WO 02/ 075813 PCT/ US01/ 49159 5 SE P 205 *166166* HI GH K DI ELECTRI C FI LM AND
- METHOD FOR MAKING Field of the Invention This invention relates to devices
used i f and methods for * 5 making integrated circuits, and nore - =
_ particul ar woly9niisgh K dielectrics used in making integr atﬁ?‘%ﬁé(ﬁﬁb‘i‘sbs- _
W I nvention Silicon dioxide has been by _far the nbst conmon
and 10 effecti i nsul ator used in nmaking integrated circuits. This has a
vmmmlm’wmm el of integrity and, in particular, is able to be:ﬁaﬁeSEBvizm]Sa
% u Imct density. The result is that the silicon dioxide operates
very ctively i WK _ _ j THO ' rics,
one o?éf(’[(’%e desi rabﬁgé?ggﬁl%gﬁg?ﬁﬁqig'wgﬁgw C |s[)tjﬁgﬁ:3%|§”gﬁa t he
overlying gate to the underlying channel so that the channel is responsive
to the stinulus applied to the gate. In this regard it is desirable for
that dielectric to have a high diFektof thedavehtioh cormonly known as K.
Currently there is nmuch work being done tn developing 20 high K dielectrics
that have a hi gher dTlhissinventiorprslades tordevicestused inidnd snethods fofrher e
are a nunber of those, but one of the advantages of silicon oxide is its
hi gh band g8p wmakingdntegrated circuits;i agd .move partictitanly de highuKat or. Thus,
many of the materials being _devel oped for high_ K purposes have been found
to have 25 .protﬂil@l@C%m@gtln@aMﬂgmtegﬁée ciicghitSsnough band gap or
because they are difficult to nake with enough integrity to prevent
current | eakage through the dielectric.

Backaround of the Invention
L) | 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 é very 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 dielectrfc 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

S 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
prevent current leakage through the dielectric.
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WO 02/ 075813 PCT/ USO1/ 49159 2 15 SEP 2005 One of the characteristics that
.is desirable for the high K dielectric is that it be armorphous. It nust
“renmai n anor phous for its entire life incl#ding during: manufacturing and

subsequentyp g24kd89 functional operation as part of. the !
“integrated 5 circuit. Many of the high K dielectrics have?’gE?stlg{c/%gﬁ% |y

high K and sufficient integrity at tinme of) deposition, but over subsequent

processing steps and the heating that is associated with t hat,1t gEPth
is crystallizing of these filns. These filns that are so crystalllze e

nave arcas. known as QRE e rearsTislige thalis desicabler G theahigh Kot ur o
probl o ¢ hat - GIPEEHG igtBel i ATRarITRwan dL ST rain TG PB s phous
monooryst a1 nbtS St I iidlugliy WURRid andfetunnGhabt siBsa0RaE hg < he
cem conduct or , AL Buctidns) obrPadhh s PALLSLte GotiRBiel Meomted ocess
that are. mohocPierAF VA oY InGTHIGH 1 Feletifs s Sureb gt Aidh R e
e 15 or ADEF O PeiRya3khe SRASHBSHAE Sul B sBssAua
Lot S, L rodaseintboRis SRUE NSRS e IIN FRCRE
sl ow so that tfgstifieespstllizingContHEiss fiths\'aTRESePim$ that &€ so
) 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 amorphou~s is mbnocrystalline 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 wifh 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 monocrystalline, 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 @ 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



of time, is very |low conpared to conventi ona.lmdeposi ti onV\D 02/075813_
. PCT/US01/ 19159 3 1 5 SEP 2005 processes such as CVD. Thus, nol ecul ar beam
epitaxy (MBE) is generally considered not a nmamhufacturable technol ogy. Even

Wi th using Wekod@sdipol ogy there is still the difficulty of i’,(?,srugdlﬂgl-s,def ect
“free filnms. In order to achieve this, pressures nmust be 5 exirene yﬂow and

the process is very slow. One very thin lager, by thin meaning 10 to 30

angstrons, can easily take 2 hours on an MBE machine. In devel{)ﬁagg n%
high .K dielectrics there is also another potential problem of ' Rg 8
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oxide. In this case, the typical desir e sil'icon oxlide equiva

between 5 and 1anAMBE mashing. with silicon oxide of 5 to 15 angstrons it
has problens with | eakage, reliability and 25 growh rate. Thus, when a

filmis that small thedevedoping new high K dielectrics there is also another
{7y I . . . .
<) 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
\ | 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



