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DI ELECTRI C FI LMS Rel ated Applications 5 This application is related to the
foll owi ng, co-pending, comohly assigned applications, incoPpemberé@0herein
* by reference:WQOIBI0525pl i cation Serial No. 10/137,499, attorPEeyUsisakiade no.
1303. 050US1 entitled: "Atom c Layer-Deposited LaAlO3 Filns for Gate 10
Dielectrics,"” US. Application Serial No. 10/137,058, attorney docket no.
303.802US1 entitled: "Atofr r itLo rsion,” U S
Application Serial No. 10/ %'b%@ﬁﬁ@&ﬁ@bgﬁd@%Tﬁg\é%B 04851
entitled: "Atom c Layer of AIOx for VLSI Gate Atom c.Layer 15 Deposition
for Gate Dielectric Layer," and U S. Application Serial No. 09/797, 324,
attorney docket no. 303.717US1 ent iﬁélagggm‘i'!%%%ﬁ s, Systens, and Appar at us
for Uniform Chem cal - Vapor Depositions. refrd of the Invention 20 The
invention rel & es to Ykapdivdiiat is reldedfodhsiolmetingesd-pamdingbrangaenilpn.
Specifically, the invention relates to gate dielectric |ayers of transistor
devices and their nefH&8%0f fabrication. Background of the Invention The

sem conduct or de&f)ﬂﬂaﬁd}ggﬁéﬁy@rﬁt@@h@eﬂﬂ&?lﬁaﬁreﬂé&;Ven need to i nprove 25 speed
performance, inprove its |ow static f-state) Power requi renents, and

- .- O
adapt to a wide rangeUst Aﬁéml%ﬁﬁlﬂl&%wlﬁuﬁ%uﬂWtdﬁgléfﬂ@qui rements for it
silicon based m GEoe el AifoaPLBHEL Pavel BaRRIIL EAIBY pirhad aliftgeed ADI i cati on of
transi stors, there 1s continuous pressd’re t0 reduce the size of devices such
as transi stors. Didletidst mate goal is to fabricate increasingly snaller and

nore 30 reliable integrated.ci.rcyit I\%Iﬁ}s{! { e in produc %]Sas
processor chips, mobPt e%?%%g@?i r q%@ %@Wegg@g]%%%' é@% . The
mal | er devi ces aﬁ@edg“r@gﬂmggyr BuEe akyChRbiRh’es, where there is al so
pressure to reduce the size of )
U.S. Application Serial No. 10/137,168, atiomey docket no.
- 1303.048US1 entitled: “Atomic Layer of A1O, for ULSI Gate Atomic Layer
15 Deposition for Gate Dielectric Layer,” and :
U.S. Application Serial No. 09/797,324, attorney docket no. 303.717US1
entitled: “Methods, Systems, and Apparatus for Uniform Chemical-Vapor
Depositions.”

Field of the mvention’

20 The invention relates to semiconductor devices and device fabrication.
Specifically, the invention relates to gate dielectric layers of transistor devices
and their method of fabrication.

( S Background of the Invention

The semiconductor device industry has a market driven need to improve

25 speed performance, improve its low static (off-state) power requirements, and
adapt to a wide range of power supply and output voltage requirements for it
silicon based microelecironic products. In particular, in the fabrication of
transistors, there is continuous pressure to reduce the size of devices such as
trangistors. The ultimate goal is to fabricate ncreasingly smaller and more

30 reliable integrated circuits (ECs) for use in products such as processor chips,
mobile telephones, or memory devices such as DRAMs. The smaller dévices are
frequently powered by batteries, where there is also pressure to reduce the size of

the batteries, and to extend the time between batiery charges. This forces the



the batteries, and to extend the tinme between battery charges. This forces"

the 5 Decenber 2006 WO 03/105205 PCT/ US03/ 17730 industry to not onéi%edesi gn
r

smal ler transistors, but to design themto operate reliab]? ’{fl"
power suppl i‘gé.‘)z’/@ﬁ?q:'ent |y, the sem conductor industry reli %&?Q%% %% ability

to reduce or scale the dinensions of its basic devices, primarily, the

silicon based mehalsirptPudtdatySRNEE SNGUS tsiddg| it Rf deSigh HehPRYpaher ( MOSFET).
A common configuration of such a transistor is showmn in Figure 1. Wile the
fol | owing di scugkabbnwiys ksverpgeréunrliss i | | ustrate a transistor fromthe

prior art, one skill edlefhry, iEeAidontiddr ihASOOMESol HRLRARLASERL | nvent i on

could be incorporated into the transistor own I n Figure orma novel
transi st or accorsdilathetdimeiseons of enbiasprievites, Phimatilyaths sdicor babeDmiewl-f abr i cat ed

in a substrate 110, that i pl cal silico - cpul d be fabricated from
ot her seni pongudﬁbqe"ﬁ?ﬁ@?a%ﬁ%%p%ifﬁég%wmfﬁ IMEFQ “10"has a first .
source/ drai n r egoffgtAtbndTduch SRERRE: SAUHRE LEIFginR 17 SYhiAhd &lowig body region
132 is located between the first source/drain region and the second

sour ce/ drai n r edlisnssiagiseelighe 1o dluspeatgiadrosagor fiun theaglon adraasiledin t he 15
transi stor with ! eng [ ' oxi de 140
is located ont %%@gﬁko |onﬁﬁﬁ%ﬁeﬁeﬁt%@%ﬁ)gbﬁgﬁ%%{gg]?g%lieg\q)lzt%%%e gate
dielectric. Al tihmsigir tHoevngaFezuecd Blodfotm h @ood ratdstdracomding toiie imeatioral s ot her
t han oxi des, _th ate dielectric is, typjcall oxi de,._and is conmmonly
referred to éé gnljgf_agmﬁtﬂ b@ 18 %ﬁéﬁtﬁgf“gﬁhﬁmﬁﬁfoﬁﬁtﬁw’éﬁuﬁ Sr"]g’ﬁ?i“: but _

pol ycrystal | i ne ildyeqRor{darh ¥l G kmicBhaRidelateAl} & QRAUTHE RehFBGer i al s
such as netal maybe used. In fabricating transistors to be smaller in size,..

and reliably opell@thang fighsorrenisrinpesien 120 a8 laiseeond spacd/drpmiregion 13Hesh gn ()
criteria is the te dielectyl T I nst Jor .form t he gate
- dielectric has bbg)gﬁ & cfn:alCB gﬁs %’ic%%‘%g%q?veﬁ tggﬁgiswiﬁgc%mnﬁF?%}Ollgarllovdigséaﬁ%n%phous Si Q2

| ayer provides apuekmeditegih] yhaothedody gfonmdy dafiies alchymst éthhe materi al ,
where the interface of the Si O %Qegqerlyi ng Si {Eprovi.des a high
[

t | ayer with | )
qual i ty int et adEmgsiop@th aégalg’ﬁb]éi‘%]élﬁ‘él‘%éﬁ? cinic, elo¥alt 93¢F Wldperties. In

typi cal processiipghiedtifih®bod o M3 Dlvith 83atR 19V 1886 F8d @G gatLAIAEAR densi ti es
on the order of 1010/cnk, m'dgap interface state densities of approximtely

1010/ cn®2 eV, andAlfiroagkthegateviddlecdieenibe fotmed fonyeatefialg Sthimthempxides, the
gate dielectric is typicaily an oxide, and is commonly referred to as a gate oxide.
The gate may be fabricated from polycrystalline silicon (polysilicon), or other
20 condncting materials such as metal may be used.
In fabricating transistors to be smaller in size and reliably operating on
lower power supplies, one important design criteria is the gaie dielectric 140.
The mainstay for forming the gate dielectric has been silicon dioxide, 810,. A !
thermalty grown amorphous S10, layer provides an electrically and
25 thermodyﬁamically stable material, where the mterface of the Si0, layer with
underlying Si provides a high quality interface &s well as superior elecirical
isolation properties. In typical processing, use of Si0, on Si has provided defect ’
charge densities on the order of 10'%cm?, midgap interface state densities of
approximately 10'%/cm’” eV, and breakdown voliages in the range of 15 MV/cm.
30  With such qualities, there would be no apparent need to use a material other than
Si0,, but increased scaling and other requirements for gate dielectrics create the

need to find other dielectric materials to be used for a gate dielectric.



30 Wth such qualities, there would be no apparent need to use a nmateri al
other than Si 2, but increased scaling and other requirenents for gate

diel ectrics create the need to find other dielectric matéPepmbadl®e used
for a gate W®EVEEFFc. 2 5 Decenber 2006 WO 03/ 105205 PCRCIAHFYI73P30 What
is needed is an alternate dielectric material for formng a gate dielectric
t hat has a high diel ' relative.t .2 and. i

t her nodynam cal | y st E@faéis\%}eg (ﬁerar%ge%g%??%%eoéés}lgﬁ |%]§%t§£§% r’to’%'l%lgg 5‘?%1’ ng the
dielectric on dieddchkiatha Haay dighulididctrivatonstas mlitivieno SiGRarfdosmat i on, or

di ffusion of material, such 5 as dopants, ijpto the e dielectric fromthe
under | yi ng sili G5#°P ?Cangﬁfﬁﬁﬁwt?‘(f?sl’?%éo ﬁlﬂ?Pé‘rﬂl? W%E‘E’?&F% ecSIFFH'?tCH‘Ct he

problems as di sglasaideRRY¥SwloRALEIERRT, fofnatRNDAdi IR SoReA1Aisig, t 0 the
teachi ngs of the present “invention. In one enbodinent, a nmethod of formng
a gate diel ectripgdanng, niehs gae dicldbigyronelye sadetlymigsdicongent he at omi ¢ | ayer
deposition (ALD) of an anorphous ’IE'!"JJ Eh%lﬂ‘; 19anAI 33 on the transistor
body region. The AL D formation of ¢t Arc3 Trimis performed by pul sing

a haf ni um cont ai ni ngApohtion soihe priblens a8 dacissaiaboaiiaddressedint ai ni ng a
substrate, pulsin first oxygen containing precursor _into the reaction
chanber, pul si n&mgﬂg%eﬁtﬁiaﬁ??ﬁ@%gm%?WPW%P&%‘GP%?NWBHQ%e_ ®&ction 15
chanber, and puksbiinRniS§RRGIVE IR Ehg%%&%@ﬁ&bd@x%@ﬁ@&b&k?s@n%bb&#&g%ﬁe reaction

chanber. Each precursor is pulsed into the reaction chanber Tor a sel ected
time period0 Aidchidgs the gfonit fayerf dspogsidnd AbY) ehohamperplbans Sidm chufaigiigect ed

according to th?lﬁ,fgec sor used. ,Between e recur sQr LN recur sor
excess and reaction? 1y-%‘r9%n3hsccir§°drreeglrmé‘ngl\’/ee‘gﬁprfg%at he Dr%éhae@ﬁ‘a\(ﬁ)?% 19l;'frhig Hf Al O3
q;ij_l m t hi ckness  p&icthet 8ppulingahabyum etk greb@sordnio urbetonthaeibet es t he

ul sing of the hafnium containing precursor, the first oxygen contai ning
precursor, the SPHHIREMSURHRICaPHIRG2 SrobeniEsdfontaings pPreeusdddiRdiooxygen

contai ni ng precwa%néﬁ%ﬁgr,{nhﬁﬁggﬁﬁhﬁgﬁ]ﬁmwﬁg% 5 e&ﬁs&g{tgﬁi@aﬁ%‘qyﬁm ageously,

a gate dielectric fornmed as a H Al (8 arger 25 dielectric
const ant thadd schanmden add pxlsde 2 second baygen ednjaiging prectreaknigehargratont, and good

stability with pespectplf fecilshl SOMORARRS KRS n S nndr TROUL{TRAN B Bccor di ng
period. A length of time for pulsing each precursor is selected according to the
precursor used. Between each precursor pulsing, precursor excess and reaction
by-products are removed from the reaction. The HfAIO, film thickness is
.. 20 controlled by repeating for a number of cycles the pulsing of the hafhium
containing precursor, the first oxygen containing precursor, the aluminum
containing precursor, and the second oxygen‘containjng precursor until the
C : * desired thickness is formed.
Advantageously, a gate dielectric formed as a HfAIO, film has a larger
25  dielectric constant than silicon dioxide, a relatively small leakage current, and
good stability with respect to a silicon based substrate. Embodiments according
to the teachings of the present invention include forming transistors, memory
devices, and electronic systems having dielectric layers containing HfALIQ;.
Other embodiments include structures for transistors, memory devices,
30 and electronic systems with dielectric gates of HfAIO, film. Such dielectric
gates provide a significantly thinner equivalent oxide thickness compared with a

silicon oxide gate having the same physical thickness. Alternatively, such



" features of the Invention are rea

- to the teachings of the present invention include form ng transistors,
menory devices, and el ectronic systens having dielectric |ayers contalnlng
Hf Al O3. Ot her embodi nents include structures for transi st or%li?eqﬁr@hﬁ

devi ces, 30WRAFBEBctroni ¢ systens with dielectric gates SFTHPRIGE i1 m
Such dielectric gates provide a significantly thinner equival ent oxide

thi ckness conpar gdeatit r@atéspx%hhbﬁ ?iéér@l?ﬂﬂ@f&e? %‘?sYdaI‘&ﬂcﬁé‘ss%ﬁ’eEﬁ% saRysi cal

t hi ckness. Alternative such Decenber 8 WO 03/ 105205

PCT/ US03/ 17730 mmmqhwn@ahemmeqwdem@meghphe@ant|y t hi cker physi cal

t hi ckness than a sili on X1 h n i en xi de

t hi ckness. These and an% rtrlge‘?ﬁ%%‘ﬁ?lﬁg s&g%tzgaﬁ%ng %agfé%m gcfg?eatures of

the present |nvlﬁeéenoiﬂv&mtﬂohwbﬂbseétfdrﬂﬁh!parltﬁ:ttﬂaﬂéscnﬂndﬂwmdle&ﬂrowstml&mvw ch
follows, and in 5 part will becone apparent to those skilled in the art by

reference to PhePFOFHIdPeTy° BRRser} i9hesh Sigfiod indhs HiRrerB s fRithe élovérg ed
draw ngs or by pg ol o@{hetlﬁ&‘ennbxf‘a\ﬂﬁ% ﬁﬂceg:@ﬁmﬁ acdidy gfthages, and

ize attarne y nmeans of the
instrunmentaliti emyeqmloocé"ma@sqts advntged) pmbEaores ofthanmweot:dnamhyeapmdnt ed out in

t he appended cl a rief cr.iption of the ure 1 depicts
a comon confi gu?“g‘tsalﬁg yg&eﬁsgﬁ%&%}m% UFP9% 8531 scoﬁlﬁmg W85di ment  of

an atom c | ayer Wﬂﬂ ﬁhtgd/@ﬁ@mh@appe)ldedfdmjm@rocesm ng a HFA1IG3 film
according to the teachings of the resent |?vent| on. Figure 2B depicts an

enmbodi ment ofl0a gas-distributi ok Dyewiasni c | ayer deposition
chanber for processing 'T"ﬂi?ﬁacbﬂﬂoﬁ%ﬁ .,ngn Pa il eachi ngs of the
present invention. Fi'g ustrates a Iagram of el ements for an e
enbodi nrent of a net kﬁ)gufeaApiemesm embbﬂlﬁdeﬁﬁbffanlammcl}agemﬂepgsmm dykiemat eachi ng&

of the present nventl on ure 4 depi enbodi ment of a.
configuration of® épliof?ﬁjé]rggt%f%l@ g f%?%@eﬁﬁﬂaﬁﬁ%ﬁ?f@g ¢ RESTERSFHRg to t he
teachings of the pres@pirebB\® TctsQﬁemEbtﬂﬂx%@c&algbi gishivati@siRuRafraRect i ve vi ew

-of an enbodi nent of a persona nput er incorporating devices according to
t he teachi ngdiof atphE Igyeéggwpmon cha.mber for processing a HfAIO, film according to the

teachings of the present invention.

Figure 3 illustrates a flow diagram of elements for an embodiment of 2
method to process a HfAIO, film according to the teachings of the present
nvention.

20 Figure 4 depicts an embodiment of a configuration of a transistor capable
of being fabricated according to the teachings of the present invention.

Figure 5 illustrates a perspective view of an embodiment of a personal

compuier incorporating devices according to the teachings of the present 4 )

mvention.

25 Figure 6 illustrates a schematic view of an embodiment of a central
processing vnit incorporating devices according to the teachings of the present
invention.

