CAPACI TORS, DI ELECTRI C STRUCTURES, AND METHODS OF FORM NG DI ELECTRI C
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such mat er pghgofBiys fdlhbR8aRothite el ectric flux density to conpensate
for reduced area in order to achieve desired operational properties.
[0003] The dielectric properties of dielectric materials can be expressed in terms of

a dielectric constant. The dielectric constant (k) is the ratio of the permittivity of a
substance to the permittivity of free space. It is an expression of the extent to which a
material concentrates electric flux. As the dielectric constant increases, the electric flux
density increases, if all other factors remain unchanged. Accordingly, a thick layer of a
material having a high dielectric constant may be utilized to achieve the same electric
flux density as a thin layer of a materiat having a lower dielectric constant.

[0004] There is a continuing goal to increase integration density, and a
corresponding goal to reduce the size of individual integrated circuit components.
Accordingly, there is interest in utilizing dielectric materials having high dielectric
constants in integrated circuitry, in that such materials may increase the electric flux
density to compensate for reduced area in order to achieve desired operational
propetrties.

[0005] Unfortunately, materials with high dielectric constants tend to break down
more easily when subjected to intense electric fields than do materials with low dielectric
constants. Also, materials with high dielectric constants tend to have high dielectric
dispersion, and slow dielectric relaxation.

[0006] Dielectric dispersion {permittivity as a function of frequency) is fundamental
to any maiterial system because there are multiple mechanisms that contribute to
capacitance at lower frequencies, and which decrease with increasing frequency. If
dielectric dispersion is high, the response rate of a dielectric material is more altered by
changes in frequenecy then if the dielectric dispersion is low.
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[0010] FIG. 1 is a diagrammatic, cross-sectional view of a portion of a
‘semiconductor construction illustrating a capacitor comprising an example embodiment
dielectric structure.

[0011] FIG. 2 is a diagrammatic, cross-sectional view of a portion of a
semiconductor construction illustrating a capacitor comprising another exampie
embodiment dielectric structure.

[0012] FIGS. 3-6 are diagrammatic, cross-sectional views of a portion of a
semiconductor construction illustrating various process stages of an example
embodiment method for forming a capacitor.

[0013] FIGS. 7 and 8 are diagrammatic, cross-sectional views of a portion of a
semiconductor construction illustrating various process stages of ancther example
embodiment method for forming a capacitor, with the process stage of FIG. 7 being
subsequent to that of FIG. 5.

[0014] FIG. 9 is a diagrammatic, cross-sectional view of a portion of a
semiconductor construction illustrating a field effect transistor comprising an example

embodiment dielectric structure.
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0020] In some embodiments, improved dielectric structures are formed which have
high charge storage capacity, and yet which also have rapid response time.
Conventional approaches to develcpment of improved dielectric structures seek to
either achieve high storage capacity, or rapid response time. In some embodiments, an
approach is utilized for development of improved dielectric structures in which a
compromise is reached between charge storage and response time in an effort to
develop dielectric structures suitable for a wide variety of applications. The approach
may comprise forming the dielectric structures to have different compositions along
edges of the structures than along interiors of the structures, so that charge stays
primarily along the edges of the structures during utilization of the structures.

[0021] When dielectric structures are utilized in capacitors, the capacitors may be
characterized in terms of capacitance relative to frequency. The capacitance is a
measure of the charge storage capability of the dielectric structures, and the relation of
the capacitance to frequency is a measure of the response speed of the dielectric
structures. The capacitance relative to frequency may be designated by the symbol
"CF". In some embodiments, the approach utilized to develop improved dielectric
structures may be considered to be development of CF-tunability of the dielectric
structures. The CF-tunability may enable dielectric structures to be designed for
particular operational parameters at particular polarities, which may enable the dielectric
structures to be tailored for particular applications.

[0022] Example embodiments are described with reference to FIGS. 1-14.

[0023] Referring to FIG. 1, a portion of a semiconductor construction 10 is
illustrated. The construction 10 has an example embodiment dielectric structure 12
incorporated into a capacitor 14. '

[0024] The capacitor 14 has a first capacitor electrode 16 beneath the dielectric

structure 12, and has a second capacitor electrode 18 over the dielectric structure.
3
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portion 20 is a mixed phase portion, and spacifically is a homogeneous mixture of at
least two phases; and the second portion 22 is a single phase portion, and may consist
of a compaosition having a dielectric constant of greater than or equal to 25.

[0027] In some embodiments, mixed phase portion 20 will be amorphous, and
single phase portion 22 will be crystalline. In such embodiments, mixed phase portion
20 may be entirely amorphous (J.e., non-crystalline), and portion 22 may be entirely
crystalline (either monocrystalline or polycrystaliine). Alternatively, the single phase
portion 22 may be relatively more crystalline than the mixed phase portion 20; even
though the mixed phase portion 20 may have some crystalline character and/or the
single phase portion 22 may have some amorphous character. [n some embodiments,
mixed phase portion 20 will be at least about 90 volume percent amorphous, and single
phase portion 22 will be at least about 90 volume percent crystalline.

[0028] The amorphous state of the mixed phase pottion may be due to mixing of the
two or more phases of such portion. Specifically, each of the phases may be
intrinsically crystalline, but the mixing of the phases may lead to the phases disrupting
the crystalline structures of one another and thereby causing the first portion 20 to be
amorphous.

[0029] A first of the at least two phases of the first portion 20 may be a metal oxide
having a dielectric constant of greater than or egual to 25, while 2 second of the at [east
two phases may be a metal oxide having a dielectric constant of less than or equal to
20, and in some embodiments, less than or equal to about 9. In some embodiments,
the first portion 20 may consist of a mixture selected from the group consisting of ZrAIO,

HfAIO, ZrSiO, HISIO, ZrHfO, ZrTaO, HiTa0, ZrTiO, HITIC, TaTiO, HfTaTiO and
4
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particular stoichiometry of such elements), the aluminum may be present fo a

concentration of from about 10 atomic percent to about 50 atomic percent.

[0032] The second portion 22 of the dielectric structure 12 may comprise any
suitable composition. In some embodiments, the compaosition of the second portion 22
will be the same as one or more high-k components of the first portion 20, and in other
embodiments the composition of the second portion 22 will be different from all of the
components of the first portion 20.

[0033] In some embodiments, the composition of the second portion 22 is selected
from the group consisting of ZrQ, HfO, TaO, TiO and SiTiO; where the chemical
formulas indicate the elernents contained in the compositions and do not imply any
particular stoichiometry of such elements.

[0034] The relative thicknesses of portions 20 and 22 in dielectric structure 12 may
be tailored to achieve a desired relationship between response time and capacitance.

In some embodiments, portion 20 may have a thickness of from about 10 angstroms to
5



[0027] In sonme enbodi ments, m xed phase portion 20 will be anorphous,
and single phase portion 22 will be crystalline. In such enbodi nent s,
m xed phas 20 may be entirely anorphous (i

non- crystaﬁppzﬁgﬂfdﬁ% Ad portion 22 may be entirely crystalqujﬁséo?gé)ﬁﬁsﬂ%r
nmonocrystalline or polycrystalline). Alternatively, the single phase
portion 22 ateyt feamgsiramsvehile nuntioa 22rhastadhibkness thizer theut0xedstpinaste
Do L4 O, 20:2i81Pfbd JpNlnk MR ARSl, 1SS BARbR AL BOIEY 20

arac

crystalline ¢C rand/ or t Nase POrt i
sone anor pholisoredsrpad togfrom ahOLﬁdﬁeeeﬁbUdlahetnt@ pemeﬂoeolf tmmtm@mm@f 20

will be at JIQ?{?H é’tRRHIr 99 vol une percent amorphous, and single phase
portion 22 % ?east about 90 vol ume percent crystalline.

[0028] The mﬁbhomssomea%bqwmwe the wixad phaseepgsinn 200! dirisetisestigoere 12

m xi ng of thE kCorRiderRe 8 bﬁ@%?%r%%m@éﬁ%eoﬁﬁéleﬁﬂase%% fzmmeydren@&ﬁ@
of the phases may be intrinsically crystalline, but the m xing of

phases may Sl"é'ﬁf(‘j”'et & PH%”E‘E?@@%“O(HP?PU?H% 1y thedailoripg phihe icpePasianaf GP@@”
of one anotdoeanding t&:t@ah@bmheaelémghut:mSé. bfr;ﬁirncpp;rdtb%n%a ztzOm Bgbe

anor pho 00 t of the at |east two a

SR A I RN M e s IR e S R AR

gL eat er t hasrrespaadinglio the E8ecidsihietume $BC dihd bafriek hEglaéeringaﬁfy I:Te\mlhzed hto
ases t n Q t han

b qual 1 gt T8 EafEn I et T ELenEr BR8P e ot T

9. In some Genbmmﬁﬂlﬁledrl@estmGMﬁ@;ortl on 20 nmay consist of a mxture

e 0, ze TR (AR A Ry e GG hpaf Bk parforr ol
where the &HEpEAI2 5 Siratlly feeinpdicliameapaitor lesteaties! 6 ahd Hierrdd np mixdse

m xt ures a[fbﬂag@pélﬁén bétRb¥n %ﬁur{bﬁ’é ISHa%H b%oﬁb@b?ﬁibl@ﬂﬁ% %Mu@ureagcahd the
el enents. The stoichionetr npositions within the |isted