diffiéulties I n manufacturing it as well as uéing it.-Thé'desifabfér o
.coupling is to have a dielectric that has the equival ence of the WD
02/ 075813 PCTI US01/ 49159 4 15 SEP.2005 thickness of 5 fo 15 angstrpni of
silicon ox greater actual thickness. The actual mnj thickness
“that is dgﬁg?gﬁ$?§berieved to be desirable is about 25 Agbgiagﬁkhﬂg%hus,
there is a need for a dielectric filmwhigh has a dielectric 5 constant
within a desirable range, the ability to be made of high i ntegqiS)GEFazaﬂs
thickness in a desirable range, and the ability to be nadg LPG? L
manuf act uri ng Qr.ocess. L ef scription of fhe Draw ngs. 1 s a
cross secti og @}'an§§§t&Sﬁgf%@ngé%%@{iSﬁl@pterXﬁQi%&B;ajg@at@' a fi ][st
enbodi nent of the invention; | G IS g Cross section a, portion of an
integrated ci r%ﬁﬁlalar%%k'a?ﬁﬁ- tﬁ‘%a&g@@ﬁﬂ“@%b@i‘ ﬁém ST Haai vent | onéj_ FI tG
3 i ross s i fi.a. portiomn of an integrate 5 cirgcuit according to
a !t?n ?dcenbodiﬁréhp?apgtﬁ'%m P&n?eﬁ!réblﬁ'Q@E%Plﬁr%éﬁ@%fm@asof a portion
of an integrat ci | t.ac [ g f e ' t _of,. .
Cnvent i on: ri o sy $heH i 2EAGEH 18 4 ittt B'il%%ﬁ&éﬁ‘%@eé»eiééﬁﬁ .
circuit aceordi TR [ f L h.Qn; : S
a cross seg:st i %@?*@%ﬁﬁ'@?géﬁﬁgﬂﬁébgﬁ élégeacﬁ"ﬂg)ﬁﬁ b%%ﬁ@%r@q?' sixth
enbodi nent of j ki ETT( ) I B I | Pl
dielectric fi |'E§%ﬂ§(’?§itﬂ§fﬁ”§n gﬁén@%ﬁﬁ?ﬁlﬂéﬁSQSamﬂi)%%c@'t&lrggpges an
excel I ent hi grmﬁq@yﬁ:rq' ﬁianlhfac‘iﬁﬂﬁp;ﬁ@ééé%. advant ages of having a

ie nt,

desirable range o ectric cons
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- | | 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

circuit according to a second embodiment of the invention;
FIG. 3 is a eross 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 ihtegrated
circuit according to a fifth 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,



* Substrate

WD .02/ 075813 PCT/USO01/49159 5 1 5 SE P 2005 the ability to remain
. anor phous at high tenperatures, and provides for |ow | eakage:” Shown in FIG
1is a portion 10 of an irtegrated circuit having a substrate 12 of
sem conduc},m g5 al, a dielectric film 5 14 and a conductive fil m 16.

2 PRE 3B eni conduct or region at |east at a surfd&dYNMEGP. The
underlying portion, not shown, can eithergbe also sem conductive nmateri.al

or it can be insulative nmaterial which is typical for SO. Exa f
sem conductive material include nonocrystal line.. silicon, gal HF%%&%ZUM
arsenide, sili gﬁn ermani um and gernmani um Over and on substrate 12 is
dielectric | aydhe1@bilify dQ semainaamarpheatis-at higlyéemperatsrespand: i ve fil m
16 which functigns.as ? Pge el ectrode. Dielectric |ayer 14 operates as a .
gate i nsul ator prvb‘i?% arigwdeakage.substrate 12, as shown here at the area
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abolt 25 Angst Shum Gah IMACRR, %Y SelridahguetsB hatenel ot o geftins “Gar e
C?f%iuctor 16 | Inswiative! ndterial iseh 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 at the
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
) is written as LaAIO, when the concentration of aluminum 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 s 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



" filmis d

circuit technology is typically polysilicon but can be other W 02/ 075813

. PCT/US01/ 19159 6 1 5 SE P 2005 conductors such as tungsten, Ti-nitride,

tiantalum nitride, or any conductor useful as a gate conductor. The gate

dielectri %4 bei ng deposited by ALCVD is also wuseful in ensuring that the
g% %35 n an anor phous 5 condition. Using cur r diftT voRid )

technol ogy, a representative tenperaturegrange is 200-400 degrees and the

pressures are between 0.1 and 10 torr with 1.0 torr being a cow@gﬁpiﬁlﬁq

for ALCVDs. The tenperature and pressure are chosen to ensure an .

