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STRUCTURE Field of Invention The present invention relates in general to
a nmethod for fabricating a 10 sem conductor structure including a buffer
| ayer between a silicon substrate and netal oxides, and nore particularly
to a nethod for fabricating a senlconductpr structure |nclud| g
| ayer and a high dielectric constant oxide fornmed using actlv oxy en to
reduce | eakage current density. 15 Background of the Inventlon EpltaX|aI
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i n nunerous device applications, e.g., ferroelectrics or high dlelectrlc

const ant oxides 20 for i next generation
MOS devices. Also, in tﬁ@%ﬁg%gpg@ﬂ %%ﬁ@?ﬁﬁﬁﬂ%% pivotal to
establish an ordered transition |ayer or buffer layer on the Si surface,
especially for subsequent growh of single crystal oxides, e.g.,
perovskites. Sone r h of these oxides, such as Ba0O and

on Si (100) 25 wer wm&m\\@\%aﬁ 2 (cubic) tenplate by demﬂlﬂmuﬂww&ﬁwﬁ
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al ., Appl. Phys. Lett. 63(20), pp. 2818- 2820 (15 Novermber 1993): R MHKee

et al., Mat. Res. tra Proc., Val | 31-13 19
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DEPGCSI TI NG AN OXI DE
10 semiconductor structure including a buffer layer between a silicon substrate and metal

oxides, and more particularly to a method for fabricating a semiconductor structure
including a buffer layer and a high dielectric constant oxide formed using activated

oxygen to reduce leakage current density.

15

Backeround of the Invention

Epitaxial growth of single crystal oxide thin films on silicon is of great interest

in numerous device applications, e.g., ferroelectrics or high dielectric constant oxides

20 for non-volatile high density memory and next generation MOS devices. Also, in the
preparation of these films, it is pivotal to establish an ordered transition layer or buffer
layer on the Si surface, especially for subsequent growth of single crystal oxides, e.g.,

perovskites.

Some reported growth of these oxides, such as BaO and BaTiO3 on Si (100)

25 were based on a BaSiy (cubic) template by depositing one fourth monolayer of Ba on Si



A

_EPI TAXI ALLY ONTO A SI LI CON SUBSTRATE AND STRUCTURES PREPARED W TH THE
PROCESS"; and U. S. Patent No. 5,482,003, issued January 9, 1996, entitled
"PROCESS FOR DEPGCSI TI NG EPI TAXI AL ALKALI NE EARTH OXI DE ONTO A SUBSTRATE AND
STRUCTURES PREPARED W TH THE PROCESS". 10 A strontiumsilicide (SrSi?2)
interface nodel with a c(4x2) structure S proposed. See for 1 R
McKee et al., Phys. Rev. Lett. 81(14), 3\(,)?4 (5 Cctober 1998) .13%%}?&802
atom c |level simulation of this proposed structure indicates that it Iikely

t stabl AL O . d 0
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Tanbo et al . .. Phys. ol 8) , - AP, AAS4 4459 wgver,
the Sro0 bufff‘é‘ra“@i]ﬁreﬁ]- %gggﬁ A ke A(SPP?td%t‘ l;e” ts(ﬁb% Bér 7&#%"'&3 E‘,%*FB “f or
transistor filnms, and crystallinity was not nmintained throughout t he
growth. Fur tMeKab el 871 By deetp BHA0 N mowRS G280 15 dfovambenyl 90k MeKer

| ayers (60 20 120 ~) of SrO or TiO See for exanple: B. K. Moon et al.