mi xt ures mePPHELARATIE GieeH %1%@408%”&9@!*}%“&@&3' PSPt‘?Wgﬂfﬁl@é’aC'foﬁ@ Zr A10
nmay be a nipirakis opbratecddin aqpstiobla? @dlarideteeh Rescired@E @d faher the tathoiBry

b t f Zr02 d 030] | the f t
por t1 on 20 P RB B e PR B RGN e RSP ATE T BAa BB P S R
oxi des; w fitrmedesodiatttieemiret! phasxpatsen diahalamglcestmicml'eetz Blbet\mnsrﬁeamnpeof

greater th cﬂ%dee?wﬁcgih tsﬁl]g?eSu aa?@ﬂonttglg Hﬁl%ﬁfele@? sﬂ’gcﬁr otﬁgrt\nrrc;rﬁsn the

const ant O ess or e OoXl aV|n
di el ect ri c distanticasituciyreediz may Phiermes se(tfwélhetrom%ph@,efbﬁ poGins rzaeercwrtfe

be a high- igmg,erme@eém% ﬁbh%nfzbr |%Tther|) wwsr%% ee!@hé;&aﬁcmn Wﬁro B‘

having the di'el ectric constant [ ess e consi ere
mi d- k conp&hes firskParing 30 ip sndesdhe fD'B@ie Ph?ﬁess@ﬁ%n Ihﬁb”b‘éﬁ%%nts the m d- k

ggwpongnt V\IObBTPaVﬁ]eash@Wﬂb@ﬁﬁg{] &oﬁmﬂgte@matme %&@abﬁé)@ﬁonéontze Akput
an 1N

di el ectri cds@%tcasﬁrfmﬂ?anfé] §°’Fee§j§3efcﬁ%ﬁ" r%q@msetpart%@at Yféj‘e'ec[”ﬁ’c%ri'}’t”re

Al t hough the mmwértemrsomatnﬁ@f m@aphasep@tion 20 igloeerthe BDYR phhsnpdrien axt al

oxi des, |n s9 dlnents 1 h arti N honogeneo
m xture cofSi's ?H‘g';xeofphaﬁ? Qomon S%&aél 395?&@&%\/&}”? ﬁ'ngﬁé)h&?e ?‘Hﬁ"
oxi des bei ni@038lhi dgrerlions@fpoaesitof distectricestrotther 1 2oeaynge ormed wldizing any

conponent . amount of the m d-k conponent to the high-k
conponent n%-%%tl)e(ra&%gﬁsxﬁged to achi eve a desired performance of the

di el ectric EP3%ct Ungome embodimanty, Hiecingle phase pettion 220 dislesirisskudfired 2
homgeneoueawétferrneedqﬁmﬁhg BH’é‘bt%Bﬂ%ﬂ &hemeaﬁva%waéps&moﬁm@@ éddht&%#aer

wor ds, consi Sts of ZrA where the chemcal formula in |cates

el ement s cHEReROgitioH( AL@ # SQe eMaprimaResina SPtaTsRRACH e IgRiPHe Elﬁllyar

st oi chi omehiye &4 urscifdiing hyve Q/ratﬁmha’ﬂ tHEE RS erauarb@pdyr Nndlif séch
f frgm abou atonm ¢

concentratio
porcent - poBedeAl CuRbhn opmiabRuR UbizeE DrRBenihen SO s S et steps
may conpri gevermye hal rhabbeasmeyeasitifziguLD.n some enbodi ments, the

6



[0033] I n sone enbodi ment s, t he conposition of the second portion 22
is selected fromthe group consisting of 2ZrO H O, TaO, Ti O and

SrTi G whe .chemcal formulas indicate the eIerrent ined in
t he corrpos\;' Fhﬂ(@*g?ﬁa do not inply any particul ar stoi c @/0 f%

such el enents. [0034] The rel ative thicknesses of portions 20 and 22
i n dielectr[48] r utswre dribaoriyeris thahﬁmd@daseopcathcm Hvd tkee dielettriedtructure

rel ationship rQ%% r‘tﬁ‘éf%%é(gﬁiﬂ&fhﬁemtd &‘E?defﬁ dﬁ%ﬂé‘%‘ &rﬁ&fg mided ididioyide is formed

enbodi rrents ness rom ab
angst r onms tr@theatblemsema’rad@@m @frmfferemrm@almrdm oﬁp@ﬁlchmtrw AL} oflenmied of

from about rﬁ&ﬁ%ﬂ%} Jr BBRich 20 ni'p%ge Od?‘FnuI Q‘Q |a3f|]{st h{btm OME

enbodi nent s ckness of portion cor espon rom about
10 per cent cobteiliELRegOSYeh @érﬁndcmetelrr@ntaww pr@qrnrmrn@yisor@fordn@e ewtaenc

structure Jc%nta[rm%@aétﬂnﬁo\nﬁer@ %ﬁ@@f FBRts? and Q&omj %IQB%%W\%%@@%@O

of dielectric structure be consi dered be a barrier between
t he si ngl e fpistBe pisial waemgrdf O’E’% agel meez!*ﬂ@r.%tr@tfr tié@ndsecorg melald t he
capaci t or %ﬁ@tm@c&ﬂea&sorlh’@nrsahé Rkiang: 1aé nidﬂrem@émvﬁé bulsys 0é omrut:rearh
20, andthetallor % 1té'|‘9'e rel ative thickness of Ort's&B

portion 222f V'C’Bé’ BoREN dHIed S P OB R NG e g o the”
dielectric cahmbkr risiet bbrﬁ:lttbhsddhe:hé@'trrfa résgthaamw@afuw@@ndhﬂgyetr@ctohea
dielectric structure 1 er| e utilized t
o ove. b AR Y Sparits, HlEcRpR s SR RGRLE ot Brcbilicer Agfh ©

t he capaci tporsedimtaztrmcaimambngtotdmmptht@ba;unatrmrcofstle oonolpgerland pAABEHImat he

shown e”bc’% 'ilﬁ/ rt%Q?c ?sdof%%ﬁ%gfehéo%% RALLe! & thePhoireeR g?e‘ie&%b%vidad

structure |rect agal nst ottom cap acitor electro
thero i s noviedet Womm@dyﬁorﬁ@ﬂmmwm%m@rseqtmﬂﬁss@xmmqoowm@

of di el ect npLotatt 'i'r\é"}tdérrﬁrlsje% rﬁﬂ%é é]ﬁn%lép%rcoﬁ@é?%bfn%no% @ﬁhtro% né&l&h
enbodi nent nmay utilized if a capacitor is primari operated in a

particul ar %@Pffr?ftfﬂg%?ﬂ%%ﬁ"%'i”@c'f ?%%ST"P@%‘?CFG%G’“CPWQW r@&%@‘i‘ fryfirles
oper at ed i B8 t@mspoﬁgmmmlta@deyg;r&emWsel ectrode 16 and 18, the

capaci tor e formed so that the njxed, ph ortion of ectric
ctPacture 100AL oM T fsait G ILE OUER SRR o PRy o gt
portion of nica-abnirdel precurstr thetsacend metaleddneaining présyrsdh endliheh &t dxidant

structure 12 r %?reﬁ% gggnﬁp l\’l k@tsetﬁ&%cg}féﬁaoﬁ %‘?a?tr{e'ﬁr;n teﬁ%r Sheoprowged

is over the ¥ ng asé Seco 1 on her
confi gur at ibefore tinemnd@hort trénerg Meequms@ the first mplal-condainipg presusnd &z t he

singl e ph a$§pr§§&.‘?§%ﬂ§ Eg&ﬂ] aset%?c)onta[rr@@&%r]eghsors Er‘ﬂ.’f\gl £ LRt

inplies that t e portion ctrlc struceure
12 is for mé@other pylee W%JeﬁP?rﬁ*? may B8 tilized {si MnO - Oi fn eHobIpelsespguence,

structure s ﬂaa?tréllﬁl\éﬁfufréigd %nblﬁﬂér férﬁ’r%dﬁ?o?‘rﬁﬂﬁeIﬂFb@ﬁ%tél%ﬁtbﬁfhg%@edu%oWser
t he si ngl e@g ase Eortl on m xed phase portion 20 may be

formed af t @FidiZREP ‘?rﬂaPéOVb‘Srl%g tlb%§eto|08 meial-containing precursor. In some

embodiments, the two pulse sequences of M;-M2-O and M;y-O-M,-O may be utilized
interchangeably in forming portion 20 of dielectric structure 12 to a desired thickness. If
more than two metals are 1o be utilized in the mixed phase portion 20, the ALD puise
sequences may be medified to accommodate more than two metal-containing
precursors.