anor phous state for gate dielectric 14. In the ALCVD 10 process the

al um num and tqmdmﬁ%fsrﬁmlam tungsteyy di-nitride ctantalum nitridey escaay

different portions of a cycle. Each material has its own point in the

cycl e where i €CQRAUGKATJdSRY asha gatepeendugtomni ch occurs by result of a

Subsequent 1y, ot hert 116 GalBecliel§ciric T bong-daposiieet By ALCYRRS A80st i ng
Fenct ed and' polRedl i efisiiliia INal e i s daPasfiethinea’ AmarpaoYS but i n
o5 50 BT, U BTV o, Rl ™
oS5 sous o CHRERTRE LR E20 00 G Al RISSHLER B -,
o deposi t 1 on Dothfien St Al 0 BRE wit ol tirt Yo ERNIORmCS tor' TL°"°
layer 25 by | MsEVDs M8 tbhefitlnt Mnd PrES5URY dr8Ehb8¥AtD RS Pe

L) 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
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 material is a layer of deposition. In
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 layers would be
observable as two metal oxide layers, one of aluminum/oxygen



observabl e as two netal oxide |ayers, one of alum num oxygen WO 02/ 075813

. PCT/USO01/ 19159 7 15 SEP 2005 and the other as |anthanum oxygen. These two
l.ayers thus conprise a single | ayer of |anthanum al um nate. This | ant hanum
al um nat e pwowzdessisruch benefit in the area of optim zing W& ?t ric
- coefficient and | ow | eakage. 5 Some other materials have iden 12bY e
deficiencies. For exanple, |anthanum oxide7has a dielectric. const ant t hat

is in the- right range but it absorbs water. The absorption of tirsdlos
very detrinmental to desirable manufacturing of integrated circuitt or005

exanpl e, the absogjf)‘j;| on of water by |anthanum oxide results in 10

structural integh Q)QHE?@&S Ianth&laum{exygent These two layersdhus t

unusable in form aﬂ?an | nter%iat ed circuit structure. Al um num oxide, for
exanpl e, has a $PBHIESS & St el'@M,e!SiOf apthanwy akimingies ant . The diel ectric

constant of al um nu X1 what hi gher an siJicon oxjde but is
not sufficiently m)p:\g F qnf"'\%ﬁ r@ViéﬁSéBH@thQﬂL@ fikikutheg. So

E'Qetﬂliag?é Eﬁlt dZ ?L?'edétf’rblziﬁba‘)ﬁ 259#&@?11?%@ Ew‘g”i" aklé“géx'bﬁﬁoﬁy
fﬂit h? he 205 d %ﬁb&???tt*‘éi%ﬂ@%ﬂ@é”ﬁé{?%adégﬁ‘?abi%" SHIgTeRORS hEO "E%E{“eﬂf‘lt of the
b‘é“%fcﬁ.“2%3°22%&%@%§@“£@?@®%@%@5§ & EleteEyTg ipRtont T Knthe: *°
Chan t he al ot nShrern ag B R pE a@é@”ﬁf@%ﬂ#&@%@m@ S8R oo
W th water absaetrirA@ntal to desirable manufacturing of integrated circuits. For
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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.
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 between 10 and 25. Even —
somewhat greater coefficients can be bbtained 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



The | ant hanum al um nat e advant ageously remai ns anor phous even at

. tenperatures up to 1,025 and perhaps even WO 02/ 075813 PCTI USOL/ 49159 8 15
SE P 2005 nore. 1,025 degrees Celsius is a typical highest tenperature for-
current pyasesERs:s Thus, |anthanum aluminate has been founggsihbfet and

" the highest tenperature that will be received during processing oOf an
Integrated circuit that is nade by many t§pical 5 processes for the nost
advanced geonetries and remai n anor phous. The desire is for maximnPEp 2005
processing tenperatures to drop sonme, but maxi numtenperatures wl :
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dielectric fi bmeinRERSPPHE dégg%?gtf ?‘I‘WQWPE;@#?&Q?@ s can be very

k
effective, not jUS[t) on silicon, al'so on g i de. One of the

problems 1n etérenalires 18ldRsonts, b M Rmpatafidowatyan aoe of

hi gher nobility I's that the ectrics used 1n‘ga um ar seni de are
very difficultikely remain fairly high because the activation of dopants in the