Jpn. J. Applet 8#NyMar R@| Sod3S¥ki9Bjoc., Wol. P47 ppl431-13Th@8@1)t .S K Phrghf Nro

| ayers would Iimt the application for transistors. 3 13 March 2002 In

CMS appl 5cag besigsy, tl&%@@ Jh%&p@slgéﬁ Qﬁﬂtﬂﬁ “PROFESPFOR BEPOFTRG YN TIKIDE

nol ecul ar oxygen and are rmed thin (less than 50~). Accordingly, a result

oxygen det | cHEAIRE O %@‘f&éhfﬁ@ﬁ%@%@siﬁﬁﬁﬁﬁ%Bﬁﬁ@@%&st

growth anneal in oxygen to reduce 5 |eakage current density across the

oxi de | ayer . WFRBr EHsr BROCERS hend fBS. Patent N i hdB8%008, ghsugielanvaryi $ %8st ant
oxi de on a sem conductor structure having | ow | eakage current density is
desired. It dmitlad fPROCESS FORM®ERGHENG PRITAXIN. AGKXIOWEIEARTH aDXEIH0d
of fabricating a high dielectric constant oxide on a sem conduct or

structure hagNimg) hoYUBSREAGE &WD STRUCTURES PREPARED WITH THE PROCESS”.

10 A strontium silicide (SrSip) interface model with a c(4x2) structure was proposed. See

for example: R. McKee et al., Phys. Rev. Lett. 81(14), 3014 (5 October 1998).
However, atomic level simulation of this proposed structure indicates that it likely is

not stable at elevated temperatures.

Growth of SrTiO3 on silicon (100) using an SrO buffer layer has been

15 accomplished. See for example: T. Tambo et al., Jpn. J. Appl. Phys., Vol, 37 (1998),
pp. 4454-4459. However, the SrO buffer layer was thick (100 A), thereby limiting
application for transistor films, and crystallinity was not maintained throughout the

growth.

Furthermore, StTiO3 has been grown on silicon using thick oxide layers (60-

20 120 A) of SrO or TiO. See for example: B. K. Moon et al., Jpn. J. Appl. Phys., Vol. 33
(1994), pp. 1472-1477. These thick buffer layers would limit the application for

transistors.



.10 density. It is a further purpose of the present invention to provide for
a nethod of fabricating a high dielectric constant oxide on a sem conductor
structure in which the gate dielectric | eakage current density is near
zero. It is another purpose of the present invention to provide for a

nmet hod of 15 fabricating a high dielectri g constant oxi de on B March 2002
sem conductor structure using activated of atom c oxygen, thus Fedquci ng

| eakage current density. Sumrmary of the Invention 20 The above probl ens and

others are at |eagf @wps %Eél}’caﬁ%é{ el dydelCofRRYER @t}{eﬁo%f‘es faBKtaRldNgEiRg ar €

realized in a nethod of fabricating a sem conductor ructure 1 ncluding the

steps of providing a silicon substrate havin urface,. formng.an.the
surface of ¢ Metechfhr Bafach e s ORY LSO AfEing L T PR dal e
material formed = 4 13 March 2002 using nol ecul ar oxygen and form ng one or
nore | ayers Bimsimwdichdhighedeqtiieal deakagant exparigacashdychio piygear dafigieagies $r ng
activated oxygen. 5 Brief Description of the Draw ngs Referring to the
drawi ngs: FIl Gacaiicied.| Heithictinese, 3hese Gidias seire angdst gfosxh @hneal ¢n @Rypen to reduce
sem conductor substrate 10 having a native oxide |ayer and an oxi de | ayer

formed ther eg:@kggg c%ﬁ%ﬁ’tr&ﬂﬁ%ead%gsﬁhé&ﬁd@faﬁé‘?m invention; FIG 2 illustrates
a cross-sectional view of t'he sem conductfor structure having a seed | ayer

formed thereon inaccprdance w t resent invention; Fl 3 is a
cros-sect | onal | IBGERRE: anelind doh daRRRE H,oieh AR constip i 3 45
showi ng a buffer layer fornmed thereon in accordance with the present

i nvention; Feemicandugtos sipeiurs-haxingilow dgakegeyrint density isdeseiuct or substrate
of FIG 3 further showing a high dielectric constant oxide |ayer and netal
contacts for mneasltris agukmak af ¢he present invention to provide for a method of fabricating a

high dielectric constant oxide on a semiconductor structure having low leakage current
10  density.