Figure 7 illustraies a schematic view of an embodiment of a DRAM

memory device according to the teachings of the present invention.



i.nvention. 25 Figure 6 illustrates a schematic view of an enbodi nent of a
central processing unit incorporating devices according to the teachings of
the present invention. Figure 7 illustrates a schematic vi Bopember§06

enbodi nent - ofyosPRAM nenory device according to the teachPAgdSe¥17iie
present invention. 4 5 Decenber 2006 WD 03/105205 PCT/ US03/17730 Detail ed

Description of the Pref errgd I?%ﬁdi nment sfl n th_g f ﬁtl gﬁéng det ai | ed
description of the inventi o S ErREE onpanyi ng
drawi ngs whi ch form ampagtroiRFigoista RAAedcApiH Fithd BvahRW refordite Wayadef

illustration, specific enbodinents in_which the invention macé‘be 5
practiced. These tefsaarovnenyng fewings shidhder pratheeed axkin & shogmenabl e

those skilled i R aeL;l “ﬁ’ ol Hels Nek; gi ments may
be utilized and%gyr% 81?8%“3 ;,9& o) i%{él!gﬁ;gmgn gﬁ%\&#ggfhe%anégﬁﬁggy be nmade
wi t hout depar ti ngracficainTheee ecmdanafs adhdesprted ansufficiesnieiadrio efdhte thesens waf er

and substrate used..in.the follow ng description include 10 any.structure
havi ng an exposeéggﬁ‘??né‘_?‘%a%&’ﬂfa%ieg}?I?Wn%?fﬁr#@ﬁr_eeq ?Dé‘ct@ﬁyﬁ‘?'i%f’ (10
structure of the ghiviRhirfNiogthe atdedlEBiSodDSHah @tk @ndy e Whkde ibfhe@ich&tihf cl ude
sem conductor wafers. The termsubstrate is also used to refer to"
semi conduct or - stioucthapeye @lithe peespii §eesiidnng, and may incl ude other |ayers
t hat have been fabri HROR t.h.ynaf Qr‘ﬁ.‘i{\% - 1 ude doped
and undoped 15 semi co%%%%%@?ﬁgpl ta??ﬁgglggdn\iﬁégigﬁgto g%/l{é)?irg&sdt?g%%rted by a
base sem contluctaay starctireBavie Orexpasd watidce adth othtivdirto Serm thoe e ited cisduituct ur es
well known to o skilled._.in.the. art, The term conductor,is ynderstood to
i nclude sem condur FE’I‘@,’I&QE&‘EPW’@“?% rﬁlﬁeﬁ‘?ﬁ’l %ﬁ%:fﬂt"t)‘fg “Bgeéfté‘(\,‘%?ilﬁéfﬁl defined to
rficl ude any  mat @ghbndddat waferd. €38 ta&hRebalEAL hi¥o GRATY eI S sdhiRtndub®r

terials referred to as 20 conductors. The term "horizontal" as used in
t hi s appl i cati on sirectges dnmg rageessing anfenaipaeinds @hertleyeryibatdureeesni onal pl ane
or surface of a r : rj ipon of the
waf er or subst ra\té%frﬁltﬁcg{htege;d%&iver ?Ngfaefglﬁfr% %faze 1? {:)lu%é %Oﬁjregg{]ﬁ?g%ﬁhé&

15 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 1s uniderstood to include
semiconductors, and the termi insulator or dielectric is defined to mclude any
material that is less electrically conductive than the materials referred to as
- 20 conductors.
The term “horizontal” as used in this application is defined as a plane
paralle] to the conventional plane or surface of a wafer or subsirate, regardless of
C . 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”,

25 “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, regardiess of the orientation of the wafer or substrate. The
following detailed description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only by the appended claims,

30 - along with the full scope of equivalents to which such claims are entitled.
A gate dielectric 140 of Figure 1, when operating m a transistor, has both
a physical gate dielectric thickness and an equivalent oxide thickness (t, ;). The

5



per pendi cular to the horizontal as defined above. Prepositions, such as
"on", 25 "side" (as in "sidewall"), "higher", "lower", "over" and "under"
are defined w respect to the conventional plane or surf&becdoderzpoon t he
top surface \gef’&{&ﬁlgbﬁ%f er or substrate, regardl ess of the AGIEHMEIT¥n of the
waf er or substrate. The follow ng detailed descriptionis, therefore, not
to be taken in ggliehi H84 Rftess q%ﬁﬁ&?ﬁeéﬁ&ﬂ@al%ﬁbﬂeﬂfés,%%@t I nvention Is
defined only by tqhe appended clainms, 30 along with'the full scope of

equi val ents t o whbatfitasaec bf afadd drsleeirie 14hini tedmsdf 2scyesentatvedlyscali ¢ 140 of

Figure 1, when aqperating . t.r apsi.st.or bot.h p i.cal e
dielectric thic gaéess ' g‘ﬁaﬁ%iﬁnegag?l\?giu Eélﬁiessoé}% eectr%t%cgﬂ(ﬁgéis}l&%ﬁtg%)v‘&ﬁ%e 5 WO
03/ 105205 5 Deceasipdred268ove (RSB cltants densiiftdt ¥ alventictxir@eishfiimpk ness

quantifies the electrical properties, such as capacitance, of a gate
dielectric 149 ilﬁ?%?W%FmglP%%‘lggé?ﬁsﬁeﬁ\?éﬁ)hysi cal thickness. teqis
defined as the thi cknegf Qlyefof IRRARS, I1CopoNeFPn 2 RY SlrfdcDal » YAMLRIAREC required
to have the same capacitance density ‘as a given dielectric, ignoring 5

| eakage current ailidilsodiavabit) latger thomgs theskatdsotn Sthisk, Ses@its fragnghe of t hi ckness,

t, deposited on a Si. surface a,gate dielectrd.c .wll.also have a teq
larger than its ciaﬁ?cé%(‘éeslg?hetswaisﬁ’(fﬁcgg%ﬂggm} g&ﬁﬁﬁ%& éflﬁb]r%véffﬁoéﬂteciilbeatei%feance inthe
surface channel RfnMinGT atdBgletfididvirsotl epRBl ThE dpRtibDinkBeionfdisidabon of a
depl etion/inversion region. This de[glF etion/jnversion re% on can 10 result in

teq bei ng fréfh Jeswtip takeBE flemws? to Q) Angshees (WHagerthe e SRxthickiesess, t.
Thus, with the s CORA - AN the gate
di el ectric equival ent oxﬁlﬁégﬁchﬁ%gﬁg?ﬁ% %@%&%8&%@§%6%%%§cal t hi ckness_

requi renent fdielecriGe@Rvalen exide fidntsrio andsal @ Adihelpbytical thicknedsd be need .t )
be approxinmately 4 to 7_A. Addi tional requirenents .on a,Si.02 |ayer would
depend on the gafeRBLF Béééﬂggbu?eﬁ%g%%%%@ge e OPf?qeﬁ’@e%FO& gate
dielectric. UsingpaxeaivgioFal polysilicon gate would result in an
additional increase in teq for the SiOQ2 |layer. This additional thickness
coul d be eliAfnated Byddisemalreguirasments ajan BO0elagenwadédepephon i sast al gates are
not currently us i |« 8X] ; ! {1 eld
offect transt st o ChEEsans CHREEL iR siBy kP athe R T ARA NG At f

polysilicon gate would result in an additiona] increase in t,, for the Si0, layer.

This additional thickness could be eliminated by using a metal gate electrode,
though metal gates are not currently used in complementary metal-oxide-

20  semiconductor field effect fransistor (CMOS) technology. Thus, future devices
would be designed towards a physicat SiO, gate dielectric layer of about 5 A or
less. Such a small thickness requirement for a Si0, oxide layer creates

additional problems. (

. :

Silicon dioxide is used as a gate dielectric, in part, due fo its electrical

25  1isolation properties m a Si0, - Si based siructure. This electrical isolation is due
to the relatively large band gap of S10, (8.9 eV) making it a good insulator from
elecirical conduction. Signification reductions in its band gap would eliminate it
as a material for a gate dielectric. As the thickness of a Si0, layer decreases, the
nwmber of atomic layers, or monolayers of the material in the thickness

30 decreases. At a cerfain thickness, the number of monolayers will be sufficiently
small that the Si0, layer will not have a complete arrangement of atoms as in a

larger or bulk layer. As aresult of incomplete formation relative to a bulk

6



woul d be designed towards a physical SiQ2 gate dielectric |layer of about 5 A
or less. Such a small thickness requirenent for a Si Q2 oxide | ayer creates
,additional problenms. Silicon dioxide is used as a gate di el 2Dtdeimber 2006 part,
due to its el B85 25 jsol ation properties in a SiQ2 - Sirdrasesli773o
structure. This electrical isolation is due to the relatively |large band
gap of SIO (8.9 maki i1t .a good.insulator from electrical  conduction.
Signification re %%?tgﬁsf(ﬁ%lalﬁgﬂgﬂ%%ﬁnw 8“51“?%’%% pqt forma il i or i al
for a gate diel echdnidGap.ABhd 10& 41l ol BARISzaPin @S, Btcl @IS HR6EIQBHLSan t he
nunber of atom c |ayers, or nonolayers of the material in the thickness 30
decreases. At a cefacHyshoribekses au tndsdying Therned! apdrbpuiisng palvpilicyse
sufficiently s t - " il J: Fﬂ]:ﬁ t.e.- angenent
of atons as in ﬁ*%rigg% u%éragﬁaﬁ}e%?ﬂées%g&s ‘ﬂ:l:r%t cihgég%fi‘lt%% |ng%]grgr%)ﬁ)e@]ela¥%r mat i on
‘relative to a Bul %06 l&yeDeo dabeaied? TBE miM@RBhRHRS BudGThis i8¢ BHoct is

structure, a thin_ Si | ayer n ope qQr two nol ayers wiJl not forma
full band gap. ﬁ%“%ffkb%ﬁogo;f%gl'Lr%%fﬁ]g’r%g?ff![‘?freag%cﬁ%ﬁ%am}gfsetg?nri ¢ woul d
cause an effect i ¥RuSHPA Lot HINRARicAhat BUB el¥d RbeJonsifabNRE uadd adteover |l yi ng
polysilicon gate. This undesirable property sets a limt on the physical

t hi ckness to whi cHelgetHe.Si 02 | ayer can be scal ed. The nini mum t hi ckness due
to this nonol ayer eff S . ef. for
future devices to havgf%téat cl]caf @gfsé&pk}fk&%g%g?g%e%?ﬁgﬁﬁ’et@g{pg%%é ics than
Si 2 need to bheé cdensmitededofdoir apaalisd phtgapeitadiee Cecta, Att, whae wastlypi cal

dielectric layer used.as a gate dielectri.c, the capacitance i 10
determined as onég‘?lﬁcfm&c?fﬁpg'ﬁ’ Feff P&F@%ﬁ%’é’é#&?ﬁ?@ﬁ%sﬂﬁwﬁ?‘? where x is
the dielectric capsi@ntand BR theihicRRsPENERE bieiovirky TRE (Hh kBB SDBELmatbriklSs t he
area of the capacitor, and t is the thiclness of the dielectric. The
t hi ckness, t, of ralafedtet.i &@F 2 giyen papieitanee vih theghidlesiriccogitomtp{ Sihadit=ance with
the dielectric c t - of, S 2, xox = 3.9, associated with teq, as 15
t =(x/ xox)teqg=(i d%%)a?{ezﬁl.a%d {tﬁlgq aterials with a dielectric constant greater
than that of %02, 3.9, wll haysa(moxglasgg(qkag_g)ttpj ckness that can be
considerably larger than a desired te4, while _q

Thus, materials with a dielectric constant greater than that of Si0,, 3.9, will have

, a physical thickness that can be considerablj} lar'.ger- than a desired t.,, while
providing the desired equivalent oxide thickness. For example, an alternate
dielectric material with a dielectric constant of 10 could have a thickness of

20 about 25.6 A to provide a t,of 10 A, not including any depletion/inversion layer
effects. Thus, the reduced equivalent oxide thickness of transistors can be
realized by using dielectric materials with higher dielectric constants than SiO,.
C The thinner equivélent oxide thickness required for Jower transistor
operating voltages and smaller transistor dimensions may be realized by a
25 significant number of materials, but additional fabricaling requirements makes
determining a suitable replacement for Si0Q, difficult. The current view for the
miicroelectronics industry is still for Si based devices. This requires that the gate
dielectric employed be grown on a silicon substrate or silicon layer, which places
significant restraints on the substitute dielectric material. Duﬁng the formation
30 of'the dieléctric on the silicon layer, there exists the possibility that a small layer
of Si0, could be formed in addifion to the desired dielectric. The‘res,.ult would

effectively be a dislectric layer consisting of two sublayers in parallel with each

7



provi di ng the desired equival ent oxide thickness. For exanple, an alternate.-
dielectric material with a - dielectric constant of 10 could have a thickness

of 20 about 25.6 A to provide a teq of 10 A not including f8Dy¥cember 2006

depl eti on/ i nPEYEBRYE ayer effects. Thus, the reduced equi PETASI3/BRIde

t hi ckness of transi stors can be reali zed by using diel ectri C materi als with

hi gher dielectri con an Si Q2.. The.thjnne nt oxi

t hi ckness requi rg {]an%frPé]ivg'F‘é}g gﬁiﬁ" °'1%‘é’f%‘g¢j gﬂé’f yffge-d I | er
transi stor di rrerf@él@ﬁh% diﬁ%ﬂb&eﬁﬂﬁlkd BEMatdf tho dR1cSirginf defiantAT MRl 1ef
materials, but additional fabricating requirenments makes determning a

suitabl e repl acda@hthefdiglecticpyaivronidha the sum af e SHKeARicCkicsA R t he
m croel ectroni cg,jp gﬁ'&h@%’fa!ct%r ﬁéela hlél&%ss%fﬂi%%&?m‘i]@% rmdd) it G4 r€s t hat

the gate dielectri oyed grown on a silicon stréte or silicon
| ayer, which §laces significant restnqaﬂghsﬂn;k/t@le substitute dielectric

mat eri al . Durin t he f tion 30 of dielectric on. the siligcgn |ayer,
there exists the %&ngﬁﬁﬁrlsﬁ%ﬁnwg%hﬁﬂmqe% eqlffag@“ém%@iﬂ @ formed in
addition to the desi i %ﬁkﬁgiaruaa@nermﬁerfs%ﬁa&édue%eﬂme%mc%ﬁﬁdy&einm&e a

dielectric layer consisting of two sublayers in parallel with each 5
Decenber 2006 \Wesioahdiglsctos nP@rhube datiey Boerguétents dredorhaiionidf p cBR: | ayer on
whi ch the diele t i paci t ance
woul d be that o%{{\ﬁbcth%ife %@{i‘??%ﬁtﬁﬁgeﬁ gf‘%ﬁmglgg%saﬁltgﬁ%tﬁc 195%%?] of the

di el ectric | agerHowauet] whetliche siaglondidectrivdar G2th tahighkdi€lsSriaashsant or a

mul tiplicative factor of the thickness of the dielectric being. forned,
witten as 5 tecPaigrdgyepwith g faghey digpeiric qppgiant then S 0giozlayedy the Lypror med in
the process, th%&ﬁ&ﬂlgwaa%mdoﬁnéﬁﬂma%p@ov%e%oﬂ U8y inlPraldis event that g
barrier layer is forned between the silicon l'ayef and the desired
dielectric in mkm@htammbhphmﬂcmemObﬂ@Vents the formation of a Si02

| ayer, the teq would bellm e th .t I t dielectric
constant. 10 However ,GAetH: zﬁg QZ%((r‘n}gj3 “}d M%M%ﬁ—‘ F

di el ectric copstgmhod, pp. SBABrI2ES (ztcmy)aﬁnamﬁahprapdim@r&m@ideélaﬁﬁdm@teﬁmst ant
than SiQ2 is enployed, the layer_interfacing with the silicon | ayer nust.

provi de a high q@aEae Jiclentriss WS’@éhS("BSSEd)AUWﬁg fe axfarmption diclopits e ar ri er
mobi lity. In a regepl; o kea BibsFutdtor Y0, K AR, Yas disdiB8HRAL nffnAPP! T ed

Physi cs, vol.

favourable properties for use as a gate dielectric such as high band gap,
thermodynamic stability on Si up to high temperatures, and an amorphous

20  structure. In addition, Wilk disclosed that forming a layer of ALO, on silicon
does not rcéult in a Si0, interfacial layer. However, the dielectric constant of
Al,0, is only 9, where thin layers may have a dielectric constant of about 8 to

about 10. Though the dielectric constant of Al,O, is in an improvement over ( A

v
s



15 89: no. 10, pp. 5243-5275 (2001), nmaterial properties of high dielectric
materials for gate dielectrics were discussed. Anong the information

- disclosed was the viability of Al,03 as a substitute for $DPocemban20§8 was
di scl osed hagohgvisag favourable properties for use as a gateusisahsstric
such as high band gap, thernmodynamc stability on Si up to high
tenperatures, and an anmporphous 20 structure. In addition, WIIt disclosed
that formng a | élﬁbr&hghwﬂl@@mﬁogﬁwt(f@w gatrodislertde isrdssigibie. | Gther Si O

i nterfaci al Iaye(rhelelcj% Xn%rﬂle} ? ?E&xrséeﬁ %ﬁ;& dé)f Al,03 is only 9,
a e a %]'%8 ec g

where thin |layers ma ric_constant 2bout 8 to about 10.

