi ng &5t B g e Ebnrp Rl RE i R VledBErtli PR AUEE o
a chemi cal f ormidr@nethanicahtevices (MEMSs)i thﬁALDdampmxbdéormed aw&mr
vapor. The bar#ﬁ ﬁ% 1 Rald) Hg g?ba?xuﬁ?ﬁ?croﬂh% ah@ﬁ%uann 'b&fgs%fege
or as a part ani um ayer using bari um

met hyl cycl op@fﬁ@newaeeveddayemqf titamifur oxides bpmwpyakldwod @pm!amoemvl )
and water vap U&sn SQhS
such as a di ke{ or%lg%}e cﬁ‘EW“g?%%g‘i u?hséodré%as S itg’go?ga?ﬁ’ 925@5 o
hept anedi one ondiyidrialmiatsyphleyéramay ba hcghdzmnerahu amealsd after @P"?lil%ﬁd
pr eCUr SOT'S MYl i Gflrdith FHA1 ARRI ARELAAY il --Aathobif@P LAY Chamber.
The use of suc recursors in an ALD'reaction_chanber may result in

| oner deposi ti B83Tlenper dnandBustitivhembedigenton laygnef 4 bprivgiitaniyg} exide
preferably 275&1&& %@?& koW P8 JBaRT (Bfatk 'Pi@xbj’ﬁ%ﬂﬁ&f&ﬂ@ihbsﬂ?ﬁk' um
argon or neon artumtitanate filns forned may have good ther nal
and el ect ri cal mpympdin 3 xeactiog; ghambersifig sepegntial atpmicclayesdgpesition: 3dirhy o

550. Such fil ngayRiKo BH KNV 2RI LIS BRI UAG cAlbd@Rhént (mg ForRSngihed
to reduce fixed surface state charges and inprove netal

sem conduct or titasium exidelayers usipe ?@@Gﬁ@(ﬁ%ﬁ‘é%‘i"@@@f“a‘ﬁ?%%’@ﬁéﬁ and

have | ow | eakagg; EHRRtiSal Formh8S 81 TiCR)) ol eithBthn YeaBiomtbxigt &6d Water ik d
strengt hs of one olt/cm [0038] Figure 1 _shows an enhodi nent of f%l’ﬁ]
e

atom c | ayer dEptRarymay e frm eﬁ@ﬁ)aﬁwtﬁ}arﬁhﬁfb&“%"é’&? 3S amafLR

el ements depi ch@AiuRESE 1ab&akeh hhﬂﬂs (bénth BRI/ bydlSpeptaatdyl)as batitm
present enbodi nents w t hout undue erl mentation. In Figurge 1, a

substrate 108 }E}ﬁ(“alﬁ?BH}PD’hﬁycéqpéﬁ’é‘ﬁteF PR WRIST 3aRor- ABother FEROfmgT nsi de

a reaction chaﬂfeﬁaesl&zn%émét&ayﬁﬁemcﬂ.@@admrﬁmbm kAR tgad Q&hi s
thermal |y coupled to substrate 108 to control the substr

e ..
t enper at ure. AE’%&'%“HF@YW‘*BE?PF@H“? ondippvgloylmrthane, 10 peaec- éfﬁ?qg'gro,r
reactant and pidgge pBR6RSrsifay bussd BSid dipeopHately Bestgried Iréa_&fiﬁ’m tlasitiepn.
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[ 0039] Al so included in the System are purging gas sources 114 and
118, coupled to mass-flow controllers 116 and 120, respectively. The
enbodi mentywgBYyoske@epnl y one of the purge gases for all gqufsfhpfsesed
illustrative purging steps, or both purge gases may be used

si mul taneously, or alternating the purge gases as required for the
particul ar desired result. Furthernore, additional purging gas
sources can be constructed in ALD system 100, one purgi ng gas source
for each different precursor and reactant gas, for exanple. For a
process that Tizasebfisuchpmecumorginmg AJa3 réaotiometianibel magrevitis rwegases,
fewer purging ga I

precursor gas ds §SI§81§J{3 err?was Fﬁhé ?;,9,#& égﬁ({)gsmérkggjﬁ%gg} %%9?18;5219?
conbi nation | 39625"0' heurge gmsmquimmmenahﬂimpulawnguye@ou'fhfes are

coupl ed by thejr.
line or conduq}mf%ztﬁ%?qéﬁgl fs&g%tﬁ 2gf %%%F%“I; str |qgut ﬁoﬁ ?‘ﬁ%t ure
110 i nsi de thsvntieah@@heledtacrbrmstahﬂk'%@ag 56&nﬂmltﬁ1!n‘§2nm5umr¢sb1@e
coupl ed to anqther yacuul
ot ceur sor _gasQEmPHAEY HeR Eneies B R Mo LALEIRICaRbER SRy
pur gi ng sequerippréveanetakte sgamondumnremsta;ﬁ;c) @Dﬁﬂlﬁ]l‘ﬂaﬂtﬁlﬁnpﬁampefenably
%haust punp, 510% js (? Hﬁjx%ll le:ﬁ(agggﬁpe%{s étqgssWan%DA/c}ﬁilayaeJ&é ﬁeld
ich may be & naS oW renove éxXcess precursor gase
pur gi ng gases, shangthbyfqmeddwoltkzgases fromreacti on chanber 102 at "the
end of a pur gi lggz;eauen £q" r i o
mount i g apparSP8” Y onpidigt drspSEEKE BERg Renf S R A B¥stion
maneuveri ng apyysteat 109 foafmdmm&shctylcéilmc {Tihe ekementsdepistddgresmit shese e
known to those Il Iﬁ%ﬁﬂ Though
ALD system loﬁk?lgdmeﬁ% Sul tpl?%n?“hegﬁgse L1 cin téamgg%ﬁltﬁae%bodl ment s;
ot her commer ciexptymenatidraindighiD1sy stbstrate rlﬁ& oah:heatbe dleraent/ Wl Aoldene
under st ood by 10805 Beafed RN RoahARRRRALCA0PURALE bistlh 1ho. Th{Talhe
fabrication. Tdi@nmtéﬁémthsmmmqwamtcrm»psme pe&tordontrdl tha subsikaiei ety of
such reaction i I '
one of ordinar %ﬁgﬁ@ﬁ#@ #ﬁgﬁgﬂﬁgﬂ ﬁ%%?r{)drgﬁg ﬂkbﬁ%cﬁ}eég{eg%gfagp&%
det ecti on, negsugegases o thmdab@tmerlas in eeniform feshiem Theegases ingpduced by
sem conduct or %W’Rﬁﬂr SR\, h
el ements of ALtEgg{l/és(?gﬂr# may %g%ﬁ%sg%"ga E’CA coc%pea'%l gt?él%g%g ?3.
conput er r eadatwbsirate 08, and snx etvessgas mmbrqaﬁmmgdmm ueeernoned fiameh as
pressure contrg he usﬁ#ﬁ%g%ﬂﬂ@sﬁmm%g%m ?géntf]dlgﬂiv@‘lbg” Ealh BhsSYSt em

100. To focus on tem1 e vari ous descri bed
enmbodi ment s, tdriginaserdinne individngeas sravges 1aft H8uld?: LRGBS 0s#1d 138 With 2t he

art can apprecid fatk B ¥ ShRMBILADy R PBw RIS TPE 12D, PANIER132

and 136, respectively. Gas sources 122 and 130 provide a precursor gas either

by storing the precursor as a gas or by providing for evaporating a solid or liquid
material to form the selected precursor gas.

