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CRYSTALLI NE ALKALI NE EARTH METAL OXI DE | NTERFACE W TH SI LI CO\I hgdﬂ_ﬁ

THE | NVENTI ON The present invention relates in general to a net r2005
fabricating a sem conductor structure including a crystalline alkaline
earth netal oxide interface between a silicon substrate and other 10

oxi des, and nore particularly to a hod for fabricating an interface

i ncluding an atom c | ayer of an al kaline earth nmetal, silicon, and oxygen.
BACKGROUND OF THE | NVENTION 15 An ordered and stable silicon (Si) surface

i s nost desi METHODPdFORFRABBICATRING A SEMIGONDUGTORSTRUGTURE ystal thin

hi gn i el ect ri BAVISG BHVSTREL R oL ANE EAH AT MR AL arbE ) “rerory and
| ogic devices. 20 It is pi m?-gh EsWiap sphcoNordered transition layer on
the Si surface, especially for subsequent growth of single crystal oxides,

e.g., perovskites. Sone reported grow h of these oxides, such as BaO and

BaTi on Si (100) was base i j enpl ate by 25 depositing
one fourth nonol ayer of Baqﬂﬁngla?%g%éugﬁﬁglﬁéﬁctive epi taxy at
tenperatures great er than 85000. See for exarrpl e: R MKee et al., App!.
Phys. Lett. 59( 7_} 782-784 (12 Au%ust 1991); R
he present invention relates in genera to a method for

fabricating a semiconductor structure including a crystaliine alkaline

earth metal oxide interface between a silicon substrate and other
) 10 oxides, and more particularly to a method for fabricating an interface
including an atomic layer of an alkaline earth metal, silicon, and

oxygen.

BACKGROUND OF THE INVENTION
15
An ordered and stable silicon (Si) surface is most desirable for
subsequent epitaxial growth of single crystal thin films on silicon for
numerous device applications, e.g., ferroelectrics or high dielectric
constant oxides for non-volatile high density memory and logic devices.
20 It is pivotal to establish an ordered transition 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) was based on a BaSi; (cubic) template by

25 -depositing one fourth monolayer of Ba on Si(100) using reactive
epitaxy at temperatures greater than 850°C. See for example: R.
McKee et al., App!l. Phys. Lett. 59(7), pp 782-784 (12 August 1891); R.
McKee et al., Appl. Phys. Lett. 63(20), pp. 2818-2820 (15 November
1993); R. McKee et al., Mat. Res. Soc. Symp. Proc., Vol. 21, pp. 131-

30 135 (1991); U.S. Patent No. 5,225,031, issued July 6, 1993, entitled
“Process for Depositing an Oxide Epitaxially onto a Silicon Substrate



McKee et al., App!. Phys. Lett. 63(20), pp. 2818-2820 (15 Novenmber 1993);
R MKee et al., Mat. Res. Soc. Synp. Proc., Vol. 21, pp. 131 iga 1\13’@
(1991); U. S. Patent No. 5,225,031, issued July 6, 1993, entitl gg@%s
for Depositing an Oxide Epitaxially onto a Silicon Substrate 1 3 JAN 2005 2
and Structures Prepared with the Process”; and U S. Patent No. 5,482,003,

i ssued January 9, 1996, entitled "Proeess for Depositing Epitaxial

Al kal ine Earth Oxide onto a Substrate and Structures Prepared with the

Process". However, atonmic |evel sinmul atlon”of this 5 proglosed structure
i ndi cat es t lead $ructuiesl repsraehwith the Peocasss| anhbed Pateppleat ures. Growth of

SrTi 3 b d | i shed.
T Tambo. et A2 00pr ed Jifer g, F056. YyhE B Fes g De%%“m@éﬁ?ﬁsb? ’
Hovvleyer, the aﬂabmh‘aﬁnelﬁmy?f(l)mls dﬁtdé@IGl]lﬁBtl(ali]@@A):l Strigordsy |imting
applcatlon or transi sto | and cryst | nit Jrai nt ai ned

t hr oughout FHePYCGWIH 1 iﬁﬁ@?@?ﬁqgrléowg\’% \@"ﬁiﬁéé%@@ﬁﬂﬂﬁ'\sﬂﬁnﬁ:\h gﬂ incglnnﬁsi ng
thi ckg met ab(c%déé‘%i chft@rb lhéiﬁ&fe“s tﬁﬁpn h&Mis I%t SEbRf at BlevdledK. Moon et al.
Jpn. J. hys., Vol 3 (19 , pp- 1472-1477. These thick buffer 15

