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Field of, the Invention This inv ' s to devices used in and
- methods for 5 naking i nt'ég_rat eammmmmlmmmmmﬁnd nore particularly té high K

di el ectrics waeek/7s81oeki ng i nt egrat qgélggt,rcw ts. Background qiciiimeegenti on
Silicon dioxide has been by far the nmost .conmon and 10 effective insulator
used in making integrated circuits. This has a very high | evel a,f _
integrity and, in particular, is able to be made wth a very lo QieSFeDthIIUS
density. The result is that the silicon dioxide operates very effectively

i n having | ow | eakapGHW DIELEGTRICOFHAVEANDMETHOD FOR MAKING
desirable features of the 15 dielectric is that it couple the overlying
gate to the underlying channel so that the channel is responsive to the
stimulus applied to the gate. In this regard it is desirable for that
dielectric to have a high diel ect rField @idhednventiovnl y known as' K
Currently there is nmuch work being done in developing 20 high K dielectrics
that have a hi gher di dihiginveniionselatestioadevices useddniandmethaeds faher e
are a nunber of thosg, but one of the advantages of silicon oxide is its
hi gh band gap whilgakingntegrated tmrcuﬁs,ngna.m@éepaéilsaianlyéo{}ugﬁ tor. Thus,

many of the materj.als. . bein evel qped .for hi K puf poses have been found
to have 25 probl d’réf%@%% L 'Hgt'ni‘)ﬂf@t iﬂ'@ﬁ"@ﬁough band gap or
because they are difficult to make with enough integrity to prevent

current | eakage through the dielectric. 1 1122221 t1LL FEEEL TLELI III.II
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{ ) | Silicon dioxide has been by far the most common and

| 10 effective insulator used in making integrated circuits. This has a
very high level of integrity and, in particular, is able to be made
with évery low defect density. The result is that the silicon
dioxide operates very 'effectively in having low leakage. With
regard to gate dielectrics, one of the desirable features of the

15 dielectric is that it couple the overlying gate to the underlying
channel so that the channel is responsive to the stimulus applied
to the gate. In this regard it is desirable for that dielectric to
have a high dielectric constant commonly known as K.

Currently there is much work being done in developing
20 high K dielectrics that have a higher dielectric constant than that
of silicon oxide. There are a number of those, but one of the
advantages of silicon oxide is its high band gap which results in
it being a very effective insulator. Thus, many of the materials
being developed for high K purposes have been found to have
25 problems because they do not haVe a high enough band gap or
because they are difficult to make with enough integrity to
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prevent current leakage through the dielectric.




*@00002* WO 02/ 075813 PCT/ US01/49159 2 | SEP 2HS5 One of the
characteristics that is desirable for the high Kdielectric is that it be
anor phous. |ty nust remain anorphous for i4s entire life including during
manuf act uri ng and subsequently during functional operation as part of. the
conpl eted | NW@Q¥U58B 5 circuit. Many of the high K diel ect r PCHURG9159
sufficiently high K and sufficient integrity at tinme of deposition, but

over subsequent processing steps and the Keat i ng that is --as.so%%t ed with
that, the s result is crystallizing of these filnms. These fil BEP 2085
so crystallized are not perfectly crystallized throughout their entire 10

length and width but @weeoﬁméhgf@dr@r@ﬁggrtﬁhﬂéé;gwlé% rRAEVIIgh Khe

crystalline structures that are forned. ese oundari es &r e areas

of | eakage and dfietecivioois iz iltlbétarﬁbf’@ﬁém. ?{Iﬁ\r}iséti @haﬁh{rﬁgwas fOp

alternative to anorphous-is nonocrystalline t hese

films can be madts Wirediféﬂnammmgmrﬁiq hﬁmufaﬁt@ﬁﬁggégg%@y%hﬂ | ens

with that. One is matching the crFfystalline structu fth that

of the underlyi rduringfunctional operation e Parﬁbf_th@compleméu integrateidg the

formation process that it be in fact pertectly forned. Epitaxial |ayers,
that 20 is |ayecircuikt ManyrofitherhigheKldietectrics hanmvsufficiarly higs i y.
Silicon can be nmade epitaxially. These epitaxial processes generally are
rel atively sl owajothsaeiend integrity addimet ofodeppsitions deut ovee subssguent
techni ques by which very small filnms can be put down in a nonocrystalline
formis nol ecul AOEESHING Sipps Bnd thenbeating:thatdsl associatedtwith thapy theh in |
thﬁt TS Ve resultis crystallizing of these films. These films that are so |
O crystallized are not perfectly crystallized throughout their entire
10 length and width but have areas known as grain boundaries
between the crystalline structures that are formed. These grain
boundaries are areas of leakage and other problems that affect.
' electrical performance. _
An alternative to amorphods is monocrystalline films. In
15 theory, these films can be made typically monocrystalline.
There are several problems with that. One is maiching the
crystalline structure of the film with that of the underlying
) semiconductor, typically silicon, as well as during thé formation
process that it be in fact perfectly formed. Epitaxial layers, that
20 is layers that are monoctrystalline, are known in the industry.
Silicon can be made epitaxially. These epitaxial proceéses
generally are relatively slow compared to other deposition
processes. One of the techniques by which very small films can
be put down in a monocrystalline form is molecular beam
25  epitaxy. There are problems with this approach in that it is very
slow so that the throughput, the number of wafers per a period