[0039] Also included in the system are purging gas sources 114 and 118,
coupled to mass-flow controllers 116 and 120, respectively. The embodiment
may use only one of the purge gases for all four disclosed illustrative purging
steps, or both purge gases may be used simultaneously, or alternating the purge
gases as required for the particular desired result. Furthermore, additional
purging gas sources can be constructed in ALD system 100, one purging gas

source for each different precursor and reactant gas, for example. For a process
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WD 2008/ 018994PCT/ US2007/ 016801 [0043]Figure 2 illustrates a flow
di agram of operational steps for an embodinent of a method to forma

nanol am ngay, Ezﬂhﬁﬁﬁ%g_; ric layer having an illustrative t%%s%)%%%l
ac

mat eri al s. the different materials may each be I nation
of materials. For illustrative exanple, the first |layer may be a
bariumtitanate | ayer, which is a conbination of barium titanium and
oxygen. The second | ayer nmay be a barium zirconate |ayer. At 202, a
substrate is prepared to react immediately with, and chem sorb the

first precursghatGass Me sﬁﬂé@&r@ﬁig'@@f&fmﬂﬁﬁr%%&ﬁ{‘soﬂQ&QS fewbr furging gas
preparation will renove contam nants such _as thin organic fil ns,

dirt, and nat SPRFCESEE b FepHTER PrkIp system 09 EhepaseyTror: &2 maybetny

i ncl ude a hydrafdbiiiol oBGhribus w&arso@rtoa‘oﬁwwﬁmn@ﬁmaya tThe pkdagsot,0n
chanber 102. At 204 a_first precursorqogﬁltg or co |nat on of

precursor nmt &F3CkanS and RYTEE gas JOUTGES Ak aSF‘Eﬁ‘at ?‘@r m ned
length of ti mon&&nmewwxﬁnan gashr%&csm whith ié bélﬁiledlb&ﬁélgﬁor

material is chem cally_ adsorbed onto the surf ce of he s

the anount depdsiaPwiPriETreAg msidesb Péﬁt“ﬁ?‘%“ HSRs G “‘tﬁ B'ﬁié

enbodi nent 27 %sof 6 coupled té b&[ﬁtﬁ&%&hﬁrﬂﬁﬁrﬁﬁ"dﬂ@xﬁd‘lﬂt Ih.ﬁ-ﬁ]b 48remove excess
bi s(pent anet hyl cycl opent adi enyl ), and_.the presence &’ }rf’e‘(’:l ent flow
of the precur PEFCURRIT 8AJe8) RITBING Ba3Fs and by prp t§‘tﬁ"§f"rf§ 5% PHEPYEREUr sor

may use a per |s@g,ep,59yrbfﬁ tA8 gadon@hiin eBver age of an adsorbed nonol ayer
?n t he substr %mur f ace or may use er I od i@g.lts c|é)“rlolv‘!l goea_la&% {(ﬂ
ormation of ol ayer %‘h"}“’f‘ﬂ’é‘ﬂ%ﬂ’é? %Pé‘ﬂ‘lpf ple

by control valve 105, which may be a mass-flow valve, to remove excess
precursor gases, purging gases, and by-product gases from reaction chamber 102
at the end of a purging sequence. For convenience, control displays, mounting
apparatus, temperature sensing devices, substrate maneuvering apparatus, and
necessary electrical connections as are known to those skilled in the art are not
shown in Figure 1. Though ALD system 100 is well suited for practicing the
present embodiments, other commercially available ALD systems may also be
used.
{0041] The use and operation of reaction chambers for deposition of
films are understood by those of ordinary skill in the art of semiconductor
fabrication. The present embodiments may be practiced on a variety of such
reaction chambers without undue experimentation. Furthermore, one of ordinary
skill in the art will comprehend the necessary detection, measurement, and
control techniques in the art of semiconductor fabrication upon reading the
disclosure.
[0042] The elements of ALD system 100 may be controlled by a -
computer using a computer readable medium to control the individual elements
such as pressure control, temperature control, and gas flow within ALD system
100. To focus on the use of ALD system 100 in the various described
embodiments, the computer is not shown, although those skilled in the art can

appreciate that system 100 can be under computer control.
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[ 0044] At 206 a first purge gas enters the reaction chanber for a
predeterm ned |l ength of tinme sufficient to renove substantially all

of the norwbeniswesdbed first precursor nmaterials. Typi cacrusows/omsy be
1.0- 2.0 seconds, with a purge gas conprising nitrogen, argon, neon,
conbi nati ons thereof, or other gases such as hydrogen. At 208 a first
reactant gas enters the chanber for a predeterm ned |length of tine,
sufficient to provide enough of the reactant to chem cally conbi ne
with the anpbunt of chem sorbed first precursor material on the
surface of thd084dst r at &igusg iHustrates o diagepmeof operations)) strps foRang| y

oxi di zi ng mat ehhldindi O a AtetiG t%rfoﬂﬁﬁﬁﬁnol%amelbdhgm%fﬁdw@ép
i ncl ude hydrogen per oxi de, nltroa?ﬁln oxi d ozone and Oxygen gas, and

conbi nat i ons tiHBsERsVe twe diffesent an %t@ﬂht)ﬁ% di ferentimatenaln may Fagh Rseh

a precursor ar&nﬁnﬁaﬁ%ﬁb@%térﬁl@@%‘r‘ﬂﬁ]sﬁ&%aﬁl 1] ﬂﬁfﬂ:fst b8 may be a
introduction of the naterial into the react|01 chamber.” At 210 a

second purge dusumitaaate laygr. pdighs asambingtonpk hagiugh titaiwnand exygepst

purge gas, entffSetdHa 19%@ bJ@Bmﬁnpil%ﬁﬁt@'idpePeﬂt b@Nalsibstfatd i e,
sufficient to renove substantially all non-réacted materials and any

reaction bypr dierRared et t‘fﬁ@eéﬁkﬁ%wth pdhgpiserothe figst PERCPSPHEAS ¥ made
as to whet her &hﬂﬁ%oh%?pi’é&hﬁlﬁf‘%ﬁs Ofhi§ Prepdrhfisd wilhicgidvalcof@minaagched

t he desired thickness, or whether another deposition cycle is
required of t Hack pythin prgaricifdms, dift, and MeHer oxide Bemthe urgase Ethes

needed, then té&ss@a@@raﬁ& 0 ihQhAE DRydrOMERTE actdYirlsk, driesplfsr dt@flinfthé St

| ayer is conpleted, which tinme the process noves on to, the
deposi tion of fP‘FFé‘°§éB@ﬁE°‘rM’?er“’f‘é’l04&tﬁf§‘_1.’4°°“¥€@r materizl, OF CORBINAUILR sor

material, or GRERIRRMRGiL, cRIeBOHE FALtGRRAbEY for a%%cﬁfe%nlrlw lér%@%f on
chamber for a predeterm ned | ength of time, typical

seconds. The déBwAer reawls Q6 hdserpdy wﬁeﬁmcel&wﬁ%?irwﬂm&%
the surface ofadbéiBedbiisithahifack B thisGbstafCiheAthcundependiag apéX thehe
first material, the anmount of absor(ﬁgl on depen

di on the
t enper at ur e ofteTREFARYRQL ths substraigyn QQMZHQ%SE’FPF’GF‘EN f1 ow of

t he precursor temlaf;ir@hde heid Bl b@@entahﬂu@wysw&nﬁmeﬁjm afd @R\presehceTay

use a period t rovi des u i form coverage of adsor bed m)olayer
on the' subst r A SEHFAE v ot ?rasfi%rg@faatw? Jt sgdien ‘?‘B\PP B8 qiahg i al

formation of grommaraxsiuseR peled privedif@iuaforinQAdek oQa]rﬁadshﬁbe'ﬁl rst
purge gas is sho as egéeeﬁr?bgtgathe chanber, but th mvenﬁﬁ;{eon |sl not
so limted THEOHUIXTECH te Surfage. T dmayiye apened ther proyides patip
deposi ti on nmayfohRRatidheofaaAtndMyet of ey s@Bétratd uifaeé.t her of the two

previ ously not urge g Figure 1 uld he s as havi ng
nore than the @&ﬁﬁpurge *S%f"?sa gﬁsgﬂgggﬁ?‘sﬂm rfﬂﬁf'ﬁ’é E%V? Ydht i nues
for a predet erpredeesimisgddehgtblof tilmesuficidnt & reniové subisantiziy slubSthanonal | y
all of the non-chenis ed second ecur.sot terial 471 At 2 8 an
11 ust rat v, CUEBTE BB HE AT T D ey ke U 20 stoondl

with a purge gas comprising nitrogen, argon, neon, combinations thereof, or

other gases such as hydrogen. At 208 a first reactant gas enters the chamber for
a predetermined length of time, sufficient to provide enough of the reactant to
chemically combine with the amount of chemisorbed first precursor material on
the surface of the substrate. Typical reactant materials include mildly oxidizing
materials such as water vapor, but may in general also include hydrogen
peroxide, nitrogen oxides, ozone and oxygen gas, and combinations thereof. It
should be noted that the difference between a precursor and a reactant is

basically the timing of the introduction of the material into the reaction chamber.
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or different fromthe first reactant gas, enters the chanber for a
predetermned length of time, sufficient to provide enough of the
“react ant L@o%ﬁﬁﬂﬁ%@ily conbi ne with the anount of chen%gq %ﬂwﬁﬁ%&nd
precursor material on the surface of the substrate. In certaln cases
there may be no second reactant gas, and the precursor chemcally
reacts with the first material to forman alloy or a doped |ayer of
the first material. At 220 another purge gas enters the chanber,

whi ch may be the same or different fromany of the three previously
di scussed purggt mﬁﬁmﬁ@ﬁm@e BAsC daic ik b et &r diffedehiomshd fils€i.ent
to renove substantially all non-reacted material s,;and any reaction
byproduct s f r dHHTEH&ASe i FRS dhe Chfwﬂ%ﬁhf‘ presistermped | fi“én%/rﬁﬁfgi%'a%‘t %
whet her or notrelfa@e bikisEASIBSa1Dhor-RACtSE BRRG alina ah R keabicn bypRediRts frdif
desired thickness, or whether another deposition cycle is required.