Though the diel ectry ccnst 03| i n o) er, COh 35
Decenber 2006 768004 CF Prielnst 3‘5 %‘%?p ah ﬁ’é’n’gﬁ%‘fc\éﬂ 1
~constant for ag edlelectrlc |s (i@swabl (&Vr)dl =Iectr|cs and their

properties di scussed-by Wik Tnctude IVblLEIIaT Dretecirit Constant—Bgnd gap
Crystal Structure(s)Slqzx) 1 Bg (eh8 5102 3 9 §59 Ao phougnorBh@is3N4 |7 5.1

Anor phous A1203 9 rphous 7Y203 15 C}lbl C LaZ%FIEf?O 4.3 Hexagonal,
Cubic Ta, b 26 iélﬂ onmhic 10 Ticp 8Q &55 at ase)
Hf 02 25 5.7 Mono, , 'I;@t(ljag | Cubicg F | Zrice 2% 7.8 Nano SHER. ctubi c
One of the advantages dsing—S-OR—as—a—gatle—di-eleet+rit has beenr—thatt he

formation of the S Oﬁzz(jgayer resul t5 i n an anorjphous pat e diCabectri c.] Havi ng
an 15 anor phous trTucture fjor—a gate diefjectric 175 apvantageous becguse

grain boundaries iAagdl ycrlystal | $the gatq di eldktricp plesigosel hifgh lleakage
paths. Ta,0; 26 - 4.5 : Orthorhombic

(" 10 TiO, 80 3.5 Tetrag. (rutile,

anatase)

HfO, 25 5.7 Mono., Tetrag.,
Cubic

7rO, 25 7.8 Mono., Tetrag.,
" Cubic

One of the advantages using SiO, as a gate dielectric has been that the
formation of the Si0, layer results in an amorphous gate dielectric. Having an
‘15 amorphous structure for a gate dielectric is advantag'eou's because grain
boundaries in polyerystalline gate dielectrics provide high leakage paths.
Additionally, grain size and orientation changes:;[hroughout.a polycrystalline gate
C dielectric can cause variations in the film’s dielectric constant. The
abovementioned material properties including structure are for the materials in a
20 bulk forn. The materals having the advantage of a high dielectric constants
relative to Si0, also have the disadvantage of a crystailine forba, at Jeast in a bulk
configuration. The best candidates for replacing Si0, as a gate dielectric are
those with high dielectric constant, which can be fabricated as a thin layer with
an amorphous form.
25 " Inco-pending, commonly assigned :U.S.'patent app]icatidns: entitled
“Atomic Layer-Deposited LaAlQ, Films for Gate Dielectrics ,” attorney docket
m0. 1303.050U81, serial number 10/137,499, LaAl0, is disclosed as a

9



Additionally, grain size and orientation changes throughout a
polycrystalline gate dielectric can cause variations in the filnls
dielectric constant. The abovenentioned material properti ésDécanberddéfy
structure ar¥Or®Bf0R2%e materials in a 20 bulk form The nat EETASE/ MM ng t he
advant age of “a high dielectric constants relative to SiQ2 al so have the

di sadvant age of a_grystall is OFm . at N .a LK f i tion. The
best candi dat es ?egfric%%e&?gogis%@ 1“'3%53 egasléectIl i %Q@F#%le%%%c ‘Ib%e wi th high
di el ectric const ésadtzonishiceitecsamh beMGEXFinciatorsd s plidution dayREesydhidng an

anor phous form 25 In co-pending, c nly assigned U S. t ent.

appl i cati ons: en?tg?rl@&gs= Sorgng @Y?ﬁQ&%p%fg%lﬁ gﬁ?&ﬁﬂ%?ﬁeP OFIPT Gt e

D el ectrics "att eyl ARekel cofnind 303 LSSk unS Qi 8bnt urd/ 137, 499,
LaAl03 is disclosed as a 9 5 Decenber 2006 WO 03/105205 PCT/ US03/ 17730

repl acenent fdér Shdllinga kothmiumgsegatnse déposidion pidan nginvtrhsenuaticel ectric fil ns
in electronic devices ch as tr.ansi stors., This_application discloses,
anong other thi %’3?18?%%;9%59%7%% at{)l?n T %ﬁﬁ%]ﬁ‘;lglsi? ?V(I:IE) a%%/m%c{sglr?lnc | ayer
deposi tion usi ngithalpasatiaanted ¢ielktigicrbmgnsour ce and an al um num cont ai ni ng

source. 5 Controlling _a |Ianthanum sequence_deposition and an_al um num
sequence deposition aPrEpfEbeEmeRtscqdingin the fraghngs iherrgicat BEHOE having a

conposition wt e L0 dasskidh 8l 88Ldd e RS hid Mver & j ment
according to theﬂygsacﬁi%gsa’of dtaﬁ%ng&rlgéent 11|ln1\}1%nti on, yeﬁ a@gﬁgoﬁ Hf'Al O3 are
deposi ted on ¥ | alsoknavai asgtatio kayer ¢patyer (AddPosLDi e deatib)ed in 1 eatigo known as
atom c | ayer epi ALE).. . ALD devel oped in.th rly.1970' s a

modi {1 cat ) on of SN APy E T BB TG O L £ 0t 7 \
"alternatively puligfetiPpilsddiCHbD, HIASBOMSeoRE BRUIHSOE Sredhfodudtd @fuged one @at)
al "\) time to the substrate surface nmounted within a reaction chanber (o0r
reactor). This i HEeéuiesplsialsfuniice masied wathpy seettion chanbgrder ®2or).or m of

pul ses of each 1 . pr r ction
Chanber 1 s pur ged iy T oaa B A Glons HELAGRD kN PHA Pt e | oing
phase, reactildn pasthustphensabsBaraten thopdesssthovtdaliicnhdapbedspaged sabh wr at i vel y

chem sorbed at the substrate sutface. ubseguent purgi. W th an inert gas
renoves precur sof B RREYLVERY thb%FgéséP £ phiase, rea oh HrithIne Substrdle

occurs with the precursor saturatively chemisorbed at the snbstrate surface.

Subsequent purging with an inert gas removes precursor excess from the reaction
chamber.

20 The second pulsing phase introduces another precursor on the substrate
where the growth reaction of the desired film takes place. Subsequent to the film
growth reaction, reaction byproducts and precursor excess are purged from the
reaction chamber. With favourable precursor chemistiry where the precursors k }
adsorb and react with each other on the substraie aggressively, one ALD cycle

25  canbe preformed in less than one second in properly designed flow type reaction
chambers. Typically, precursor pulse times range from about 0.5 sec to about 2
to 3 seconds.

Advantageously, in ALD, the saturation of all the reaction and purging
phases makes the growth self-limiting. This self-limiting growth results in large

30 areauniformity é.nd conformality, which has important applications for such
cases as planar substrates, deep trenches, and in the processing of porous silicon

and high surface area silica and alumina powders. Sigmficantly, ALD provides
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chanber. 20 The second pul sing phase introduces anot her precursor on the
substrate where the growmh reaction of the desired filmtakes pl ace.
‘Subsequent to the film growth reaction, reaction byproducts DaeghtRf 204r sor

“excess are pukggs b the reaction chanber. Wth favour ab‘IP% RJrSF UL 507
chem stry where the precursors ~. | adsorb and react with each Otheron the

substrate aggressively, one ALD cycle 25 can be preforned in | ess than one
second i n proper |fgr eagrblime dil:h igvkreyie a sedghtf@wardctimplrenamerypdonabllivg
precursor pulse tjnes range fromabout 0.5 sec to about 2 to 3 seconds.
Advant ageousl y, i e’i&‘ﬁ?erf)ﬁ%mg’giﬂ’lc ion of all the reaction and purging

phases makes the gr owal s&hd ofidifdikyideeslopbh kSme@l ot MrhinB@efaNERIERBUI tS N
| arge 30 area uniform tg and conformality, which has H}Fortant appl i cations

for such cases asilpsappied i gedmolmasescens dishlpyse nigaBcangefforishaypecepisdessi ng of
porous silicon i I r Igl. ﬁ%ﬁ; Eﬂg% ?;(]% X
Significantly, SAﬁ%g%?%%agzg tﬁ%wgﬁéger g%&éa% 0 elat

PCTI LJS03/ 17730 fsalfide Gilvhs. ohdditignally AbD hasdene stedie faa tlst grawphiffddfenar d, si npl e
manner by controllin e n of grawmth cycles. ALD was originally

devel oped to rran&?ﬁ%"_gﬂﬁ% I%ﬁ%@ﬁn@ﬁﬂtﬁa&?&tﬁﬁ%qu Ouﬁ(%’tﬁlgam?n

el ectrol um nescenfirdi §RhPME mudh BiMrsirbites & th@e! Thlia¥Ro REIEABARIdeRbI0 apply
ALD to the grow h of doped zinc sulfide and al kaline earth netal sulfide

films. AdditionalityrestipWaiatieddh gomtiieiatiops end semgpigin Hmesbugfud terlant

epitaxial I1-Y,a | R | I | r I or anor phous oxi de

and nitride (I)| &r@fﬁgﬁ&%ﬁﬂl%‘%ﬂ%?/%@%?@h%%ogée%f‘% hsg[!é‘lée.s ﬂl?lhere al so has been

consi der abl e i nt er esThe pweinds's irag bAeRegrsphiqdid of sclid] Hoomvaithugiesrsalid um

f(I'nms, but due to the 10 d'ffiCﬁlﬁt recursor chem Stré’l thligﬁ has not been
y e

very successful . PISfEISpEdRtst epyat GAL GBS & However ,

liquid or solid BLAGHLSREBalHStatE KRbALEGnd IS NARPHrRERSIE tdHsSt be
hi gh enough for effective mass transportation. Al so, solid and sone liquid

precursors need theatbkinside thegerctios rtenbehandrintaetucehihmmghbesteddnersitmtheoduced

through heat 695 t %Qt?s%ra%eg 'i’]?e%iecessaly vapor pressure must be reached at a temperature

below the substrate temperature to avoid the condensation of the precursors on
the substrate, Due to the self-limiting growth mechanisms of ALLD, relatively
low vapor pressure solid precursors can be nsed though evaporation rates may
somewhat vary during the process because of changes in their surface area.

20 There are several other requirements for precursors used in ALD. The
precursors must be thermally stable at the substrate temperature because their
decomposition would destroy the surface control and accordingly the advantages

C of the ALD method which relies on the reactant of the precursor at the substrate
surface. Of course, a' slight decomposition, if slow compared to the ALD

25 growth, can be tolsrated.

The precursors have to chemisorb on or react with the surface, though the
interaction between the precursor and the surface as well as the mechanism for
the adsorption is different for different precursors. The molecules at the
substrate surface must react aggressively with the second precursor to form the

30 desired solid film. Additionally, precursoss should not react with the film to
cause etching, and precursors should not dissolve in the filin. Using highly
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15 substrates. The necessary vapor pressure nust be reached at a tenperature
bel ow the substrate tenperature to avoid the condensation of the precursors
on the substrate. Due to the self-limting growh nmechani sibewmbgi2D)6
relatively MNRWY#HOF pressure solid precursors can be usededimmsegrinrrso
evaporation rates may sonewhat vary during the process because of changes
in their surface area. 20 There_are several other, requirenents for
precursors used EFFHEE precyrsers iy AP feRiEssEs Wilfsthe seledtioB OFRIEPYSUE Bl e at t he
substrate tenperghiiocRgacause their deconposition would destroy the surface
control and accordingly the advantages of the ALD nethod which relies on
the reactant of the pFhedurmoducistintheacastips mpsithe gasgpg meoeder &f 2loauihes, a slight
deconposition, if slow ¢ ared to the D R25.qar , ated. The
precursors have ?agy%eﬁlé’r‘ﬁag%&r)% hoer{e%:#%o?‘té%ag@ W%ﬁ&’?’ﬁ%\,{b&ﬂ%@é&gﬁ%géﬁ{t he

i nteraction between of Bdofy &cilie swfacand t he surface as well as the nechani sm

for the adsorption is different for different precursaors. The ml ecul es at
the substrate.surf ac@ Dﬁﬁ?@?@é‘@ﬂtﬂ %%ﬁ%@%egﬁnﬁﬁ‘@s%@wmlé%ﬁr sor to
formthe 30 desi fesaioa%mbérlbﬂmsﬁgq'ﬂaﬁgmh&ﬁmﬂﬁgg [:86 iSiohophdiggot react
with the filmto cause etch , and precursors ould not dissolve in the
film Using hi ghthgmbédfoBo®etenindsin@d 06t oxpEe Sri46iRag preP@FirUBEIyImES R

reactive precursors in ALD contrasts w.th_the sel ecti on.af cursors for
conventional CvD™ L¢P EPUSYE Eo @858?@8‘?1&?@ f%’@“&ﬁ‘i@bﬂ&@% or der
to allow theilp eagynd SyR¥AbortAiMAY blReurkaasth 1R refdid BRImberUBER@EN edchie

by- products should not 5 react or adsorb on the surface. In one enbodi nent,

a H ALGB fil m i sPHlepgraPussinggasdbstpdiced buteaerction ghambeiadtilssie £hanber by
pul'sing a hafni RO il PGl 56 tﬂe@&a%tisﬁala&r%g%heﬂec}wﬁﬂyﬁ afoll ovedy
an y pul sing n

by pulsing a first oxygen contail ning precursor, al um num~
cont ai ni ng pr ecufisbrxyiged cortdiming egctrs@wittmbizgoerdt phiigmgadiebsachpiilsngg 10 a
second oxygen containin ecursor into .the reaction chanber, . Between each
ol g, pur or A uHse LR Stves PRy TR RURCATBE ! <! ng- o
?at\nl um cont akni REcRER GMb SRS rehdiibR chad o RAGHEDBy RGP kecoRd bowes by pul sing a

containing precursor into the reaction chamber with subsequent purging after
each pulsing constitutes an aluminum sequence. The selection of the first
oxXygen containing precursor depends upon the hafuium contaming precursor
pulsed into the chamber, and likkewise, the second oxygen containing precursor
20 depends upon the aluminum precursor pulsed into the chamber. Additionaily,
different purging gases can be emploved for the hafnivm sequence and the
aluminum sequence. Furthermore, pulsing each precursor into the reaction
chamber is individually controlled for a predetermined period, where the ' (
predetermined period for each precursor differs according to the nature of the
25 precursor.

The precursors are selected such that performing one hafinium sequence
followed by performing an aluminum sequence completes one cycle of ALD
deposition of a HfAIO; layer. The thickness of this HfALQ, layer will depend on
the precursors used, the period of the p]uses,l and the processing temperature. A

30 HfAIO, film with a predetermined thickness is formed by repeating for a number
of cycles the hafnium sequence and the aluminum sequence. Once a HfAIO,
film with the desired thickness is formed, the HfAlQ, film is annealed.
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e

first oxygen contai ning precursor with subsequent purging after each pulsing
constitutes a hafniumsequence. Simlarly, pulsing an alum num containing
15 precursor into the reaction chanber followed by pul sing arestRe0Rgygen

contai ni ng pr{gyhsRLwesNt 0 the reaction chanber with subsequ%{tpstd%gh{bg after
E S .

each pul sing constitutes an al um num sequence. The selectio
oxygen contai ni ng precursor depends upon the hafinium contai ni ng precursor

pul sed into the chambem, andthollinkabSRe plebat BOGORE, FXGRA gheNin ufidig
precursor 20 depends u on the al umi num precursor ul sed into the chanber.

Addi tional ly, di fe@r {355 et sedectirnrasision ety oty alderum
sequence and the h@lﬁg}&&%é%m&%&Jﬁfafpﬁﬁbﬂﬁéﬁdeﬁéﬂeﬁ'r%&@%nﬂ%ﬁcurSor

into the reaction nber 1s individual contfolled for a predeterm ned
period, where theﬂprbdmtmmfn@drlpeﬁcndﬁllﬂdaﬂcloeﬁbmGprpenim&@pmmohb’ers accordi ng

to the nat fth Th I h that
perf orm ng.one hafHPENDSbRIEREEP #HT SRR SRRSO L s nom

sequence conpl et eeemlm’chmﬁy d8LbiRt n6 SO SVIWLN) s@ial aurh’ﬁae«llﬁﬁsb AY&land The
t hi ckness of this HF ALO3 |ayer will _depend on the precursaors used, the

period of the pl usféeml%%refﬁ%é\lﬁ} Serd8sTIkEpts Aiopus hader Bepositsn ok GHIeR film with
a predeterm ned tﬁreg&ﬂgéﬁage ”éte"rﬁ%f&oayetﬁgﬁsééM@rs‘romrl%gﬁﬂ%gg?/@f16?8v0' es the

haf ni um sequence a I'dm num sequence. Once a mw th the
desired thickness is flignmedA dépetiddaniddinednnefas abme dyeddepd@tidh Petemnber 2006

breour sorgasdd alb Piisan g HAPAR RsenTE p 8 e e EAEe HearbbE R on
transistor body. #Phdgehadihdhict&Dire hodd elerhbiliihhdeddhird ol BRUSIBAT tRepritsad in an
a@pr opriately designed reaction chanber. ALD fornation of other materials

di scl osed in cEvpEiRgisAgh théfdh%ﬁwe%mébemgmﬂp@ctse thepresspt @pptticeat i on:
303, 802Us 1, seri STRLRBSr ST BRE, ASARE R on AL AIERRE o s
Gate Atomic Layer chmﬁerscramrb@rfomﬁnn @:pe:dmg, ednsoonly essigag@ly, S. paettor ney docket
no. 1303. 0_48U§§ se 1 al rz%lﬁcr{ s@g{h@%{ ’Sl e8ms I;n [€ Lot A reB'mffctar?:n 1en%gﬂpdi ment
of an atomic ['dyefPP 8?5](9?[ g App

Vapor Depositions,” attomey docket no. 303.717US1, serial number 09/797,324,
incorporated herein by reference. In Figure 2A, a substrate 210 is piaced inside a
reaction chamber 220 of ALD system 200. Also located within the reaction,
chamber 220 is a heating element g30 which is thermally coupled to .substrate
20 210 to control the substrate temperature. A gas-distribution fixture 240
intreduces precursor gases to the substrate 210. Each precursor gas originates
from individual gas sources 251~ 254 whose flow is-controlled by mass-flow
C controllers 256- 259, respectively. The gas sources 251-254 provide a precursor
gas either by storing the precursor as a gas or by providing a location and
25 apparatus for evaporating a solid or liguid material to form the selected precursor
gas.
Also included in the ATD system are purging gas sources 261, 262, each
of which is coupled to mass-flow controllers 266, 267, respectively. The gas
© sources 251-254 and the purging gas sources 261-262 are coupled by their
30 associated mass-flow controllers to a common gas line or conduit 270 which is

- coupled to the gas-distribution fixture 240 inside the reaction chamber 220. Gas

conduit 270 is also coupled to vacuum pump, or exhaust pumip, 281 by mass-
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10 for processing a HHAIG3 filmaccording to the teachings of the present
invention. The elenents depicted are those el enents necessary for

di scussion of the present C. invention such that those skilqpgeinbert2oes art
may practi cewdws/ps2esent i nvention w thout undue experi mericaiisasiz74y furt her
~di scussion of the ALD reaction chanber can be found in co-pending, comonly
assigned U. S. patent 15 application: entitled "Methods, Systens, and

Appar at us for Unﬂ@‘@)ﬁﬁﬁt@i@rﬁ&ﬁ@ renvafp@mﬂ%m@n&qr@ﬁgs "PUEIRDEIFEY apdbket no.