)

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
) ' 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



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 gallium W) 02/075813 PCT/ US01/ 49159 9 15 SEP 205
arsenide. Now with an effective high K dielectric deposited using ALCVD,
“the result Y& %431 ne gate dielectric can be of high inteBETU§OMRESher -
deposited over silicon, gallium arsenide o sone ot her sem conduct or

material. The result may be that 5 galliumarsenide will becone t1h5 P :
preferred choice for nost integrated circuits and not be just a 'ni c%% i%ﬂﬂS
t-he sem conductor narket that it is now Shown in FIG 2 is a portion 18
of an integr at earsenicle.t Nawmith ameffestivethigheKadielectsio deposities ectri ¢

22, a high K 10 dj el %ﬁﬂé{*’ 24, and a_conductor 26. In this case, high K
dielectric 24 U§ING rthenrgassiibissthat the gate: dieleotac can be: ebhigh i s

| ant hanum al um nat e.. Condugtor ,26 i s gnal ogoys to conductor 16 and
substrate 20 isl ﬁQF'&écY{’}%e rﬁ@@@%@é aver siicenggalliumsarserideipel ectri ¢
"ts dosirabl e chame OLpRLRICabdTof Radierial: - The Losuli THaY bethakampl e,
O A e A oS RS OB T
T oot RO OIS A o RS R S5 o RSP
curticrent i nsul SRS BN IR HOG T 2 o pr event unwant ed  ourrent f1ow
For exanple, the conBhgdin i FIEH'Zid'aSortidH 98 of an integrated circuit
QJ . comprising a substrate 20, a barrier dielectric 22, a high K
10 _ dieleptric 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 and substrate 20 is analogous to substrate 12 in FIG. 1.
Barrié_r dielectric 22, which may also be referred to asan
15 interfacial 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
J | choice for this case because it has excellent insulating
characteristics and has a somewhat higher dielectric constant
- 20 than silicon oxide. Barrier dielectric 22 is present to insure that
the combination of high K dielectric 24 a.nd barrier dielectric 22
have sufficient insulation characteristics to prevent unwanted
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



band gap and woul d have a sufficiently high dielectric constant. 25 In
this places a high band gap material in direct contact with

. particular,

the substrate 20 which is the potential source:of electron injection.

Anot her potenti al
10 15 SEP WOW®%073843 as diffusion barrier if the material ch8SEASPU#9159
substrate 20 has a problemw th Ianthanﬁgufluninate. Shown in FIG 3 is a

portion 28 of an integrated circuit

use for barrier dielectric 22 WO 02/075813 PCTI USO / 49159

sing a substrate 30, a

dielectric film32, and a conductor 5 34. In this case substrayef ngpﬁﬂwt
anal ogous to substrates 20 and 12 and conductor 34 is anal ogous to

conduct ors 26 jgns \diffusiehdsarrier K thamatersbohbsehdorisubsirate @0 hasl4 and

for the

conbi nation of dielectrics 22 and

In this case dielectric film

32 has a gradeg problem with [anthhﬂmntéﬂ@mmaten the dielectric 10 film 32,
near the interface with substrate 30, the material is essentially purely

al um num oxi de.

| n $hown in F#G.dB3 is anpoptiom 2836f aheintegratad eircuit of

| ant hanum conti nuously increases until there is a 1 to 1 ratio between

al um num and Icompaising a substratiec86¢ ar dieléctrio filtn 82yrandea congtuctor and at
the interface with 15 conductor 34. The advantage of this approach is that
it provide§ 3} tndhiscasesubstrgie B0 is analegousitedsubstrates20 and

30 and avoi ds, any abrupt interfaces between the al um num oxide

substrate

and-t he | ant hdrbiand geneducior fitkis analegeys dogerduciorsc2d anati&an be

adj usted as

i ncr eased,
achi eved wel |l bef

for
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the gradi @M
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15

20

25

¢h 20 the concentration is
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t%'ﬁlgcmﬁe?i 52§Lﬁa‘§tit§té§§f$é§#ele§twmmwnm hanum can be

&ma 18?10 die eraI: rcs 2an Oﬂj ”?n%|s3éasé”d%|é8 rna% v

32 has a graded concentration of lanthanum. In the dielectric

film 32, near the interface with substrate 30, the material is

essentially purely aluminum oxide. In moving towards conductor
34 the concentration of lanthanum continuously 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

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 dielectric

constant can be adjusted as well by controlling the rate at which

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.