[0042] The capacitor 14 of FIG. 1 utilizes a dielectric structure containing only a
single mixed phase portion 20. In other embodiments, the dielectric structure may
comprise a pair of mixed phase portions configured so that each of the capacitor
electrodes is spaced from the single phase (and possibly crystalline) portion of the
dielectric structure by an multi-phase (and possibly amorphous) barrier. FlIG. 2 shows a

portion of a semiconductor construction 30 illustrating an example embodiment in which
7



[ 0038] Portions 20 and 22 of di el ectric structure 12 rfay be forned
utilizing any suitable processing. [0039]1n sonme enbodi nents, the
single ph rtion 22 of dielectric structure 12 mayd? rmed .
utilizi ngaﬁlﬁég 04'698?h of chem cal vapor deposition (CV Cefé&ﬁ%“@&&?ﬁ%
| ayer deposition (ALD). In some enbodi nents, the bottom capacitor
el ectr ode nrEdielbetie siacturadumatisasgwd opegrEpby poridiee rSimhlamubdberisd eiltbe

pl anar top i BN e to.
utilize AL éé{ Eescﬁﬁéjthe%v%é* @E“&{@é)gfnﬁk@n%%% [e]%é/ dctg\?jeerg%?b tﬁ%‘lé?nshﬁgp%e
achi eved uﬂDkﬂfKﬁ@ Ab@eanNDMQED/044965PCT/U82009/056506 [0040] I n
some enbodi r
tructure. 1000p pEpdPe o 3B, AL Rle et eBE Shidiip a0,

m xed met alinceiciated iig acpparitbaddier t han separate | ayers of di fferent
metal oxi deﬁ}{)d@Pecﬁfé &phabivor 3B hﬁs Mr&fcaﬁaﬁbﬁégct%ha% I:%ﬁéé{ﬁ 10 diRe&thié on

20 may conprise utilization of i pl e pul ses of first

met al - cont &FHFHE 45s 8edipagihe Sacgréiééﬁac'wé?lap’fr%d@niﬁaqu?r he dilestin Yorturand

one oa mo{ ee!o@ns’]gterB:@réetnalsnulagrer@aﬁé@das%fwf&ﬁﬁh@n?m%osa;ce{mﬁe Eéﬂa%ftorand
second netal - con n recursors forns e, ne 0

ox . and AEOU o SRoBHESTHT & VR S BebHw Rty et edigoron, and
precur sor s afthirdiportitre4érehigh iobvet bad m&ﬂﬁlka@mnﬂme élaaenqbpld:rﬂ@rs Biefirst and
conduct ed reacti,on c tainin recursor
oy be. pui S RoRFRS IR FomediBol b PR Tk Rriet, B 260 B
t han ful | y asmrpimat.e@hedirsbhrd/third aotiossmay beideatic! bfcompssibiert ma:tne another,
Subsequent | | sed
"nto the cPhmELPe RREaNEoRBoMaE A0bRIoN B BRAEH 308 BRI 07 hus
f orm a nonePrejs Oi%a@ml@QﬁﬁQnélﬂS'NGﬁ dielerdirotpaneouef aigatenihen ofequakoRfoand
di fferent ﬂ%g@escrpeﬁgméjed by the first and second netal -containing
precursors ubsequent |y, oxygen-containing reactant may be pul sed
into the chi@ff@l t %'H%P?aﬁer%’”i?@ﬁéiz&?%ﬂs|°ﬁ?'8[e§t”ﬁéﬁﬂiﬁ'érﬁél(%@,ayrﬁ%wﬁ‘é

of high-k e fRe@nbtdrodidks astdeed Imenud;@@.ngwmm@g .orn@@etﬂt ed

mul tiple ti m n 0 a desjred thic 0041

ul se” sequéaes BT EE Atedide vih Mt Bhissnarins SBatng ey hree
first netabhoomgansuusgnipuecaefras @ast th@x@lmﬁ;@mﬂ dmetoathemrHealehgg hlgh %
precur sor,

sequence tS’%?%&E@g'l% éﬂ?% %ﬁgha%[d knBXd g s?gré're %(rggbf ded"ﬁxe{jol\éﬂﬁ I\%ZPnomons
oxi dati on @dsd 66mayrcgpmewmlgurtelaéelephegtfrorrdhagm@lpmasmmg@f BrAdQ Lo,
M2 T epresepign th%lﬁeﬁ% 785! neent QHWR%TI% %Wé%‘r Qﬂﬁﬁ*@se”ts
t he oxi dant Anot ul se sequence be "ut |?| ze3

ML- O- M2- 0. Whﬁresth%ﬁh%'Féléo@@&%Féﬂ@@ateﬁﬁ?eelﬁﬁ?fﬂtF ﬁ@ﬂf?'né‘ét”dh%tff@@llfﬁﬁﬁ@ﬁ ey aet

forned f romuﬁlpﬁnﬁ bérﬁéuli@&ém@rﬁ&%f%&geleﬁw@ﬁt@r sor is oxidized prior to
provi sion of the s d netal-contalnlag precursor. In sone

con
enmbodi ment si0 ‘We t M5 SAlsRNasE RaBIRR &4 oh m"wtrectarﬁcﬁ%masocwr@eﬁayofoe
utilized i meafoarkp@@ge@éxﬂ.ycuseed aove o apding thersindle sHasdipehties LR iot diclectric

t t 12 Kk o LT h { t
e Ut |1 zedraTene" fekeamgiiae Parnnsie siTof ¢ SRiabhte SEIuS Bt °
may be nodeoénsid of @ canperititndsteetandrom the groupvapnsistire of 2o IO ITAG, TIO and

0
0 ot 015 AORIRA T, ERAREINAL s o LS R 854
enbodi nent gnd dchaotdmelyeewmadlcg@r ﬁt@lchlp@etmyf gohptamaniss pair of ni xed

phase portigagg)Conf b&Hé%ﬁnb%@m’ieh%t nﬁéefbhgée &orks d%rw.ﬁbsgwreges s

spaced fromthe si ngl e phase ossi b crystalline) portionof
t he di el ecémperhaus (it @Pe cﬂgﬁtaéiweh@n‘ m%a@%ﬁe(@ﬁwnp’ds\@ll B@ yntaﬁlmcmsw@y

barrier. Ft&he@ﬂéﬁ&%tﬂlri&frtpbgﬂry@tfalhﬁe)sWb@]@ﬂ&HB&d?rheﬁgrb‘Herdﬂ%Bih% 30
illustrati ng an exanpl e enbodi ment in which
rtions 42 and 46 may have some crysialline character; and portion 44 may have some

amorphous character, but portions 42 and 46 will be relatively less crystalline than

8



a dielectric structure conprises two m xed phase porti ons. Simlar
nunbering will be used to describe the construction 30 of FIG 2 as

was used t the construction 10 of FIG 1, whe

appropri atgrodzﬁg@l’ﬁ%ghe construction 30 has an exanple e@ﬂ?%ﬁq’a’w
dielectric structure 40 incorporated into a capacitor 32. [0044] The
capaci t or J®rivasd4. He sbinesimbodipeais, portiehe42 amtdés Wi6 bbaneasttabbbied0 volume

dielect!ic aliditbitofndls @tﬁagonﬁﬁ 6‘%5@1 G0 G88REH L BlmR BREPdSsdihe,

over the dielectric str ruct ure
a first por{908] 42Th@f%@ﬁﬁht@m@8m@éewms 42, dé end 46 indelectris elpuntite 40

portion 44 M@S@ta‘]léree\{&&crﬁ&@ dsfed | ati%ﬂéh Pétw%@r‘?ré‘sg&?ste R 44N, - and

a third portion 4 I's over and direc al nst the second
portion. THEPRFIEgEE.alEOME qePogineriin Rertigns é%é”dlé &eE havnbipknessas of from

m xtures ofapatit e trb?f@tcpgl?o%?% aRgEroRBY Wi SIS 2 tﬁ#aenéslsro%ﬁorﬂnd
third pOI’tI ons W&%'strpraﬁentl cal in co osition to one anoth er, or nmay

be dif f er ePCHHY 10 2kqub 1 2Q,3ngsEOPRe THA BYHFEPhashROTiRNSARRE B MBh

44 consi st $120¢ tre SOMPORKhésAsHAYIaRGthar, dF ke 6kvd difisromsbidtiesSds @80 R
than or equal to,25, and may be crystal line. [0046] The m xed phase

portions 42"SRIOWE of dielectric structure 40 may conprise the mixed
netal oxi def0080F c uinssethesdmheimets ndkatpHase poitiseslipaases galidléanc fhichie

dielectri t L. t 42

76° oy ComiD e b ik red e b pb e el e e SRR A ha RS
one of the ﬂﬁﬂ(d'@@ﬁ”b@tm‘guﬁ 40 gﬂrdlhe@abwoaﬁdcttddes % bed 1$1eTlmgtaaormgd3f khe
oxide. In %Bmﬁoﬁﬂa%ddf%ﬂlbﬁs 4 9%?9 @9&&1@%&84%0%@8%6 ﬁ}ﬁ(@ns 42

consi st of m xtures sel ected romt grou onsi stin
MAI O Zr Si @d@ifginey bapppsiderex tpdg, batwer@ogmzenrig@f aqueﬁcmc stacki @ucmberralﬂ o)

and Zr TaTi @nhgnBe&iirRy hiehe bﬁﬁw@ acmwulc@g. rém;a@@ﬁs%p; aees%ﬁé@n%é to
contained in the m%tures and do not gﬁtﬁ particul ar

st oi chi orretcf"@/a%tfm hthg|cBR_HIPES2 Pt @?'ﬁijT"‘eStf}W&%“B‘ortl on 44 of
dielectric mOBUCt UTH m&eﬁrpyaseq:rmrdns ﬂ2®ﬂ§2{ 46fof Blb%cm@@lﬁtﬁurblél@ﬁﬁay be formed

di scussed above regardin e S|n ortlon 22 ri.c
i rotore DYRNTAERasas el ddniec RS E w8 kirerBliee B 4Stnetas of Bk e
structure @ﬁasmgorttcnm%(i sftFIGf 1;a@nddinpsisgie pbalseﬂﬁirmt@cbffdremﬁrtdmruguumjm

consi sting of Zr ' ' h
formul as indr cbét@ m%&mflxﬁgﬁf é-ésﬁ:?]oqﬁc? gr?en%e/éé ?escﬁﬁ&{ fdvd g"s'tlﬁt :gfghe%%%ﬁod do
not inply &mnatien of thebiaglesphasaiporiens?? of E. such el errent s. [0048]In

sone enbodi @REss, TR REeRRASRIARES 1 PR AP oBNIBSHPaMh b/ eSS chit), MehyY
enable high capacitance 1o be achieved, while also enabling rapid response times to be
achieved. A possible mechanism for the action of the dielectric structures is that the
engineered barrier materiais alleviate or prevent charge-injection from the capacitor
electrodes into conduction bands or traps of the materials of the dielectric structure.
Low trap density near a Fermi level may be particularly useful for improvement of CF at
about zero volts, while low trap density above or below the Fermi level may be
particularly useful under +/- 1.5 volt CF, and under +/- 0.75 volt CF. If traps are easily
populated due to energy, proximity or density, and trap-hopping occurs under
alternating current modulation, especially near an electrode, than low-frequency
capacitance response may be enhanced. However, this may not provide a high-
frequency capacitance response, and may degrade high-frequency capacitance
response (or dielectric response time) due to local field degradation from inserted

charges.