303. 717US1, seri aI nber 7,032 incor r .py reference. In
Figure 2A, a sub%rt C?éasgiﬁt em df%é’ﬁtgimr%s‘eauenggﬁgﬁe}gg% grcf'glll uémber 220 of ALD
system 200. Also | OCa‘VﬁﬂuﬂﬁpﬁﬂﬁpnoﬂdﬁﬁaﬁsEﬁﬁﬁp,Ql2 180:h&plb@byﬂﬂ@3 flew aoitedlet ng

el enent 230 which |s thermally coupled to substrate% to control the
substrate tenper#&ti JPéemWe@é%eSBP’éeP‘FF%ﬂa?eﬁfPqug &3ES, 3 byP FRERES Fecur sor

gases to0 the Subgld3tGuéh 965%96ﬂBﬁ%&Q&hoﬂ%ﬁaﬁEérQQ@aF&%oﬁ/én%ﬁbé ndi vi dual
gas sources 251- 254 ose flowis controlled by mass-flow controllers 256-

259, respecti vel yontiPhdisglays, m@uﬂmespmsz&mmrm&@smgdﬁé@@ﬂ; g@stra’fgas ei t her

by storing the precursor as as.or b IO a_locatio and

appar atus for evapor: é{?]?]}ggapgargt&g’iaﬂdg?cefl ?1%?\6??5? %&P%ﬁmfl%a?%? #?% %el ect ed
precursor gas. ﬂoggm}mlwd@dnia&ﬂdﬁ@lﬁhﬁnﬁg&@mare purgi ng gas sources 261,
262, each of which is cougl ed to mass-fl ow control |l ers 266, 267,

respecti vel y The gastiswsdBdspictsn epbadiment ofgezepdisyitnonfssfaes 261- 262
| ed |
are coupl ed by t g@sﬁ%ﬁ%rﬁt?ﬁﬁﬁfoﬂtcﬁﬂ?@?& g‘}clcg u%ngs‘lf[%&?b 5l aéc%rén%ct?ﬁﬂ@” gas

i ne or condU|t coupled to the stribufion Tixture 240
i nsi de the react icothindsafitherprR26. mw@ason comalisttibi@iod fixturaL4®inchidpd ®ghst 0 vacuum

punp, or exhaust 281 s,13 5. 00 WO 03/105205 =
PCT/ US03/ 17730 fijgwggﬁ E é‘@df‘@a?‘@%%p@%&t £4r4e°c?HP]§§)Fhe§§§ es, purgi qovg)
gases, and by- pﬂféﬁ'ﬂ@ﬁﬁoﬂﬁ&ﬁ&r@ﬁﬂd’ﬂﬁe géhd:oﬁiﬁmﬁ?mfgﬂi § qm%%%ﬂﬁuﬁﬂﬁt he gas
conduit. Vacuum punp, exhaust 282 is coup d by nass-f

control ler 287 m§ @rrﬁﬁi\?en@;@@g@ $f@ osificgsus4fi #g gg&é@@bu@m@
by- product gg zescl?aﬁmélples 3 A0k ?l%gpe%c}:%dﬂ%n% %‘3&@ Q&:@fn{e sﬁﬂgténtﬁﬁllﬂ; SRGHON

chamber 220. conveni ence, con froun paratus,
t emrper at ur e sensiwitl ademioe Hjanstdrsi thatange of 15~20 Imcrons gas-dlstnbutmn

channels 248 have a common width in the range of 20-45 microns. The surface
249 of the gas distribution member having gas-distribution holes 246 is
substm;tially planar and parallel to the substrate 210 of Figure 2A. However,

20 other embodiments use other surface forms as well as shapes and sizes of holes
and channels. The distribution and size of holes may also affect deposition
thickness and thus might be used to assist thickness control. Holes 246 are
coupled through gas-distribution channels 248 to gas inlet 244. Though the ALD (’“ )
system 200 is well suited for practicing the present invention, other ALD

25  systems commercially available can be used. _

The use, construction and fandamental operation of reaction chambers
for deposition of films aie understood by those of ordinary slﬁll in the art of
semiconductor fabrication. The present invention man be practiced on a variety
of such reaction chambers without undue experimentation. Furthermore, one of

30  ordinary skill in the art will comprehend the necessary detection, measurement;
and contyol techniques in the art of semiconductor fabrication upon reading the

disclosure.
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maneuveri ng apparatus, and necessary electrical connections as are known to
those skilled in the an are not shown in Figure 2A. Figure 2B depicts an
enbodi nent of a gas-distribution fixture of an 10 atom c' | ayEbedapasioté on
chanber for prwoessismg a H AIG3 fil maccording to the teachpagss@fizishe
present invention. Gas-distribution fixture 240 includes a gas distribution
menber 242, and a gas inlet 244. Gas inlet 244 couples the gas- (y )

di stribution.nmenber 24Pigtws XiHestytes adleidlitegran phelgmpents fyea epgodiment of a

Gas-di stribution Hﬁe{ﬂaﬁ"m&%%gw %1&%%5&&&%'&%1@9%&8% 19 p@enPl | 11 Ces,

246 and gas-distribution channel's 248. 1 e exenpl ary ‘enbodi nent,
hol es 246 are sub#tvamidnallhy neitod ghmbe invildrhentedowifintbn adimaekyeardepesitidie r ange of

e o1 b e RORRbrREt bah SOTPSES F RS AR M Bl e,
havi ng gas- di sty i buddimroRehes taASsibrSs hypieany aslita drsilRbadaitainig npaeal | el to

the substrate 210 of Figure 2A. However, 20 other enbodi ments use ot her
surface forms as Vedthergmbspizpes, srmaanimegliym pprade. anghsilieqpapmeapghirerhe

di stribution and %ﬂbtéﬁaté’sfm %ee‘%e%gEéﬂar%glﬁ&f’?egf%?%gégﬁ%“{m’&gf%neSS and

t hus m ght be use 0 assist thi sTcontro coupl ed
t hr ough gas- di st r slbutrate A1 Theinivehisg R4&s tnd ggons of e sibdtate, Hochghdriineadd D

system 200 is well suited fo racti.ci th esent i nvention, other ALD 25
Systoms commer i affye o5t FEH eDSHendRcier (AR TBESOE FRET IoCTHiBR 247G

fundanent al oper atiieRARl The dGhbRMeCITaEIB Satioh OF 1HE@RRSHstIrANE 1Rdhsikiok PEnar €
under st ood by those of ordinary skill in the art of sem conductor

f?(b_ri cation. The picessess: followehpicdreansacing thet i eenedly psafoamsdinites y  of such
r¢acti on chamber s w. Rﬂ?g [ L] r D of 30
ordinary skill i nfa\ﬁqﬂéﬁfé#%fg\n %%ir%]%rﬁ%ﬁgﬁﬁ‘s e?]ﬁ%ﬁﬁgécgglg%;%& etiecm:l%eioagﬁ,
measurenent, andielmdéd olthd pobatiggesorn to fdrhng gatodiclsemic éohdnationg éfabri cati on
upon readi ng the isclosure, 14 5 Deé:‘?nber 2006.. WD .03/ 105205 .

PCTI US03/ 17730 Fi HthFeaiaragiopt i heareiectel f1roi B 2t JRCHTC ramBat-dS for an
embodi ment of 13 IBIAGELRNREPHTOS Rt A3 1 ithiR AL e fmides t €eachi ngs
of the present invention.. The nethod can be i nplenented with the atom c

| ayer deposition region includes a body region of a transistor, however one skilled in the art will

recognize that other semiconductor device structures may utilize this process.
Additionally, ﬂle substrate 210 in its ready for processing form is conveyed into
a position m reaction chamber 220 for ALD processing.

20 At block 310, a precursor containing hafninm is pulsed into reaction
chamber 220. In particular, HfC}, is used as a source material. The HfCl, is
pulsed into reaction chamber 220 through the gas-distribution fixture 240 onto

C substrate 210. The flow of the HfCl, is controlled by mass-flow controller 256
from gas source 251. The HfCl, source gas temperature ranges from about 130

25  °C at about 154 °C. The HfCl, reacts with the surface of the substrate 210 in the
desired region defined by the unmasked areas of the substrate 210.

Atblock 315, a first purging gas is pulsed into the reaction chamber 220.
In particular, pure nifrogen with a purity greater than 99.99% 1s used as a purging
gas for HfCl,. The nitrogen flow is controlled by mass-flow controller 266 from

30 the purging gas source 261 into the gas conduit 270. Using the pure nitrogen
purge avoids overlap of the precursor pulses and possible gas phase reactions.

Following the purge, at block 320, a first oxygen containing precursor is pulsed
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system of Figure 2A, B. At block 305, a substrate is prepared. The substrate -
5 used for formng a transi'stor is typically a silicon or silicon containing
material. |In_other_enbodi nents, germanium gallium arseni de Deedber 2006

si |i con- on- safMPEX5%5ubst rat es may be used. This preparati SRTHSHEEES

i ncl udes cleaning of the substrate 210 and form ng |ayers and regions of
the substrate, s I GRS g{ j gigonduct or
(MOS) transi stor%ﬁ?g{hgh?%r]%%gézgog%te l(ﬁ‘lﬁeS ctérﬁi%?ﬂ e(ﬁ“sequenci ng of
the formation of rrdverspe giatmsamir i€ defected anthe pteonrsiedctigg apamovedisiog rdaciahions

typi cal sequenci t hat, i.s _general | rforrmed. in the fabricatign,,of a MOS
transistor as i sqaéqr{n ﬂﬁ?&}k\‘%toau Wﬂ?%?qﬁ?@r _r?lhteﬁ‘@teérv?l?oriwl?f@feﬂ A% the
processing prior rbR:ibosKEnMer 22ORERsH b8 RE&dH 270  fforh P& HBSKRRDbPhasssubst rat e
regions to be grotected during the gate dielectric formation, as is 15

typi cal |y perfdr sy sontrribs 262 prthediavorte epginghiremaheis @ herrbouti HamBa masked
regi on includes Yt 201 a i i din the
art will rec ogn?nzl%%ghge %%tﬁ&a%é%irgg%«%%gﬁ%%%& atetg%\%f(agg Pﬁ%%at?ie%sﬁr?gy utilize
this process. Additi @phbiving thymisnbsioxalign@ctam wates vipeadyt biek 3p8,abessi ng

formis conveyed into .a position_ in reacti.on chanb 20 f LD
processing. 20 AtéIBtIPE}Egin% 4 18 ’&?%WQ&WP%Q?FG@BH‘? Q?W%’?@ﬁ%ﬁli%ﬁﬁfq@ "El'i‘l”rseq into
reaction _Chamervaﬁ&%qﬂeﬁcé}@ﬁfe‘r&&ﬂ@ﬁvaé‘i%Qéeﬂté gmué%fér@a%ti@n Sieteeaf@Rt eri al .
The HFCl4 is pulsed into reaction chanber 220 through-the gas-distribution

fixture 240 onbo pubingsarkprec I ga§ hexdeisquecofsor gas, #idatartips by ormdeek kied by

mass-fl ow control Ler rom.ga ource 251. The Hf C qurce .gas

t enperature rangergmﬂ%ﬁ?oe%gﬁtsyﬁ%%% EH %luctonjfgﬁmaw% © lﬁfif rgeogct s with
the surface of t hRe suhivichingbe? A0 nfing henwmd @anped? teghdnnaeifiotedntyiidche (7
unmasked areas of_ the substrate 210. At bl ock 315, a first gurgi ng gas is

pul sed into the rd4cisrhastingefthogrs conqust 298 by ithe yagpum g 24 HFSWEn with a

purity greater t s 99w Wehisru8ed as a purging gas for Hf 4. The nitrogen
flowis controlled by mass-flow controller 266 from 30 the purging gas

source 261 infld t he gdwirimgtitkdilfCl Agatarsporgequsacey thesubditateagbeid bgwege avoi ds
overlap of the precur.sar pulses oPpssi bl e. ga he reactions.  Fol | ow ng
t he purge, at bl 0%&1%3%@, Ce?n? ﬁfosutt g%@y(gg‘ﬁ%ggﬁﬁgﬁfeﬁ%m?@c“ﬁgﬁlf I?agé?ﬂjl sed 15 5
Decenber 2006 WQhERhet@belin 2R&H/-pSEsat(ZFBPh) hot wall configuration. In other

embodiments the substrate is held between about 500 °C and 1000 °C. The

HfC], pulse time rangés from about 1.0 sec to about 2.0 sec. After the HfCl,

20 pulse, the hafnium sequence continues with a purge pulse followed by a water
vapor pulse followed by a purge pulse. In one embodiment, performing a purge
pulse followed by a water vapor pulse followed by a purge pulse takes about 2
seconds. In another embodiment, each pulse i the hafnium sequence after the C“}
HICl, pulse has a 2 second pulse period.