of time, is very low compared to conventional deposition



slow so that the throughput, the number of wafers per a period —of time ~is

very | ow conpared to conventional deposition WO 02/075813 PCT/ US01/ 49159 3
1 5 SE'P 205 processes.such as CVD. -Thus, nol egul.ar beam epitaxy (MBE) is
- generally considered not a manufacturable technol ogy. Even wth using MBE

technol ogy tNEPEE8E || the difficulty of insuring defectpdresifshisos. |n

order to achieve this, pressures nust be 5 gxtremely | ow and the process is
very slow. One very thinlayer, by thin ne&ing 10 to 30 angstrons, can

easily take 2- hours on an MBE machine. In devel opi ng new high 11§ §
dielectrics there is also another . y potential problem of havi gg I%ﬂﬂﬁ

of a dielectric quuesses stichHs CvDdi tek 0 o b there
is an effect that is cal I'ed frijdrasgi ng fi@%e@?&%@%%ﬁ@déghgyahﬁﬁgcts

the perfornmance ds gemerallyeosnsideredHots b é‘(???ﬁ? | : i ng
between the gate agnd t he source/drai n.ﬁarmvﬂﬁ(geﬁ%\?gﬁa S l?g‘ﬁaggéwoei ng

devel oped desi r abVithiusingdviBin ¢echnolog/ theredsvatinthed difficany (ﬁﬂﬂ%ﬁﬁé@e

dielectric con_stacPetf Thi s range may change sonmewhat as the“techno

devel ops furt her deig6t fae filpsctinddrderdesachibive thighpreskwleacinist e | n

terns of its_equival ent capacitance to that of a certain thickness of
silicon oxided si@Xlremelyilow and thegrosessdsvenyslow Dneetytthirelayesed
that it has becorﬁlfwstandand and the industry "often describes certain
characteristics i InFReaningsl @ v 30 angsiroms, carn ldasily takielg: hours bhs
case, the typical d@ﬁbéabl e,Silicon oxide equivalent is between 5 and 15
Angstrons but- w an dnachinge of 5 to 15 angstrons it has problens with

';f;‘iage reliability ‘T‘H%eveloping new high K dielectrics there is also another
- ~ potential problem of having too high of a dielectric constant.  If
10 the dielectric constant is too high, there is an effect that is called
fringing field effect which adversely affects the performance of
the transistor. This has to do with excessive coupling between
the gate and the source/drain. Thus, the materials that are
being developed desirably have a range typically between 20
15  and 40 for the dielectric constant. This range may change
somewhat as the technology develops further. |
| Another aspect of a desirable high K dielectric is in terms
e \ | of its equivalent capacitance to that of a certain thickness of
. silicon oxide. Silicon oxide has been so commonly and
20  effectively used that it has become a standard and the industry
often describes certain characteristics in terms of its relationship
to silicon oxide. In this case, the typical desirable silicon oxide
equivalent is between 5 and 15 Angstroms but with silicon oxide
of 5 to 15 angstroms it has problems with leakage, reliability and
25 growth rate. Thus, when a film is that small there can be
difficulties in manufacturing it as well as using it. The desirable
coupling is to have a dielectric that has the equivalence of the



25 growth rate. Thus, when a filmis that small there can be ~difficulties -
i n manufacturing it as well as using it. The desirable coupling is to have
a dielectric that has the equival ence of the WD 02/075813 PCT/ US01/ 49159 4
15 SEP 205 thickness of 5 to 15 angstroms of silicon oxide but a greater
act ual thi cR2&407583e actual m ni numthickness that i's genpepuko/dehi eved
to be desirable is about 25 Angstrons. .Thus, there is a need for a
dielectric filmwhich has a dielectric 5 cBnstant within a desinfgle range,
the ability to be made of high integrity, a thickness in a desitabBEP 2005
range, and the ability to be made in a manufacturing process. Brief '
Descri ption of ' b B I | - I i on of an
i ntegrated ci rEﬁﬁ%ﬁ?oraglsntﬂgag;‘qslﬂtrdé@sgon%%@?%ﬁ@g:e OQHEEI Mﬁ'on; FI G

2 1s a cross seeigtaal Sickness! I Thie elctdal MgRALM Hicknesd hagserding to a

second enbodi nent of the invention; Cross section of a portion

of an integrat egeridgratly believeg ¢t desirabfe 1§ abid PR Nigstofis.t he

invention; FIG 4 is across section of a portion of an integrated circuit
according to a fdws,thereddiameedofortd disleeais fifi: whidh BasPal diefedtfiess
section of a portion of an integrated circuit according to a- fifth

embodi ment df t benstanbwithin adesirablérénge, tise abiligsto beciriade of Highor tion

of an integrated circuit according to a sixth enbodi'nent of the inveéntion;

Description of integrityeatthickmess ihaxdesiehbla rangéj Andddreabiiitydol et hanum

al um num 25 and oxi de provides an excellent high K material. Tt conbines
t he made in a manufacturing process. '
O

Brief Description of the Drawings

10 FIG. 1 is a cross section of a portion of an integrated
circuit according to a first embodiment of the invention;
FIG. 2 is a cross section of a portion of an integrated
Qircuit according to a second embodiment of the invention;
FIG. 3 is a cross section of a portion of an .integrated
15  circuit according to a third embodiment of the invention;
FIG. 4 is a cross section of a portion of an integrated
) circuit according to a fourth embodiment of the invention;
FIG. 5 is a cross section of a portion of an iﬁtegrated
circuit according to afifth embodiment of the invention; and
20 'FIG. 6 is a cross section of a portion of an integrated

circuit according to a sixth embodiment of the invention;