| ayers woul &mpmjettuneﬁe appl | cati on f or transistors. Therefore, a nmethod for
LB, T e AL KR ool DSEO RSB P BBl 2 eered,
vi ew of a cheen accomplished. T. Tambo st al., Jpn. J. Appl. Phys., Vol. 37
(1998), pp. 4454-4459. However, the SrO buffer layer was thick
10 (100A), thereby limiting application for transistor films, and crystallinity
was not maintained throughout the growth.
Furthermore, SrTiO3 has been grown on silicon using thick
metal oxide buffer layers (60-120A) of Sr or Ti. B. K. Moon et al., Jpn.
J. Appl. Phys., Vol. 33 (1994), pp. 1472-1477. These thick buffer
15 layers would limit the application for transistors.
Therefore, a method for fabricating a thin, stable crystalline

interface with silicon is needed.

BRIEF DESCRIPTION OF THE DRAWINGS

20
FIGs. 1-2 illustrate a cross-sectional view of a clean
semiconductor substrate having an interface formed thereon in
accordance with the present invention;
FIGs. 3-6 illustrate a cross-sectional view of a semiconductor
25 substrate having an interface formed from a silicon dioxide layer in

accordance with the present invention; and
FiGs. 7-8 illustrate a cross-sectional view of an alkaline-earth-

metal oxide layer formed on the structures illustrated in FIGs. 1-6 in

accordance with the present invention.



.sem conduct or substrate having an interface fornmed thereon in accordance
with the present invention; FIGs. 3-6 illustrate a cross-sectional ,yi.e) gf
a sem conductor 25 substrate having an interface formed from al iﬂ%@oﬂ\iﬁﬂ
di oxide layer in accordance with the present invention; and FIGs. 7-8

il lustrate a cross-sectional view of an al kaline-earth- netal oxide |ayer
formed on the structures illustrated gn FIGs. 1-6 in accordance with the
present invention. 13 JAN 2005 3 FIGs. 9-12 illustrate a cross-secti onal
view of a perovskite formed on the structures of FIGs. 1-8 in accordance
with the present FIGa\@iRiillustraie acrass-sectippet wewsofa pegwskitew of the atomic

structure OForﬁ%‘gje?,[?F’ﬁ{gﬁ@i{t@\%}%ﬁcﬁ‘ﬁ%ﬁﬁ'ﬂy&f\d’cgr&qncg"ﬁlh ilf?e '%Sgﬁ{:pr dance with

t he present _ ates a top view atong view line AA
of FI G 13 pivehtien. interface. FIG 15 illustrates a top view along view
line AA of FIG 13 10 including the. interface and the adjacent atom c |ayer

of the sub;trate.F @)E#@J"HEW@EW?"H%\IO STRIPTIREHHEIRENO | MENT To form
the ngvel i BERIRRENPSEHBFAYERs OF FIGOIR InShdoctdifdd @it e Bresknt one or nore

|l ayers of a single crystal "oxide, various approaches nmay be used. Sever al
exanpl es wi Invebtomr ovi ded for both starting with a Si  substrate having a

cl ean surface, a | r [ il [ i de ' on the
surface. Si02 i Spnghlggfigégt%toﬁ ﬁ%ﬁﬁ?‘%}i‘g’jl‘}‘é’qm ARG 1515 3 Hd
interface.
FIG. 15 illustrates a top view along view line AA of FIG. 13

10 including the interface and the adjacent atomic layer of the substrate.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

To form the novel interface between a silicon (Si) substrate and
15 one or more layers of a single crystal oxide, various approaches may
be used. Several examples will be provided for both starting with a Si
substrate having a clean surface, and a Si substrate having silicon
dioxide (SiOz) on the surface. SiOzis amorphous rather than single
crystalline and it is desirable for purposes of growing additional single
20 crystal material on the substrate that a single crystal oxide be provided
as the interface.
Turning now to the drawings in which like elements are
designated with like numbers throughout, FIGs. 1 and 2 illustrate a
semiconductor structure including a Si substrate 10 having a clean
25 surface 12. A clean (2x1) surface 12 may be obtained with any
conventional cleaning procedure, for example, with thermal desorption
of Si0, at a temperature greater than or equal to 850°C, or by removal
of the hydrogen from a hydrogen terminated Si(1x1) surface at a
temperature greater than or equal to 300°C in an ultra high vacuum.
30 Hydrogen termination is a well known process in which hydrogen is
loosely bonded to dangling bonds of the silicon atoms at surface 12 to