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



continue past the one to one ratio so that the concentration of |anthanum-:
. exceeds the concentration of alum num 25 In the case of - using ALCVD, the
initial phases of deposition would not include |anthanum The first |ayer

woul d  si m num and oxygen and this could continue_for a WO
- 02/ 075813%/"%@753559159 11 15 SEP 2005 desired number of TGEYEYRHLRY
| ant hanum coul d be substituted for the alynqinumat an increasing rate until
the 1 to 1 ratio between |anthanumand alum numis reached. It may, in

fact, be desirable to obtain a higher concentration. of |ant hanli 3@@“2@05

aluminum The risk is that the quality of the filmwould degrade if the
| ant hanum beCar‘dﬁ%‘i@@é&lﬂW@%@fr eversrndéapthanumicould bei tituted for

orovi de for a SNEAMIBIR ahaBrnCeasac rate Unt theditosbiraticoaBYSoRor 6
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desirable to have more lanthanum 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
L analogous to conductors 16, 26 and 34. Barrier layér 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 oiide,
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



be chosen nost likely al so anong al um num oxi de, silicon oxide, and
.silicon oxynitride. The purpose of barrier dielectric 40 would be to
provide a diffusion barrier between conductor 42 and high 25 K dielectric
38. O COULSE L uld be desirable for barrier layer 40 to have a high
~dielectri (L:l{vz)oﬂr%éo ’sﬂ\t‘\f) but its purpose is to prevent probl eRSTHSPHEUR
conductor 42 and high K dielectric WO 02/945813 PCTI USO /49159 12 5 SEP 210
38. A preferred choice is likely to be alum num oxi de because it ‘{]SS E‘Pe L
hi gher dielectric constant than silicon oxide. Shown in FIG 5 isl § t 2005
44 of an integrated circuit conprising a conductor 46, a high Kdielectric -
48 and a .5 conducOdpreferradhchnice islikely tebepaluminimi oyids %emausegﬂ K
dielectric. is,betweep, two cpriduc'gors. This arises primarily in the case
where conduct ohageihes highendielagtriaeenstantthan sificomogédelt  can al so cone

up in situations where 46 .a O_conprise capacitor plates which are
utilized for stori ngf‘m&ng@ﬂg é%a]pomoa%ﬁﬁgf@n integratedwirguibl | of a

:KVS?Z‘L Ef{ ?PS°mﬁ%ﬁﬁﬁém”ﬁgcw@@@al@t‘%ﬂa%iéﬁgg lettriEA8and s having the
' | SLi .S Ln FI.G, 5 .high K
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i ol eotri - corcrSamne Harhoinl dh i 8oaingdlare ' Sotird Endsag: I
CS[‘\dUCt or 46 agdn'dI8o bifid Apin'Sit iSRS Yhafe A and 50 comprise
L) | 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

desirgble 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 rélatively
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 én excellent insulator.
By having high K dielectric 48 graded, the sharp interfaces
between insulator types is avoided. Sharp transitions between
material types tend to be places where charge can be trapped.

25 With a 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
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that is where the WO 02/075813 PCT/ US01/ 4 9 13 1 5 SEP 201)5 charge is

potentially injected whereas in the case of portion 44 charge chrb ISEP 2095

i-nj ected fromeither gonductor 50 or conductor 46. Thus, it is_desirable

to have high ba®agge Ispatestialy dnjected whereasin thercase @f portiow44

conductor 46. 5 Shown in EIG .6 is portion 52 of an integrated circuit

conprising a cordarge caubednipgtedtrom gittarcandisctos 50 ¢ gonduetasct ri c
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necessary bot h Q@ﬁjsrb 'ﬁgﬁgﬁﬁq"ﬁgﬁ;ﬁ%b&%ﬁ ?@g@ﬁ@ﬁﬂé?ﬁgﬁgl di ng
difrerent chararekeul 98, & SumaChicieeR: o0 e SoRddbtor B2 IhigE "
gﬁi alin %nghaﬁ%g]égpgwrggtu@fd FIG. 9. eCridictor®a RS aftiogabsto
_) 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
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. 195.
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



20 conprises | anthanum al um nate having the benefits described for
- lanthanum alum nate for filmfor the structures of FIGs. 1-5. The
| i kel i hood that barriers will: be required in the case of two conductors as