Description of the Invention

A high K dielectric film comprising lanthanum, aluminum
25 and oxide provides an excellent high K material. It combines the
advantages of having a desirable range of dielectric constant,



_ advant ages of having a desirable range of dielectric constant, WO 02/075813 -

PCTI'US01/49159. 51 5 SE P 205 the ability to remain anorphous at high
tenperatures, and provides for |ow |eakage. Shown in FIG 1 is a portion 10
of an integrated circuit having a substrate 12 of sem conductor, materi al,
a diel ectricWpiRmvse33 14 and a conductive film 16. Substrate ptd 385dse

sem conductor region at |least at a surface thereof. The underlying portion,
not shown, can either be also sem conducti®%e material or it-can be S
insul ative material which is typical for SO. Exanples of senm cprBIGRp V05
material include nonocrystal line.. silicon, gallium 10 arsenide, silicon

germani um and ggidrabj Qeth oy _ | jelectric,layer 14.
Above and on di el ectrilgt?}tgyer a@ﬁgl S m%fb®&f?mwmﬁ§lq ctions as
a gate el ectrodeproAdelseiiroWw led@gel4 orerates as a gate insulator or gate-
di el ectric. Suﬁ'gtrate 12, _ag“showrcrJ iere at the area near the surface at

the 15 interface w thShewech FIGS 1 ig ; jstor.
Gate dielectric 14 conprises | ant'hanur%lngmgpe:Bfimﬁﬁ?ht?érﬁgdé@%g nd

conpri si ng | ant Haaving al substrateg sha@Ricoddictorihatéfibl eé‘gg?lgbml phen
on

t he concent rgt [ o1n4ofngl um nam and | anthanum are the sang ric
14 is preferébl yl4@nea candustivg firotec Salisiratd 9w Ka MPRICORIR @
(ALCVD). Ot her nethods that may used include physical aéa%%%‘epow |tE3'F1,
organonet al | i ¢ degiobnaat leashat éepudacedhereofl Wi@@ﬁdb?@@l"lg [ﬁ?ﬂ’i@)ﬁ tI"(ﬁn The
ALCVD approach allows for precise control of the formation of thé [ayer

i ncl udi ng t hi ckrffi@Wnw@iatheithet biesalsasserticonduotive anatéanopiasan He

An?stroms and pr.eferably in the range. .
o A insulativeé material which is typical for SOI.  Examples of
— semiconductive material include monocrystalline silicon, gallium

10 arsenide, silicon germanium, and germanium. Over and on
substrate 12 is dielectric layer 14. Above and on dielectric layer
14 is conductive film 16 which functions as a gate electrode.
Dielectric layer 14 operates as a gate insulator or gate dielectric.
Substrate 12, as shown here at the area near the surface atthe -
15  interface with dielectric film 14, is a channel of a transistor.
Gate dielectric 14 compriées lanthanum aluminate which is
a compound comprising lanthanum, aluminum and oxygen. This
%y ' is written as LaAlO,; when the concentration of alumihum and
lanthanum are the same. Gate dielectric 14 is preferably formed
20  using atomic layer chemical vapor deposition (ALCVD). Other
| methods that may used include physical vapor deposition,
organometallic chemical vapor deposition, and pulsed laser
deposition. The ALCVD approach allows for precise control of
the formation of the layer including thickness, which in this case
25 is not less than about 25 Angstroms and preferably in the range
of 30 to 90 angstroms. Gate conductor 16 in current integrated

circuit technology is typically polysilicon but can be other



~ of 30 to 90 angstrons. Gate conductor 16 in current integrated circuit = - -
technology is typically polysilicon but can be other Wc) 02/075813
PCT/ USOL/ 49159 6 15 SEP 2cO0!i conductors such as tungsten, Ti-nitride,
- tantalumnitride, or any conductor useful as a gate conductor. The gate

di el ectri c vid oherssgs deposited by ALCVD is also useful in gpgHideD@oshat the
filmis deposited in an anorphous 5 condition. Using current ALCVD -
technol ogy, a representative tenperature Gange is 200-400 degrees and the
pressures are between 0.1 and 10 torr with 1.0 torr being a comibh SE8i pgyr
for ALCVDs. The tenperature and pressure are chosen to ensure an h

o ans EOPENBIA AUEH R el T S BAbGBE
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St b5 TER Ot BB BURBORBAT BN YT e
ayer and | STSeUNReRORNGARLING il (<48 Seg i A ofhad on

di fferent pgi nt@ondﬁicmms'ingtdnfném I-cVD mvgﬂg%g%p%sﬁhth there

woul d be al um num t hen oxyge ant hanumth al um num t'hen

oxygen, etc. Themperaturetdrige i 900-400 degfeéé‘ﬁnhggfééwéémbﬁhréhe

oxygen source. Thus in one sense each introduction a materi IS a |layer

of deposition. betweehds andel0 eentwithl .00kt behag s cormmd eHbidayers of

gersition,
f ALCVDs. The temperature and pressure are chosen to ensure
0 an amorphous state for gate dielectric 14. In the ALCVD
10  process the aluminum and the lanthanum and the oxygen
sources are introduced at different portions of a cycle. Each -
material has its own point in the cycle where it is introduced and
deposited, which occurs by result of a reaction with the existing
layer, and then is evacuated, or purged. .Subsequently, other
15 material is introduced, reacted with the existing layer and
removed by purge. Then the third material is introduced and
; reacted and purged. A complete cycle is then all three materials
o but in different points and time in the cycle. It can be viewed
also that there would be aluminum then oxygen, lanthanum then
20 oxygen, aluminum then oxygen, etc. Thus, every other step
would be the introduction of the oxygen source. Thus in one
sense each introduction of a materialis a |
this case, each full cycle constitutes four layers of deposition,
one lanthanum, one aluminum and two oxygen so that it is layer
25 by layer in deposition but the resulting four fayers would be