.crystalline and it is desirable for purposes of grow ng additional single
20 crystal material on the substrate that a single crystal oxide be
provided as the interface. Turning now to the drawi ngs in whig¢igl .MZGGS
el ements are designated with Iike nunbers throughout, FIGs. 1 andJ 2
illustrate a sem conductor structure including a Si substrate 10 having a
clean 25 surface 12. A clean (2x1) sugface 12 may be obtained with any
conventional cleaning procedure, for exanple, with thermal desorption of

Si2 at a tenperature greater than or_equal .to 850C or by renoval of the
hydrogen fr @empleipdhe geystelinasitbetase. Jhetinferface, 14 Qgé CFEYSTQP{‘% nper at ur e

greater tha : ' 3 |

term nati on%%’egg\e\lggp tit?ﬁ%ﬁggrbﬁfc%e‘@g'%é (/ﬁi {}L&ﬂqygfggﬁ%ﬁ}rpg%qugréfgegonded to
dang: | tng ?ﬁﬂd&onfrouéulhamduhtswf ammial, Siﬁ aswlr g @ithep stoulargalisly @005 4

co ete e Cryst | t t . L ' f 4 of 1

mater i al rmyeBORGA KR g SUTER YRy 2taDReRoFe BrSRan 2 BN I R 1)
contrgl | ed apenL§ aQfrotHBh@hbeSivith @ypHial Fretdiat 16sstHdrroeegisdly or

sequentially to the surface 12 at a tenﬁerature | ess than or equal to 5
900C i n a giteixhOcmbayeThginetabappliad todhe sudasarie todegmnithan or equal to

1x10 9 nBar . | Jj the s ] e interface 14
may be any IpHRcS TihafBReGineRl, B Pt efericy bRGATRLS |
al kal i ne- eacbmpnisealan alkalmeasarttameaiah, 6@:t) asbasitrmo@@a)onsticdtiym 10 As t he
application gf the Ba, Si, and 02 formBaSiQ2 as the interface 14, the
gromh is mbPit or ed usi ng Refl ection H gh Energy

10 As the application of the Ba, Si, and O form BaSiO; as the
interface 14, the growth is monitored using Reflection High Energy
Electron Diffraction (RHEED) techniques which are well documented in
the art and which can be used in situ, i.e., while performing the
exposing step within the growth chamber. The RHEED techniques are
15 used to detect or sense surface crystalline structures and in the
present process change rapidly to strong and sharp streaks by the
forming of an atomic layer of the BaSiO.. 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
20 on every substrate.
The novel atomic structure of the interface 14 will be described
in subsequent paragraphs.
It should be understood by those skilled in the art that the
temperatures and pressures given for these processes are
25 recommended for the particular embodiment described, but the
invention is not limited to a particular temperature or pressure range.
Referring to FIGs. 3-6, ancther approach comprises forming a Si
substrate 10 having a surface 12, and a layer 16 of SiO; thereupon.
The layer 16 of SiO; naturally exists (native oxide) once the Si
30 substrate 10 is exposed to air {oxygen) or it may be formed purposely
in a controlled fashion well known in the art, e.g., thermally by applying



.El ectron Diffraction (RHEED) techni ques which are well docunented in the
art and which can be used in situ, i.e., while perform ng the exposing
step within the growth chanber. The RHEED techni ques are 15 u egj iﬁ ct
or sense surface crystalline structures and in the present proie S @ﬁ Eji
rapidly to strong and sharp streaks by the formng of an atom c |ayer of
the BaSi2. It will of course be undgrstood that once a specific

manuf acturing process is provided and followed, it may not be necessary to
performthe RHEED techni ques 20 on every substrate. The novel atomc
structure ofamows) exygehauyo the aurface2ddvemayelinterfiacabd &A@ par agr aphs.