anor phous (i.e., non-crystalline) and single phase portion 44 wll be
entirely crystalline (either nonocrystalline or polycrystalli ne) In
ot her enbodi nents, one or both of portions 42 and 46 may_have s
crystalli n& czﬁkﬂméégtﬁér and portion 44 may have sone am)'%l g09/036:>06
character, but portions 42 and 46 will be relatively |ess crystal l'i ne
t han orti {00534 Fi@.&dmdmmmdiawmmmtnqmmcimm@rmg M@pmitubrhsém at

| east abOUtthrgo V(rgto TegeerC?ent |?fr£8r | eﬂfj gl ITUﬁ ’[I‘ res.m com fise
| east about''§0 R76I°UTre ercerl& cry H@ Ny E&f &'1'e thgl \f‘é{ p

t hi cknessesnat tipor thieerritds. &dr lastdndeesthertwdmettle% oi HGs 1 magtheradier@teasny
be tailore r

and oapaci t3Saa 0 s i BRI RO RRRLR TLHERD HF IR pb.

t hi cknessedhsognotiras graiblelat malopla difstanbaingdle hassopartiors r@ﬁvg@tuS@dw a glgidctsic
portion 44 fas a éﬁyudasneﬁﬁh&foffﬁ@rﬂ waﬂlan oﬂgmﬂ@%termebemabmmgm
angstrons. The m xed phase portions have the sa

t hi ckness éé‘”@‘ﬁ'éh%*éﬁ"W@?n a@?” Prfelleﬁ%%asﬁlﬁ‘oﬂ@ﬂént th| cknesses reI ative

to one anot igy54) [ OBkt sﬁ%@re@&h@i@!gmb%e FhxFePRESR AUHAIQESI ér?dz
and 46 of di el ectrl c structure 40 %/qtbe consi dered to be engl neer ed

barriers beRMEREUTIFE BiTGIoEOysIREELPERaPGIPPlicatighs. { RS pancedlie Fislectrio

structure 4@uctand rhdiebciapapbrard n&be@pa&md@s:f b&mﬂm@& 3 Bhustraiel 0r i ng
et orin

of the conp05|t ons, of rti ns 42 of the
Chi cknesserampisartia et ifiitato 23 epBfbr Iikoote e S ppaiaferes
engi neer i ngiieddctie stivetueet ri c stack. Such barrier engineering nay be

utilized to[@§ e"ﬁef@rrﬁ’@% [:or Bg'pé‘ﬁ bRB?QanB@nJu%@PB GubldiB0Q shawn.

capaC| t ance the ca cont t Fic structure
40. [0051] The cnn&twthmhé% eomprises @ﬁgmndmorzﬁgb@fat@l 5%h@\dmg & corsiupiveivur e

40 may be fa%ﬁglﬁgglbﬁ }e@d‘,l)%‘qpé‘x%g%ltﬁl&emf the type described above

with reference to formation of thé m xed phase portion 20 of FIG 1,
and the si n@OéSbhé@syatetfr?dﬁampr@ﬁnS& @ngist ¢ ﬁsémﬁ'y GEPD?@S@DOWE\} %%!"P'e

formed uti Inhoﬂoe@sﬁrnﬁ@@m@émaﬁw dé;ﬂ!ﬂ WidhRcRESGRd PePeBPNR. Whi Borms
reference to fornption Ig(pase orthn 22 of FIG 1.

[ 0052] The d?%‘l“@%’iﬁ%"esscugﬁfé ‘Eraé? i%“”&ﬂ U&E?ré bsipges mepn gy construction
respecti velcgmphsiyg embbmd@tnghnatapapuhblama@ ﬂu@ndit&mﬁt@bltcﬂ‘beni,semohmcﬁlbéo
enabl i ng r?l?' di reg“{)cﬁnsse stI r}ESn quv W ?e r891 aI one ﬁl as befl rech ar

for the actiBH DY {RESSH B HEVE MAR{TINE5 e Phile ??{Té Sﬁﬁ?rﬁeé\?%gd
barri er mabdrer aleserild tbaleat)e and segmlemmurt:tn@l“raatg@i ilayeedeitiom afonemy trhe
capaci tor %E?éiﬁﬁzf&g%ﬁmhﬁ%ﬁg %QHH&EI@@IO%BQ%P%M%E@ %_ang Rfy g@&\;;%fnln S

of the dielectric str dens near a Ferm
be parti culstvttyreyielidings Bt nphisieddovding sespic uamVEﬁbﬁttatQ%d@cm@ﬁQ@ove

while low t E’C}@??]der@ér{dwc%ﬂr‘l@op@fl d%&@ﬁ"rédﬁ f@:’hﬁ}/ bé @Yt?ér ane lﬁ%onty doPed

particul arly useful, under "+/ - CF, and under +/*-
CF. If trapsParRe r@%@'iwoa%@n%@a b&@esoélﬁﬁeéﬂ@P@?B'Orp?f&varﬁswfoﬁuch
density, amdnéaétapma@nmm@tr@msw@awmer sra:lv\tngemaaisldmgofqué p&dH relative to the

nodul ati on, especiall r an el ectrode g
Capac, t ancErreagsiee K b enEwi satay PHes Ao odna ARG de o
hi gh- f r equelfityion agaei (nahsreownpspan spposamcsideagyt ticketyarastitoryaghfrdm exglitevBay
capaci t a.”Cﬁh%%ﬁl%?@é&é/@!a@dﬂeﬁﬂoﬁ?ﬁa&' 6% dGIRANS SornbBBY 1 itk (hQERbwl) Sl
degradatio rom inserted charges.
the transistor gate may be part of a wordline.
[0058] An electrically conductive pedestal 56 extends upwardly from diffusion region
54, and electrically connects with diffusion region 54, Pedestal 56 comprises a
conductive material 58. Such conductive material may be any suitable electrically
conductive compaosition or combination of compositions; and may, for example,
comprise, consist essentially of, or consist of one or more of various metals (for

instance, tungsten, titanium, platinum, etc.), metal-containing compositions (for instance,
10



WD 2010/ 044965PCT/ US2009/ 056506 [0053] FIGS. 1 and 2 illustrate
dielectric structures conprising two portions and three portions,

respecti veﬁ enbodi nents, dielectric structures C rise
nore t han 28%0?%%%6?90 For instance, the two porti on"sCTgi?%ﬁgégysf‘s

may be al ternated throughout a dielectric structure to formthe
struct ure troetaisiffeides mefabuitridazr etn)randponduatinsy- dé;medaswmd:mﬂuemamaﬂeears (for

ltiple diff - i . dielectri
structure. didrisgocatiBle Fha Sund bR IR B Bl &Gl e “ohase
portions be[lmgg]sanﬂmt@hhéidalbfemmétmﬁvacmbﬁor@emd@GO ishereepgulestal shand in
[0054] Di el %‘Fézcmc%l é&b %Qgﬁ}é%tré&é §d'%a nfBé lrbgéﬁrléoe:% ak% chit%P of
e ut I con

FIGS. 1 an n nuner ous sent uctor applications.
For inst an@@ram@ow én@wwp@memww&@mw@n&mwsmt@@e Wi o

capaci t or s gfrdRAN cdpaGRor eRscBodidd Wér{da%eof% exafm %o@ﬂ%@é&raﬁé‘éo &or

fabricating a DRAM capacitor to conprise a barrier-engineered

di el ect ri c ceptainershaped @GB‘QFF@FMW%S tte ﬁP@FOdﬁ may heyPoiheh skares;

sem conduc tigludiy) Friebt&ipna gﬂaﬂ ﬁaﬁ@@i’\ﬁ‘stu Jgﬁ)e%baélcm@éhp‘é@it&@@frbcf@s
a sem conductor substrate 52 havi n cti StP%ydoped di ffusi on

regi on 54 ERBRGH ?EErF? t%iaﬁaf'[%ﬁ?b‘?ﬁ ?“f“ g% IsR Gdisrm QRN onsi st
essenti al | y;apaﬁcltof)électﬁﬁﬁel (Gkscbed babwekangill e somsegoentstiaddddne silicon

lightly-d h, back d p-. d h

s conauegtigt < ARBESREA Hruie fereRRE bioretl Sule iR eecenal fo 2ng
construct I capadtopelestraty &e Mhe eledtricalinwissuiaive magédrial mag Icuudbrr‘rsy anty suitatdd
limted to, Hg%ﬂn&e@o%%%%w oﬁ%&'ﬁbr@ Snd KRS rﬁb rﬁe“ gF&JnE{r%e