observable as two metal oxide layers, one of aluminum/oxygen



one | ant hanum one al um num and two oxygen so that it is |ayer” 25 by layer— -
in deposition but the resulting four |ayers would be observable as two
metal oxide |ayers, one of alum num oxygen WO 02/075813 PCT/USQO /49159 7 1
a SEP 2005 an the other as |anthanum oxygen. These two |ayers thus
conprise a si P%@@%Ver of | ant hanum al um nate. This | ant hamgmyedoysemat e
provi des much benefit in the area of optimzing the dielectric coefficient
and | ow | eakage. 5 Some other nmaterials have identifiable deficiencies.

For exanpl e, | anthanum oxide has a dielectric. constant that is ipgrgﬁp 2005
right range but it absorbs water. The absorption of water is very Ve

exampl 0. the abserni 1ag Arehae e RAnToERRC . ThESe a1y as theis
3tnL§gE)Haa: ni ?gregn!o.r%mgﬁrs%ﬁith?&gltée§y%?@tr}?fﬁ@ﬁﬁlﬁﬁwm@&ndmrJr?nkeox: gtzle, for
cxampl . e & probl iVt anhaaunea it basihides fioh BineIANEE °r. °
Ther oy be - SonE 201 Loy B oLEr Aot o AR ARG 0 my

be usabl e butS sumothmeﬁbwhawiﬂbﬁtigiﬁbléw@iﬁféyﬁfa]és;\_Ip }d becone

smal | er, - woul d not be workabl e. Another benefit of |anthandm alum nate is

that the 20 di el 6¥ample;danthanumroxide hasi 2 didleenic eBABtARELRIEH et Ne
y

| ant hanum cont ent,. Thus, an .optim zed dielectric constant nay be able to

be achi eved soneﬂﬂé}té’aﬂgej\buhlt]awadDSZWaEeﬁnThmIBSbﬁ}jti(m efipiteri8ivary ents
Q&K)‘Nb e obtained gg%[irenénq%l to desirable manufacturing of integrated bircuits. For
L) example, the absorption of water by lanthanum oxide results in
10  structural integrity problems. It becomes soft which would make
it unusable in forming an integrated circuit structure. Aluminum
oxide, for example, has a problem of two low of a dielectric
constant. The dielectric constant of aluminum oxide is
somewhat higher than silicon oxide but is not sufficiently more
15  asto make it usable for continuous scaling. So there may be
some solitary process geometry for which aluminum oxide may
be usable but subsequent generations, where the dimensions:

would become smaller, would not be workable.

L

Another benefit of lanthanum aluminate is that the
20" dielectric constant can be varied based upon the extent of the

lanthanum content. Thus, an optimized dielectric constant may
be able to be achieved somewhere hetween 10 and 25. Even —
somewhat greater coefficients can be obtained where the
lanthanum content is even greater than the aluminum content,
25 but this may result in problems associated with water absorption.
The lanthanum aluminate advantageously remains

amorphous even at temperatures up to 1,025 and perhaps even



| ant hanum content is even greater than the alum numcontent, 25 but this
may result in problens associated with water absorption. The | anthanum

al um nat e advant ageously renai ns anorphous even at tenperatures up to

1, 025 and perhaps even CVO 02/075813 ‘PCTI US01/49159 8 1 5 SE P 2005 nore.
1, 025 degr e¥® ®&[813s is a typical highest tenperature for PCUUSEMADISY
processes. Thus, |anthanum alum nate has bgen found to w thstand the

hi ghest tenperature that will be received &uring processing. of an
integrated circuit that is made by many typical 5 processes for'lﬁeSEBstm
advanced geonetries and renmai n anorphous. The desire is for maxi num

processing t enpiRsies, ute925WetjRes OflsiuRYs mi&m@ﬁ@gﬁﬁmpg@%@mr

likely remain fairly high because the activati‘on o opan

source/ drai ns reqigriprodstind PRI Janfalinaltinifite s BedrPfdind

expected to be a requirement for the fores ture.

tenper at ures neio Wiﬂmm@mhigmgw\te?npéﬁa@#é thaft 'Will-ﬁéﬁgécgﬁ/ﬁﬂﬁﬁ O“’

be over 900 degrees Celsius for at |eas qui te sone ) ere 1s.

certainty, howeprocessitg of aniintegrated cineuit taabis ﬁﬂ’d@%ﬂféﬁy wpicagccur

and 1,025 may continue to 15 be a“valid requirenent for Ite so tinme.