It is a further purpose of the present invention to provide for a method of
fabricating a high dielectric constant oxide on a semiconductor structure in which the
gate dielectric leakage current density is near zero.

It is another purpose of the present invention to provide for a method of

15 fabricating a high dielectric constant oxide on a semiconductor structure using activated

or atomic oxygen, thus reducing leakage current density.

Summary of the Invention

20
The above problems and others are at least partially solved and the above

purposes and others are realized in a method of fabricating a semiconductor structure
including the steps of providing a silicon substrate having a surface, forming on the

surface of the silicon substrate a buffer layer comprising a crystalline material formed



current density across the structure in accordance with the present
i-nvention; and FIG 5 illustrates graphically the reduction of |eakage
current density across the 20 structure of FIG 4 in accordance with the
present invention. 5 13 March 2002 Detail ed Description of the Preferred
Enmbodi ment Thi s disclosure teaches a nethpd of fabricating aﬁilﬁtﬂ]rchzoo
dielectric constant (high k) netal oxide having an interface W a Sl%i con
substrate. The process is based on the 5 fabrication of a high dielectric
constant oxi gen wcu%'dxygem&@m@& Q¥ PR Mayéi® RYhikh AblediHE cHIRMHESS
includes the fabrication Of a buffer Tayer as an“interfacCe for subsequent
grow h of thgx.gi ghtdeibelf eciari C,Sons i"\iznttd%Xi d% | ayer using nol ecul ar oxygen.
Accordi ngly, are ?o}%edl LTSV ET oS of(y%er ow ng perovskite oxides such as
SrTi 03, BaTi 03, SrBaTi 03, CaTi03, or the like utilizing activated oxygen.
10 To formthe novel interface between a silicon (Si) substrate and one or
nore |ayers of a high dielectric constant (high-k) netal oxide(s), various
approaches may be used. Included are exanples for starting with a Si
substrate having silicon dioxide (Si02) on the surface. The silicon dioxide
is discloged as forned of a naphgmggéfdggonthhgtjjrgy'g,g{gglg thermal, or chem cal
techni ques. Si02 is anorphous Tather than single crystalline which is
desirabl e for purposes of growi ng additional single crystal naterial on the
substrate. \',I:#I‘F%I ng now 1[3,% the drawings in which like elenents are

desi gnat ed g Lo e, RISt hr oughout the FIGs., FIG 1 illustrates a Si
substrate 10 having a surface 12, and an optional |ayer 14 of Si02

t hereupon. In this particular enbodi nent, |ayer 14 of 20 Si02 naturally

exi sts (native oxFﬁg) 1 dHesbratasea sraspeesiionglyicvapk a1¢ieans sepisoa@istarosubptrate
(oxygen). Alternatively, layer 14 of Si02 may be fornmed purposely in a
control | €80 h&idgdaMatied02idO2ayer and an oxide layer formed thereon in accordance with the

present invention;

FIG. 2 illustrates a cross-sectional view of the semiconductor structure having a
seed layer formed thereon in accordance with the present invention;

FIG. 3 is a cross-sectional view of the semiconductor substrate of FIG. 2 further

15 showing a buffer layer formed thereon in accordance with the present invention;

FIG. 4 is a cross-sectional view of the semiconductor substrate of FIG. 3 further
showing a high dielectric constant oxide layer and metal contacts for measuring leakage
current density across the structure in accordance with the present invention; and

FIG. 5 illustrates graphically the reduction of leakage current density across the

20 structure of FIG. 4 in accordance with the present invention.