| f another dedB&FRambercycle is needed, then the operation returns to

214, until thegggs)i red SKCHN dRMIn ik Tad0 AP Rether BRAOIARS tHiGkhess of
t hi cknesses of the first and second paterials in the dielectric my

d
not be the sariBe{itaaiaial hasysached thegleqited WRPkResscOTdEhrtiar ePYA y el es

for one mat erigpho@Bok 0Y8I sTeqiRd b heFirbEhated e If iotted B&osion3ele iOf
the first two |ayers may be selected to obtain a de5|¢r§§ final

conposi tion. [#ecterh weparafipgretEns tp 20 ! thedestisd frgtdaysriit knesss,

the process mMysspl&Bd, a0 whicheibhéihe protessiidvedlonh BeRpoditiéh SRS Second
| ayers of the first and second materials has reached the desired

number. | n t hi®Baterplal 214 A2l Lnersandsrursodpagha. erRombingtiop o precprspr
material and amgieAsls Centady e rOctibh Shase f6k AFreddttralindddeszth 6Eime,

conpleted at this point in the prcess. If nore than,a single | ayer
of each nat eri‘é(P“’PﬁY fBesi ?'QS?COP é&%%?%%?fﬂ&&?%%ﬁ&?“ﬁ@?’

d}eppsi ti fm of dﬁc‘%&b@ﬁbﬁioftﬂéﬁirﬁ@?bfmcmmfeaintais 03§h4thh et&ptsﬁffgw@fmamer
of interleaved |ayers of materials.one and. two hgs reached t

Gesi red val e, MERBSUBISISILR L AUBGT dePBing HB%s P LB TR s
descri bed her equbstite)\dnd thedpriscacessuffidierd Tl O0hepdak&ahdtedalf h m
havi ng a w de ran%t%sg_fg u?eful erroel ectric properties ay high

di el ectric corddH ISIRE A FAE RREPUTSY TRRY V¢ aRered that provides sniform, o
with a di el ectgdveragedsmidsoitiad nltholayegén fhecubstlatsur A& of maphesid périddl
This range of dielectric cazgtan.ts rovi dFs for,.a teg{ trcangi ng up to

about 1% r el at PEEPTPEIES BATHE{OHAOR §f 2 FHONOIAYET PhPERIEERtS- t hat i s, it
appears to be @Q4é6]val ent At D16xhé fikst parge Gaois stiewh ay enteridpathe icBariifd, Bitnmes

t hi nner than the.physical thickne rovidin nhance I ility
for reducing I‘E‘ﬁ&%ﬁéﬁfbﬁ‘"@&fq ﬁ’@?ﬁ‘ffgf‘{a?“ﬁﬁe Fﬁe‘ga‘?rrg{}ﬁ_f gec‘):g n‘gfh%%'gﬁ}cpm in
t he bari um ti tmaetiel depbsitibiomag bt the3@Hieroe diffdrent ifromacithet ef thaltwhavi ng
what may be known. as.relaxor properti d t L G L on.
The destr i bed Merishr S bfasHalciid HBu iR S FhliHERE Lk
transi slt ors, chpaeo pprsl,gasﬂs illustiatedi The pergercycldgontiwss for a predetermined

m cro-el ectro- . r st ens
"l udi ng- i nf oPBER TR R4 el o Raft U b B G cRBASortSUC, 20
to two di el ectsecondpieeursaimatezald t he equi pnent described in Figure |
coul d have inc a pr : ; i

descri bed for ‘sdldgrgllql Ci ty,gpglﬁss%{fg?éehdaﬁ%gg%gﬂ?\%\%a%%)aflé%\?,%hgﬁrm tgnqg_%fjaéne
flows of diffeostiffeppnefomsioy Brstivendtanf aah,eenmth%thwab@rﬂ)leﬁ pluége\sr?med)n.
[0050] Fi gure 3)h Lk UshhAl GFafies! B Phsvidd Gotbs bPihe 30 tahlio ARG mENt

of a

combine with the amount of chemisorbed second precursor material on the
surface of the substrate. In certain cases there may be no second reactant gas,
and the precursor chemically reacts with the first material to form an alloy or a

doped layer of the first material. At 220 another purge gas enters the chamber,

15



method to forma dielectric layer containing an ALD deposited
zirconium substituted bariumtitanate gate oxide |ayer. Thi s

enbodi nent BBYosREsobiPl emented with the system 100 of Fiygy as
an atomc | ayer gsepom tion system A substrate 302 is prepar e(fdf‘ﬁ%ll
typically a silicon or sem conductor material. In other enbodinents,

germanium gallium arsenide, silicon-onsapphire (SOS) substrates,
silicon on insulator (SOD or other suitable substrates nay al so be
used. The preparation process includes cleaning substrate 302 and
form ng vari oushichyelybeahélsangoradiffereht fidie aﬁylbsmemree pruhslglisdtssed

di ffusion 304 and sourcge dlff%Sl anaflo tﬁ an ué.ﬂ&t ra t|ve net al oxi de
seni conduct or RRECEIeY AL APEHSF™YBe R of S PP BFFBY % o forming
a gate di el ectdubstantidllyadllin-eadted mgtetibie agd ey ﬁaaiceﬂiypmﬂuamd‘mgatte

el ectrode. The substrate may be cleaned to provide an initial
substrate depl% “©f its native oxide to avoid having a situation of
two capaci t or sjopag]ser i esAt Fivea devisiorais nexdb a$ foatketharyor et the ddcladss of
provi de a hydrggen-t rm nat ed sur e ot ent surface
state traps an ‘ggf?"gﬂg il r§a°hfﬁgh qtef;'lreglotﬁ‘gcﬂ §‘t? ﬂ?‘ﬁi ﬁ‘hﬁ‘er go a
final hydrof | udepbsitioaiycle 1m@nmdl mfmhmeﬁu@opimneyslemgndedeqmmmtﬂe t he
silicon substrate wt erm.nat ed rface ot native
si licon oxi de PgiAtion fgﬁ“ﬂ}im‘%&)ﬁ’ﬁ*ﬁk@ﬂ € Seslr Sﬁ?"é’ %Pfeﬁbs &J B@ee
deposi ti on ai ddesired ﬂﬁﬂmessagoﬁmeﬁmund saaced mhtesnlsmmt dMedﬁc amyaot be
interface between th |cond§ ased ubstr%t at g gle ectrtlc1
formed using tHe %{’P% %ﬁy%‘? EISJLPL TR SR é°“°ﬁ‘fes FUERT Y 8F

the formation @ﬁnpahﬁl toelp other. dfhetthiekiesaofdash of thedirsigwplneesmeylberny

foll ow t he genea rstood ricati. stor as iI's
weil | known Lo Flediete BRRRLEARRS AR EROLAT e ke Mond S Haknge, | °
t he. area on t hhe dedngﬁmbhnesﬂ:thdopxbmemovhmmwdnelsmrhtdrzabﬁwﬂeﬂnémed
regions 304 anf ‘?11 roFP rsof eept?r§1! t%scco%d aena'?sltlhlrsac céH‘lStc{egi;'elzdve

enbodi nent, an Fiose one or hore bariumtitanate Iayers 310
and 314, each rpmthant Iraﬂhis)allﬁsjramdembodrmnytasndglvilawabf tte fios matainl and a

| ayers 308, 315 BOGE BEERY kol Wtk BELFENEARA L M EuliioNAl ©
desi red t hi ckreesess. oIfomraithancheﬂlhglethymﬂeﬁhmtenehsdnsjreldnﬂlerpfm& state
density betvegp, dé@ﬁa W%gfﬂgﬁél sﬁ.%fi o2t ﬁrEiedléllld{%ﬁE Eﬂ&