Thus, the afdor phracesses faniive ahost agvansed/gdemétiies dndirethain hi gh K

characteristics and high integrity over anticipated tenperature ranges.
Anot her benef i tastonpholgs.afihe destrepissior magimuhe progesking 20 K
dielectric film of anorphous |anthanumalum nate'is that is can be very
ef fective, not tauspesatuias odropsomes bubmaximumterapsratdes @ik of the
'?xﬁ).t?_l ems In ef fI| Céliyvreelr%aiimaltiﬁ;}s tqitgihngecause the activation of dbpants in the
S
) source/drains requires a high temperature and such activation is
10  expected to be a requirement for the foreseeable future.
Maximum temperatures may drop somewhat below 1,025 but
- will still be expected to be over 900 degrees Celsius for at least
quite some time. There is no certainty, however, that significént
lowering of temperatures will occur and 1,025 may continue to
15 be a valid requirement for quite some time.
Thus, the amorphous lanthanum aluminate provides the
desirable high K characteristics and high integrity over
; '__.3‘ o anticipated temperature ranges.
~ Another benefit of being able to deposit the effective high
20 Kdielectric film of amorphous lanthanum aluminate is that is can
be very effective, not just on silicon, but also on gallium
arsenide. One of the problems in effectively implementing
gallium arsenide and its advantage of higher mobility is that the
gate dielectrics used in gallium arsenide are very difficult to
25 match the integrity of those of silicon, which are achieved by
growing silicon oxide at high temperature. ‘Thus, in most

applications silicon has proven to be superior to gallium



gallium arsenide and its advantage of higher nobility is that the gate
dielectrics used in galliumarsenide are very difficult to 25 match the
integrity of those of silicon, which are achieved by grow ng silicon oxide
at- high tenperature. Thus, in nost applications silicon has proven to be
superior to @ala/anssiO 02/ 07-5813 PCL' /US01/ 49159 9 7 5 SEP ¢g@hysdfaani de.
‘Now with an effective high K dielectric depgsited using ALCVD, t%e resul t
is that the gate dielectric can be of high 9integrity whet her deposited
over silicon, galliumarsenide or sone other sem conductor naterﬂaﬁ.SEﬂmngg
result may be that 5 galliumarsenide will becone the preferred choice for

o heP L TEREIROES NOR o D R SR g PR
L ] COSTOROV BRSO Th °
g el et i1 2% Inwaiuhotherdbpsaited (udr tobf, Relfhf alserighlgt, 11 1o

substrate 20 i s soahegsthertserigerdwstor Watdtidl! GThe r?ﬁﬁl'trmﬁytféﬂ‘\ tric
a

22, which may also be referred to as an 15 interfaci ayer; 1s chosen for

i ts desirabl & chgadliumr arsenideawilbbeconsa tise prefétred chyiceefor'fbsexanp! e,
al um num oxi de, silicon oxide or silicon oxynitride. Alum numoxide is a

pticu o1y, goobtegreled oeeubrui oty josienieholnshesshiagicppr = 1
silicon oxide. BEMarkat thadlitdstnow. 22 is present to insure that the
eogibt nation of 1o Ko Gus T, 1S & portion 16 of an isgratad cirout
ﬁ) ' comprising a substrate 20, a barrier dielectric 22, a high K
10 | diele_ctric 24, and a conductor 26.' In this case, high K dielectric
24 is similar or analogous to film 14 of FIG. 1 in that it is
lanthanum aluminate. Conductor 26 is analogous to conductor
16 anfi substrate 20 is analogous to substrate 12 in FIG. 1.
Barrier dielectric 22, which may also be referred to as én |
15 interfaciai layer, is chosen for its desirable characteristics as an
insulator. This may be, for example, aluminum oxide, silicon
' _ oxide or silicon oxynitride. Aluminum oxide is a particularly good
- ) | choice for this case because it has excellent in_sulatih_g
characteristics and has a somewhat higher diel’eétric constant
20 than silicon oxide. Barrier dielectric 22 is present to insure that

the combination of high K dielectric 24 and barrier dielectric 22

current flow. For example, the combination would have a high
band gap and would have a sufficiently high dielectric constant.
25 In particular, this places a high band gap material in direct
contact with the substrate 20 which is the potential source of
electron injection. Another potential use for barrier dielectric 22



_have sufficient insulation characteristics to prevent unwanted current

fl ow. For exanple, the conbination would have a high band gap and woul d
have a sufficiently high dielectric constant. 25 In particular, this places
- a high band gap material in direct contact with the substrate 20 which is

the potentiglo6ass8 of el ectron injection. Another potent E@%&%jpr
barrier dielectric 22 WO 02/075813 PCT/ 1JS0O1/ 49159 10 15 SE MY as

diffusion barrier if the material chosen fpf substrate 20 has a problem
wi th | ant hanum al um nate. Shown in FIG 3 is a portion 28 of an integrated
circuit conprising a substrate 30, a dielectric film32, and a ¢dn&kd gy
conduct or 34 1 SAS SBUSIarL bakian i hesTiseaalchoseriasl sidesrate 20Mas?
substitutes for_diel,ectric. 14 and for the . cqonbination of dielectrics 22
and 24. In thi sao‘égfﬁﬁr@w&'éhjae{ham%m @E"Hlﬂaciﬁ- graded concentration of
30, the material is ST BiSa poriaRiaf A ah inteoratedeiraylt over ds
fhore i a 1 toComMRER aruBSuale Bt ARG RNl in atidid EORGUNOE 1 |
[l m 32 neass | hel PIRGE g0 % Hatdle 3038 HiREB0BLA ol SuBBOREL 0 A, s,
betueen the al urerane GORGUBtE34 18 SnaiBaall Bicondudtis 3 Hd aB & ng™°
Gheen oD £ SoDiSRAITBTIAF SZUBLALAES R doREIREILA Bl §0F, (7L<, oL,
’{) combination of dielectrics 22 and 24. In this case dielectric film
32 has a graded concentration of lanthanum. In the dielectric
10 film 32, near the interface with substrate 30, the material is
essentially purely aluminum oxide. In moving towards conductor
34 the concentration of lanthanum continubﬁsly increases until
there is a 1 to 1 ratio between aluminum and lanthanum in the
dielectric film 32 near the interface and at the interface with
15 conductor 34. The advantage of this approach is that it provides
for the desirable high band gap at immediately next to substrate
30 and avoids any abrupt interfaces between the aluminum
oxide and the lanthanum aluminate. The resulting diélectric
constant can be adjusted as well by controlling the rate at which
20 the concentration is increased, that is the 1 to 1 ratio between
aluminum and lanthanum can be achieved well before the
interface with conductor 34. An alternative is for the grading to
continue past the one to one ratio so that the concentration of-
lanthanum exceeds the concentration of aluminum.
25 In the case of using ALCVD, the initial phases of
deposition would not include lanthanum. The first layer would