fashion well known in the art, e.g., thermally by applying oxygen onto the
"surface 12 at a high tenperature, or chenmically using a standard cheni cal
etch process. In an alternative enbodi nent, |layer 14 of Si02 is renoved
utilizing thermal desorption of the native oxide, or the like. In this
‘particul ar enbodi ment, layer 14 is formed with a 5 thickness;i of
5-100 thick, and nore particularly with gjthi ckness in a rané%?\%ﬁcﬁgﬁ%x
Next, a thin (e.g few nono-|layers) seed layer 18 (as illustrated in FIG 2)
of a silicate nature or b s for 1S4 ' e process of

metal reaction with the S Jed esd tlt)ﬁom'm‘gf_egg%%&—ﬂ&a . BaO or the I|ike,
to the surface 15 of Si02 |ayer 14 10 at 0-900C and under oxygen parti al
pressure equal to _or less than 1 x 10 4 nBar. This can_bhe acconplished in a
mol ecul ar beam epiiiaidiscloppiraches a mathad of Ehricating a pigh diddpder constant V8- or a
physi cal vapor deposition (PVD) chanber under inert anbient conditions. To
fabri cat e sdodndtalyaxideliByving dsinteaface $ithiassilironpabstyatd eBheproacsd isbdsed patle 10
15 having Si 02 |ayer 14 thereon is exposed to a beam of netal, such as
stronti ung ( Sabricaliah idfm (B diefrtrd tohs{aatloxidel TagaNutidg ativaiaf Bkyen( Hn) , or
the like to react wwth the Si02 layer, or to a nmetal oxide conpound such as

SrO, BaO or N [ LiZl I 0 | i de
6 ont ot he ‘LGS, St Bl rRRdED o tothlcaRiY BFR bOIRCIAh T ADRRRGNS 67, U
step provides for the for ion of a stable silicate on siligcon substrate

10. The nextSUE%eaBentsgr?w@* PGt qepﬂhntkow% ¥er) w&me&w ABYEERUI ar
oxygen only, this layer is of lowresistivity but will serve as a barrier

| ayer thus |Af0.td; t i f i . W 1€

ot ng- e Conily, ASIGER s hRRE B o MR TR S AE SIS,
the thickness of netal oxide |layer 16 buffer layer is 5 100k with a

preferred thi ess_in. the range of 15-50~, Thi,s oxide |layer is
crystalli ne.rﬂqclkﬁgﬁ’rr?r aﬂ‘qé?vi 13, & eiEHizIng acHVRtRd 8XY8eBn of a buffer |ayer
bet ween the seed

on

10 To form the novel interface between a silicon (Si) substrate and one or more
layers of a high dielectric constant (high-k) metal oxide(s), various approaches may be

used. Included are examples for starting with a Si substrate having silicon dioxide

(SiO2) on the surface. The silicon dioxide is disclosed as formed of a native oxide, or

utilizing thermal, or chemical techniques. SiOp is amorphous rather than single

15 crystalline which is desirable for purposes of growing additional single crystal material
on the substrate.
Turning now to the drawings in which like elements are designated with like

numbers throughout the FIGs., FIG. 1 illustrates a Si substrate 10 having a surface 12,

and an optional layer 14 of SiO7 thereupon. In this particular embodiment, layer 14 of

20 SiOp naturally exists (native oxide) once the silicon substrate 10 is exposed to air

(oxygen). Alternatively, layer 14 of SiO2 may be formed purposely in a controlled



| ayer and the final oxide layer is crucial in maintaining thin interface
"seed layer 18. During fabrication, this growth is nonitored using
reflection high energy electron 10 diffraction (RHEED) techni ques which are
wel | docunented in the art and which can be used in situ, i.e., while
‘performng the exposing step within the gromh chanber. It “ﬁﬁkﬂé% rse
be understood that once a specific manufacturing process is provided and
followed, it may not be necessary to performthe RHEED techni ques on every

substrate. ASKDAEN KW ifTHRIOLIENthallBy gﬁm%glokygkg] 6 Y i Sod etade

iz
acconplished utilizing any 15 sur?éce sensiti Ve techhrque, suc
reflection differgnce ectrosco RDS), spectroscopic,ellipsaonetr SE) ,
r the |1 ke AhiEReRATRRRNE, of RERHEALY 5 or BETdspe EREBIcH A AR
shoul d be understood by those skilled in the art that the tenperatures and