waf er (elther onhe or I'es conpri sing
t hereon), gABsisi@vbeBatiuet PreonaEt @ onalr myee@f§lhe@a dlhélde dlifigpr nigide; and

assenbl i es \GRORdopbASiSN& dd%ﬁfo‘?fﬂs?aln& bo}%ﬂ)ﬁo&pﬁfomlcaﬁélﬂ%éé Ei‘lh@rosﬂ&"t‘@s
any supporting structure, including, but not 1imted

seni conduc@lase Yebst rat es descri bed above. [0057] Conductl veI y- doped
di f fusion rmsvp %f%%gﬁkﬁﬂ@ thg tierclris Peatsrl emstfzesmm‘ér dpaRitdry pe

maj orit do a e a So rainr on nsi st or
A e ol AT e (A £ Rt A R RS
t he pagedr ];e]b)abi we cbmpbhﬁbrﬁrcﬁmessﬁd(abbmralﬁnvEtd3he i&uxamhaﬂa)aorgam 20 bithe
connect di 0 n i on
on an oppogieneﬁ Si &m fe {%gﬂ?ga%ns@ g%&l‘gm g” r'c?fr?re E%f%ﬂ‘egfﬁ"zm&wgr
source/ dr alonboﬂagxf the Melyl-Deargl I\ée@fl\ﬂae@INL@ m@h@@dﬂm dI!EDUaSEtﬂ gHova esldtive to
shown), fabtrest.otnr@ra% r%rxga 31%@ ébeofﬂ?ercglelgétn@st\m?ﬁ&%'@%f Fkéf)%%én
y

el ectrical conductive pe ext ends upwar rom di ffusion
regi on dielectrlc material 64 may be amorphous.

[0062] Referring to FIG. 5, a single phase dielectric material 66 is formed over the
mixed phase dielectric material 64. The single phase dielectric material 66 may
comprise any of the compositions discussed above relative to the single phase portion
22 of the dieleciric structure 12 of FIG. 1, and may be formed utilizing any of the
methods discussed above for formation of portion 22 of FIG. 1. The single phase
dielectric material 66 may be crystalline.

[0063] Referring to FIG. 6, a second capacitor electrode 68 is formed over the
single phase dielectric material 66. The second capaciior electrode may comprise any
of the compositions discussed above with reference to capacitor electrodes 16 and 18
of FIG. 1, and may be referred to as a capacitor piate.

[0064] The mixed phase dielectric material 64 and the single phase dielectric
material 66 together form a dielectric structure 70 between the capacitor eiectrodes 60

and B88. The dielectric structure 70 is analogous to the dielectric structure 12 of FIG. 1,
11



54, and electrically connects with diffusion region 54. Pedestal 56
conprises a conductive material 58. Such conductive material may be
any suita cally conductive conposition or conbi i f
conposi ti (b)\l’fg)zggﬁ]gbﬁ% for exanple, conprise, consist ?@@b@@ﬁ%o%f,
or consist of one or more of various metals (for instance, tungsten,
titani um pindtrmaybm taiddred Jo aaive k-desintciivaiancg betvgeosapadiascy drafresponse
nstance. iRl kiife JTREA dBlkELdSho Ebfinlerofiile 1o o 1

se

conductively- con I'ns
conducti vel gﬂﬂaﬁbedT ke ¢dpeoiior e@@ﬁd@ﬂﬁﬁwd@dt@pemeg@ﬂm@mbmnp stwaturp 70,

[0059] An ekgntx b&@éché(r ROIRLL Héacltﬁlarﬂgﬂ)é PIE%I‘%%%J %ea @ﬁAMElnﬂ\églr The

pedestal 58, and ectrlca? conta pedestal 58 ectro
may be ref E1RAN Uf"é)c%l‘smay papait Pt aPRMA Ry eaMbBRY baiABe ﬁh}”%‘h‘fﬁ'ﬂ@é’cﬁny

of the conmpgp 'cé[!sqﬂét &k §M§ﬁébuamy@qewohhng %Bﬁéa%@ﬁ ef & @H‘A@Péﬁé;ﬁ or
el ectrodes 16 and The shown el ectrode

Cortal vars REBRH" The GPAGIT ZR BT e HSC TG 1§ Seroarh e STeRcHi:

shapes, i netrustiuregi2 diIG exampihes w@rd@lal a@éctﬁbammé hawﬁg blﬁ'lyTa}éﬁl@]Ie mlxed
el ectrode. The caﬁag ipor el ectrode 6

capacitor &'&&F APET SPRAEEN 2 %P%ﬁféﬂ”&i’ Hgﬁorﬁﬂa\'&ﬁ“t”wfzes a
el ectrode @risticssediubetaMgdubad thaistrlictbe of Gl eqiresthénwdras, radelectric

I lat i i . I d
bedostal. SeraiecniptehBR itk B elBhErs Rridy A5 7 Rl ST ERL R0 A
mat eri al magoceesing stege awhpegudnt idbihet @‘dﬁ@o&htﬂcwdmcewmﬂmnbaﬁm@ﬂ in
conposi t1 ofgic QH@'d‘elécﬁ‘@%ﬁu&U?%%h Uﬁﬁ&% %i oha&s pGRARL St
o St FAREh

essential.ly or consi st one I con |0X|de silicon

nitride, an[@()%]r i othe @65@&?“@” pP @b[ﬁ'@o% ihga 3 nixest phage dighesisic material 80

bor ophosphesikh %@érear@ﬁ cﬁn’é@ﬂy édaw@,f %Iskdgreaﬁr%sgh@&%mceﬁ&eaau 66. The mixed
[0061] Referring to F 4, dielectric material 64 formed over

capaci tor BN ?‘%'B%I“%G‘atef‘ﬁbgqjm@}’ EUTRise %PEWPQP”’GQS'?@S@‘%H&W PR¥ e

mat eri al , %’lﬁlvﬁ‘&wl’@&ﬁ‘ﬂéd pleasaportidi Aohe FERNPasd g hs feHiautiRath 1BHAYD ,
cture 1

relatlvetothem orti n20 of hedelectrlc St

o a1 Bt e R B e B G bl 4 st e or
bot h of theorir ®R-0 and ML-0- M2-0 ALD rret hodol ogi es di scussed above
relative t ri

dielectric {)&ﬁct ﬂ?etfeé@gg FlIE;'I %&%%Bg%%ﬁ? C&':Dggrﬁré efglng%g]%fr m'XEd
anor phous. ph@eeisieefiemetaigl 8k We@lelgctrlcaccsmu@gltlen$>%§é a@ildaoé@getmarform a

material 6fgf e%trﬁ;%ﬁrﬂ?tﬁreoélﬂiet&v@& ﬂﬂb*@s‘i‘ aﬁcﬁ@&%nﬁ‘ 'cﬁﬁa%%rf élé’ct%ﬁ&§§6 érlnd 64t
The singl eﬁgease dielectric material nﬁlﬂ] se an

conpositio H"%%‘E&%@@”‘éﬁ%"?@'%ﬁ@?@ ttqge{r}q:éwg c@elgq{a@grw?, f@fﬁ‘ 22

of the di ebﬁﬁcl’t@(‘coﬁbﬁ'd&ibﬂfﬂe &dcrpéaphtifer cdnstrabibn TRy BeintepEREEMUhtold 21 ng
any of theQEgM:%jn i scussed above for formation of portion 22 of

FIG 1. Th 'E°%hase dielectric material 66 may be crystalline.
[ 0063] Ref er[o06q] t BdridBenbineared eixtuaticeanacidsonaydcaaiizatia ofdr comparenrd

over the besides capacitors. FIGS. 9 and 10 illustrate a field effect transistor and a non-volatile
transistor, respectively, that utilize barrier engineered dielectric structures.

[0070] Referring to FIG. 9, such shows a porticn of a semiconductor construction
100. The semiconductor construction includes a semiconductor substrate 102, and a
pair of source/drain regions 104 that extend into the substrate. The source/drain
regions are conductively-doped regions of substrate 102, and may be either majority n-
type doped or majority p-type doped.

[0071] A transistor gate stack 106 is over substrate 102, and between the
source/drain regions 104. The gate stack includes a dielectric structure 108, an

electrically conductive gate material 110 over the dielectric structure, and an electrically
12



singl e phase dielectric material 66. The second capacitor el ectrode
may conprise any of the conpositions di scussed above with reference
to capaC|tor eI ctrodes 16 and 18 of FIG 1, and may be referred t

as a capacw OZ e, [ 0064] The m xed phase dielectric WE?P%?(OS%SRG
and the single phase dielectric material 66 together forma

di el ectri c irsdutatioé ua@ﬁg)mbehwaem dvbetheemambélmrcoedjmme gatesn£ierizand phid of
The di el ecty Wagtruct u