provide a desire ric conpos er natl veelr

there may be anmeroﬁmrmwrblﬁserobf mategals one enfl ezmjhasawchnc! éueldeamd
| ayers of vary, [ sition method. This | am nated
dielectric Iay“é?‘&fr{al%%é&ﬁg erre ‘t%og)as the gate oxide, and while
shown as di st |[ﬂ@‘!9ll ayersTlfemmb,qdanmtg/despxsbeai heraig providel WQGBSB&%I@DW@E

substi t ut ed,

i nserted bet V\een tﬁﬁqfdlrst o?g ctrg%%Iogﬁsee?Mg{a%&gﬁ%%ﬁ es%?% 302
to prevent netdi¢leettiaconstans mqtlr‘@lnnhﬁléetlw@essmq esseetatqdomha
properties of &laecﬂe\ebﬁs%and}h&el ge%io&@%]uo\mm% pder t wo

dielectric layers 310 and 314 having the sane thic ness mever t he
desired di el eclielPeirip copsants RFGVISEs {05 @ tn SNGNENMIRIAEORY 1 rolativede agivn

achi eved by acgll‘ilﬁ)tr]'d"&lcléé‘@ud'l@:&ésothgflstlhﬁpﬁe@sqgﬂéﬁﬁmﬁileﬁth@agilfébﬁﬂfo&l(ﬁ:

| ayers to different values. For exa it ma desired to have the

di el ectric corldyesteatis] Q%‘@Pﬁatﬁw%@a% He P&V%}F%@PF]FT@S? Prvigiag ephanceh

substrate 302 ﬁf@ﬁa%ﬁlﬁy"f&%’édﬁéiﬁg &a&@eehesdtr @@ﬁtréli:%g ﬂﬁ”ﬁxﬁom}éfﬁﬁmﬁﬁm\ﬂ
as a graded dielectric. The_ transistor 300 has a conductive materi al

forming a gat dhepaium aeeaef@m tR 101p 3096 rpsydts i mpterishhaydng what mayfe ¢ he

| ami nated (or 1RRWRBFEIRADroferiidd@nl RN A@ vel B STRY Eestiibed RAGHAS)
dielectric may al so be used. in a floating gatee device such as_an

EEPROM t r ansi saeérprw&gs BEY he implg@eried oM Sransisfers; Fapacitors nggivelatile
di el ectric andntfen e migft Qedicmesahictl dediRE BMEIMS af® BAEELSIEM B nic
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[ 0053] Enbodi nents of methods for fornming dielectric |ayers containing
an ALD deposited dielectric layer contacting a conductive |ayer nay

al so be apRbla6ddoligdel Or M ng capacitors in various integrfask fol.,; fodbt S,
menory devices, and el ectronic systenms. In an enbodi ment I nc 3|ng a

capaci tor 400 iIIustrated in Figure 4, a nmethod includes formng a
first conductive |ayer 402, a second conductive | ayer 404, having a
nanol am nate dielectric having interl eaved | ayers 406- 416 of two
different materials, formed between the two conductive |ayers. The
conductive | ay@s&rrﬁ;ﬁﬂclemdg ﬁﬁ‘dnmipnimndluﬁedenﬁbal Fhe 1dgaﬂnbnpmhgtshduiadaa

a1 ecting the PRARPRIE o e PR GRneE: SREn oRRy L hoanatte "o

thi ckness of tineludadia preduadr dngyredcsantay4, detpelmi-empomesbhﬁdaﬁopkmrpammmr
and may include a single |ayer of n ayer

The material o Ge el Sretrie S RPE i i O el o ioriatr S e
of layers i ncludomgmdneﬁﬁlatepamubmyer thi cknesses. By sel ecting

t hi ckness and ositi of e a, nang nat e s cture.can
be engi neer ed ave aQ%g%r&ét @PﬂT c?sdlf‘gé?'ér%?sﬂ %raﬁgdgf"éﬁ?’ 3‘# ent ofa
conposi tion. Ahbﬂhﬁdlghfohlﬁ& dieleéiric dyet eoeaifingag Aﬂ.mnﬂepdsned hrcs)mum
illustrative exa bei n I Stinc er

| oyed o foriPaRL e e aare ot B0 1 s tRERRRGmaEds e

nanol ami nat e Sh{pllﬁhetl‘tai @hh\ﬂre systein lglmrcﬁ?lgiuamdséﬂamyxahﬁnmsmr depasiion
volatile single gate devices as wel |
as other inte 5@ g&b P ?%zﬁgﬁ?ggf{”e?%mg@apam ‘%l SemEd St er

devi ces havi ngndbﬁhledhbﬂmrémbakme‘ags gmnﬂanmhf;gelhum“dnidn sibowr-yn-

dovi cos. - EnbodPREITSR R e it g an Ty Gad PR Riptrtes

W rel ess syst eﬂsyakebeamdm]}hle(pa&pammmpmcempcmmmﬁaeng sabstraten3@arelt ed
‘S:i reuits. [go%lrﬁ‘ “vra%ous %%&%t Tohs 8¢ fHeagdt dmd Sucncid d?zll%ffh%n%m
C)C/)?lt glmang aﬁvtlzltr(]l?murrclzild?i;ﬁsl rdﬂﬁaref angl?hfstnag\\z/ﬁ x:mta? o:glde sn;;iiétluicuotodﬂ\?[@&o
/ol udes . corraaieesoaYcRiES Saky pSER: hitling d B4 ARRLGG NP S0
wher e bus 504 formingdbsgat Sielechriaindaimhlatioo. yh@mmma nayberctiahet to502
and/ or ol ect r ioa 5T imHa syl IR IPOLSe FARId Rapiiifa 207,

| ayer cont ai nisitgatemefmol capacjtotap ssii¢se FhaliBtiplspbstatamap be vicanss ty

di scussed her %rgvide a hydrogen-terminated surface to avoid potential surface state traps and

trapped charges. The silicon substrate may undergo a final hydrofluoric (HF)
rinse prior to ALD processing to provide the silicon substrate with a hydrogen-
terminated surface without a native silicon oxide layer. Cleaning immediately
preceding atomic layer deposition aids in reducing an occurrence of silicon oxide
as an interface between the silicon based subsirate and the dielectric formed
using the atomic layer deposition process. The sequencing of the formation of
the regions of the transistor being processed may follow the generally
understood fabrication of 2 MOS transistor as is well known to those skilled in
the art. ‘

[0051] The dielectric covering the area on the substrate 302 between the
source and drain diffused regions 304 and 306 may be deposited by ALD in this

illustrative embodiment, and may comprise one or more barium titanate layers
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El ectronic system 500 may include, but is not linmited to, information
handl i ng. devi ces, w reless systens, teleconmunication systens, fiber
optic systwoBgos@h®6iro-optic systens, and conputers. [ QRanlskd@MidRod
depicts a diagram of an enbodi nent of a system 600 having a
controller 602 and a nenory 606. Controller 602 and/or nenory 606

i nclude an ALD dielectric layer formed in accordance with the

di scl osure. System 600 al so i ncludes an el ectroni c apparatus 608, and
a bus 604, where bus 604 nay provide electrical conductivity and data
transm ssi on Bd0wed s 14,caath potestialB0Brmvetbofahant individuabdgpasiibnsayéB8, and
bet ween contraller 602 and nenory .6 6 '

address, a da'(t)llglwf)etf%r,e sﬁ%“cﬁ“ ?fqélgrﬁarng’l m%ﬁ%ﬁ‘%gg’c %ﬁgg%%ah%%k%?éog’%u and
confi gured. Bu66E4ciabfihe shasn tayensonaydoive any dssired imelmesoto qbtasy dekiingd
address, data,_apd/or. contt t f j 8”‘5‘% y
controller 602" OrP%{’%?rt\mer‘?‘B%Eﬁ‘%f?ﬁe??aé%l'zcg?l?%gwcg'g%gﬁéf%gli@'ggﬂ# nclu gs
addi ti onal menmbstratswhd esprogidtiagissien Snahghte dicjectmc creampsitioB06. An
enbodi nent inc)udes. an additi onal ' ' | ces 610
coupl ed o bugBer Rl L s BE R EuBaRRRns 3P s anbe 4RAGES 000
Any of cont r olihterle6@2 layveswali warGi0g thitknessGid depdsitidr mathod.appalanmsted 08,
and peri pheral,.devi.ces 610 i i r i :
ALD doposi t ed SRrHHC FasEhy ELeteBEd S o PheLREL 'yl oxESho iRl it
embodi ments. [1e@Sfoyekritynisesingirallopal layke, ofnubstitgtedoer doped tager. tXyere