pressures giafemali®d cthb&EReh, REESLEST SI0B if RGIVE e 8 gink MWertlAPdRBFptiof W &e
enbodi nent 20 described, but the invention is not limted to a particular

tenperature or pressure range. As taught, seed |layer 18 conprises rows of

strontium galiv€ @Ridea6#l tRXNRE N LatKIEPattivudar 2xdbodanértgliyat 19ns gornied( WA )a
surface of silicon substrate 10, Ix in the <110> direction and 2x in the

e e R R L

exposi ng the 3 %& ture to a beamof nmetal, such as strontium (Sr), barium
(Ba), calci Lﬂihb )%‘ zirconium (Zr), hafnium (Hj, or the like utilizing

mol ecul ar oxygen to form an oxide onto the seed |layer 18 as illustrated in
FIG 3. 5 Buffer Nexjed thim (&g feme snang-leyasor seed taves b$ (ascidlugirated sdFIGyarof B8 f or
t he subsequent growth of a high dielectric constant oxide (discussed

presently). sBlchfeedaturaye thalikoissfornabuding pitieseake procbs dftrmetal reh@ionf wisleard

| ayer 18. Buffer layer 20 is formed to a thickness in a range of 0-100. As
taught, buffer layer 20 is crystalline. Next, the formation of a high

i el ect ric R RAMER eda sipbras 320, BaOior thiskikeaftheisriae F of Si0) laset 14
acconplished by either the sinultaneous or alternating supply to a surface
23

-4
10  at 0-900°C and under oxygen partial pressure equal to or less than 1 x 10  mBar. This

can be accomplished in a molecular beam epitaxy chamber or in a chemical vapor
deposition (CVD) or a physical vapor deposition (PVD) chamber under inert ambient
conditions.

To fabricate seed layer 18, substrate 10 is properly heated and substrate 10

15 having SiO7 layer 14 thereon is exposed to a beam of metal, such as strontium (Sr),

barium (Ba), calcium (Ca), zirconium (Zr), hafnium (Hf), or the like to react with the

SiOy layer, or to a metal oxide compound such as SrO, BaO or the like utilizing

molecular oxygen to form an amorphous oxide 16 onto the SiO7 oxide 14 as illustrated

in FIG. 1.



of the buffer layer 20 of an alkaline-earth nmetal and a transition netal at
|-ess than or equal to 800C, nore particularly at a tenperature in a range
of 350-650C and under a partial pressure of |less than or equal to 1x10 4
nmBar of activated oxygen. Single crystal high dielectric constant oxide

| ayer 22, nore particularly a 15 perovskite, is fornmed on sur

buffer |ayer 20 by either the S|nultaneouz or alternating sud&ﬁ§%8ﬁ§06£

al kaline-earth nmetal (Sr, Ba etc), activated oxygen, nore particularly

atom ¢ oxygen, anghg stdp :;ﬂéhhbé)fbrr{ﬁé Blrmafihe B §§1abl et A atiTon %?w £ SShstra@N 00"

equal to 800C under an tivated oxygen part| al pressure o ess than or

| to 1x1 Thi t de | f le
comri e ot AERSrds sgodulots Thig-Rerideude Y el e L HT ©
mat ched with t he underlyi buffer | ayer 20. Referring to FIGs. 4 and 5,
hi gh di el ect layer @o@fsloébhfeswglyéy bpp Wil esgrveorsne darriertlayes thes Heviting fhej oxyggn

activated oxygen exhibits a decrease in current | eakage of two orders 9
13 March 200&iffukiomagnitheldéjcohosubstcamepthms 1DmRivge tie ated- laydr thivkness hiat fof

oxi de | ayers grown with nol ecul ar oxygen. Illustrated in FIG 4, is a
devi ce st KuUCdh6lagls. f]§i§¥iﬂ§ﬁbﬁ€|atﬁﬁctﬁé @lhél&e&soott Retal DYiap fléyé? 16%ﬂ91dla9érsi§ lsosed
herein. Mre partl cuI ar y | | lustrated is device 30 including subStrate 10,