simply be aluminum and oxygen and this could continue for a



_alum num and | ant hanum can be achi eved well before the inter lace with
conductor 34. An alternative is for the grading to continue past the one
to one ratio so that.the concentration of |anthanum exceeds the

- concentration of alumnum 25 In the case of using ALCVD, the initial
phases of d¥PP7I8%3%H woul d not include | anthanum The firsecragersosul d
sinply be al um num and oxygen and this coul (i continue for a WO 02/ 075813
PCTI USO / 49159 11 15 SEP desired number ofl ayers and | ant hanum coul d be
substituted for the alum numat an increasing rate until the 1 o 1$€}§tio
between | anthanum and alum numis reached. It may, in fact, be egi bl 305

to obtain a hi i I : | W : sk is
that the quali 19 ;@ %?n?mm%ﬂﬁaﬁggﬁ%w mr}io}r@h%m elc’ggfnl%d for _
excessi ve wher eathd bfumimeri hﬁaﬁfinbhéasmgfhi@ G 1 36! Prafid Batldanum in

provi ding a higher dielectric constant y provide for a situation 1n

whi ch, in fact, fanthanudesndbleminuireicereavifed.altMeiuinttaet wdum num In

whi ch 10 case, nearest the interface to conductor 34°the [anthanum woul d

be greater than désirablertoobtain adtigharcsncentrionofilanfighurh tlsal portion

32 of an integrated circuit conprising a substrate 34, a barrier
dielectric 36, aaluginum. dTheaisk is-tiest the gealityeof thefitmtwould degrade
conductor 42. In this 15 case, the substrate 34 is anal ogous to substrates
12, 20 and 30.  IBtiheilanthanustbecanss excessivewhereas the bemefitg ofihgh K
dielectric 38 i s,gg\réa{'l ogous to high Kdielectrics 14 and 24. Conductor 42
is anal ogous t yneentratiopafladntbanupain previdinga higheodielestric
ba( rier between high K.dielectr i'& 38 and, conduct or_ ) o
_ﬂ,{_) constant may provide for a situation in which, infact, it is
L desirable to have more Ianthanum_ than aluminum. In which
10  case, nearest the interface to conductor 34 the lanthanum would
be greater than the aluminum in concentration.
Shown in FIG. 4 is a portion 32 of an integrated circuit
comprising a substrate 34, a barrier dielectric 36, a high K
dielectric 38, a barrier dielectric 40 and a conductor 42. In this
15 case, the substrate 34 is analogous to substrates 12, 20 and 30.
Barrier dielectric 36 is analogous to barrier 22. High K dielectric
38 is analogous to high K dielectrics 14 and 24. Conductor 42 is
N analogous to conductors 16, 26 and 34. Barrier layer 40
provides a barrier between high K dielectric 38 and conductor
20 42. Barrier 40 is for the case in which conductor 42 has a
compatibility problem with high K dielectric 38. Barrier 40 would
be chosen most likely also among aluminum oxide, silicon oxide,
and silicon oxynitride. The purpose of barrier dielectric 40 would
be to provide a diffusion barrier between conductor 42 and high
25 Kdielectric 38. Of course, it would be desirable for barrier layer
40 to have a high dielectric constant, but its purpose is to

prevent problems between conductor 42 and high K dielectric



20 42. Barrier 40 is for the case in which conductor 42 has a

conpatibility problemw th high Kdielectric 38. Barrier 40 would be
chosen nost |ikely al so anong al um num oxi de, silicon oxide, and silicon
- oxynitride. The purpose of barrier dielectric 40 would be to provide a
di ffusi on b¥Q PEe75BBt ween conductor 42 and high 25 K di el ec;,gjarﬁjsgﬁmg
course, it would be desirable for barrier layer 40 to have a high
dielectric constant, but its purpose is tolZprevent probl ems between .
conductor 42 and hlgh K dielectric WD 02/075813 PCTI USO /49159 12 1186 g¥§> BOR
2009- 38.. A preferred choice is likely to be al um num oxi de because I h%

he nianer, el & e preRAIAEIEN S ERPR B, gfémaﬁﬂﬁﬁf“%ﬁeig%aﬁﬁbéﬁ
di el 48 t t

ngh K diel ecf‘?f%@‘ﬁe‘m%ﬁ‘%ﬁgﬁéﬁﬁ'%é%ﬁé R R PRI DT e 1 1y ' ¢ he
case where conductor Sleowp iR FIGa5'I§93 @Om?elflgg?g?&!}ﬁeﬁgfé&ggbm can al so

come up in situations where 46 and ich are

utilized for steomprisiig aecofiaorss, highKuisldribes ey cel | of a

dynam ¢ random access nenory 'S a st rable for high

K diel ectrics Agonmuctoe 50. hlmthlélc%ls?étﬂhe?a néaamt@yr@ higiphaving the
g

desirabl e characteristics of |ow | eakage.