i nformation hamnglllmng 1 Y:i&%%m%%ﬁ?ﬂﬁ%q%%ée%ghé a@ecnﬁ:glg}fer 308
conputers. Peri p?hera evi ces may 1 nclude displays, additional

st or age nmenor yanddhe sibkeate 302 ta pleveht meta sonthminatiny fioprafigeting the
conjunction w : I o} . | he tw
under st ood t hae?&éﬁ n%?)hllroﬁg n é og&é% d%é%% F‘t;}gg%g%c‘_%%?nebo? Ign%ﬁrt\ éh%‘?sgte? ano
type of menor Wideetdalayessitl Ozand 3id having Srecdenhettoickress,hoiveuer thedesired

particul ar typ . . ' Pﬁg’ﬁ”'[ ' . SRAY
(Static Randor#l? %g%uégg%}r(%egé}c h%ﬁlaﬁ as rree%??%gbg%%lq??l g‘r’la )}3\/4,th he
DRAM coul d be the saectftiondickneraltheadiclosttiy layefsde differers valies Fpygyample
(Synchr onous i Mt _IRAM: e
Dynani c Rando%%@glle’g?eﬁéggg%@%%g%ﬂm |°|r&,ﬁgt§‘r’1d DR S @ﬁ}?%gﬁhﬁégm[lﬁta
Rate SDRA. M, desedele substrateid92 esrsusgieatthpRalkiclestndo? Byi Bys maybe

2008/ 018994 Pdmm%gggrgiﬁ?ﬁée%tggﬁﬂg Bhddistdr! 308 1Al 2 botdueal Embiehis

mat eri al s have energ ast few decades as an inportant,
constituent offoroingd ate ¢lectrasdadd § injdns Wusirating rmbediment, byhihe laminated

dielectrics, |@fhaltlRERINR indialAthRA £OWRR BANIMALI U ATRy AMEDS)

and el ectro-optic nodul ators. Ferroelectric materials inclu

spont aneous poised ivefleating gatgedayise syel pcasEERRGM Eansisnrsastihenepedy y

hi gh di el ect rigupgf fletHohMhd Yatd BIddtrit hn@ (RS EdnBrob batk Qldiettid BFRONERe and
thus of interest in nulti Tayer . )
conductive material may be polysilicon or various metals.

[0052] As illustrative embodiments, the gate dielectric (layers 308-316)

may be used as a simple transistor dielectric having a controllable and high
dielectric constant, as a non volatile memory device, as a capacitor,orasa
tunnel gate insulator and/or as a floating gate dielectric in a flash memory
device. Use of dielectric layers containing a laminated atomic layer deposited
dielectric layer for a gate dielectric and/or floating gate dielectric in which the
dielectric layer contacts a conductive layer is not limited to silicon based

substrates, but may be used with a variety of semiconductor substrates,
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ceram c capacitors (NLLCC) and m cronechani cal systens. By varying
the percentage of bariumtitanate (referred to as either BT or

BaTi O3) an‘gP? es}r"%}i rconate (BaZr03) the material may I@ngsﬁﬁgéf’ésbled

to act as a"standard ferroelectric material for

NVRAM or as a relaxor for use in a MLCC or MEM [0058] ther materi al
properties of the ferroelectric filmmay al so be adjusted or

optim zed by varying the titaniumto zirconiumratio. As the anount
of zirconiumis increased the Curie point of the naterial decreases

and the spont 49893 POl HhBalimehts € HicBRYE for fdidifig TRYech®: 18{ @B coitSiatig
In the tenperature stability of a NVRAM and the anpunt of electric
!

charge that neAr HeDglepesitgd dielrstrin lageroqatagting & condpetye layHmpy also be

appr oaches abojhh1icd #§ fobhigBRp KitoR in RESSESRtegtabdd cifeuit) xﬁdﬂa)r];\a/geﬂeﬁ, @b
of relaxors, such as typical |ead based materials used in MEM
structures. TrieswopisSysiemsain a1 SBbHBSHETHYTIBE 2/5aPAsHETA00 Wustrgted Wyt

havi ng snal | ergiple¥s b Ysddld ih18d&Y Bhiing iaZfist RRMRARE 1416L£402) alsb&onkdar ger
size of the zirconium atom as conpare he titanium ato
e

to t
i nhi bi ting gr sondggtyataver fobdvy e Tarerwitals dielesirsharing st Heyed layers

material vari efssURpsg Sitvoddifrdredd thitetiXls, fORAGEHHNASER (RE tved EGHARLAND laydrs.h
bariumtitanate havi n% a val ue of about 475, a 20% zi rconium

substituted | alscondystivg laveratQzcandrdO4maan inalbde mgiad, dorsdipoypyicon,

silicided metals, polycides, or conductive organic compounds, without affecting
the teachings of this disclosure. The sequencing and thickness of the individual
layers may depend upon the application and may include a single layer of each
material, one layer of one of the materials and multiple layers of the other, or
other combinations of layers including different layer thicknesses. By selecting
thickness and composition of each layer, a nanolaminate structure can be
engineered to have a predetermined dielectric constant and composition.
Although the material layers are shown in this ilinstrative example as being
distinct layers, the oxide may be allbycd to form a single material layer.
Structures such as the nanolaminate structure shown in Figures 3 and 4 may be
used in non volatile single gate memories, two gate flash memory devices as
well as other integrated circuits. Transistors, capacitors, and other devices
having dielectric films may be implemented into memory devices and electronic
systems including information handling devices. Embodiments of these
information handling devices include wireless systems, telecommunication
systems, computers and integrated circuits.

[0054] Figure 5 illustrates a diagram for an electronic system 500 having
one or more devices having a dielectric layer containing an atomic layer
deposited insulator formed according to various embodiments of the present
invention. Electronic system 500 includes a controller 502, a bus 504, and an
electronic device 506, where bus 504 provides electrical conductivity between
controller 502 and electronic device 506. In various embodiments, controller
502 and/or electronic device 506 inciude an embodiment for a dielectric layer

containing sequentially deposited ALD layers as previously discussed herein.
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and 40% about 150. This is a large variation within a relatively
smal | percentage change, and filns fornmed by the nethods of

sputt eri ngvofom/oigspget , dual target co- sputtering, netPaiT/ISe@a016501
chem cal vapor deposition (MOCVD), pulse |aser deposition and

chem cal solution deposition (CSD), result in variations in thickness
and | ayer conposition producing | arge changes in device operating
paraneters as conpared to the described use of ALD, which provides
better uniformty and accuracy. _[0061] Thus, a reliable process_ for

forming the diflpdemi wstegy0 maymchddwd ispqt Jimitpd s daforpatiqndinding

over the rati QueQfced ivFifedids ugatérﬁs,f:éléc%ﬁhﬂﬁm&diiom?stéﬁﬁ,rabeasﬁtw sIXB&ﬂl\é,ed
control over the filmthickness. Atom c |ayer deposition (ALD)
provi des bot h dlec@meraptigsystemenape 6pEPEY Scont rol . [ 0062] An enbodi nent

for a method frgpsdjor M Norigdte 8l RplctsU hiSHRVIIGR chibohitias of D5yEtdRI660
dielectric |ayer_ By usi nﬁ an atom c | ayer deposition (ALD) techni %ue
to forma di elhavingiacontrollerdOZiapd 8 memary 688+ Contrelier 567 Angdiot PemATY A

oxi de Ba(Tii _%adhddsh ALD digieitiBudyer RIrREB M Roorfahdd wilhl Heafisckodud)d
zirconiumis el enment nunber 40, both in the WA colunn of the perjodic

chart. Bari umSystes edf-aiso inglvdes ansdeqtionicappasates FRS ndiaRus S8¢; whgre bus
chart. ZirconiggsabsbiideeRetrch] (Pndidvitdnd asER@ndiistibh Bbtwleali M Ng a
single molecule thick bariumtitanate fil foll owed by formng.a

si ngl e nol ecul<enirpllern 608 apd glectrprie pRAFAUS ?qrawf’ml betwesn %éellﬁgﬁog Bdr i um
Filmw th apprgehoBietey Bus 8084l iR adaRie, tal dafd BudMArdC donitb] bils, €. ,
a 1l/1 ratio. By adjusting the nunmber_  of bariumtitanate | ayers,