seed | ayer 1 Q,_and high di constant oxi de | ayer
35 Crurt ner TR LER prefetl Ginf G Me el £ T0R, TSOORHE Bl sDRlinee? o
contact 34. Leakaﬁg current density is nmeasured across structure of device
30 and resul tant IathifeRarieda ¢mhgc{lma@teawgméqm%af p\pufter Byer begwegr the seed
illustrated, |eakage current density across device structure 30 is

decr eased dulytoartdtheufindl iczadel lagerofs caudialviat reaintuinige thihdnfediace tded layer 18.
sem conductor structure. Illustrated conparatively in FIG 5 are |ayers

formed 10 w DirifiP! re6ridafibn OO §hovadis! ¥t Sred Qfsﬂ%dréﬂe_&tﬁbrﬁﬁlgnV&Tx&Ey RIeLEBR
according to the present invention. As disclose this method can be used
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a variety of growh dep05| t| on net hods, i ncluding, .but not
used in situ, 1.e., while performing the exposing step within the growth chamber. It will

of course be understood that once a specific manufacturing process is provided and

followed, it may not be necessary to perform the RHEED techniques on every substrate.

Alternatively, monitoring of the crystalline structure can be accomplished utilizing any

15 surface sensitive technique, such as reflection difference spectroscopy (RDS),

spectroscopic ellipsometry (SE), or the like wherein the surface is monitored by in situ
techniques.

It should be understood by those skilled in the art that the temperatures and

pressures given for these processes are recommended for the particular embodiment

20 described, but the invention is not limited to a particular temperature or pressure range.

As taught, seed layer 18 comprises rows of strontium, silicon, and oxygen atoms in a

2x1 configuration on a (001) surface of silicon substrate 10, 1x in the <110> direction

and 2x in the orthogonal <110> direction.



15 limted to nol ecul ar beam epitaxy (MBE), chem cal beam epitaxy (CBE),

met al organi ¢ nol ecul ar beam epitaxy (MOVBE), ultra-high vacuum chem cal
vapor deposition (UHVCVD), physical vapor deposition (PVD), netal-organic
chem cal vapor deposition (MOCVD), or the like. Accordingly, disclosed is a

method for fabricating a high dielectricgyonstant 20 oxi de | r
decreased | eakage current density in con‘gi nation with sili coﬂé’ﬁ/{%iﬁggge 10

as described herein. The interface of buffer layer, 20 is forned utiIizi ng

nol ecul ar oxygen N I t
utilizing )1/8 13Né|\-;gr th200%%3??%2‘%@88%?9%&%&}% éea éﬁgv?%ﬁ lr?gff%pl

reduced | ea curr t denS|t Activated or m c ox en is utili

Gur i ngt he. aPonAMIERY srBesag die Hichie a6 % anbeﬁ&eaﬁl e ylonfur-GFas
source, an electron cyclotron resonance (ECR), ozone gas, or the like. This
met hod of f &brvwatBon cpicon dé3).f sirconaw o), | kediage (Hix rasnthed ke i twilizmgoss
the 5 oxide layer 22, thus as a result, processing steps and thernal

budgets for nﬁvmu&pzpdyigerattd) @t1Sn aha)xmrlsﬁtdeuhatslec)d (86t1¢8 s illhstEauidFI@ 3.
understood that this nmethod as disclosed can be applied for the growth of a

variety of @ﬁfﬁ?ldﬁﬁ’% §erb£& t8 s%%ﬁﬁ‘he QhrfARRASELd l‘a?erﬁrs%ﬁﬁx%esﬁbse udnk g}o%v&(ar ch