15%0f 71 & Slefel shetEf fu i AN BHO e ok ofiapr BEF e B TOS'a
bet ween capagice&inge r@m\sr@emmemen@)mab@gpaﬁw effecttttapsis@ar 2001 ng

ol oot odes BBYEha B SEEELERES 1R R bun s OGAERCHARBOHHR 190 ang
capaci tor 721. Qmerof&éymﬁqr@rwﬁﬁydb@ |smuup@pmsedaqnmncaralo@mumﬁmomon
oF nunor quetie b afiitle d (D SRG pndte SorkWoRidol 1o PO BN 2861 AlCS
duri ng fabrii dAEPHA eaRCdMERIEM H1aY . deS{'@U@@F%@ed@ﬁ%P'ﬂ&?ﬁ ppgiopelalopgs

a diel ectrigpg %lfréé%@ta‘éﬁ%s'?tge 3NHABOHR, bR nhth e leRIbBEihTents .ﬁﬁqwgé ués@rea%’o of
FIG 1 (in other words, a dielectric structure having only a sing

mi xed phas@2pRIEiB§d PhaseOrion bealsgiand sirecty 20aingtibe LCB'Fd NP gsde W@Teﬁ'é'd

that utiliags. a dielectric structure anal ogous to the structure of

i xed_ phaseOBORL | dREyTeREC it e BBRGEPHrE PR nab oo R sy BecicAg

st age subs enjljmwenttreiy almtprmfxs fFleGnob-crystatline pardithe eingietdhasm petitrodki the nt

in which t iel [ . i, Lok W ' e
oot oo, PRAVR RS EGE B Fabfbitbbdd SRy 09l oLy Mt s
di el ect ri c!mether ¢rabodiperitsrthe thixpdahasgmportien wey hyvesspmianeystalies ma;@m
phase di el ggy mecs.@é Fﬁaselpo%n Japnawbéeﬁhee%%o%eh@re&@r %ufméernpe' 80
may corrprl se an osi tions di scussed above relative

m xed phas@h?ﬁ?rﬁqrﬁﬁf' with b@fre'Fil'VG!Y moreghgtaline thd MedelasaRaion hyserhe ALD
processes dinpoHifEat, HRaMRedpidieRHRNSNCIS 4edst fhout obebluhRgBRidneN Of

m xed phase portion 20.
P am%rphous and the single phase portion will be at least about 90 volume percent

crystalline.

[0074] The dielectric structure 108 is a gate dielectric for the field effect transistor
120. The utilization of a dielectric structure having a mixed phase portion and a single
phase portion analogous to the portions 20 and 22 of FIG. 1 enables the gate dielectric
to be tailored for specific applications of the field effect transistor.

[0075]  Although the dielectric structure 108 is shown to comprise two portions
analogous to the portions 20 and 22 of FIG. 1, in other embodiments the dielectric
structure may comprise three portions analogous to the portions 42, 44 and 46 of FIG.
2.

[0076] The conductive gate material 110, capping material 112 and sidewall
spacers 114 of the effect transistor 120 may comprise any suitable compositions or
combinations of compositions. For instance, the conductive gate material may comprise
one or more of various metals, metal-containing compositions, and conductively-doped
semiconductor materials; and the capping material 112 and sidewall spacers 114 may
comprise one or more of silicon dioxide, silicon nitride and silicon oxynitride.

[0077] Referring to FIG. 10, such shows a portion of a semiconductor construction
150. The semiconductor construction. includes a semiconductor substrate 152, and a

pair of source/drain regions 154 that extend into the substrate. The source/drain
13



'[ 0068] Referring to FIG 8, a second 'capaci tor electrode 68 is formed
over m xed phase dielectric material 80. The dielectric conposi t i ons

64, 66 and g) ether forma dielectric structure 82 between t
first and Y838 é%?f}am tor el ectrodes 66 and 68. The fllF?E"U%ﬁ%P@'és%nd
capacitor electrodes, together with the dielectric structure, forma

capaci tor ofeglshg amtdonduaﬁelyaupéu m@mé iof QUbsBAB 62 Ui rady iesithee majority n-
i ncor por at [0069] Barrier engineered

dielectri Cetggec%g%qegro&n%%{g;y %éyp&'tquF%ed i n other conponents besides

capaci t or s. [(78p. atmnd:sﬂpﬂgatblstwkriéﬁtscwef sublstlatefibRcAnd redidsdnsther and a

engi neer ed HiRRh Fedins 17 RRE beteintichiles b st B liecitog e, o
shows a poraubsliatefa gate érﬁe@tmd@&t an eledrigally gendugtivel@@rgemetaining material 160,

sem conduct plisBARE Liiirelbe] HLISASR oSRTARNANEL Ui HARIREHR, 407ar

and a pair source/ dral n reglons xten

substrat e. W'%ﬂﬂé@ﬁwﬂﬁpﬂggﬁﬁﬂ 4% trraniesirdiel 56 asireyrasktizions of

substrate XBgonsaish é@%oé%e@'c&ﬁuﬁﬁsé@dyoéhérﬂvdhtﬁe)’t&%s@&ﬁﬁéoor mjority
p-type doped. [O0071]A transistor gate stack 106 is over substrate

102, and bellZ8h t Hee dBisFicie slivciyTR rﬁédﬁ %’W@’”i@ﬁomﬁﬂ*ﬁé g@edoslcae k 161, 163

i ncl udels zi ]-a(gUeﬂGeCtl'{]b@oﬁ‘bﬁ&w@iJérﬁj ﬂ{%at re diixel (e k4 gﬁ@nb%ldﬁl@{ﬂ@@lﬁb\ﬂ@e gate
mat eri a pver rc ru ur al a el eclr

ol i ve POLE 48 W BT ERE By % ol B s Sl ek Bpaerugde
material . Anhgpotion#4 sf@éwal | spacers 114 are along sidewalls of the

t t ack T d._s.

Soget her—eoliBoL L iPhORb 6 BB 0N PRI GERE GERL G e Dot 80°

di el ect ri c Toeruitzatioe ol@gielestrisistustutedhaymaprixasephase adttions ompoppasivg sided of
and 111. Oé%lrﬁ] b%e%?ﬁdngg%l s‘ft‘@%e]p%{ltlog§4%e Oﬁ?ﬁ%&ﬂﬂm zg%EEIFIQche

anal ogous to ortion IS a
phase port ,ngﬁrga}%ij @g@ﬁg tor e @We%@(ﬁp@gﬁlwp@atlm@f the transistor. The dielectric

structure is referred to as an "intergate" structure because it is between charge-retaining
material 160 and control gate material 164, and historically the charge-retaining material
and control gate material were considered to correspond to two gates (a fioating gate
and a control gate). In modern structures, the charge-retaining material may be a
charge-trapping material rather than corresponding to a floating gate, but the term
"intergate" material is still utilized to refer to the material provided between the charge-
retaining material and the control gate material.

[0081] In some embodiments, mixed phase portions 161 and 165 will be entirely
amorphous (i.e., non-crystalline) and single phase portion 163 will be entirely crystalline
(either monoerystalline or polycrystalline). In other embodiments, one or both of
portions 161 and 165 may have some crystalline character; and portion 163 may have
some amorphous character, but portion 163will be relatively more crystalline than
portions 161 and 165. In some embodiments, portions 161 and 165 will be at least
about 90 volume percent amorphous, and portion 163 will be at least about 90 volume
percent crystalline.

[0082] Although the dielectric structure 162 is shown to comprise three portions
analogous to the portions 42, 44 and 46 of FIG. 2, in other embodiments the dielectric
structure may comprise two portions analogous to the portions 20 and 22 of FIG. 1.

[0083] The gate dielectric 158 may comprise any suitable composition or

combination of compositions. In some embodiments, the gate dielectric may comprise
14



1. In some embodinents, it may be desired to have the nixed ph'ase
portion be along and directly against the substrate 102, and in ot her
enbodi nents it ey be desired to have the m xed phase portion

al ong and Worztgbot’q4y9‘ségal nst the conductive gate nateri al PC;LTiBSZOf%(B%fI n

sonme enbodi nents, the m xed phase portion of dielectric structure 108
will be entsiilrcehyiloaiaiar phmlﬁe é:inb@jiment@rthégy@tcwiédtﬁte)wa;aadnmrme asdiglgdtec

h t f t h di t
Crystal i netetioeiedhs Ptk fiat oo IS Pre BRI B 19 6t ner
enbodi nent s [008ke me(@dwqmgmwalpog maberiaints0 haw eorgpise a@yysrmld gangposition or
h t . :
char act or, BPrEfeT b ARANBRE AL PR AR AR B may
crystalli nebetpeierysialing Spiha@,elﬂﬁ@ﬂ’tel eyphodiments e ehatusdietaining matehiel maked

phase portiQn Wl b RS g@ttrabﬁ“xﬁﬁkoﬁBQéi'ﬁon% vol ume percent anorphous, and
the single se portiron w | east about 90 vol une percent

crystal i neF0q8§b74Thm@>rt¥pmeé%maﬂ%laéifﬂmﬁmfénq@s any sytable eomlositier oF | ¢
for the fifhudfatiesbs éorr@mmgﬁ@hna%y, T-Bhé(%ﬂté Icé@bhﬁbr%foran&b 8 @flls C

structure having a m xe hase portion and a Si ng e%g ase portion
anal ogous t'?.)et?’ﬁemﬁ@} 't"?rt?ﬁ*lg' 9 ECRRCPIRS g dpaguciivelrEpp Setnﬂ%‘)rlj‘él?t@r

di el ectric mftetrs.t ai |l ored for specific applications of the field

ef fect trangj r._[0075].Alt hou t he dleI structure 108 |
Shown t 0 comsRRLL TieSadhtas HetBh absie RSt ae BhY CohEiSrimidle o
FIG 1, inoohipesm@mmd)hmmlsn bheonohositiecd, lan@nsav,rfucexanmlemympm:mmrim