25 At block 330, a precursor containing aluminum is pulsed into the reaction
chamber 220. In one embodiment, frrimethylaluminivm (TMA), AI(CH,),, is
used as the aluminum containing precursor following the HfC1, / ozone
sequence. The TMA 1s pulsed to the surface of the substrate 210 through gas-
distribution fixture 240 from gas source 253 by mass-flow controller 258. The

30 TMA is introduced onto the_ hafnium oxide film that was formed during the

HLC], / water vapor sequence.
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into the reaction chanber 220. For the hafinium sequence using Hf Cl4 as the
precursor, water vapor is selected as the precursor acting as an oxidi zing
reactant to forma hafini um-oxide on the substrate 210. The5Whatambev2(96r i s
“pul sed into tmw®osenesi on chanber 220 t hrough gas conduit 2p0risemgas
source 252 by mass 5 flow controller 257 with a flow rate rangi ng from about
0.5 to about 1.0.nPa nB/sec. The water vapor aggressively reacts at the
surface of substrate 24bblocl3}s, awicasd pHeing grsis igradpcedhintgiths sygiepe et ant wat er
vapor, at bl ock 3%51,,! 5RIF LISt j 036, | S -3 £ i t ction
chanber 220. In the H U 4_0}"%?2?5@%%3?@%3?3?%?gg&glé{eg%%f %gﬁlrgggs is used
to purge the reacldvois cotimsited by afdseflow Lontmiles 260 ea tie purgogigsenrgas?2 Excess

precursor gas, and reaction, by-products are r ved fromthe stem by the

purge gas in conj giedes &1 C\RP‘PH%Fﬁé’m_ )%‘ﬁ’éf@??tﬁ’gm%fqﬁ? Wéct?oéla?g]?“f]g?’? 2iégrarrber 220

usi ng vacuum peNPERBidsthOM@bn PBEs af bovk TNk kRbh®bxyger Sohtaidng pRXbaist i ng of

the gas conduit 270 by the vacuum_cgurr&éZSl t hr ough nmass-fl ow controller 286.
&g

15 During the Hf G aulscdigiodhe teagiom Aee, Ferle auminuppiegugnse pansf¥ét ween
about 350 C and : j | he. reaction
chanber used in gag?%gv? ?%?Sggscg%ﬁg%?%gg?g%op%oﬁ%@% (t:%ﬁj? ?G\S%S%g%clthgﬁ.ag n ot her
enbodi nent s t he sufiditingteactast thédteladiatithebaTipoot tht 6tbsCata Ad0. 10 Midlledhe Hf Cl 4
pul se tinme ranges from ahout. 1.0 sec to. about, 2 ec. After the H Cl4 20
DUl se, the haf ot cHitEaRIGHCE EeH R beesdion R e e ot SR by a wat or
vapor pul se fobl oyrd cRVoBrcBUsH8y RdsSRow sdhBN& 280D gt BBMied PRETVAFIA N @ purge
pul se followed by a water vapor pul se fallowed by E@gurge. pul se t akes about

2 seconds. |n arfseisesivebyriseds aidhe straeeef spbitwsie 318 to Unfikequence after
tfie H O 4 pul se has a_ d pu er.i.af. . 96K g a. Drecur sor
cgnt ai ning al um num i ?"gﬂ %ggﬂ]ei %‘]?%A%S ég er&elgtg [ c‘)wﬁa%l?%l%p%ﬁ%r ggb?lﬁlzgnﬁe

enbodi ment, tri metdeydnglatbiocinBAMHeEMANd phide{dSHa) B, injested hiseille actidve al um num
cont ai ni ng precursor_ fall ow e / ozone sequence. The TMA is

pul sed to the surPaBRgRO; ﬁetﬁgaﬁrg%%@%w@rwmﬂa@m%@a AGPBEFIHCI Sh fixture
240 from gas $9UrkEseAB3ridtidiRASmbdr Qe GRAMAQabRhredRthr o3 e AoldA 1S

i ntroduced onto the hafiniumoxide filmthat was fornmed during the HC4 /
wat er vapor sequembedingedt, pure nitrogen is again used as the purging gas. Excess precursor

gas, and reaction by-products are removed from the system by the purge gas'in

conjunction with the exhausting of the reaction chamber 220 using vacuum
pump 282 through mass-flow controller 287, and exhansting of the gas conduit

20 270 by the vacuum pump 281 through mass-flow controller 286. This completes

 not only the TMA/distilled water vapor sequence, but it also completes a
hafnium sequence / aluminum sequence cycle forming a HfAIO, layer having a
C ) set thickness associated with one ALD cycle.
During the TMA / distilled water vapor sequence, the substrate is held
25 Tbetween about 350 °C and about 450 °C by the heating element 230. The
‘ reaction chamber is maintained at about 150 °C fo minimize reactant

‘condensation. The process pressure is maintaimed at about 230 mTorr during the
pulsing of the precursor gases and at about 200 mTorr for the purging gases.
Pulse times for the TMA and the distilled water vapor were about 1 sec for both

30 precursors; with purging pulse times of about 15 secs. In one embodiment, the
substrate temperature is maintained at about 350 °C for the complete HfCl, /

water vapor / TMA / distilled water vapor cycle. In another embodiment, the
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5 Decenber 2006 WO 03/105205 PCT/US03/17730 At bl ock 335, a second purging.
gas is introduced into the system For a TMA precursor, purified argon is
used as a purly?i nﬁ and carrier gas. The argon flow is contr®dDkethbby2006
mass-f 1 ow coMt ?8¥1%4%5267 from the purging gas source 262 iPRBUSRATHAS
conduit 270 and subsequently into the reaction chanber 220, 5 Follow ng the.

argon purge, at Q&b%ﬁlﬁt&égpeﬁ%é?%%}ﬂt[aﬁfeéx gfd%oﬁ%a%{‘&e BE&ﬁE{e%%%S pul sed

into the reaction chanber um num sequence usi ng as the
precursor, disti Watdvayt éiMAapdistilied vatdr @ggoedyds t he precursor acting as an

oxidizing reactant to,interact wth the TMA on. t ubstrate 210. .The
distilled water vapoﬁsiaga]ﬁ?wfg‘é\#uﬁnm“ﬂl ?eﬂ%eW%@%MW%?eqﬁ%efﬂ}%%gh gas
conduit 270 10 fg@plogaPr8RHIGE (RFMRY d¥BR&t fhe e et fdince THOFumihbs
distilled water vapor aggressively reacts at the surface of substrate 210

to form a Hf AISC3ceithipng pRsifsowPMEANiS apafidichefl Banet(A8ldped i | | ed wat er vapor
acting as an oxi dj zi s | Kk , e ol as is
injected into thgmﬁleet@g?l}t@%%&%mg%%ﬁz@%gﬁ' ﬁﬁéfoﬁ%ﬁk&&%ﬁ%ﬁpgg&g\g?er vapor

sequence, argon @gasubsSrattsHO suffacefbmpgisgeurtd2sy. cHrDMBAGharoar baf t er pul sing

each precursor gas. .l n another epbodi nent, pure nitrogen is again, used as
the purging gas. PEvEEddo &Séeﬁﬁcgaﬁ‘%&%‘g‘?agﬁ@q?ré%ﬂm%w Vqrb?o&ﬁ&]g tZPe renoved

fromthe system by the,RYidendesribibas GROLMBEWRDMEAR, kiBog938uUst i ng of the
reacti on chanber 220 using vacuum punp 282 through mass-fl ow controller

287, and exhalist hpdrogrn fidre pargineaeneiiae 280, 2vbloply 340héo pravida thepepssaB1 t hr ough

mass-fl ow controller 286. This.c | et es of_on the TMAV.distilled water
Vapor  sequence, BEET e SN e o8 oo P el SolbeSs b h L Pkt
sequence cycle f ayilig o iioAk4dBioh al@ibeN200 fi@n @as soetcebl.CANBIBE BS50Ci ated (1)
with one ALD cycle. During the TMA / distilled water vapor sequence, the —
substrate is hel HYdogen YIRS Bas4h e Soyrrddhrgngh the serctiosdiambpy220d®mheat i ng

el ement 230. The . L Qb c&agpber is maintained at about 150 C to minimze
react ant condengatl n. The process pressure i s maintained at about 230
mrorr during t¥he pul Bungg ke DMBAp/exygrmssoqueges g% sahgiratd ishbldbetv2@® mTorr f or

e PUL 9 1, 975 B0 BER 00 IR NG o hedhamt e varor
15 secs. In one erdhagh o®ig thé DRIEAA/oxygen sequence is maintained at about 30 mTorr.
In an alternate aluminum sequence using DMEAA, a DMEAA/ distilled -
water vapor sequence can used under the same temperature and pressure ranges
20 asthe TMA / distilled water sequence . In an embodiment of the present
invention, the substrate temperature is maintained at about 350 °C for the
complete HFCl, / water vapor / DMEAA / distilled water vapor cycle.
Alternately, the complete HfCl, / water vapor / DMEAA / distilled water vapor C‘*\,
cycle can be performed with the substrate temperature maintamed at abont 550
25 °C.
The thickness of a HfAIO, film after one cycle is determined by the
pulsing periods used in the hafnium sequence and the aluminum sequence at a
given temperature. The pulsing periods of the ALD process depend wpon the
characteristics of the reaction system 200 employed and the precursor and
30 purging sources. Typically, at a given temperature, the pulsing periods can vary
over a significant range above some minimura pulse time for the precursors,

without substantially altering the growth rate. Once a set of periods for one cycle
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~alane (A1H3) and %Hﬁk‘}&%e?&y&l AReatNO R Iﬁcgcsﬁsﬂ ™ aﬂppmsﬁﬁﬁ sxdis

substrate tenperature is maintained at about 350 C for the conplete Hf Cl14 /
wat er vapor / TMA / distilled water vapor cycle. In another enbodi nent, the
17 5 Decenber 2006 WD 03/105205 PCTI US03/ 17730 substrate teDpemhtn2086is

" mai nt ai ned at waboubs50 C for the conplete HHA 4 /  wat er  vapousésiFidd /

distilled water vapor cycle. As an alternate al um num sequence, a
DVEAA/ oxygen sequence can be enployed rather than the TMA/ distilled water
vapor sequence: TReIHFEgHRue s Fteion s At @il sl howetoh ajvalug soch@dduct  of

t he
DVEAA is pulsed to thé substrate 210 surface form gas source 253. The DVEAA
gas canbe provi dddrmnting ggge dsilecis of B ¥M@hragistorahb Abbl meccssy gheuldbapor at i on
controlled at 25 C T [ and carrier gas associated with DVEAA, at
bl ock 335, is 10 ﬁ%ﬁtggz?{%%ﬁr%urgi ng gas source 262. At block 340, to

provide the necessary Aieaeki3en idk détbienisddbaiettat the2HAI00MI0IE B &S dbddedSsecond
oxygen containing precursor is pulsed into the reaction chanber 220 from gas

source 254. At bl deirkmsast O3 mepicaed desrflesigddiisknegashould bepampletadsistN hr ough
X ; . | . .
Al cxybon <oquatie? Pl O AR SR R AR DR

DVEAA/ oxygen sequenhce, strate 1Is ween “about 1
125 C by the heat ibirgké&ll @ mithtthe8singl¢féhqpreness conprinmg hafivy rwhikg it ke

DVEAA/ oxygen sequence..i s intai.ned at ghqut 3 orr. .In an alternate

al uni num sequence‘c’fi’g’?"?ﬂjtl ,SGQQ%VEEA?” MRS gfe@rc%‘?sé’rav‘?/ ﬁ%‘ﬁ&ﬁence can
used under t hejam@iHee BRES prbétsfn @R deqRir@S iR HEN0E Hilm 20 bRsk 85 isTVA /
distilled water sequence. I n an _enbodi nent of the present invention, the

substrate tenper aeprealeds Thapmeaingds fpalipgive cyde feprasfucinadhe Hiodgi 8l HF Q1 4 /
v@ter vapor / DVEAA( rp@]rf%ﬁﬁéd' afg %%Efé{ g&%eﬁlc%ﬁgtesoo o L8O} 8bY o foh e

conplete H Cl4 / water vapor IstilTed water vapor cycle can be
performed w th thersnbsoptanen pefipensat as e drekcinicansobtbraThabmetligh@n b25 C. The

t hi ckness of a Hf Al fi.lmafter ane cycle js determ ned by the pulsing
periods used in tR W&Pﬁ%?ﬁ@é’%ﬁ’éﬁ@%ﬁe&ﬁﬁﬂﬁi‘e\“&| umi num sequence at a

15 ' At block 360, after forming the HEALO, filmy, processing the device

containing the HfALO, film is completed. In one embodiment, completing the
device includes completing the formation of a fransistor. Alternately,
completing the process includes completing the construction of a memory device
having a array with access transistors formed with BfAIO, film gate dielectrics.

20 Further, in another embodiment, completing the process includes the formation
of an electronic system including an information handling device that uses
electronic devices with transistors formed with HfAIO, film gate dielectrics.

C ' Typically, information handling devices such as computers include many
memory devices, having many access transistors. -

25 Tn one embodiment, a HfA10, film for use as a gate dielectric is formed
on a body region of a transistor by the ALD process using a hafnivwm/water
vapor/aluminum/water vapor cycle. This cycle is the combination of é
hafirium/water vapor sequence and an aluminum/water sequence. Terminating
the cycle at the end of a hafniumi/water vapor sequence would typically result in

30 aHfO, film. Performing just an aluminum/water sequence would typically result
in an Al,O; film.
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gi ven tenperature. The pul sing periods of the ALD process depend upon the
characteristics of the reaction system 200 enpl oyed and the precursor and 30
purgi ng sources. Typically, at a given tenperature, the pulsPemgmper208s can
vary over aYQ@avitant range above sone nini mum pul se ti MEHEI R
precursors, wthout substantially altering the growh rate. Once a set of
periods for one cycle 18 5 e 3/ 05 PCT/ 803/ 17730 is

- N e e

determ ned, the growt val ue such

as N nmcycle. Ragtiagdesps.esh3Hiad @BoT)i gzmwtmﬂm:gs:ﬁd HFAIG filedbyappldtcat i on
such as formng a gate dielectric of a MOS transistor, the ALD process
shoul d be repeat‘é%!’mf Spopifipy wpthp@ was pagted, B, tggot IPPIOXEMEEW ST ned whet her

the HfA'CBf"m' &h& stﬂﬁ%lartaéooéhsw@mmtﬂm&@ﬁmwmmm%ﬂemred ‘

t hi ckness shoul d corrp after t/N cycles l ess than tIN cycles
have been conpf etcegiallizeat groot2Hs’ Céhlghﬁtrsmd&ﬁﬁl&ﬁhnmmﬁ)om@l V\%tﬁci t he pul sing

of the precursor co i ch.i h e i scussed
above is a H Cl4 S wgaﬁhqefat%{]w&e@gﬁ%b tgﬁ%{f{gﬁﬁldm ;?3‘ {ﬂer ALD
processing is reqpiicRs BRdIANEfikAdLB o fbdnRryadiibe aﬁi@n@és;vhdnqamc@ﬁe@ad ed. The
annealing is a final heating cycle for producing the HHAIGB film and is
performed at a t SHEhst EniperhpRs: Veth HUPIPBOE stugiees Apvadveyasesat gte pr oduce
opti mum performangg.as.2 dielectric insulator. The annealing can be
perfornmed in an inert of nitrogen atnosphere. 15 At bl ock 360, after formng
the HHAI OB fillin pr océﬁalratgnttaﬁ&:laiwi earik etdlt, ApphabSirisec Blfnédu@Bvdlj 1M is

conpleted. In one e t eV|ce des conpl eting the
formati on of a tr@n?gfég%n% ng}f}g (%lr}qmég 'i‘sl’ﬁat BEESEPPc| udes
conpleting the cag ehb%hs.qe &fedaTﬁEfM})(s&EcYétéﬁpeﬂ&@Yéﬂﬁc&@i?&rﬁ@%“*Mfoh access(_)
transistors forrred W th A? | mgate dielectrics. 20 Further, in another

embodi nent , corrplléﬂl"ﬁgmﬂhfée g}b@@fé@gemm@mqumﬂﬁﬁmmmwat@ms withetronic

system i ncl udi ng .an i (?f?‘;d ngH i ' éﬂgb% b oni c
devices with trangtll etﬂ(;orug5 orme ?Cpldb%t gﬂ IE?%?%\%%?% a%%nﬂ%fc') e(gt(?lg&cc{s
Typically, ini®r rm:itemphemd&namgafOeM:Bs&ﬁsﬂehesahazﬁmmutrmtslelmlfudﬂ obay

nmenory devi ces, Vi ng ess transistors.
y da pendant on tge Hg(ﬁ source temperature. At a HfCl, source temperature of

128 °C the film was monoclinic with a growth rate of 0.034 nm/cycle, while at a
HfCl, source temperature of 152 °C the film was cubic with a growth rate of
0.067 nm/cycle. The report concluded the surface structure of HfO, films grown
20 by ALD using HfCl, and water vapor can be varied when changing the growth
temperature and precursor doses.
In arecent article by Y. Kim et al., Applied Physics Letters, vol. 71 (25),
pp. 3604 - 3606 (1997), growth of Al,0, films by ALD using a TMA / distilled C

i
R

water vapor sequence was reported. With the substrate temperature maintained
25  at 370 °C, and the pulsing time for the TMA and the distilled water vapor set

each at 1 second, the growth rate for the Al,O, films was determined to be about

0.19 nm per cycle. This growth rate was determined to be the same for TiN, Si,

and Si0, substrates. An Al,O, growth rate of 24.4 A per cycle at 100 °C by

ALD, for a cycle using DMEAA as a precursor for five Al depositions followed
30 by O, plasma oxidation, was reported in a recent article by C. Jeong et al.,

Japanese Joumnal of Applied Physics, vol. 40 part I no. 1, pp. 285 - 289 (2001).
Typically, ALO, films formed by ALD are amorphous.
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25 In one enbodinent a HFAIG3 filmfor use as a gate dielectric is fornmed

on a body region of a transistor by the ALD process using a hafni um water
vapor/ al um nunmi wat er vapor cycle. This cycle is the .conbi natDeambdr 2806

"~ haf i uuni wat eryyappsesequence and an al um nunif wat er sequencepcggégdhhas i N9

the cycle at the end of a hafniunfwater vapor sequence would typically
result in 30 a HFQ2 film Performng just an alum nunm water sequence woul d
typically result in andible2yc filmlontaihtheIT1B0L ALY, 2AFE0O, WD DBLREE205

PCT/ US03/ 17730 In g recent article by W Zhu et .o .l nternational Electron
Devi ces Meeti ng Gf?sﬁjﬁ?m%-f%ﬁ%gle(dfé ‘fcoﬁ?%ﬁoﬁ%%ioﬁﬁﬁlﬁ&ﬁc O filns by
the Jet- Vapor d%ﬁﬁ&&tb@ﬁf@%tbﬁﬂﬁ@ﬁdﬂﬁ%@iéﬁdnbéf%ﬁgyciésb&fﬁle%faﬁ&tﬁﬁ)rOXi mately 3
nm appear to crystallize at 400 C - 500 C, while Hf A10 filnms w th about
6.8% Al 5 cryst alsequeacenddbourbenof gl ghthe alugramppeqrenge; hagmgintiefabout