and’pr essur IBEETERRn el PP 178 skl eplfodorkandl (e FRer &t 11 es
particul ar @yhgslyReanddesincoesth-metaltbehe sorfacs il BrofiSiOadaydrit@ ted to a

particular tenperatyre or pressure range. Referring.tq F . 3-6, th
appr oach coﬁb?B@'@QOFGrWI" wshtraéu%wgwmiﬁwmn?ﬁ%é?a@&r% 12, aﬁgoa °

| ayer 516 of sﬁg?aggh%&;tggg ambRshdLAYSIO, 1y 165 @hdabYrall Y exists (native

oxi de) once rate 10 is exposed to air .éoxygen) or it my be
formed pur pteyepsratine kelewithe sublguatien fanaperature dtba®iOnlayes18rt, e. g.,

e el ladRPaL 5 X B S AR RGP ST oce
enmbodi ment shesmf epiaxyehantherapSisubstrate 10 éan be et ésadt ipantidllyl to the surface
ot oot bedHdng praparation chamber HfeF wiich  dehbe lrdetéfiedds T e
10 the growth chamber and the heating completed. Once the Si substrate
10 is properly heated and the pressure in the growth chamber has
been reduced appropriately, the surface 12 of the Si substrate 10
having SiO- layer 16 thereon is exposed to a beam of metal, preferably
an alkaline-earth-metal, as illustrated in FIG. 5. In a preferred
15 embodiment, the beam is Ba or Sr which is generated by resistively
heating effusion cells or from e-beam evaporation sources. In a
specific example, Si substrate 10 and SiO; layer 16 are exposed fo a
beam of Ba. The Ba joins the SiO; and converts the SiO; layer 16 into
the interface 14 comprising BaSiOzin a crystalline form. Alternatively,
20 an alkaline-earth-metal may be provided to the surface 18 at lower
temperatures, annealing the result at 700-200°C, in an ultra high
vacuum.
Once the interface 14 is formed, one or more layers of a single
crystal oxide may be formed on the surface of the interface 14.
25 However, an optional layer of an alkaline-earth-metal oxide, such as
BaO or SrO, may be placed between the interface 14 and the single
crystal oxide. This alkaline-earth-metal oxide provides a low dielectric
constant (advantageous for certain uses such as memory cells) and
also prevents oxygen from migrating from the single crystal oxide to the

30 Si substrate 10.



.5 substrate 10 and the anorphous Si 02 |ayer 16 are heated to a tenperature

)

bel ow the sublimation tenperature of theS102 |ayer 16 (generally bel ow
9000C). This can be acconplished in a nolecular beam epitaxy chanyery 9995Si
substrate 10 can be at |east partially heated in a preparation chanber
after which it can be transferred to 10 the grow h chanber and the heating
conpleted. Once the Si substrate 10 s properly heated and the pressure in
the grow h chanber has been reduced appropriately, the surface 12 of the
Si substrate 10 having Si 02 |ayer 16 thereon is exposed to a beam of

metal , preferabl VederriagkalFliGe- éandi, tee formadioniaf akidlingrearth-metelc 5. 1n a
preferred 1 ' ' ; ' tshdeResat ed by
resistivel ygxﬁ%ﬁ??%?%W&%ﬁpﬁﬁiﬁgﬁa?f%‘ﬁﬁggmb%por at?tlyrgn sources. In
a specifi cakuaathg supplystolihe satfacd @0cofdhSirpriacy ¢4 df@naalkalineposed to a

beam of Ba. The Ba joins theSi 02and converts t S.L02 Jayer 16 into the

i nterface 1&366%?331?71 oEYeaM 3t ﬁ’sa%?@/gfﬁm‘?lﬁg%r an ‘l"i‘f‘?{aé? vely, 20 an
al kal gne- eaE&Hra'FﬁPﬁs_uF@lésEQhQﬁ Y eda8l to01X10€ mBhF. Afs dkafihe canpr
tenperatureS, anhealing the result at 700-900"C, in an ultra high vacuum
Once t he i nmatalawdde lnyies 22snandor example, gerrisayadhickoess o PRAHAT cryst al
oxi de may bg formed on the surface of the interface 14. 25 However, an
optional |aYyer of an al kaline-earth-nmetal oxide, such as BaO or SrO may
be pl aced bet weeRefdrengno ElEGace124aaingle beystalrgide layey86asuaxasle. Thi s