2002 What is claired Is: 1. A nmethod of fabricating a sem conduct

structure co e ste s .of; [ OVi n . substrate having a
sur face: -1 oPhinyebrfeihdfic Frliu s (Y, Pl R SRS ber
llayer utilizing nolecular oxygen; and fornlng one or nore |ayers of a
single crystpascHedhe gireqtatet of secd daver 48t Boilerdlayern2Q iefosmed &9 al thigknesstin jai zi ng
activated oxygen.
range of 0-100A. As taught, buffer layer 20 is crystalline.
Next, the formation of a high dielectric constant oxide layer 22, as illustrated in
10  FIG. 4, is accomplished by either the simultaneous or alternating supply to a surface 23

of the buffer layer 20 of an alkaline-earth metal and a transition metal at less than or

equal to 800°C, more particularly at a temperature in a range of 350-650°C and under a

-4
partial pressure of less than or equal to 1x10  mBar of activated oxygen.

Single crystal high dielectric constant oxide layer 22, more particularly a
15 perovskite, is formed on surface 23 of buffer layer 20 by either the simultaneous or
alternating supply of alkaline-earth metal (Sr, Ba etc), activated oxygen, more

particularly atomic oxygen, and a transition metal, such as titanium, at less than or

equal to 800°C under an activated oxygen partial pressure of less than or equal to 1x10

mBar. This single crystal oxide layer 22 may, for example, comprise a thickness of

20 50-1000A and will be substantially lattice matched with the underlying buffer layer 20.
Referring to FIGs. 4 and 5, high dielectric constant layer 22 when formed in this

manner utilizing activated oxygen exhibits a decrease in current leakage of two orders



.10 2. The nmethod of fabricating a sem conductor structure of claiml
further including the step of formng on the surface of the silicon
substrate, between the silicon substrate and the single crystal buffer

| ayer, a seed layer conprising a silicate crystalline material. 15 3. The

‘net hod of fabricating a sem conductor stgucture of claim?2 i
formng the seed | ayer step includes for%i ng a 2x1 reconstrﬂ&%ﬁ%zbbgme

met hod of fabricating a sem conductor structure of claim2 wherein 20 the
step of form ng a seed |ayer inclpdes fornmng the seed |ayer in one of a
UHV envi r onflemagnitndehéariexampleabr 4éposit +10h thys thatoboxide Jayess gwwn aibr
deposition system 12 13 March 2002 5. The nethod of fabricating a

sem conductor structure of claim2 wherein the step of form ng a seed | ayer
conpri ses f BIOHCHr gkygeaadtusiratgddp FEG b ibp dgwee grucsyre 30 Sabricgiegdpssordingdo o
netal. 5 6. The nethod of fabricating a sem conductor structure of claim2
wher ei n t hetlet mpentivef methodgdiscleseddhdreiner Mare tagticutartyprillsemstadhis déveqes 30f :
forming a silicon oxide |layer having a surface; depositing a netal on the

surface of idegideid JubSNate100Rel BieF lS,%ﬂﬁeP@?&ﬂ'Zwaﬁ&higﬁ'w&édtﬁ&'&%iﬁ%ki@b| y.
all the silicon oxide layer and'the netal to form 10 a silicate crystalline

mat eri al se e 7. . T h . i | em copdu cture
of ol ai oo ek 2 e e e F Bl b AR SRS D B GRS ol et
barium calcium zirconium and hafnium 15 8. The nethod of fabricating a
sem conduct 8% drepkrae GuEreat density it MeRHPL aRroph alregte offdevigegthandyresplignt e
crystal buffer layer utilizing nolecular oxygen includes formng the single
crystal buf #&ped angeillustrated rgeaphicallyiid FI6e | 5e c tAssdillustoated, hlealgpge Lqwrieht deénsdmt | um
and nol ecul ar oxygen, barium and nol ecul ar oxygen, calcium and nol ecul ar 20
oxygen, zir g&abisudeadtdstihas B0als dpsheasddl aud o tenitiliYafithd ofat@eaidBbx ¥t 36N
form the semiconductor structure. Illustrated comparatively in FIG. 5 are layers formed
10 with molecular oxygen and layers formed with activated oxygen according to the

present invention.