31. 7% Al crystaly.i Ut 4 - N ] I Thus, this
article indi c%t eﬂg%ﬁg?h@%%%ﬁﬁg%g%egﬁgﬁsﬁﬁe Iragg?g%s%ééeg%%ect ures when
processed at hi gheiroltednfibngt diddsiridiiwefvencd bl p hsing adbfniat ssgesnchave

advant ages as gate_, djel.ectrics. 10 n.a %fcetﬂt article by J.. Aaiﬁ%gf et al.,
Ao 1 ed Sur f ace. Sof aALBIgH edugies oan 3 oFmeT ST SRty P RIRLRIERES 11| e
by ALD using a HigehftabieMBhed pfenioes SEHUSDS ALRSaiEPD), Lif fhichhasdhél4 source
tenperature ranged from 130 Cto 154 Cwith the substrate t enperature

mai nt ai ned at di feffeetmtdidetprsaasianted thafilmeill hegalgeted popnediomdiaddn 1600 C. For
a substrate t er : : rale 0.7 nPa
/nB, the resu?@zﬁﬁe:ﬁoﬁﬁor%&ugg%ééf %lgﬁgg%@%ﬁél%gggﬁ%%g\g{ﬁ?ﬁ%uﬁnf & Hcla

sour ce tenper at urhafnihh saubiice]dhe saultiag dickoprrcahtivtn OfiFAID2 thoGld e il m was

r@noclinic with a growth rate of 0.034 nnicycle, while at a H Cl 4 source
tenperature of 1F29PHE filmwas cubic with a growth rate of 0.067

nnicycle. The report goarhtiRad sthtuaibdielindtihd alntied oPlyold: OF i hh#ffundr own 20
by ALD using H 4 and water vapor can be varied when changing the growth

tenperature and peavcavesiar tefodesmumreguenecianihe ARDinsbessshy digleckdofilat al .,
Appled Physi CPs L%E)ltltgirn%g I—Yﬁ&llQ czu]i bg %égineered with selected characteristics by also

controlling precursor materials for each sequence, processing temperatures and

pressures for each sequence, individual precursor pulsing times, and heat
treatment at the end of the process, at the end of each cycle, and at the end of
each sequence. The heat treatment may include in situ annealing in various
©20  atmospheres including argon and nitrogen.
The pulsing times for precursors range from about 0.5 sec to about 2 io 3
sec, though longer p'ulses can be employed. Typically, pulsing times for purging
C gases will range from a time equal to its associated precursor pulse time to an
order of magnitnde larger than the associated precursor pulse time in order than
25  all excess material and by-products be purged from the reaction system.
Generally, the pulsing times for purging gases will range from about one sec to
about 30 seconds. In one embodiment, the pulsing times for purging gases is in
the 1- 2 sec range. - '
The growth rates for an engineered film containing HFAIO, will be
30 controlled by the growth rates of the individual s'equeﬁces and typibally can be
from about .34 A per cycle to about 5 A pef cycle. Other growth rates may also

be attained.
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pp. 3604 - 3606 (1997), growth of A1,08 films by ALD using a TMA / distilled
wat er vapor sequence was reported. Wth the substrate. tenperature naintained

25 at 370 C, and the pulsing tine for the TMA and t he di sti§ Dectmbat 2§06 vapor
set
be about
for TiN, Si,
at 100 C by ALD, fora"&yc g as aprecursor for five A
deposi tions fol | ewsddidRndwf (he ppdsas imvenxintia bisodiatedvasth tlepapitdttyithp@videc ent
article by C. Jeong et .al., . Japanese Journal of Applied Physics, vol. 40
pail 1 no. 1, pp.aCQQBOSmCE’é@VP@G@i%}?CMW%W&“%? g 3 Oﬁﬁgf"cﬁﬁ’ﬁétozsby ALD
are anmor phous. 2Q,5gPRes!
filmcontaining H A1G3,” A1203, an Q2 has a dielectritc constant ranging
from the di el ect ¢ shovbhsmamtl abdve ATROB, rafge inectohdands wlikdtemreseniguvestiomt  of

Hf 02, 25. By contro Iing}%{h? unber of cycles of the hafnium sequence and
t he nunber of cy(?lf'eeg ol & %{ol‘]vr]ﬁ%um sequence, the amount of 5 hafnium and
al um num deposited on the surface region of a substrate can be controll ed.
Thus, a dielectricfilmfornmed by AD using.a hafniumsequence and a
al um num sequencé¢ can be fornegnpidah a conpplysidaDPN cont ppRysigl sel ect pd
pr edet er mi ned peticent ages of Al @3, AJ,03{ and 13f0,, |n which casejthe
effective dielectric constant |dtckesss fi hn wrhickises sel ect EHickespr edet

in the 10 f i :
Subsequent 1o a {5l G20 B U] Y19 Se B0

Hf Al O3 shoul d be

or

D

ng
he

1o/ d)hﬂ%e@%ﬂ%a&éss%ﬁ{elﬂ%%%%ﬁﬁéﬁ astulp €l ectric

cr m ned

each at MOS¥WENY, the growth rate for the A1203 fil nms REAA'SEELEH i ned to
0.19 nin per cycle. This growth rate was determ ned to be the sane

d Si bst t..A.aAﬁ23 - f.24.4 A I
an I%Iglllj esc]frgg‘tﬁgalﬁ%nt R gcne&rto mgt%]ﬁa%ieem% o % per cycle

anor ghous.

n adQJ@bon t
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heat treatnent y inchside in

15 The lower limit on the scaling of a layer contaming HfA1O, would
depend on the monolayers of the film necessary to develop a full band gap such
that good insulation is maintained between an underlying silicon layer and an
overtying conductive layer to the HfAIO, film. This requirement is necessary to
avoid possible short circuit effects between the wnderlying silicon layer and the
overlying conductive layer. Trom above, it is apparent that a film containing
HfAIO, can be attained with a1, ranging from 3 A to 12 A . Further, a film with
essentially no interfacial layer can provide a t,, significantly less than 2 or 3 A,
even less than 1.5 A,

The novel process described above provides sigmficant advantages by
25 performing atomic layer deposition with a hafnium sequence/ alumhinum
sequence deposition cycle. Further, by independently controlling the various
parameters for each sequence a gate dielectric with a selected dielectric constant
can be formed. Additionally, the novel process can be implemented to form

transistors, memory devices, and information handling devices.
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20, at nrospheres including argon and nitrogen. The pulsing tinmes for
precursors range fromabout 0.5 sec to about 2 to 3 sec, though |onger

pul ses can be enployed. Typically, pulsing times for purgin§Degaes2086] |
‘range froma 4g@ ea¥al to its associated precursor pulse tipgR s A%, OF der
of magnitude larger than the associ ated precursor pulse tine in order than
25 all excess material and by-products be purged fromthe reaction system

Ceneral ly, the pul si ng}iirémﬁtJrQOOMegicﬂﬂlﬂEfg@fe Wahrbemﬂgabinfm@wut one sec
to about 30 seconds.. In.one enbodinent; the pulsing tines for % I ng gases
iof

isin the 1- 2 seTqe4Hge oLl Q@r%ﬁﬁ@@%ﬁ@é“?’é@%ﬁ“@%@%@@r%@
contai ni ng Hf Al ByWitdee 3?0 ek M's&ﬁéeb@r&ntrr@gﬁ%%ouﬁorﬁé £3a0fabh8

i ndi.vi dual sequences an |ca l'y can 0 t.34 A per cycle to
about 5 A per cycb@iyrexihmﬂ&grmmd}fmm lﬁﬁyemrmﬁbybbemurcai’dn@dﬂ@an@h@ecenber

ea, at tainabl & | PEIBAS- ARG heretditode SRBkURF LT FRpIdmines

associ ated W th thgoeapdyi ALD ¥y plsibg @ ¥hfiRm @n@ﬁﬁ@@ie&mmm@wzmu@ﬂ dielectric
constant in the range formabout 9 to about 25, _and the capability to

attain physical f@hﬂﬁ%bﬁh?@@@%thﬁﬁ“‘lsﬁ"éterlé%géﬂsé%g & S AXYBEAONEIENE 0 about 3 nm
d ab The t h

"t he T o I ow g oL BAEGRbH el b Ride ) RhAREH bl BRI RS £ 200"

t=0.5rim (5A") tﬁimﬁt@ﬂ@qnm&nmmmgmcéd@owgmc(oAbaJmm]pr(E@sorit@o 9 2.17

4,33 21.67 171 .93 1.86 9. 29 5 .78 1.56 7. 15 The

lower limt or%h eée("?‘ﬁ ?%émﬁjlbera E?%’%W“‘E%%ﬁ%?‘ﬁ?ﬁ%dmﬁ%‘}ﬁr@?%‘%ﬁgadnbeﬂgoﬁénd on the

nmonol ayers of thesddclaithecgssar  itideMehoRr ulkib badd PRt uBapisseledicd

C according to the precursor used. Between each precursor pulsing, precursor

excess and reaction by-products are removed from the reaction chamber. The
HfAI10, film thickness is controlled by repeating for a number of cycles the

15 pulsing of the hafninm containing precursor, the first oxygen containing
precursor, the aluminmn containing precursor, and the second oxygen containing
precursor until the desired thickness for film 140 containing HfA1QO, is formed
on the body region. A gate is formed over the gate dielectric 140. Typically,
forming the gate includes forming a polysilicon layer, though a metal gate can be

50 formed in an alternative process. Forming the subsirate, source/region regions,
and the gate is performed using standard processes known to those skilled in the
art. Additionally, the sequencing of the various elements of the process for
C forming a transistor is conducted with standard fabﬁcatiaﬁ processes, also as

known to those skilled in the art.

25 Embodiments of the method of forming a HfAIQ, film by ALD as a gate
dielectric can be applied to other transistor structures having dielectric layers.
For exarmnple, Figure 4 depicts an embodiment of a configuration of a transistor
400 capablé of being fabricated according to the teachings of the present
invention. The transistor 400 includes a silicon based substrate 410 with two

30 - source/drain regions 420, 430 separated by a body region 432. The body region

432 between the two source/drain regions 420, 430 defines a channel region

having a channel length 434. Located above the body region 432 is a stack 455
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t hat good insulation is maintai ned between an underlying silicon |layer and -
an overlying conductive layer to the HHAIG3 film This requirenent is
necessary to avoid possible short circuit effects between tDPescmbridfdyi ng
silicon | ayewisdoizhe 20 overlying conductive |ayer. From #e0AEsp3/i71734 s
apparent that a filmcontaining n H A1G3 can be attained with a teq ranging
from3 Ato 12 A. Further, a filmwth essentially no.interfacial |ayer can
provide a teq si gHiltdREhEdtsdisetic A3 oagpe gaiods2,  flaptinggale iflgHna 4472, A The
novel process desghihem g&@xﬁ@. PrRVaRESeI &SR0 i§ eV ADABDGSodY 25
perform ng atom c | ayer deposition with a hafnium sequence! "al um num
sequence deposi t iaowprdiyg toethe Raehikgsof thsyprésautepentiomad deserdet pbdveiwith theie vari ous
paranmeters for each.sequence a.qgate dielectric with a selected di.electric
constant can be'forned." eﬁ'c‘fmstoifg]r?ﬁa?sﬁm]i@@ f%%?/eéjlm%fggé%cgssseg PWLOHRSE crvent ed
to form trans stpillsd ilmenty Allemihiesshothne gatfdxemtd €10 Mdnkd flagngdgaeces. 22 5
Decenmber 2006 WD 03/ 105205 PCT/USQ3/17730 A transistaor 100 as depicted in
Figure 1 can be F&isHEY 42 eBPridgedby §68 asprdmere Wiy fhsprosod myrgtionst her
source/drain regigh.il3PaRea Silicon based substrate 110 where the two
source/drain regions 120, 130 are separated by a body region 132. The body
regi on 132 separ at ed Byasisersoeatadydhainathe@Odeanibetl kbo® myurcdmbibneinied 130

defines a channel. havin channel. | engt h 134, Hf AJ fil i,s formed by
ALD by pul s ng. o AP CORTAP HEPECUREar e REBE P Rt g Y BB anber

cont ai ni ng t hgy swbsitésatiLfodtitionMeh@ind et cdsi Habing QMBRR AR *bMbiAThg aPT €CUT SOT
into the reaction chanber, pulsing an alum num containing precursor into

the reaction chaddél0; flmdcasdrspagueted ednnhvrrony gebedwattaphibagethodeur sor into
10 the reaction g o r: .S ' t action charrbeg"‘;
for a selected t%lE %e%g%?]?og B %&%ﬁ&%&%fdeﬂc%e%@g%%%\glgslsr?gﬁeelgéh precursor is
sel ected accor ditelgeohanidietipn estanspinduseguicBe tAveanbodaadnt pf e canmoer pul si ng,

precursor excess and reactiqn by-pr.oduc e_renmoved fromthe reaction
Chanber . The  bF RECRE pR1aeith IR LEGNE G SATS TE- By PeBarF o T 610 & nunber
of cycles thejsl5 RuibdBelob. NE1RASNUTPGEVR LRINEEVRICE G &Rputihpre first

oxygen contai ning precursor, the alumnum contadining precursor, and the
second oxygen coleaices aigshown below, it will be recognized by one skilled in the art that

several types of memory devices and electronic systems including information
handling devices utilize the invention.
A personal computer, as shown in Figures 5 and 6, include a monitor
20 500, keyboard input 502 and a central processing untt 504. The processor unit
504 typically includes microprocessor 606, memory bus circuit 608 having a -
plurality of memory slots 612(a-n), and other peripheral circuitry 610. Peripheral
circuitry 610 permiis various peripheral devices 624 to interface processor- ( }
memory bus 620 over input/output (I/0) bus 622. The personal computer shown
25 inFigures 5 and 6 also includes at least one transistor having a gate dielectric
containing a HfAIO, film in an embodiment according to the teachings of the
present invention.
Microprocessor 606 produces contro! and address signals to control the
exchange of data between memory bus circuit 608 and microprocessor 606 and
30 Dbetween memory bus circuit 608 and peripheral circuitry 610. This exchange of
data is accomplished over high speed memory bus 620 and over high speed I/O
bus 622.

24



precursor until the desired thickness for film 140 containing H A G3 is
formed on the body region. A gate is forned over the gate dielectric 140.
Typically, formng the gate includes formng a polysiliconsphaygfer 08ough a
- nmetal gate c b0§,2_0 formed in an alternative process. Form n%(yt he

substrate, soUrceMEH on regions, and the gate is perforneBCHERY7BPandar d
processes known to those skilled in the art. Additionally, the sequencing

of the various el enenicauoftdigaRb9%RS8xd £ a plifiiff Sndud:y 3BY G1opLn) S

conducted with standard ricati on process SO as nown to those

skilled in the arhicpscEnhodghasdesicoiwaHamomathdgsokiledimihegrta Fif Al O3 fil m by
ALD as a gate dielectri.c.can.he applied to ¢ istor structures.
havi ng di el ectri (?X?Décle’rssn?glg (')q’rﬂ%&eél?n% Ien,og F%ﬁﬁﬁ%B ed"p([%l% %lhar?né?nr%% iment of a
configuration of nfoduled BIMIMEY ma@Busedfotht Gnslémbriiidg of dkrpreahdaveatonr di ng to
the teachings of the present invention. The transistor 400 incluydes a
silicon based subst r atl@e®TerHGry AviShs capbeypducet Brayapelyaf denesaduch 430

separated by a bogly;f£8HaRnARAnodbRErRIHY HoRGinARiritths %o AR GYERRC iGidky 0

source/drain regirons 420, 430 defines a channel region aving a channel

| engt h 434. Locatcelds eflsreory bletstéddy One gichmeliBR i the pagtmode opsmtios BasBecenber
2006 WO 03/105205 PCT/ US03/.17 i-ncl pdi n at ielectric 440, a
floating gate 453 PrEGribe Do e Bt ndibhod sFREbinedar atee aso.
The gate di el ect mignoddOell Srav@ittBandomiR Beobbs ol BEEESoluaGE Of the Aftad. ODhfae
teachi ngs of the present invention as described above with the remaining

el ements of tHe fisdt Sreapvand crlempinienseting By hsdeakd okl ohthose 5
ski | Ied in the atbu Al 6108LE! Dase BOUDDIAORL 6l EbESihd i Al t e

ffoating gate dielectric 442 c ormed By ALD 1 n accordance with the
.esent i nvent i omoasnite$er sphaidofairowey cifoudrt®Bst ors created by the net hods

descri bed above maybe ,i npl enented .. .intao no eyvjce ectronic
systenms including inf éfl%gtfﬁnﬁtﬁ“ﬁ’ﬁﬁéfi?vﬁ‘be I_ig‘%(fé{?ﬁ: sqa%ﬁqlffp&[?_@?ﬂﬂaﬁ%dl ing
devi ces havi ng avhidl £16WE dsta k@yerat § SiRbRIURE addreddtdbOBrallablnre anmbe
constructed using various enbodi nents of the nethods described above. Such

information devi eBe tharddseseedgofuemelps bsgrsalesad,, This slemebnifAMEess Bsy st ens,
and cornputers. A'aoﬁfmﬂféhtﬁ@ﬁtp eézig @ R RY Ldhter access signals without reducing the

time in which memory output data is available on memory bus 620. Other
alternative types of devices include SDRAM, DDR SDRAM, SLDRAM and
Direct RDRAM as well as others such as SRAM or Flash memories.