bet ween each sieflyindepandenthy sanfigured; Bup §04 also psrs comman eopdydtive Sinefort o

titaniumin t r}ﬂo{'ihﬂélada%es:{ idﬁta,xaﬁ%?&%ﬁtnﬁli, BB WRick &Sy bé ragidated by

repeatably controlled within the useful range of X fraomzer

fro o to 0.40,
whi ch may’ r epreosptieri§2. I fnbesimsnt glseiroms sRAEANS 408 inclpdas additional
film [0063] TheéBod/dRviFBYord gufidnarhilaey Wehdnsls 606. Aarambbgdichdift iddlnrs
Ba(Tii-x Zrx@3) film Thin |ayers of ti,tan'%moxigefil , layered
with thin Iayé“sadﬂ’ftl%élrf?eﬁ'ﬁ‘f‘%fﬁf/%m&r?d deyipe O FRIBlE Eﬁab‘f?a‘{b“s‘bén neal ed
to forma subsdnaidldimédtyoftedllr 601 id dProtesZdr Q1Y dfiFobtddlRk 602\ irBembgraosm

titanate. For ex l e titaniumdiaoxjide, Ti,02, or zir i um dj oxi de
7102, oy be dUSROE eRropicARBat S48, Rgriptralslreices Sl magincludian as
titani um t et r asélk@fit teedhdvide ADALDRRPOSI el \ORId¢ 1aVel DIcURIahed witls tHeor | de
Zr Cl4) and wat gr _vapor HZO% at a tenperature of from 100 to 250C,
nmore typical l f‘T&f@fRemgﬁ‘ﬂ Pnative titani um or zirconium precursor
is tetrakis dijeosg)l am r8ystent 600 may inEhIdA THut istot timiedno,infophiolhZ) . Yet
anot her zir COL}E uirﬂgrggr%%ur sor is zirconiumtertiary- butt oxige.
r(t- ) i a 0 sure
Zr (t - 0c4119) A28 ISk tlecompBunigation sygigEs RS Jor PRFal
and thus evapaieices6iimay trchidedisphdys cadditicndkestars gelinzinogy, jor ethiar sl or
reactants may c‘egl%leg 3t 1@%}9 BB&%& iR E&Séﬁc fon wi téo% %llgrxdoqean%g m%)r(r}/o%? Bos.
It will be understood that embodiments are equally applicable to any size and
type of memory circuit and are not intended to be limited to a particular type of
memory device. Memory types include a DRAM, SRAM (Static Random
Access Memory) or Flash memories. Additionally, the DRAM could be a
synchronous DRAM commonly referred to as SGRAM (Synchronous Graphics
Random Access Memory), SDRAM (Synchronous Dynamic Random Access
Memory), SDRAM II, and DDR SDRAM (Double Data Rate SDRAM), as well
as other emerging DRAM technologies.
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WO 2008/ 018994PCT/ US2007/ 016801 [0064] Bariumtitanate |ayers may be
fanned using ALD with reactants |ike barium cycl opent adi enyl

conpounds.wEagsR¥@IPl € is barium bi s(penta nmethyl cycl @cRaRbadhaBNM )
mxed with titaniumtetra isoproxide and water at around 275 C.

Vari ous other types of precursors may be used, such as volatile

di ketonate chel ates (for exanple 2,2,6, 6-tetranethyl

-3, 5-heptanedione). In many of these cases the titanium precursor my
have a sel ected proportion of a chemcally simlar zirconium
precursor adde@05%p t hat Thihdilms nffeerotlecmiclraatenaldepesinteegkdiin tle lastifgi e
deposition iteration ma . A L, gpﬁxfgé .
In this exanpl (éecf"?]%sraé; aﬁ%‘ﬁ?%&“ﬁ“ﬁ%ﬁ%ﬁ%ﬁ“@%%ﬁ%&g@ g{ntlc::?se e a )
si ngl e t hi ck |tanable didectricst infrared |sensorse micrpeletteanatanded syiteme (MEMs) S,
as may be requjir I | S .0f. di- ' ved
material | ayerasrl.de%%@ﬁ%pg%éﬁ&}c{fgt?ﬁﬁ'egégé'{r%anéggr‘ﬁ%h%%%&g&cvgg %&P% ghtly
control | ed t hisKadsss foo mepary derdpssind relaxerg dlbeing ety ldglpdisbsttion t he
saturation of the.substr r . S
50 very smootArHiE sfifhin E8 Rt b fespblish A uak of Wierbleih bidilr
t opogr aphy. Theeraisjraspaditors (MIcC@pamiayicairsahbscallsysemat BY vhevingetha t he
two different materi al an r | fl | - [ag

nanol ani nat e ofcFHE evo\g. ,bglrI mgnﬁlxrt;e}'%t(ﬁ (?%Urréedn{&%gf%t%%]ﬁ %‘)rrﬁ%‘%@%:)m eagi urr?ay
form an all oy sirdonatedBAZi6d:h the mdteridl enayibeicoatroied th etiwseithertrestingard
metals results.in juscible. ' F@,ﬂ[s ' Hari
titanate and b%'ﬁ° ﬁ%c%cr]%%%%a?’g.ﬁ%%ﬁleg her ca%‘éﬁf‘r]’%ﬁf‘?ﬁ%“%%o‘%%rwg 0nrny
vary dependi ngMBEMn the ratio of the two or nore different material s,

and thus materiglg My bEulOL RG] fdpetlaVSs HOMRERERR MFOREY LsEBe

adjusted or optimized by varying the titanium to zirconium ratio. As the amount
of zirconium is increased the Curie point of the material decreases and the
spontaneous polarization decreases. This may be significant in the temperature
stability of a NVRAM and the amount of electric charge that may be stored.
[0059] As the amount of zirconium approaches about 27%, the material
becomes similar to the properties of relaxors, such as typical lead based
materials used in MEM structures. The material may also become more
amorphous, or at least having smaller polycrystalline grain size, perhaps due to
the larger size of the zirconium atom as compared to the titanium atom inhibiting
grain growth.

[0060] The dielectric constant of the material varies substantially with
the percentage of zirconium, with barium titanate having a value of about 475, a
20% zirconium substituted layer having a value of about 400, 30% about 275
and 40% about 150. This is a large variation within a relatively small percentage
change, and films formed by the methods of sputtering of a target, dual target co-
spuitering, metal organic chemical vapor deposition (MOCVD), pulse laser
deposition and chemical solution deposition (CSD), result in variations in
thickness and layer composition producing large changes in device operating
parameters as compared to the described use of ALD, which provides better

uniformity and accuracy.
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[ 0066] The | ow tenperature deposition results in filns thdt are

anor phous even after subsequent heat cycles such as densification and
mld oxi daﬂ)\ﬁﬁosfo‘f@ﬂ“r cycles. Silicon dioxide |ayers grpQ 89%7;'016 01
oxi dation Of "SIli con substrates are anorphous, and the subséquen

heat cycles typically used in sem conductor fabrication do not
substantially change the anorphous nature of the silicon dioxide.
This nmay be inportant since crystallization of a dielectric may cause
the surface to becone rough, which may cause greatly increased

| eakage acrossgphf di el s £relidiie prdcksiliel tdrmid A8 dRiecticiapdraflst hive
may al so cause the covering conductive |ayer to form sharp spikes,

whi ch may i ncrdesisably pecurase gpnteql ewerthe ratip OF girgoniym te fianiyy iy the fim.ands o
dielectric br dang r ' 3 gt hik ¢dlet denbBiti®n e

anot her benef iq?ﬁ)qf tﬁgﬂﬂgle&gﬂhkﬁgﬂit%c%gﬁpaﬁ%gﬁ% otpher dg%%]s??tion
met hods. [ 006 #xdYidesshashilevelspf dlmpsenssty creffelmay have an acti vated
substrate surfggenat a PAFSEbERRE: fof TRRARKUCLIAABAALILAORIC device

titaniumcontaining first precursor material for a first tine period
and flow vol uriecludgs fermingta figlectsc layer iy gsing i owis lnyeralepqsidon @lP) st

purge for a seggighletiRomes LRELERTRAVEE HebnhAubatthiéd Bhiiuf et or bed

portions of the first precursor material, or conbination of materials

from the subst@ddeBaime@uOsrnbimiviiselmaenta meta pumbee 2 adRFGRIE o
a first oxidi Zéié}ﬂeﬁt%ﬁ%ﬁpﬁo,'itﬁﬁﬂh'tﬁébwb&hmh%@ﬁegpéﬂoﬁib JnBR. Bdsemed

first precursor material on the substrate surface to forma first
material | ayerci¢gmemmumbent inaelunt HAnfdhe pesiodinmiipg; Liggopipsubstituted
deposi tion cycCigs nliFhdepnes B%ﬁ&t?dfﬁii@g d§n%l€&ﬁﬁ&&a¢e itk Hariemt@tandie d

first material thickness is obtained, and the substrate surface is

exposed to a sEEbfellqyedly Bapingssnglemolegyle thigk barym gHeopate i thug) s

to saturate thgodudsd & Bhfurs filkh 368 apptdXithitelySes090 dirfereH] 0% titsahes i al |
which is repeated to obtain the second naterial {hickness.