[ 007e] ?ﬁret 018 o AR Qucdl BBt bh@ech i@l 10 0T TG, 2
si dewal | spH®87E mlzhoggh Clelpotibfstruetute tags heonlylneroats/dielestpe inghe alngwn

sui tabl e C%%%%!Irﬁén‘? & oﬂ’ﬂér %H@dlrﬂ@ﬁtb%e ay 58 TR BQ%CtrF N

the conductive gate nateri al nprise one or nore of various

net al s, neﬂraPQrB'Eiﬁ@t@i”rYY'ng'Qi%‘ﬁWb%tfl{C%ﬁ§62 BgleeboRAie TaRINga Mmejrsial 160 and
sem conductcgmrc;r@b@rm@tbﬁm 1gnd the cappi ng material 112 and SI dewall
spacers 114 nm ri se one or ilicon dioxide, sil

nitride and[0§P¥1 c o SRS ! de"["@?)?%'@%f éﬂﬁl”?‘?d Regnearegrateg 'm% ﬁ@ﬁtm”'c
shows a pOt‘sWt@ﬂﬂusOﬁ‘ucaaS@BﬂscmﬂﬁhmérGIteléﬁﬁﬁte@wél(FTIG35OI 14 Eteow example

sem conduct or, éons rucﬁ1

and o pai 1 PRI P R TR B PRI BN Bl r RIS b cenbe:
substr at e. sfdgtemsour ce/ drai n
[0089] FIG. 11 illustrates an embodiment of a computer system 400. Computer
system 400 includes a monitor 401 or other communication output device, a keyboard
402 or other communication input device, and a motherboard 404. Motherboard 404
may carry a microprocessor 406 or other data processing unit, and at least one memory
device 408. Memory device 408 may comprise an array of memory cells, and such
array may be coupled with addressing circuitry for accessing individual memory celis in
the array. Further, the memory cell array may be coupled to a read circuit for reading
data from the memory cells. The addressing and read circuitry may be utilized for
conveying information between memory device 408 and processor 406. Such is
illustrated in the biock diagram of the motherboard 404 shown in FIG. 12. In such block
diagram, the addressing circuitry is illustrated as 410 and the read circuitry is illustrated
as 412.
[0090] Processor device 408 may correspond to a processor module, and
associated memory utilized with the module may comprise one or more of the structures

and devices of FIGS. 1-10.
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regi ons are conductivel y-doped regions of substrate 152, and nmay be
either mpjority n-type doped or majority p-type doped. [0078] A
transistor_gate stack 156 is over substrate 152, and between the

sour ce/ dr alVR VYRS 154. The gate stack includes, in 2ECEPHRYSEOGer
fromthe substrate, a gate dielectric 158, an el ectri cally conductive

char ge ret ajovonp nﬁbﬁbhﬁdevk@@%ﬁwe@b@h@@ﬁdnﬂ@o §Heln€drjdﬁ©ddlﬁ?and&ﬁay
electrically canductive C?fgfﬂeﬁéf“ te teria

el ect ri cal I"PHEUPH PVBOE {a8ang dey %SOf]TEﬁéSggf'g stack 156 and
sour ce/ dr ai [nosepi ORS. 15 Yuairated @gmdﬁﬁa@d otktiaggad oby haghnanal wgbarrzatioa of

t ransi st or 0079 r structure

compr | se t APCENBRErHEN 0o SV R i et 3 dp SaRE™ £ Ry =t 5
are m xed phese, zmtcmesabcmtraiwbt@gnmansoothheeyptentthammwsamptod@ssorfarl%ll G
2, and the : i i u e

port ion 44 a%?&cﬁt%‘m%ﬁ%fg}og%gﬁ@ﬂlg%d @Oﬁ% %?us "?{3’2: ur h%%%ZECh&nﬁg

i nt er gat e @rasiessn7og, & epntiohenit 704ng imsnuyy dadce Unite’ OGtant iap anpiugautptit (HO)

dielectric d%&.&é'%élpﬁs hawd Gr%e%té&ﬂthﬁhﬁé% s‘?&ﬁfrﬁa%%vé?ﬁ fﬂﬁ’ bero‘ésQ&r? of
a single phase portion (anal ogous to the(gor rons 42, 44 and 46

FIG 2) en&BM&d Upe meamasy garie ldﬂ”élaé@/PF I'e h?C‘Efe'”tVBT‘CPL@reé@quﬁﬂergﬁieC| fic

applicati 0@n@faup *’t@edtrbﬂﬂ%yﬁb@rmomﬁﬁle@ REhE B& o$'trsz9ét!éh§tHa$s;5&ff@r red
to as an mter&)ate structu rh%‘t eit |sbtvve§n char eretalnlng

material 16BCGHNIGREMSITO © PI@3PSSYY {2 /NS CBYer Bt ?%}‘Of“he
char ge- r et akmiarg tmmﬁneﬁéabr ’acm;ltrmoﬁémaly dgaice unares aral thewOalevioB FDE T RS

Lodorh SeP 8Bt ot 01 S et el AN PRERRIs 40 b Pl B o
char ge-t r appdl fiee Ir&ﬂemaam&taatdwtmudwaw cgoling éypagita pg of opaatidnsdbaticguse
gate, but the Lehdi, bé‘ fdahSm tﬁ@hﬁaﬁ&y ddvioeStole! Andlé&bédtéaedrrfe%é@&?r to

the material provi et ween 't arge-retalning nateria
control gateviemies vinay incluge @ng Phmetened t@mwtww@ de{ﬁcﬁééf Pregs &-10.

portions 16hp84Yd 188, M lsla Hpmietiividek Vizdrdh Mecﬁﬂon% -system 800 The
non-crystalline) and single phase portion 163 will be'entire

crystalli néV%‘%’PtBHQHn%ﬁééHW%{V AeYiee 892 sl '}ﬁér%rﬂsacr Y 1of Aenory (F?”Eé%r
errbogl FFM addrﬁged@{odbm% fw fRetd @Fﬁixg @bsawhrﬂ@écdéwc;m“@ Eﬁgm‘éad/wnte
crystal line character |on may have, sonme .anpr

e or oy R 2 e o sl et BT g ey B o Teran
portions 1ﬁmbnmn¢désﬁfa Bdmusmm&mhecﬂnwemmultrpenﬂs |amd$eﬂsﬁn1:samjsﬂlﬁ‘5asm |
be at | east a n u

b at | caohurEed Shnsgls P bARERREG SRR HIERRY Sen 1€ BE5HRRod Bohdtbing
di el ectri csteteergn amhﬂBESh@d ghwnndtotlr@gmpnel Jee ilusiedeppowerairsuitry 816

anal ogous 1. iBe O ftéuP@? c‘?’&ntry%oaeﬁjcué& &b 16/ fg wgm b'?ef@Fetﬁgé voltage, an

enbodi ments the di tructure mo portions

anal ogous néereenmeplinn ingréS4 5y paeMidinga st WP@[”F%LW'“'[ 9‘0%} Thnteyperamection line

di el ectri caddfr BRYViHRIPEdDRd ABMIRE WitRBlLIBeS QAW AS irftdrBShriREtion line 888 for
providing a bitline with pulses. The system 800 also includes a processor 822, or
memory controller for memory accessing. .

{06024] The memory device 802 receives control signals from the processor 822
over wiring or metallization lines. The memory device 802 is used to store data which is
accessed via /O lines. At least one of the processor 822 and memory device 802 may
contain one or more one or more of the structures and devices of FIGS. 1-10.

[0095] The various electronic systems may be fabricated in single-package
processing units, or even on a single semiconductor chip, in order to reduce the

communication time between the processor and the memory device(s).
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conmbi nati on of conpositions. In sone enbodi nents, the gate dielectric
may conprise silicon dioxide. In sonme enbodi nents, the gate
dielectric onprise a dielectric structure anal ogo o
structure Yga%*oti%r% 1 or the structure 40 of FIG 2. L%%@si}@ﬁ)é‘b%
charge-retaining material 160 may conprise any suitabl e conposition
or conbi nat joge6epf Trenglestrdnicorystemismmagareeusedirocienent rmoduldse device drivers,
charge-retajnin terlal he r | i L1 con,.. -
enbodinentgPWFh%qug%ég%W% alwﬁhggﬁ%ﬁéf%%%&%ﬁbﬂ%g%ﬁf#@é%&M%ﬂmﬁaﬁﬁﬁm
char ge- t r apmduescampwsy tncline rMudlegst, Tindtichipmedilesgat e materi al 164 may
compri se anjpoa t Al EARRRSILAR iy OUIDIR IR AL TASHS] A8 as AN
may, for exanple, conprise one or re of varil ous tal

met al - cont g&logkhdeledsipess cell pirnes.aesoparpnpuiers aytognbies, Sshdidargnielor
material s. [ QO8] dhesebgetrically insulative capping material 166 may
conprise any suitable conposition or conbination of conpositions, and
may, for exanple, conprise one or nore of silicon dioxide, silicon
nitride and silicon oxynitride. [0087] Al though dielectric structure
162 is the only intergate dielectric in the shown enbodi nent, in

ot her enbodi nents there may be additional dielectric materials
utilized in conbination with dielectric structure 162 between
charge-retaining material 160 and control gate naterial 164.

[ 0088] The structures and devices of FIGS. 1-10 may be i ncorporated
into electronic
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systens, such as cars, conputers, telephones, etc.. FIGS. 11-14 show
exanpl e enbodi ments in which such structures and devices are
incorporated into electronic systens. [0089]FIG 11 illustrates an
enbodi ment of a conputer system 400. Conputer system 400 includes a
nonitor 401 or other comunication output device, a keyboard 402 or
ot her communi cation i nput device, and a not herboard 404. Mot herboard
404 may carrx @ g:croprocessor 406 or other data processing unit, and
at | east on y device 408. Menory device 408 nay conprise an
array of menory cells, and such array nmay be coupled w th addressing
circuitry for accessing individual menory cells in the array.