As disclosed, this method can be used to grow additional oxide layers of the

ABO3 structure, e.g. SrTiO3, BaTiO3, CaTiO3, (Ba, Sr)TiO3, or the like. In addition,

this method can be used in a variety of growth deposition methods, including, but not

15 limited to molecular beam epitaxy (MBE), chemical beam epitaxy (CBE), metal-

organic molecular beam epitaxy (MOMBE), ultra-high vacuum chemical vapor

deposition (UHVCVD), physical vapor deposition (PVD), metal-organic chemical
vapor deposition (MOCVD), or the like.

Accordingly, disclosed is a method for fabricating a high dielectric constant

20 oxide layer 22 for decreased leakage current density in combination with silicon

substrate 10 as described herein. The interface of buffer layer, 20 is formed utilizing

molecular oxygen. The high dielectric constant oxide layer 22 is formed utilizing



13 13 March 2002 9. The nethod of fabricating a sem conductor structure of
-claim1 wherein the step of formng one or nore |layers of a single crystal
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deposition processes.
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2. The method of fabricating a semiconductor structure of claim 1 further
including the step of forming on the surface of the silicon substrate, between the silicon
substrate and the single crystal buffer layer, a seed layer comprising a silicate crystalline
material.
15
3. The method of fabricating a semiconductor structure of claim 2 wherein

the forming the seed layer step includes forming a 2x1 reconstruction.

4. The method of fabricating a semiconductor structure of claim 2 wherein
20 the step of forming a seed layer includes forming the seed layer in one of a UHV
environment, a chemical vapor deposition system or a physical vapor deposition

system.
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8. The method of fabricating a semiconductor structure of claim 1 wherein the
step of forming a single crystal buffer layer utilizing molecular oxygen includes
forming the single crystal buffer layer of a metal oxide selected from the group of
strontium and molecular oxygen, barium and molecular oxygen, calcium and molecular

20 oxygen, zirconium and molecular oxygen and hafnium and molecular oxygen.
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forming amorphous silicon dioxide on the surface of the silicon substrate;
providing a metal on the amorphous silicon dioxide;

heating the semiconductor structure to substantially convert the amorphous
silicon dioxide and metal to form an interface comprising a crystalline seed layer

15 adjacent the surface of the silicon substrate;

forming a single crystal buffer layer utilizing molecular oxygen on a surface of

the seed layer; and

forming at least one layer of a single crystal high dielectric constant oxide
utilizing activated oxygen on a surface of the buffer layer.

20
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10 13.  The method of fabricating a semiconductor structure of claim 10

wherein the step of forming a crystalline seed layer comprises forming at least a single

monolayer of silicon, oxygen, and a metal.

14. The method of fabricating a semiconductor structure of claim 13 wherein
15 the metal is selected from the group of strontium, barium, calcium, zirconium, and

hafnium.

15. The method of fabricating a semiconductor structure of claim 10 wherein

the step of forming a single crystal buffer layer utilizing molecular oxygen includes

20 forming the single crystal buffer layer of a metal oxide selected from the group of
strontium and molecular oxygen, barium and molecular oxygen, calcium and molecular

oxygen, zirconium and molecular oxygen and hafnium and molecular oxygen.
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17. A method of fabricating a semiconductor structure comprising the steps
of:
10 providing a silicon substrate having a surface;
forming a single crystal seed layer adjacent the surface of the silicon substrate;
forming a single crystal buffer layer utilizing molecular oxygen on a surface of
the seed layer, the single crystal buffer layer formed of a metal oxide and molecular
oxygen; and
15 forming a single crystal high dielectric constant oxide utilizing activated oxygen
on a surface of the single crystal buffer layer, the single crystal high dielectric constant

oxide formed of a metal oxide and activated oxygen.

18.  The method of fabricating a semiconductor structure of claim 17

20 wherein the metal oxide used in forming the single crystal buffer layer and the single
crystal high dielectric oxide layer are selected from the group of barium and oxygen,
strontium and oxygen, calcium and oxygen, zirconium and oxygen and hafnium and

oxygen.