_distinct fromthe formation of a transistor is increased because it is, in
“fact, desi MbPEPYP injection to occur 25 between conduct orRETAUSHHYIER | n

some circunstances. Thus, the |ikelihoodygf needing barriers 56 and 60, or
grading as in FIG 5, so that such injecfion does not occur when it is
undesirable for it WD 02/075813 PCT/ USOL/ 49159 14 .15 SE P 2CVb'1 §oSERcpggs
is nmore likely to be a situation that actually happens. Thus, the

l'i kel i hood of t@e@afiawy isanarerlikely tarkie @situationdhajractuallyshappens.Fl G 5,

is greater in the case where there is a storage of charge by injection.
Al'so, in the cddwstheslikelihgod qfuneeding batgjess 56 aapb68mr,thet is still
nore likely to need barrier |ayers 56 and 60. The primary purpose of a
capacitor is sgéading shewndnfJG.na; is geeaterdnithecease wheradhergHswind gap
t the interfagce to the conductar, be re.inportant than even for a
transistor. 10SVHage OhehaTaebY dniartionedisael Hesase WaeTeds

oo osen T % onbERLTBRRRS & o BRI e tenon R Ghotlpatiigh ™
benefits that sSsQcCi Wi thi.s invention. .Qher mater.ials than
Chose ment i onelieig 58 ariB0. 1 5T lithary Biifas of A.68habiar s SiPring,a
can be added t t M, _nat at Dr ovi fits 1 1n
addition to t hgg‘é@éﬁﬁg@ @%%ﬁ@%ﬁém:ﬁ%w&ﬂ ﬁ@ib%i{&g@b @ﬂmé\ﬁat I ons
and the vari ougeRfe'té thée Yndiietortndy 68 3Hot&Important than even for

<) a transistor. )
10 While the invention has been 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.



Accordingly, it is the clains that define the scope of this 20.-invention.
-:15..9.2005 dainms: 1. A sem conductor structure conprising:.. .a. - _
.sem conduct or ‘substratie; a.di‘eteciric |ayer“conprisiing |anthanim: al um num.
and oxygen over the sem conductor substrate; an el ectrode |ayer over the
dielectric layer; and an interfacial |ayer between the sem conductor
substrate and the dielectric |layer; wherein the interfacial |ay/®s0s

conpri ses oxygen and alum num 2. The sem conductor structure of claiml
wherein gphe,dielectric layer is |anthanum alum nate. 3. The sem conduct or
structure of claim1 wherein the dielectric layer is anorphous. 4. The

sem conduct-pr stAgg%&dpjct&lqu&dr?%ﬁﬁ}%he sem conductor substrate is

selected froma group consisting o talline silicon, galli umh
arsenide, silico - I r i) i con germani um and germani um 5. The
sem conduct or st%]ﬁ%'?]b‘#og'%gp%&%gpﬁﬁi{e’V\,her ein the electrode layer is a gate
el ectrode. 6. The sem copductor structure of claim1l wherein one el enent of
the dielectric? in‘?cnl"% ayengemprisiig lapthanum, ARy oh@angreygen aveaiheer o.
7. The seni condRarBicondyeier sulestistec| ai m 10, wherein the amount is
stoichionetric. 8. A sem conductor structure conprising: a first
conduct i ve | ayeran elegirotiedaydrovieathe dietedtric liyeg dnant hanum al um num and
oxygen over the first conductive |ayer;
an interfacial layer between the semiconductor substrate and the dielectric
layer;

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.

6. The semiconductor structure of claim 1 wherein one element of the
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



a second conductive | ayer over the dielectric layer; a first interfacial

| ayer between the first conductive l'ayer.and the dielectric Iayer- and 15
15.9.2005 ' a second interfacial Iayer ‘between the dieleétric layer and the
., second conductive |layer; 9. A seni conduct or devi ce, conprising: a first
material selected froma substrate having a sem conductor surface and a
conducting | ayer; a second material, said second material bei nggpdogyer
which is conductive; a third material disposed between the first and

a0 thi Tl mot erd S ot P BB Ind R oy BEEn O SR C1
the third mterléé)l%dgﬁg&%%g fl rst material, said fourth material conprising

oxygen and al umKlum 2110 . .
9. semiconductor device, comprising:

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
comprising lanthanum, aluminum, and oxygen, wherein said third material

is amorphous; and

. -»,} a fourth material disposed between the third material and the first material,
: said fourth material comprising oxygen and aluminum.

lb