100681Enbodi neontent. At adé! gtioy &y Adssting the aumber pihazium ftanate Bygrss |

menory devi cespyerdbith QbR SingRHafiumydicondie wF;&ﬂJ tHéi 18116 6F ZikdonhAY & ®anium in
containing an ataom ¢ Igyer deposited dielectric, an rret%gf?ﬁ f.% h
form ng such sthefealBadlx@aQa Hpymey Prsastly gad fepeatably sgp gvithin the
advant ages, anskefif ddrige@% Xrbm 28RA6 TRICAVARhRy repR8tHt fite dredundws Ny

description and the referenced draw ngs.
P ZITCONIUIm VErsus t?tamumdm ?116: fﬂ%

[0063] There are many alternative methods of forming the final Ba(Ti x
Zrx03) film. Thin layers of titanium oxide films, layered with thin layers of
barium oxide and zirconium oxide may be annealed to form a substantially
single film of zirconium substituted barium titanate. For example titanium
dioxide, Ti0,, or zirconium dioxide ZrQ,, may be atomic layer deposited using
various precursors such as titanium tetrachloride TiCls (or respectively
zirconium tetrachloride ZrCl;) and water vapor (H,O) at a temperature of from
100 to 250°C, more typically 160°C. An alternative titanium or zirconiumn
precursor is tetrakis diethyl amino titanium (TDEAT), or zirconium (TDEAZ).
Yet another zirconium precursor is zirconium tertiary-butoxide [Zr(t-OCsHg)4)
also known as ZTB, which has a higher vapor pressure and thus evaporates more
easily. Altemative oxidizing precursors or reactants may include hydrogen

peroxide, nitrous oxide and oxygen.
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100691Formati on of oxide |layers by an ALD deposition may fofm
substituted dielectric films at relatively |ow tenperatures, such as

250 C, MY, 08 O‘fgmgghous have tighter thickness and conpaq Ed d)afhjg?]
' ms

control, and possess snooth surfaces, as conpared to sputtere
Such OX|de films may provide enhanced el ectrical properties as
conpared to physical deposition nethods, or typical chem cal |ayer
depositions, due to their snoother surface, and reduced damage,
resulting in reduced | eakage current. Additionally, such

ferroelectric jogysys ProNirfifn AtanbleqiREs MAYSE fodined Dk RIS with 3eachants
silicon oxide |ayer having the sanme equiyval ent OX|de thLCkBﬁ%&P wher e

the increased Wﬂ@(’#@s‘é’cm"%&ﬁﬂé’q@aﬁtﬁe Qugrexample is apnm {3 es

of ALD deposi tggngi &cRFfentaidn)ahikedvith\Hamih &l ik6xias ash FhREL i C
layers in electronjc devices and systems, MEMs, and non volatile

TonDr i s, ALD ZPHRAATSIIG. s YEORT QIhe YRR aHRCHSp i BRRe uied oueh as yolpties
have a di el ect gikérohR0 sheddits (f50 exaripsd 206 @te&msmghgrs-ﬁmeama ah

silicon oxide, such that these diel ectric filns possess. an e |voe}l ent
T

t hi ckness, t eqnamypfihese %@%ﬁlwughﬂreclﬂt%lwbﬁ‘% sgiected grapg
physi cal thi Ck&eﬁﬁcauﬁlshﬁﬁarwbﬁmnr;ﬁb@&sovahd/edl 86 Gt h %5 Ereahmtmy&kness

inprove the electrical properties of the dielectrics. 0070 ugh
speci fic enbodieperites in &\?Elgg"e‘@%‘ﬂ% yeratiprpmay havefbe cpmplete gL@ahaa T

wi |l be apprecjgtesl) by thileasmple tﬁ’éréi%ﬁl’d\bc&tﬂ néed ifét dnh@nédl to leate aemgle
arr angenent that IS calculated. to achjeve F e .sane Eyégose

substituted fothicklayes BBH#W%“%‘HH%WWWP%" RFftion-pe may bef %l%‘llfe‘f‘ if

intended to Cometay@mé el o¥idi FasnmThteMadvea maddifal ffyeprbodi ment s of the

present invention. e under st ood t hat the bove r.iption
St endod t A998%K | | ustﬁem?éhesa ey e Yoy pealy °?‘ﬁ§ e

phraseol ogy or ok 4dHi d&?bﬁﬂc&h SFEN BXEdtpbRIsVInthé §attfu@ﬁoﬁ bﬂha Hﬁmﬁ& safface.
description and not o

enbodi ment s andotURREre &ﬁﬁ%mew%oﬂb%%%%bﬁg&e%f’d t"SmPf’l‘(%% 35?“ & |
in the art upodhafd wifiiétpiigtbigodpbye Tﬁé&ép’dsﬂioh@:@cleﬂ' hay aiope altérmhied
D et el LSS SIET SRRl SR A A Elherne s e
The scope of thmoRidifse BEMheIwo or iivge gifRRANOxiEY eﬂmb@m@h aialy dodaean
O o oS! SRS B B SRy =Sl Wi
clainmed is: AmneRfale) dsﬁﬁ theRAsEOWith birfim &tahbtehd daviwlu @ircoretd. diyeither case
the film properties may vary depending upon the ratio of the two or more
different materials, and thus materials may be formed that have engineered
properties.
[0066] The low temperature deposition results in films that are
amorphous even after subsequent heat cycles such as densification and mild
oxidative repair cycles. Silicon dioxide layers grown by oxidation of silicon
substrates are amorphous, and the subsequent heat cycles typically used in
semiconductor fabrication do not substantially change the amori)hous nature of
the silicon dioxide. This may be important since crystallization of a dielectric
may cause the surface to become rough, which may cause greatly increased
leakage across the dielectric. The crystallization of a dielectric may also cause
the covering conductive layer to form sharp spikes, which may increase the local

electric field to a level that may cause dielectric breakdown and result in a short
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a ferroelectric layer disposed on the first conductive |layer, the
ferroelectric |layer conpri-sing a nanol am nate, the nanol am nate

cont ai ni ngwve 2aa80¢c89d um substituted bariumtitanate fil mdraseengoesol
zirconiumto titaniumratio of from 10 to 40 atom c percent, wherein
t he nanol am nate includes a | ayer essentially of bariumoxide in
addition to the layer of zirconiumsubstituted bariumtitanate; and a
second conductive | ayer disposed on the dielectric |ayer. The
capacitor of claim 1 , wherein the zirconium substituted, barium
titanate fil mogyita Thisgraykeanotsy henstit of ths uge ol e semparisopda othgn
10 angstrons aRfodtishinefidls.| eakage rate of |ess than 2X10-7 anps per
cn2 at an electric field strength of 1 negavolt per cm 3 .

capaci tor of dP8Fth. 1., Thrererk lexe dmsms’&wfrqve apé%‘fatcﬁla%’b?}ﬁte

equi val ent OXIsdﬁfaé%tCalﬁﬂ@s%&c&h bR P SatoRPdk pdaAD 8 Ht&riiE-contatting Bt I i c
constant of nore than 250, and_a breakdown voltaqe of greater th

2.5 M/ cm el .Precusozmateriab fore first time penpdand floyg volume, whichsatpratss

including a napphiand fatRe, THE A WMBIGIuREE 18Rk Secofd tidldPehidd erhedesr Of
zirconiumsubstituted bariumtitanate in an integrated circuit and

t he nanol am ne?PbSté‘éﬂﬂ“é(laHlqﬁ’g“aéls?rB%P°‘B§%Sé?ﬁﬂ‘%ﬁF§/P’@F“‘5%rr‘Pﬁtﬁﬁ"ﬁ)‘x?"de in

addi tion to t%rdlﬁa/a%nq,ffnmrﬁ%wmwaw&@ﬁcsarhwme shsbaatequrfand a
conductive layer contacting the dielectric. : electronlc devi ce

of claimr , witexgaseqto fig mnemrtgdeﬁ%mafﬁﬂa}ahca reaghyyweh thegdsorbed

first precursor material on the substrate surface to form a first material layer

(such as barium titanate) to complete a first deposition cycle. The deposition
cycle is repeated until a desired first material thickness is obtained, and the
substrate surface is exposed to a second precursor material, or combination of
materials, to saturate the substrate surface with the second precursor material,
which is repeated to obtain the second material thickness.