20 Figure 7 illustrates a schematic view of an embodiment of a DRAM
memory device 700 according to the teachjngs of the present invention. DRAM
device 700 is compatible with memory slots 612(a-n). The description of

C DRAM 700 has been simplified for purposes of illustrating a DRAM memory
| device and is not intended to be a complete description of all the features of a

25 DRAM. Those skilied i the art will recognize that a wide variety of memory
devices may be used in the implementation of the present invention. The
example of a DRAM memory device shown in Figure 6 includes at least one

‘transistor having a gate dielectric contaming a HfAIO, film in an embodiment
according to the teachings of the present invention.

30 Control, address and data information provided over memory bus 620 1s

farther represented by individual inputs to DRAM 700, as shown in Figure 7.



having a dielectric layer containing a H ALG3 filmis shown in Figures 5-7 .
and 15 descri bed bel ow. Whil-e specific types of nenory. devices and conputi ng
devi ces are shown below, it will be recogni zed by one skil | EBedembert?@06r t
that severaWwa¢pesodf nmenory devices and el ectroni c syst ersCr/wsebumizng
information handling devices utilize the invention. A personal conputer, as
shown in Figures 5 and_6, include a nonitor ... keyboard i nput 502 and

20 500
a central procesdppeg dyidua gepresepations gesglugiated hyidatagimgs Y02, pddpesineshcl udes

m cropr ocessor 6%4a1m@1wséag|§etehﬁ%£eg@@%é&a&bmgievo@.l urality of menory
slots 612(a-n), and other peripheral circuitry 61 Peripheral circuitry

610 permits various péﬁﬁW@lmomvﬂmst,MGOG)hmbidﬁmempwmsgﬁ}- menory

bus 620 over input/loutput (1/0) bus 622., The per.son C ut 25 1in
Figures 5 and o Ao i Rl strdh 9B 86 Sl pERIORQNE R, Lo 0P

dielectric caont aieiongcel itlhAbvdE dopld tia etmBRbREIATRRL Tas eFdingst 0 t he
teachings of the present invention. Mcroprocessor 606 produces control and

address signal s teurRighioEaies phadivisduakiengsion: where at lsatt e Banssis s Heac ci r cui t
608 d m ' - : ' j i d
and mcropr 0%@%@&%?% te%@ecu%p%olﬁ%ﬁ&ﬁ%?ﬂ??ggﬁ YooBNEn& W %Iclfshh g%@l%da”

peripheral circuit Thi's exchange I s:""‘accorrp]] over high
speed nenory bus a6@8nehue pregpudiy discsipeatioly. CAddiumnaBR 2aciPdesoBeckmber 2006

WO 03/ 105205 PCTI US03/.1773 upl ed to. mem bus.620 are a rality of
Terory sl ots 612CANR i PR 1 A Rrpen R BTy L SURREEY S B s
skilled in thg akhisordgeicapRHeiial Gn aSdehdtMsistdr hd i omRARGNAl e es (SI M) and
dual in-line nenory nodules (DI MVWs) may be used in the inplenmentation of

t he present inventi onDRAMTR@uerfpsprpyith, densxamplecirrosogsesd Geelrqugha variety
of designs which

t he dynam c nemragﬁ%%\gﬁg?%‘%@%% egfdgp gﬂg?%hvéﬁmﬁ%‘é%%%@% thlemf?)atg g(_ /
node operation. Rafe DRANEcapellal 2 mirso-contwllBRANhprset ateflionelotignid he nmet hod of
ccceesing a 10w ol JEMRLY, ol LRLLSNS, A0, Landonty, cccessing o (Terent
be read and o4 puyir AWAi 108, ih1Bding but not limited to, row and column address strobe signals
RAS and CAS, write enable signal WE, an output enable signal OF and other
conventional control signals.
Row address buffer 712 and row decoder 714 receive and decode row
addresses from row address signals provided on address lines 704 by
20  microprocessor 606. Each unique row address corresponds to a row of cells in
memory array 710. Row decoder 714 includes a word line driver, an address
decoder tree, and circuitry which translates a given row address received from
row address buffers 712 and selectively activates the appropriate word line of C )
memory array 710 via the word line drivers.
25 Column address buffer 716 and column decoder 718 receive and decode
column address signals provided on address lines 704. Column decoder 718 also
determines when a column is defective and the address of a replacement column.
Column decoder 718 is coupled to sense amplifiers 720. Sense amplifiers 720
are coupled to complementary pairs of bat lines of memory array 710.
30 Sense amplifiers 720 are coupled to data-in buffers 722 and data-out
buffers 724. Data-in buffers 722 and data-out buffers 724 are coupled to data

lines 702. During a write operation, data lines 702 provide data to data-in
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colum is accessed. Page node DRAMs require access steps which limt the
communi cation speed of nenory. circuit 605. An alternate:type of device is
the extended data output (EDO) nenory which allows data stoPedmbtr 2806renory
“array addressWe@/ps2tavai l.abl e as output 15 after the addr eBEEUSBSHIAIM has
been cl osed. This nenory can increase sone communication speeds by all ow ng

shorter access signals wthout reducing the  ti in. whi.c ry. out put
data i s avail abl € r%tsﬁn%?&glpg‘g@ 72&?@“’35 ‘Qﬁ‘t?grf%w&{]a?:a\?@ bt"‘gfﬁ’égzo! f'gq_jevi ces
i ncl ude SDRAM  DDiRebiRAlhia SHREANLAREGY 71 EELInFIRAM @BaciBt bf A211QE REr s such as

SRAM or Flash nmenories. 20 Figure 7 illustrates a schematic view of an
embodi nent of a DRANss meied o address lingid/04ccording to the teachings of the

present invention. DRAM . devi 7 ' %Qﬁpﬁ}bl \ S
612(a-n). The descri pti on%o 16&%%19%33 as eé[%hgffﬂrgrﬁpdltagftl eg ?rrogpsgérposes of
il lustrating as5DRAM freamieshorydekayJ@0.a0emplementrry it 1&re & theachessal cetingd et e

description of all the features of a 25 DRAM Those skilled i. he art will
recogni ze that a %ua@rﬁfﬁf‘fw A< ﬁﬁ?@ﬁmﬁ’é‘\;? 8 ESITRSP ‘I?éta%FleH"lg‘?‘litlTW :
i npl enentation Ofeq‘hhﬁrs@ifoﬁéﬁ&ﬁt ééﬂ‘é%@fefeﬁéb voltage s@mh%_cﬁérg@st%Mﬂﬁgmr y

device shown in Figure 6 includes at |east one transistor having a gate
di el ectric cont aiasiessedecell if tharosharad) with the assoiatod tit linest A sepeordpligr 0b t he
teachi ngs of the present..in tion. 3 rol,-~address .an ata jnformation
br ovi ded over  merfer BLieER 2D gt pi etk f SRRl S AR SR houcs 1o

DRAM 700, as sboWaniplentdngdy Bit ines. Tbe Senbe gl p230Hihe WipRBIIRH A0
PCTI US03/ 17730 These individual representations are illustrated by data
lines 702, addres®tg-pdutfersdat-and various discrete lines directed to control

0gi ¢ 706. As is well daguMiokid 70HR REd to RANHEORAyRlliSRS ABRRE Year ray 710
ich in turn conprises rows and col ums of addressable nmenory cells. Each

5 menory cell in RBRAMVGOs It eddilied vartoua comrohomeuns and $igaes nof detagst lbréinne i s

counl 10 021 ¢ gl Yo B OSSO SR SR AP
Wi th the nmethosl ind\sSdateCdbones oy @dériptish ¥ DRSO 70@Rksdeey Smphdel foi onal |y,
each nemory cel| piu?po%es of tllustrating the present invention and is not intended to be a complete
description of all the features of a DRAM. Those skilled in the art will recognize
that a wide variety of memory devices, including but not limited to, SDRAMS,
SLDRAMs, RDRAMS and other DRAMs and SRAMs, VRAMs and EEPROMs,
20 may be used in the implementation of the present invention. The DRAM
implementation described herein is illustrative’ only and not intended to be
_ exclusive or limiting.
C | Conclusion
A gate dielectric containing HfA1Q, and a method of fabricating such a
25  gate produces a reliable gate dielectric having an equivalent oxide thickness
thinner than attainable using Si0,. HfAIQ; gate dielectrics formed using the
methods described herein are thermodynamically stable such that the gate
dielectrics formed will have minimal reactions with a silicon substrate or other
structures during processing.
30 Transistors, higher level ICs or devices, and systems are constiucted

ntilizing the novel process for forming a gate dieleciric having an uitra thin

equivalent oxide thickness, t,,. Gate dielectric layers or films containing HfA10,
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colum is coupled t6 a conmon bit |line. Each cell in nenory array 710

i ncludes 10 a storage capacitor and an access transistor as is conventional
in the art. X@M 700 interfaces with, for exanple, m croprdPeswier BO6

t hrough addr 19982 704 and data lines 702. Alternativel JCTOREM 778D nay
interface C) wth a DRAM controller, a mcro-controller, a chip set or

ot her electronic r 06 i of

control signals t@@%ﬁw&gﬂ@%@?ﬁfﬁﬁ%g%ﬂ@&h%% ?%gd%%)e[w{rsg%reand col um
addr ess strobe sicgrhlesof aRASiamed tHEAS) Apthiviver thaaeexpictpddimior Sa0, gt put
enabl e signal OE and other . convention cont rol signals. w address buffer
712 and row Qecocﬁiée?ecﬂcﬁ' E‘ﬁ%eﬁﬁ'&‘&?@@&ﬂ%ﬁﬂ%ﬁaﬁg@@m FdWddr ess
signal s provided wgeraﬁlﬁﬁﬁ@sidzltm&ezs%s&ma%m&é%ﬁ@ﬁ%sm. GRfmmEAEN uni que
row address corresponds to a row of cells in nendry array 710. Row decoder

714 incl udes & wdaeer|thigkneds prowides adyaniees sxyocedepBegatededectimdnci rcui try

whi ch transl at es QI ﬁ?% r I X‘ﬁ?@ buffers 712
and sel ectively él?gllg{%?es %%eﬁgg%uﬁgg?‘f‘%‘?gémréjﬁﬁgbéﬁ ned?r%]goég}érray 710 via
the word |ine dricegrdlin@dhdahtnseqeack asis dwhihen sédienend aadlilvprodesiager 718

recei ve and decod ol um_address sjgnals. provided on address _|ines 704.
Col urm decoder 7 P82 Sihsgate JUpws the 5 E“\Rﬂ@ﬁa i@@&%ﬁﬁnﬁf@t%@&ﬁ%fh&w t he

address of a replageneile GQbdeonseRl JfMF0decoder 718 is coupled to sense
anplifiers 720. Senhse anplifiers 720 are coupled to conplenentary pairs of

bit lines of henory adtéyugnpeciBoeg8bokmendsipviebeey dlugtrgedand dessupeed t o

data-in buffers 722.and .dat a- out. flers .724. t-a-1n buffers 722 and

dat a- out buffers 724> ﬁr ﬂ%&%mg%}atfgﬁﬁ x Oflof‘fli%%ryDg]Sg.m %ﬁraf%ﬁéa%gnWi te
operation, data liBeembaPwhicdi dRulaka ictatia-saie Porpbs0ELBORDsR0RE WO ()
03/ 105205 PCT/ USQ3/ 17730 buffers 722. Sense anplifier 720 receives data from
data-in buffers 7oihgsmeciligiegbedimenishayna This applirgher 1§ irerded {Qcoysr @Ychar ge on
a capaci tor of a gyl oPRriaRG A% RARK ihtdAllo0 BN ERRCd AT A During
a read operation, M 700 transfers data to m croprocessor 5 6 t om
menory array 730.sb@evsbeiption ariptebdad ib badkisifaivetdnd natregssid:. cel | ar e

Combinations of the above embodiments, and other embodiments will be

apparent to those of skill in the art upon reviewing the above description. The

scope of the invention includes any other applications in which the above

structares and fabrication methods are used. The scope of the invention should
20  be determined with reference to the appended claims, along with the full scope

of equivalents to which such claims are entitled.

i
o
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equi librated during a precharge operation to a reference voltage provided by
an equilibration circuit and a reference vol tage supply. The charge stored
in the accessed cell is then shared with the associ at ed bistDdcemizs 2008 sense
anplifier of sense anplifiers 720 detects and anplifies a difference in

vol t age between the 10 conpl enentary bit |ines. The sense anplifier passes
the anplified voltage to data-out buffers 724. Control logic 706 is used to
control the nmany avail able functions of DRAM 700. In addition, various
control circuits and signals not detailed herein initiate and synchronize
DRAM 700 operation as known to those skilled in the 15 art. As stated above,
t he descri pti'Yhatds cloRmMNiZ00 has been sinplified for purposes of
illustrating the present invention and is not intended to be a conplete
description of all the features of a DRAM Those skilled in the art wl|
recogni ze that a Aundthodaf foetyngof digtecttic filmevmpsesng:i ncl udi ng but not linmted

to, SDRAMs, SLDRAI\/E, %@Ms and ot.her DRAMs and SRAMs Vg%AI\/B and EEPROMVs,
20" may be “used i n PEREE HRHEOIATERE BECYR TP ERtion SHRMPY SRS PRAM

i mpl ement at i QbARSS; 'thd@ehckiSl Fhiimbér dubbtaistialigt WitBoR NnstiRN Gedttint ipdécanded to be
exclusive or limting. Conclusion A gate dielectric containing HA O3 and a

method of f atirigatthaguisingrofathe dnfijumecostabning dsecyrspp| thadrE Y @I Ct ri ¢
havi ng an eqtﬂr (?&S%p[la‘%é ?g‘%@gm&%ﬁ%&ﬂ%&ﬂ%@?ﬁgﬁm attainable using Si Q.

Hf Al O3 gate dielectrics using t ods described herein are
t her nrodynani cal | y pstsitig & sluotinurh abntaimngypreeursati istee ter feactiohochaptbenithé have

mniml reactions wth a sili substrate or other structures during
ot ocessi - 3oren ey p@slapfig PHRED afd feadbasPnbgtreudt’ dis Enlthe "2 o
constructed dftihd dldinRGint EhtdioMg prdetiB6E $t5e Alominel ¢6nRdnifg @idcarsot Bdvaigl 41 C
having an ultra thi.n equival ent oxide thickness, teq. Gate dielectric

|l ayers or filR@pegHemiviihapt hafalueys voierein pulsapte bigem enteomng poesgytsor

PCTI US03/ 1773fy ?&gir g%é@qniﬁm a&tﬁnﬁa‘ggbecq;ss} ﬁ:ﬁefﬂ)ﬁn&f)&ﬁﬁg% alondic ngtaEr e the

gate dielectric capable of a't thi nner than 10 A~ thinner an the
expect ed | i midepbsptionSiyofe tpafosm hafhium aluminum oxide and, after pulsing the hafnium

15  containing precursor and after pulsing the aluminum containing precursor, the
reaction chamber is subjected to a process selected from a group consisting of
evacuating the reaction chamber, purging the reaction chamber with a purging gas,

and a combination of evacuating and purging the reaction chamber.

20 2. The method of claim 1, wherein the method includes controlling a number of
cycles of pulsing the hafnium containing precursor and a number of cycles of
pulsing the aluminum containing precursor to include a predetermined amount of

hafnium oxide in the layer of hafhium aluminum oxide.

25 3. The method of claim 1 or 2, wherein forming the electronic device includes
forming a transistor, the method further including:
forming first and second source/drain regions in a substrate, the first
source/drain region separated from the second source/drain region by a body region;
pulsing the hafnium containing precursor into the reaction chamber and
30  pulsing the aluminum containing precursor to form the dielectric film on the

body region between the first and second source/drain regions; and
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dielectrics. At the sane tinme, the physical thickness of the H A1G3 | ayer is
much |arger than the SiQ2 thickness associated with the teqg limt of Si Q2.
Forming the 5 larger thickness provides advantages in proceédXxicagber B@d6gat e
dielectric. In addition formng a dielectric containing Hf AlG3, A1203, and
Hf Q2 through controlling a hafnium sequence and a al um num sequence i n an
ALD processing of a substrate allows the selection of a dielectric constant
rangi ng fromthat of Al1203 to the dielectric constant of Hf Q2. 10 Al though

speci fic enbodi merhgyihaviesaRe8ihd ditlegtit &Rd and described herein, it will be
appreci ated by those of ordinary skill in the art that any arrangenent

which is calculated to achieve the sane purpose nay be substituted for the

speci fic enbodi MRy, 00N ochflgtiﬁl PRP ivﬁ%{réif? @orin?né &E%Tb%ﬁgmk%effi&?%ﬁ{chﬁ‘lgé’
adaptations or variations of e présent I nventTon. It I's to be understood
that the 15 dhioniegdeserniopy idemice shavingeatdieestt amebacceds| tratsistdri kavingandfilnot

restrictive. Conbinatlons of the above, enbodi ts, and ot her enbodi nents
Wil be  SopaPERIIE AEATS o= LRTY PO ERAVGRR (e Apo b orall AgUERettbove
descri ption. rd$iéns, s@RREn Efrndif}etheMANIncREded the|puthasy anthe HaGimaddRlaiaad i ons i n
whi ch the above structures and fabrication nethods are used. The scope of

t he inventi oPreduEQr andibe pelsing Of fwishipinynCcANA BN MA@ESEo t he appended cl ai s,

along with the full scope of equivalents to which such clains are entitled.