diel ectric 48 |dlemhansrbe16/®mtwoa¢mdlworrg ar M@éﬁd&ﬁmﬁm‘ih?ﬁe The

concentration of Ilanthanumis maximzed in the mddle re or

nearly pure al GaiSeuwheredonductor4eis atflodting téWO?(BTéﬁﬁ@éhéfgé‘n‘Ft at
Lh@ interface of conductor 50. This provides for the relatively
g can also come up in sutuatlons where 46 and 50 compnse
» | capacitor plates which are utilized for storing charge. One such »
10 example is the memory cell of a dynamic random access
memory. In such a case it is also desirable for high K dielectric
48 to have a high dielectric constant as well as having the
desira_ble characteristics of low leakage..
| Shown in FIG. 5, high K dielectric 48 is lanthanum
15 aluminate having a graded concentration. The concentration of
lanthanum is maximized in the middle whereas pure or nearly
pure aluminum oxide is at the interface with conductor 46 and at
the interface of conductor 50. This provides for the relatively )
high dielectric constant and for high band gap at both the
20  interface with conductor 46 and the interface with conductor 50

so that it is both a high K dielectric and an excellent insulator.
By hBV!ng hlgh K d! ela frlr\ 4 adard thn l-\ rin Tt ef

' ~y [ala¥atal
uuvu, LD ouidilp i iaveco

between insulator types is avoided. Sharp transitions between
material types tend to be places where charge can be trapped.
25 Witha graded concentration the sharp interfaces are avoided.
In the case of a transistor, it is most important to have the high
band gap only next to the substrate because that is where the



hi gh dielectric constant and for high band gap at both the 20 interface

" with conductor 46 and the interface with conductor 50 so that it is both a

high K dielectric and an excellent .insulator. By having high K dielectric
- 4 .g graded, the sharp interfaces between insulator types is avoided. Sharp
transitions B MEeEis813material types tend to be places where pRpLER6R9 be
trapped. 25 Wth a graded concentration the sharp interfaces are avoil ded.
In the case of a transistor, it is nost ir’rpl;3tant to have the high band
gap only next to the substrate because that is where the WD 02/ Oiﬁﬁ

PCT/ USCL/ 49159 13 15 SEP 20J5 <charge is potentially injected wh Fi 2005
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Thj sai sI gan ana: flg%ﬁghﬁsr’ ﬁtgltsu?eeg%b{:éle% w&mug?ﬁra @é]ﬂl% t&%ﬂéﬁ%‘s"et o]

conduct or 46 and withthath@orfdudter SRhpEPESNHACEYEICt or 50 10 and the
conbi nati on of layers 56, 58 and 60 is anal ogousn%wo' high K dielectric 48

in FIG 5. I the casShowRIiGFIG. Giislaepbrion 52/6f an ipfognstedfompg at e both
et

to provide high band gap and as a diffusion barrier en conductors 62
and 54 and hi gh RONAPESHG aicoreiucttnbs, a barrddidielentdt 564 iighllkeyers 56
and 60 may 15 be pecessary both for sufficient insulation qualTty as well
as providing di fielechic 5&’, @ barter diejeckicib8l and = cobductonéet Phis k¢ and
62\ ”f_‘y have diff grneé]t%a orbaorl?scgsterhic%ttjriec %d Fcl)ée. 5‘@ obneductor 54 is analo t
) )( s analogous to
j conductor 46 and conductor 62 is analogous to conductor 50
10 and the combination of layers 56, 58 and 60 is analogous to high
K dielectric 48 in FIG. 5. In the case of FIG. 6, dielectric layers
56 and 60 operate both to provide high band gap and as a
diffusion barrier between conductors 62 and 54 and high K
dielectric 58. Thus, the addition of barrier layers 56 and 60 may
15 be necessary both for sufficient insulation quality as well as
providing diffusion barrier to high K dielectric 58. Conductors 54
and 62 may have different characteristics. One may be
L polysilicon. The other may be a metal in which césé the type of
barrier dielectric may be desirably different. High K dielectric 58
20 comprises lanthanum aluminate having the benefits described
for lanthanum aluminate for film for the structures of FIGs. 1-5.
The likelihood that barriers will be réquired in the case of
two conductors as distinct frbm the formation of a transistor is
increased because it is, in fact, desirable for injection to occur
25  between conductors 2 and 54 in some circumstances. Thus, the
likelihood of needing barriers 56 and 60, or grading as in FIG.5,

so that such injection does not occur when it is undesirable for it



~polysilicon. The other may be a netal in which case the type of barrier ™ -
dielectric may be desirably different. H gh K dielectric 58 20 conpri ses
| ant hanum al um nat e having the benefits described for |anthanum al um nate