[0068] Embodiments include structures for capacitors, transistors,
memory devices, and electronic systems with dielectric layers containing an
atomic layer deposited dielectric, and methods for forming such structures.
These and other aspects, embodiments, advantages, and features will become
apparent from the following description and the referenced drawings.

[0069] Formation of oxide layers by an ALD deposition may form
substituted dielectric films at relatively low temperatures, such as 250 °C, may
be amorpimus, have tighter thickness and compositional control, and possess
smooth surfaces, as compared to sputtei‘cd films. Such oxide films may provide
enhanced electrical properties as compared to physical deposition methods, or
typical chemical layer depositions, due to their smoother surface, and reduced
damage, resulting in reduced leakage current. Additionally, such ferroelectric
layers provide a thicker physical thickness than a silicon oxide layer having the
same equivalent oxide thickness, where the increased thickness may reduce
leakage currents. The properties of ALD deposited dielectric layers allow
applications as dielectric layers in electronic devices and systems, MEMs, and

non volatile memories. ALD zirconium substituted barium titanates as gate
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to 20 atom c percent, and the dielectric having a dielectric constant
greater than 250. 6. The el ectronic device of claim, wherein the

electron!gw %&k%%w'Pc!udes a’non vol atile nenory eleneQ&Hﬂﬂﬁ%ﬂ@nﬁEF

dielectric gs a gate insulator in a transistor device.

el ectroni c device of claimeh wherein the el ectronic device includes
a CMOS transistor in the integrated circuit. R The el ectronic device
of claim4, wherein the electronic device includes a capacitor having
the dielectric as a dielectric material between at |east two of a

plurality of elgatddes dié?eéhﬁ@c&ﬁﬁﬁ?h&)@ﬁbsta@lﬂaﬁ} Righ&QRAPhaY St $ifton
conprising: a controller; an electronic device coupled to the

control | er, whefide suehthattheserdielactrc §ilmps pessessen geniyalent thickpesg, te) thianer ¢

including a naggh r@;{?a& Edieleb@ich 8P e 3B Bh i & MicknBid) Fifnd WXElg Of
ZifCOﬂiUﬁ]SUbStltgte ba#ﬁun1fitanate ig g% ?E%ﬂg@??gﬁ circuf% and

t he nanol ar ni neglasivelyriasge physical thigkness isapsayn the plegtrisel napsrties ehthele in
addition to thgelegiyt Of zirconiumsubstituted bariumtitanate, where
the zirconiumto titaniumratio is from 10 to 30 atonic percent and

the |ayer of zi0088hi um stbbeughspecifip gmbedimentsdays keenddusragadandct ri ¢
constant of frQm.2R0 HeeirAPwilPHEappreciated by those of ordinary skill in the art that

any arrangement that is calculated to achieve the same purpose may be
substituted for the specific embodiments shown. This application is intended to
cover any adaptations or variations of embodiments of the present invention. It
is to be understood that the above description is intended to be illustrative, and
not restrictive, and that the phraseology or terminology employed herein is for
the purpose of description and not of limitation. Combinations of the above
embodiments and other embodiments will be apparent to thosé of skill in the art
upon studying the above description. The scope of the present invention
includes any other applications in which embodiments of the above structures
and fabrication methods are used. The scope of the embodiments of the present
invention should be detenmined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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a conductive | ayer contacting the dielectric |layer. 10The el ectronic
systemof claim9, wherein the electronic device includes a nenory.
The el ectronic systemof claim9 , wherein the electronic device

i ncludes a non-volatile nenory. (2. The electronic device of claim]
wherein at | east one of the first conductive | ayer or the second
conductive layer includes a silicided netal. tZ The el ectronic device
of claim, wherein at |east one of the first conductive |ayer or the
second conductive layer includes a conductive organic conpound. ikThe
el ectronic device of claim4 , wherein the nanol am nate includes a

| ayer essentially of bariumtitanate in addition to the |ayer of
zirconium substituted bariumtitanate.

What is claimed is: -

% A capacitor, comprising:

a first conductive layer;

a ferroelectric layer disposed on the first conductive layer, the ferroelectric layer
comprising a nanolaminate, the nanolaminate containing a zirconium substituted barium titanate
film having a zirconium to titanium ratio of from 10 to 40 atomic percent, wherein the
nanolaminate includes a layer essentially of barium oxide in addition to the layer of zirconium
substituted barium titanate; and

a second conductive layer disposed on the dielectric layer.

2.  The capacitor of claim. | , wherein the zirconium substituted barium titanate film has a
root mean square surface roughness of less than 10 angstroms and a current leakage rate of less

than 2X 107 amps per cm? at an electric field strength of 1 megavolt per cm.

3. The capacitor of claim | ', wherein the ferroelectric layer has an equivalent oxide
thickness of less than 10 Angstroms, a dielectric constant of more than 250, and a breakdown
voltage of greater than 2.5 MV/cm.

4:.  Anelectronic device comprising:

a dielectric including a nanolaminate, the nanolaminate containing a layer of zirconium
substituted barium titanate in an integrated circuit and the nanolaminate containing a layer
essentially of barium oxide in addition to the layer of zirconium substituted barium titanate; and

a conductive layer contacting the dielectric.
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15?The el ectronic device of claim4, wherein the hanol am nate
includes a layer essentially of bariumzirconate in addition to the
| ayer of zirconium substituted bariumtitanate. 1"The el ectronic
device of claim4, wherein the nanol am nate includes a |ayer
essentially of titaniumoxide in addition to the |layer of zirconium
substituted bariumtitanate. . The el ectronic device of claim4-,
wherein the conductive |layer includes a doped polysilicon gate or a
metallic gate. (B. The el ectronic device of claim4, wherein the
conductive layer includes a conductive organi c conpound.

5:.  The electronic device of claim4- , wherejn a zirconium to titanium ratio ranges from 10

to 20 atomic percent, and the dielectric having a diclectric constant greater than 250,

6. The electronic device of claim 4‘=, wherein the electronic device includes a non volatile

memory element having the dieleciric as a gate insulator in a transistor device.

7.  The electronic device of claim 4'., wherein the electronic device includes a CMOS

transistor in the integrated circuit.

Q.  The electronic device of claim 4-, wherein the electronic device includes a capacitor
having the dielectric as a diclectric material between at least two of a plurality of electrodes in

the capacitor.

q . An electronic system comprising:
a controller;
an electronic device coupled to the controller, wherein the electronic device inchudes:

a dielectric including a nanolaminate, the nanolaminate containing a layer of
zirconium substituted barium titanate in an integrated circuit and the nanolaminate
containing a layer essentially of barium oxide in addition to the layer of zirconium
substituted barium titanate, where the zirconium to titanium ratio is from 10 to 30 atomic
percent and the layer of zirconium substituted barium titanate has a dielectric constant of
from 250 to 500; and

a conductive layer contacting the dielectric layer.
10. The electronic system of claim ‘7 » Wherein the electronic device includes a memory.

{l.  The electronic system of claim C[ , wherein the electronic device includes a non-volatile

memory.

{2.  Theelectronic device of claim | , wherein at least one of the first conductive layer or the
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second conductive layer includes a silicided metal.

[3 The electronic device of claim f , wherein at least one of the first conductive layer or the

second conductive layer includes a conductive organic compound.

IA( The electronic device of claim‘{' » Wherein the nanolaminate includes a layer essentially

of barium titanate in addition to the layer of zirconium substituted barium titanate.

{5.  The electronic device of claim 4' , wherein the nanolaminate includes a layer essentially

of barjum zirconate in addition to the layer of zirconium substituted barium titanate.

l@ The electronic device of claim 4', wherein the nanolaminate includes a layer essentially

of titanium oxide in addition to the layer of zirconium substituted barium titanate.

7 The electronic device of claim 4—, wherein the conductive layer includes a doped

polysilicon gate or a metallic gate.

‘8, The electronic device of claim4* , wherein the conductive layer includes a conductive

organic compound.
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