Further, the nmenory cell array may be coupled to a read circuit for
readi ng dat &ldimotnA heethedof fproiid & dickolriasiircdrs, ngmarigingead circuitry
may be utilized for conveying information between nmenory device 408
and processfomdip.a firstporitor bf tisd didlestric stiubture] thekfidt aorion odmplising a
not her board 404 shown in FIG 12. In such block diagram the

addr es %bﬁﬁ)g@hé@:k& hiixtule of kbl Bkidabeanasf 441 fiflokities rof Akl Glixierd bf Yhe first
illustrated as 412. [0090] Processor device 406 may correspond to a

pr oces§eﬁidﬁq¢é0i%%ﬂaeéﬁié%h§faﬁfi ol GrEfier tth g)ir %ﬁﬁawotis,ta{l?ﬁ tﬂe%ﬂﬁf SB3hid

conpri se one or re of the structtres an evices of FIGS. 1-10.

0091 i . A

Conpr1 LG SRIdes 614 FidlRs RISt BEARA e TRIBGH G TRHMAR of s i or
[ 0092] FI G 1§%#Ilustrates a sinplified block diagram of a high-1evel
or gani $3P7I4R an el ectronic system 700. System 700 nmay correspond

to, for exapple, a co ter sysiem ,a process control syste or . an

ot her syst effri¥nRg ae‘-‘@ﬁgg?@oawv AR T T %gn%ﬁ?@v against the
El ectronic system 700 has functional elenents, including a processor
702, afiesswortsn; dre seqand pertins eepgistieg Pta comrositos kavinga diglpetiic senptant
(I/0O device 708 (it is to be understood that the system may have a

pl ur al of greaterghac essqual to@dnt rol units, nenory device units and/ or
|/ O devices in various enbodi nents). Generally, electronic system 700
wi || have afomalng/e thet pdriionsifribetdielestrichsttuctrecoder ane dvecinagbimsbehe
performed on data by the processor 702 and other interactions between

the prge@siOporliBR; theRird BRI EMbEing! Bi HonT&ferods niiRturé OF Y bgitledOShe

The control unit 704 coordinates all operations of the processor 702,

the ”eBP%éiiddf‘«Vd f%?idé@aofa% ib8ure 6F 4RV HGRI FORIoRYhARRY I HiKste %ﬁﬁ%tbﬁgof

through a set of operations that cause instructions to be fetche

f j , ' .
oy | O el PP L 3P ARERIGRYL B e RIS of Al A br g i
0093] FI 4 | i Rl i fi | ¢k di f | ect [ t

500, - TheTeyS PRI AR LR e Bt M faaB R ar has an array of
menory cells, 804, address g$c der, 806, row access circuitry 808 .

col umn acce¥bewsin Hg Hisy apd Hlirg BAHPOR ?f%”l%%tamrp'é?%hhﬁf‘rtbeéfﬁo%PO”'On-

controlling operations, and input/output circuitry 814. The nenory
devi ce@B®2 further includes power circuitry 816, and sensors 820,

such as current sensors for determ ning whether a nenory cell is in a
| ow- t hr eshowbersimthecfirshgndg thindepastionsars diffedent r exhpdsitiorofiomanduandting.
state. The illustrated power circuitry 816 includes power supply

circuitry 880, circuitry 882 for providing a reference voltage, an

i nterconnection line 884 for providing a first wordline with pul ses,
an interconnection line 886 for providing a second wordline with

pul ses, and an interconnection |line 888 for providing a bitline with
pul ses. The system 800 al so i ncludes a processor 822, or nenory
controller for nmenory accessing. [0094] The nenory device 802 receives
control signals fromthe processor 822
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over wiring or netallization lines. The nenory device 802 is used to
store data which is accessed via |I/Olines. At |east one of the
processor 822 and nenory device 802 nmay contain one or nore one or
nore of the structures and devices of FIGS. 1-10. [0095] The vari ous
el ectronic systens nmay be fabricated in single-package processing
units, or even on a single sem conductor chip, in order to reduce the
comuni catign tinpe_between the processor and the nenory, device(s)., .
WO 2010/ 044%@5&111@6@?%8%@}@10 éo'g’eqr?ﬁbtﬁ@w@@m%moe %fﬁ?éﬁﬁorﬂég?o'w@n is
used in nmenory nodul es, device drivers, power_nodul es, communication
modens selpctrcbdont thediour, cansistiagppi @i HOs pka®s i1¢0 niveri X3 I0;awhermyhe
include multilayer, multichip nodules. [0097] The el ectronic systens
may be chagicsH fermuias thdicatg the blesysite nentamedhindbe chopksition elneMdes hohimply
cel |l phones, personal conputers, autonobiles, industrial control

syst emainy plariiddristoiehiometi@lofishEh €lementd. A nmethod of formng a
dielectric structure, conprising: formng a first portion of
the dielectric structure; the first portion conprising a honbgeneous
m xture of two oxides; one of said two oxides of the m xture of the

first portiefRayl '?Eegrpgih%be&ft Elafn CI.OW%@(_E}# tlﬁ’%] fi%t%oefhiﬁd‘ﬁé‘rti%s QRNSist of

to 25, and phe othgr sald two oxi des e mxture of the first
porti op, MVl geRAULHER tHe QI LBRLisg WP FHald2RAD, 8, Hesit?: zrHio,
ZrTaQ, HfTaO, ZrTiO, HfTIO, TaTiO, HfTaTiO and ZrTaTiO; where the chemical

formulas indicate the elements contained in the mixture and do not imply any particular

stoichiometry of such elements.
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formng a second portion of the dielectric structure over and
directly against the first portion; the second portion consisting of
a conposition having a dielectric constant of greater than or equal
to 25; forming a third portion of the dielectric structure over
and directly against the second portion; the third portion conprising
a honogeneous m xture of two oxides; one of said two oxides of the

m xture of the third portion having a dielectric constant of greater
than or equ&llaiphdoh capagitorneompiind'of said two oxi des of the nixture
of the third portion having a dielectric constant of |ess than or
equal to 202 fisplegapagitemeleeroda; and third portions are nore anorphous
than the second portion; and wherein the first and third portions are
di fferent i asscopdsbpaditorfeteninodecanshot her . Claim 2. The method
of claim 1l wherein the conposition of the second portion is selected

fromthe graugictspiid shategabbefréan i, firdla@nd TsddoaddcSsaditor albetfRidshahe
chem cal fornulas indicate the elenents contained in the conposition

and do gngécthiE Rl atedd)oRMrisirgd! ar stoi chiometry of such el ements.
Claim 3. The method of claim 1l wherein the first and third portions

Constot O T XLuLes S oot gk Ea BRI ki Bhlroce;

T A T O AR LSl PP b AL R GRS g one

First capaci for of ect PoRd tosarefh Nedbacs OB Gaestast Chpteater hart or
equél to 25, and the other of said two oxides having a dielectric
constant of less than or equal to 20;

a second portion directly against the first portion; the second
portion consisting of a composition having a dielectric constant of
greater than or equal to 25, the second portion being more
crystalline than the first portion;

a third portion of the dielectric material directly against the
second portion of the dielectric material; the third portion of the
dielectric material comprising a homogeneous mixture of two
oxides with one of said two oxides of the third portion having a
dielectric constant of greater than or equal to 25, and the other of
said two oxides of the third portion having a dielectric constant of
less than or equal to 20, the third portion being less crystalline than
the second portion; the third portion of the dielectric material being

directly against the second capacitor electrode;
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a dielectric material between the first and second capacitor

el ectrodes; the dielectric material conprising: a first

portion directly against the first capacitor electrode; the first

portion conprising a honbgeneous m xture of two oxides; one of said

two oxides having a dielectric constant of greater than or equal to

25, and the other of said two oxides having a dielectric constant of

| ess than or equal to 20; . a second_portjon directly against

the first portion; the secWRErssdiRe SRMROSHICE: phhieopeePnchRBBION: iscselected

having a dielectric constant of greater than or equal to 25, the

second portion being fromether grounlgangisting i HfRe TiaQ, skiOpand SshHO; where the

a third portion of the dielectric material directly against the

second portion of thechiraicatt farmulest eindichie t the télenegnpor comtained tihe the

dielectric material conprising a honogeneous m xture of two oxides

with one of said two exngesitioh anbedd hbt ingig rdnyoparievan gtoichibrabey tof isach

constant of greater than or equal to 25, and the other of said two

oxi des of the third pggelhidms:having a dielectric constant of |ess than

or equal to 20, the third portion being |l ess crystalline than the

second portion; the third pApldpthefirst Benflinebaiidd of whBiirl «6d8d fom
trode; wherern the

directly agai nst the second capacitor elec

SO ! b SERUA e PSP e oo
i cate e ol ement s Cont PR LEnkISHERTRY S 2R, 868 Yod FBbica

first portion consists of a.mxture selected fromthe group
consi sting of HfA10, frulgs ipfigatg therelpments, condaingd in fhgpmixturg ad do not
Hf Ti O, TaTi O, HffaTi O and ZrTaTi O, where the chem cal fornul as’
i ndi cate the el enent simneay pedicularsteichipsetry of aueh gemeitsiiansl y any
particul ar stoichionmetry of such el enents; and wherein the
first and third portions awkerirf f hreerfirst nandnfiosi t patiofis oarendifferent in
anot her.

composition from one another.
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