- for filmfor the structures of  FIGs. 1-5. The likelihood that harriers

will be reqgwoesoisgis hin Case of two conductors as distinct l;cﬁ%’@ 5)3?1-59
formation of a transistor is increased because it is, in fact, c?e3| rabl e
for injection to occur 25 between conductdds 2 and 54 in sone

ci rcunst ances. Thus, the |ikelihood of needing barriers 56 and 6%, o$
grading as in FIG5, so that such injection does not occur when {9 SEP 2005

more 1 kely to 08 SRR Tl to-bH R Fdatiohanet Stk RBpBERY | hoo
'n the case aner BoRem ikeBRogflot HBedi@RAtBeTs o8 AR tarko, % n-t e
noed barrier | YRAHOEHoRRIEGS0IS BEESterInisobse beradhbfe b eF Y
Tnterface to e oradRioteialdP By iniGich, Ebhih e balE gl st e

erbodi ment 5.t har s OLCCRNGAR Y cadifor, RIS SRERIdETIY Aohbebarrer
be used in conbilagbre %6 had 60.) ITh@%fiﬁﬁunré@sEHf eapHRiords stbei

t.
benefits that are associated with this ent'l on. Cl%er materi al s t—I?éct’n

those mentioned offargeesothdi tHa ifmpaddhtedt havienehigh bamdabg abtise t hat
caq be added to |anthanum aluminate that may provide benefi'ts as well in
}/ Yy interface to the conductor may be more important than even for
a transistor.

10 While the invention has beeh described in various
embodiments, there may be other embodiments and other
materials that may be used in combination that will provide the
benefit or some of the benefits that are associated with this
invention. Other materials than those mentioned may be used.

15 In addition, there may be materials that can be added to
lanthanum aluminate that may provide benefits as well in
addition to those provided by the lanthanum aluminate in the
combinations and the various concentrations that are described.
Accordingly, it is the claims that define the scope of this

20 invention.



. addition to those provided by the |.anthanum aluninate in the conbinations”
and the various concentrations that are described. Accordi ngly, it is the
clal ns that define the .scope of:thiss 20 invention. 15. 9. 2005 Claims: 1. A
sem conduct or structure conpri sing: a seniconductor substrate; a
dielectric layer conprising l'ant hanum al um num and oxygen over the
sem conduct or substrate; an el ectrode | ayer over the dielectric layer; and
an int erfaci al layer between the seniconductor substrate and t hE-YeMBectric
| ayer ;- wherein the interfacial |ayer conprises oxygen and al um num 2.
The sem c&ﬁ%l@ét or structure of claim1 wherein the dielectric layer is
| ant hanum al ym nat.e. 3. The ,sem conductor structure of claim1l wherein the
dielectric layer fsse ’H'HBP‘B‘I’Q%S ructureeongRigiRG nduct or structure of claim 1
wherein the sem conductor substrate is selected froma group consisting of
nonocrystal | i ne sialswﬁondtgmnsuhstrate;em de, silicon on insulator, silicon
germani um and germani um 5. The sem conductor structure of claiml1l, wherein
the el ectrode | ayardielectic igpdrecophprizsin d@@ﬁtha@'UmT%rﬁW%Wa@bn%va%é”e of
claim 1 wherein ogemidahidedtor @ubstigte; di el ectric layer is graded fromzero to
an anmount greater than zero. 7. The seni conductor structure of claim 10,

wher ei n the anbunipiglect ?é rtl‘\é\dleil)’ectr?b E@g} Gpgductor structure
conprising: a first con ve laye

:an interfacial layer between the semiconductor substrate and the dielectric
ayer;

wherein the interfacial layer comprises oxygen and aluminum.

2. The semiconductor structure of claim 1 wherein the dielectric layer is
lanthanum aluminate.

3. The semiconductor structure of claim1 wherein the dielectric layer is
amorphous.
4, The semiconductor structure of claim 1 wherein the semiconductor

substrate is selected from a group consisting of monocrystalline silicon,
gallium arsenide, silicon on insulator, silicon germanium and germanium.

5. The semiconductor structure of claim 1, wherein the electrode layer is a
gate electrode.

‘, 67 T'he semiconductor structure of claim 1 wherein one element of the
o dielectric layer is graded from zero to an amount greater than zero.

7. The semiconductor structure of claim 10, wherein the amount is
stoichiometric.

8. A semiconductor structure comprising:

a first conductive layer;

a dielectric layer comprising lanthanum, aluminum, and oxygen over the
first conductive layer;

a second conductive layer over the dielectric layer;

a first interfacial layer between the first conductive layer and the dielectric
layer; and



_adielectric layer conprising |anthanum alum num and oxygen oveér the-
first conductive |ayer; a second conductive |ayer over the dielectric

| ayer; a-first interfacial lLayer between the first conductive |ayer_.and the

- direl ectric layer; and 16 15.9.2005 " a second interfacial |ayer between the

dielectric layer and the second -conductive |layer; wherein the first

interfacial |ayer conprises oxygen and al um num 9. A sem conductor

device, conprising: a first material selected froma substrat e 1622008 a

sem conductor surface and a conducting |ayer; a second nmaterial, said

second naterial baisagorad interesrciabiyeh besweemthecdibheetric IayéhandtHEadonal

di sposed bet ween ¢¢ndmaw§un@ﬂd second material and conprising | ant hanum

al um num and oxygetreimbeefirssaimtetrfadid]l nalyer i @mprisesacrgehcard; ahmdnan.

fourth naterg al qA%ﬁﬁﬁ&ﬂKRﬁ&ﬂQﬁﬂk&bEoﬁ@ﬁ%@g”ﬁteria' and the first materi al

said fourth material conprising oxygen al um num 110
a first material selected from a substrate having a semiconductor surface
and a conducting layer;

a second material, said second material being a layer which is conductive:

a third material disposed between the first and second material and
gomprising lanthanum, aluminum, and oxygen, wherein said third material
is amorphous; and '
\) a fpur’(h material disposed between the third material and the first material,
N said fourth material comprising oxygen and aluminum.

lb