28 5 Decenber 2006 What is clained is: 1. A nmethod of formng a dielectric

filmconprisitg: TFhpuiethadgpfalamatinwbercindhe method furgheeowhsles i nto a reaction

chanber clgnt aining a. subst t he reaﬁ)ti on chanber substantially w thout
r

mﬁat$ ces § e . 0
anot her act ant PrEtEE E8YPEN ??16 L 15 % ng of the hafnium containing

precursor, the hafféiniifg @afiin@ien ion vor@ i@l EEPlednidVi AGmBerCEMBO Siatck OT thé t hout
al um num and pul sing an al um num cont ai ni ng precursor into the reaction
chanber, the Nultey @iacesss {Hapsisiofer substantial |y without another reactant

precursor during tehe.ipdl S inigibeClof { d0Gred! HAsN RN k& infiehbef %?U{fb%%rstthe

al um num cont ai ni ng precursor having a conposition w thout hafnium wherein
pul si ng t he hefine/draircegioas nf thg npmbennfecress wandispus; shédg t he al unmi num

containing precurggl e PIULRERTE B HRY HpRhCW G WGHBEr of the second

source/drain regions of the number of access transistors.

6. The method of claim 1 or 2, wherein forming the electronic device includes
forming an electronic system including:
20 providing a processor;
coupling a memory device to the processor, wherein one of the memory
device or the processor has at least one transistor having a film containing HfAIO;
on a body region between a first and second source/drain regions, the film
containing HfA10; formed by the pulsing of the hafhium containing precursor into a
25  reaction chamber and the pulsing of the aluminum containing precursor into the
reaction the chamber; and

forming a system bus that couples the processor to the memory array.
7. The method of claim 1 or 2, wherein pulsing a hafnium containing

30  precursor into a reaction chamber is followed by pulsing a first oxygen containing

precursor into the reaction chamber and pulsing an aluminum containing
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deposition cycle to form hafni um al um num oxi de and, after pulsing the

haf ni um 15 contai ni ng precursor and after pulsing the al um num cont ai ni ng
precursor, the reaction chanber is subjected to a process 3$Bkeathed20D6om a
group consisting of evacuating the reaction chanber, purging the reaction
chanmber with a purging gas, and a conbination of evacuating and purging the
reaction chanber. 20 2. The nmethod of claim1, wherein the nethod includes
controlling a nunber of cycles of pulsing the hafnium containing precursor
and a nunber Qtaa¥GliRS 10 readtish ThitEbd: RefoRbEA PYRMISIARhALINAGxPEHCUr SOT tO
include a predeterm ned anmount of hafniumoxide in the |ayer of hafnium

al um num oxi deontadsng preypsonistorbelreaetion cApwbar. or 2, wherein forming the

el ectronic device includes formng a transistor, the nethod further
including: formng first and second source/drain regions in a substrate, the
first sourced.dr ai Ther mghodt of elpmn df whleréingmisidyea st oxykes euntamingy @mecursegi on by
a body region, ul sing the hafnium containing precursor into the reaction
chanber and %I“Bfﬁ@ilﬁ‘l‘gg‘tvﬁt@r‘éﬁpﬁﬁi num cont ai ni ng precursor to formthe
dielectric filmon the body region between the first and second source/drain
regions; and 29 5 Decenber 2006 coupling a gate to the dielectric film 4.
The met hod of 9cl ai Fhel msthop ofyslaingi B PhereihGulsig a| weend SxrsBe (oHENNEC| udes
formng a ne i i : access transistor having a film
5 cont ai ni ng%%f%\{%ﬁﬁdaeg%{ﬁ@grd%?%ﬁ%%{g{9 eﬁ a first and second source/drain
regions, wherein formng the filmincludes the pulsing of the hafnium
containin pregyr.sor d,t . si,ng.of .t.he al um num cont ai ni ng precursor.
5" The method o el edtod G R h SeRE e B it BPVRREPLARE S0t or i ng a
nunber of accggsurkdramaides pBingfoaygenng a nunber of word lines coupled to a
nunber of the gates of the nunber of access transistors; formng a nunber
of source lines coupled to a nunber of the first source/drain regions of

t he nunber of lpccg?&oélét?ﬁkgbﬁélﬁﬁ?i o@i‘,%hjc;‘ehj g‘l;llgiinﬁg? 2 gﬂ}%ﬁﬂﬁfr Tn% 1l deadtoi®s

coupled to a nunb second source al I ons of the nunber of
access transi gtambsr is controlled for a predetermined period, the predetermined period being

15 individually controlled for each precursor pulsed into the reaction chamber.

12. The method of claim 1 or 2, wherein the method further includes
maintaining the substrate at a selected temperature for each pulsing of a precursor,
the selected temperature set independently for pulsing each precursor,

20 '
13, The method of claim 1 or 2, wherein each pulsing of a precursor is followed

by purging the reaction chamber with a purging gas.

14. The method of claim 1 or 2, wherein the method further includes repeating
25  for a number of cycles the pulsing of the hafnium containing precursor, and the

aluminum containing precursor.
15.  The method of claim 14, wherein repeating for a number of cycles the

pulsing of the hafnium containing precursor and the aluminum containing precursor

30  is followed by annealing at a temperature ranging from about 300°C to about 800°C.
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6. The nethod of claiml1 or 2, wherein formng the electronic device
includes formng an electronic systemincluding: 20 providing a processor;
coupling a nenory device to the processor, wherein one of tHeecembmE§06 devi ce
or the processor has at |east one transistor having a filmcontaining H A1G3
on a body region between a first and second source/drain regions, the film
contai ning H ALG3 fornmed by the pul sing of the hafnium containing precursor
into a 25 reaction chanber and the pul sing of the al um num cont ai ni ng
precursor intg t hehehRakdd ONcihine1 GRAMRBEeiPNE H QR ABhEr fXRIdENTRUscH hat
coupl es the processor to the nenory array. 7. The method of claim1l or 2,
wher ei n pul sipi¢grugsoh dfdapendetbineoaialling a3ulsyeaeagod of time: & namperaefitiness thhanber i s
fol |l oned by i . h LSt e ai nj ng i t reaction
charber and PUEER0 i pulded i MR RuBORECKI A0su RERE BBl do B £C

i nt o the readhélenricilmrbeitainmgfHIAIOyyakE thylepik filmdasingecdicldctox woestant dmt ai ni ng
precursor into the feac iorb chﬁnbir. 8. The nmethod of claim 7, wherein

pul si ng a’fi &3 rapgs Ben 2beHOdPAPHY “pr ecur sor 5 i ncl udes pul sing water vapor.
9. The nethod of claim7, wherein pulsing a second oxygen cont ai ni ng
precursor includes pulsing distilled water vapor. 10 10. The nethod of claim

7, wherei n pul’si nd'hs meghodid cloiy d 6nvhasein drerforing phecdielede filmepuiaadgoul si ng
oxygen. 11. Eﬂgﬁgﬁg‘g&geﬁmﬁiﬂ |ame€segﬁafl%,Hm6g@8{e]t pul si ng each precursor into

the reaction I's controlTle ra pr erm ned period, the
predeterm ned period being 15 individually controlled for each precursor

pul sed into the reaction .c er,. . . The t.hod,of.claim.l or 2, wherein
Phe et holl 1 Pt her T MARAEs SIS 1 4 B G b og i St i pr el

t enper at ur e figdludd phlsglaFIfTY, Mbcudsdpr ecursor, the selected tenperature set

i ndependently for pul sing each precursor. 20 13. The nmethod of claim1l or 2,

wherein each pulsing of a precursor is followed by purging the reaction
chanber wi th @ pufgkRELRIRBof claim 18, wherein pulsing a HfCl, precursor into a reaction

chamber is performed with the substrate maintained at a temperature ranging from
15  about 350°C to about 550 °C.

20. The method of claim 18, wherein pulsing a HfCl4 precursor into a reaction

chamber is performed with the HfCly precursor temperature ranging from about

130°C to about 154°C.
20
21.  The method of claim 18, wherein the method further includes after pulsing a
HfCl, precursor pulsing a first oxygen containing precursor into the reaction
chamber at a flow rate ranging from about 0.5 mPa m*/sec to about 1.0 mPa m*/sec.
25 22. The method of claim I or 2, wherein pulsing an aluminum containing

precursor includes pulsing a trimethylaluminium precursor into the reaction

chamber.
23.  The method of claim 22, wherein pulsing the trimethylaluminium precursor

30 into the reaction chamber is performed with the substrate maintained at a

temperature ranging from about 350°C to about 370°C.
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14. The method of claim1l or 2, wherein the nmethod further includes
repeating 25 for a nunber of cycles the pulsing of the hafnium containing
precursor, and the alum num containing precursor. 15. The frBedeadecf00&] ai m
14, wherein repeating for a nunber of cycles the pulsing of the hafnium
contai ni ng precursor and the al um num containing precursor 30 is followed
by annealing at a tenperature rangi ng fromabout 300C to about 800C. 31 5
Decenber 2006 16. The nethod of claim1 or 2, wherein the nethod further
includes for each precursor independently controlling a pulsing period of
time, a nunber of tinmes the precursor is pulsed into the substrate, and a
substrate tenpbrat Theemetbod of ¢ieim 224 whirrsit IPUJ%HS ? rimefbylelaining nHoNISOB, t he

diel ectric 1 BRV DGRl ebLiGnRaANPE Blba Do BurbleadAReGy ] T om about 9 to

about 25. 17 od o ormng the dielectric
filmcontaining HfA O3 includes form ng an essentlally HAOG3 film 10 18.

The net hod of Ial 1 or erel n | si,ng.a hafni um ont ai ni n r ecur sor
i ncl udes pul sf é é g 'Pré’("% YHIH 8° %ﬁ@ﬁei n

pul sing a Hf qnécm&qﬁmm puRng aa)M@m p@aus&hﬁm&rrem&ma%hﬁlﬁnéfed with the
substrate naintained at a tenperature ranging from 15 about 350C to about

550 C. 20. The nethod of claim 18, wherein pulsing a HHC 4 precursor into a
reacti on chagber r re re.rangi ng
T {Hoﬁlg“i aif b8, %H&_?ﬁfe &ﬁmﬁ?go dﬁwg@%}& aIISr@é{R &bt fhe!

from about 130C to a 20721 erein the
met hod f urt hercaitimpl clohaeafis Q]erfpmh@il mithathe HuBGtrhte medutnised apLd mrm]g:rzamkl rst

oxygen cont ai ni n rec rs o.h ction chanber at a flowrate
rangi ng ftl(i)m 1518% %ﬁ&§§%§8¢§%@§5%§§ut 1.0 nPa nB/sec. 25 22. The net hod
of claim1l or 2, mhereln pul sing an al um num contai ning precursor includes

pul sing a tr|nethylalunlnlun1precursor into the reaction chanmber. 23. The
met hod of cl a#m 22Themsthed pipclpig) de Wherer, pHging BMEAN Mﬁ?‘ﬁ?%clmos@ﬁ 30

into the reacthRnchaRBgTs htRbl of IHibsotid b bhiR 30UPRKE At e mai ntained at a

15 28.  The method of claim 1 or 2, wherein pulsing a hafhium containing precursor
includes pulsing a HfCly precursor and pulsing an aluminum containing precursor

includes pulsing a trimethylaluminium precursor into the reaction chamber,

29.  The method of claim 28, wherein pulsingr a trimethylaluminium precursor

20  into the reaction chamber is followed by purging the reaction chamber with argon.

30.  The method of claim 1 or 2, wherein pulsing a hafnium containing precursor
includes pulsing a HfCly precursor and pulsing an aluminum containing precursor
includes pulsing a DMEAA precursor into the reaction chamber.

25
31.  The method of claim 28 or 30, wherein pulsing a HfCl; precursor into a

reaction chamber is followed by purging the reaction chamber with pﬁre nitrogen.

32.  The method of claim 30, wherein pulsing a DMEAA precursor into the

30 reaction chamber is followed by purging the reaction chamber with hydrogen.
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tenperature rangi ng from about 350C to about 370C. 32 5 Decenber 2006 24.
The nmethod of claim 22, wherein pulsing a trinmethylal um nium precursor into
the reaction chanber is perforned at a pressure of about 23Derdiobar 206 25.
The method of claim1l or 2, wherein pulsing an al um num contai ni ng

precursor includes pulsing a DVEAA precursor into the reaction chanber. 26.
The nmet hod of claim25, wherein pulsing a DMEAA precursor into the reaction
chanber is performed with the substrate nmintained at a tenperature 10

rangi ng fromamboutan3§faoht RPRY foraRl Gy the/miethb®of@iitpdo0d. cl ai m 25, wherein
pul sing a DVEAA precursor into the reaction chanber is perforned at a

pressure of about 30 mforr. 15 28. The nethod of claiml or 2, wherein

pul sing a hafypi Um&?&&ﬂoﬂic’&vf&é%&%ﬁﬁﬁ . includes pulsing a H G 4 precursor
and pul sing an al um num contal ni ng pr egcur sor includes pulsing a

trinmethyl al um ni umt prasicorestpansisiirdhaving a badyt regoncledwber a f2€. andhe sevendod of
claim 28, wherein .pulsing a t.rinethylal 1 ni ym precursor . 20 info .t he
Ceactl on ormseiedaB Fefti iplo T Rl b BB o e et o
30. The net hqfkigdtri€efim;m 1 or 2, wherein pul sing a hafni um contai ni ng

precursor includes pulsing a Hf Cl14 precursor and pul sing an al um num
cont ai ni ng precur $Bpracterzadiydet pul sing a DMEAA precursor into the reaction

chanber. 25 31. T, REEHOT fth ohhiladdty®ayd achREPHDARN Bl Dbl et 4

precursor into a reaction y purging the reaction
chanmber wi t h deposited HfAKcfiormed3a a 1qteeedrbublotk affone onimere3@pnalipersei n pul sing a
DIVEAA pregursor into the 30 reaction chanber is followed by purging the
reaction chanber with hydrogen. 33 5 Decenber 2006 33. An electronic

devi ce fornedsby tihe eretrbic deficcdlfaildiinB4owhéeteinIte cldeuradicddviers & nideorge
conprising: at ]east one transistor having a body region between a first and
a second 5 <B¥iBe/drain regions, a dielectric filmon the body region, and
a gate coupled to the dielectric film

36.  The electronic device of claim 35, wherein the memory further includes:
15 a number of access transistors;
a number of word lines coupled to a number of the gates of the number of
access transistoi‘s;
a number of source lines coupled to a number of the first source/drain
regions of the number of access transistors; and
20 a number of bit lines coupled to a number of the second source/drain regions

of the number of access transistors.

37. The electronic device of claim 34, wherein the electronic device is an
electronic system having a processor coupled to a memory device.

25
38. The electronic device of claim 34, 35, or 37, wherein the dielectric film
includes Al;O3; and HfO,.

39, The electronic device of claim 34, 35, or 37, wherein the dielectric film is

30  substantially amorphous.

34



characterized in that the dielectric filmcontains atomc |ayer deposited
Hf Al O3, the atom c |ayer deposited H ALO3 fornmed in a |ayered structure of
one or nore nonol ayers. 10 35. The el ectronic device of cl al Be@hbendigéei n
the electronic device is a nmenory device. 36. The el ectronic device of

claim 35, wherein the nmenory further includes: 15 a nunber of access
transistors; a nunber of word lines coupled to a nunber of the gates of the
nunber of access transistors; a nunber of source |ines coupled to a nunber
of the first spurcpide@itbnid ﬁ&h&“éf efairh 32 99”&9‘37 ofhaemeds didiahgt $ars: and
20 a nunber of bit lines coupled to a nunber’ of the second source/drain

regi ons of térdubitsmshieledfic perstagsintthansgstrongbog? torheutdbect r oni ¢ devi ce of
claim 34, wherein the electronic device is an electronic system having a
processor coupled to a nenory device. 25 38. The electronic device of claim
34, 35, or 374l.wheTls sletthmiddetiectf chidh i34pB35, chudﬁheréiﬁZﬁBB dielekttit @Pm 39. The
electronlc device of claim34, 3 or 37, erein |eI tric filmis 30
substanti al | y© %P@I}cﬁggwag]&t %‘ﬁfeg‘mw (bgdB thesgneer Bm 8‘6&? gﬁgﬂmﬂ‘@\ﬁ’ce of
claim 34, 35, gt BYAnpdt@bfi n the dielectric film exhibits a dielectric
constant in the range fromabout 9 to about 25. 41. The el ectronic device of
claim34, 35, or 37, wherein the dielectric film 5 exhibits an equival ent
oxi de thickne (t bqut t 12
Angstrons. 42§§The e %%ﬁ%%gé‘gﬁﬁggfagﬁn%l g?rﬁgzﬁn‘gg&gﬂrﬁi cle e((f)g{l(hﬁ t he

di el ectric fiéxhibimehichiivalesroxebpuhickbeen(t. pod ldes thin T Angson(st eq) of less than 3
Angstrons. 35
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