(advant ageotl HGNESATLI el SBreV Ml AT HaMo (Ym0 S FdNEE) 0 pr event s
oxygen fromyyradeadd ogiid plektd 54 belife Sufadeds okititealkalindreartB0 Si substrate
10 metal oxide layer 22 by either the simultaneous or alternating supply of

an alkaline-earth-metal oxide, oxygen, and a transition metal, such as

titanium, at less than or equal to 700°C under an oxygen partial

pressure less than or equal to 1x1 0° mBar. This single crystal oxide

15 layer 26 may, for example, comprise a thickness of 50-1000 A and will
be substantially lattice matched with the underlying interface 14 or
alkaline-earth-metal oxide layer 22. It should be understood that the
single crystal oxide layer 26 may comprises one or more layers in other
embodiments.

20 Referring to FIG. 13, a side view (looking in the <I10> direction)
of the atomic configuration of the Si substrate 10, interface 14, and
alkaline-earth-metal metal oxygen layer 26 is shown. The configuration
shown comprises, in relative sizes, for illustrative purposes, from larger
to smaller, barium atoms 30, silicon atoms 32, oxygen atoms 34, and

25 titanium atoms 36. The Si substrate 10 comprises only silicon atoms
32. The interface 14 comprises metal atoms (which in the preferred
embodiment are illustrated as barium atoms 30), silicon atoms 32, and
oxygen atoms 34. The alkaline-earth-metal metal oxygen layer 26
comprises barium atoms 30, oxygen atoms 34, and titanium atoms 36.



.13 JAN 2005 6 Referring to FIGs, 7 and 8, the formation of

al kaline-earth-netal oxide |ayer 22 nay be acconplished by either the
sinmul taneous or alternating supply to the surface 20 of the Hngsg%@%@ é4
of an al kaline- earth-nmetal and oxygen at |ess than or equal to !
under 02 5 partial pressure less than or equal to 1x10-5 nBar. This

al kal i ne-earth- netal oxide |ayer 22 pymy, for exanple, conprise a thickness
of 50-500 A. Referring to FIGs. 9-12, a single crystal oxide |layer 26, such
as an al kaline-earth-netal perovskite, may be formed on either the 10
surface 20 of thBefaitingtaftG1t4,01 taphdewnfithe étedaee alang Wewdinene- eart h-

net al oxi de,l,a b ' ' . L I ng supply of
an al kal i neAéaﬁ%ﬁ{gﬁé?agh%&% Hié aﬁ?@%@”ﬂ%ﬁ%@“&%éﬁﬁ ?élé)oﬁﬂ %@Pal , such as
titani um abx;}g@ﬁﬁatbh@ﬂ@,rszew| to 70_0C u_nder an oxygen partial pressure
may. for exanpl oRCiSGIaEIG I landeNond iedd & Bl T hovge | V¢
subst anti al : ' ] i rde\ ik cy 14 or

al kal |§ne- eairh%éﬁb%teﬁdglgqﬁghﬁg/dgrétgglaﬁyégﬁguﬁh%? agggtfit?o?% that the
single crystal okowkhis digeussion,rmaneimier eaualsfaB8yt0 matemslo@rand n ot her

enbodi nents. 20 Referri.n 0 .13, ' ' %ﬂ%ﬂ' In the <110>
di rection) a%]apqrﬁlg !3¥%'Jrf§gm%oepl$ﬁlngqﬁcgi%% %Tleqﬁ?\é{@l%@t S reg e 10, interface
14, and al 4adwmir ter Fiksrebalprises al sioglegtomialager, Mt icoukhibpevmoréhe
configuration | Il lustrative

pur poses, fﬂ"‘@ﬁ\qs"th??%n@ﬂ%gﬂ rekfpﬁﬁiﬂ%il’?a %g’:’»ﬁ{%ﬁﬁ\é& ihé%&hggllf?lg‘@ﬁe%%m 32,

. 0Xygen at ongeddméafoxide layer may be many atomic layers. Note that in FIG.
13, only four atomic layers of the Si substrate 10 and only three atomic
layers of the alkaline-earth-metal metal oxide layer 26 are shown. The
interface 14 comprises a half monolayer of the alkaline-earth-metal, a
half monolayer of silicon, and a monolayer of oxygen. Each barium

K15 atom 30 is substantially equally spaced from four of the silicon atoms
32 in the Si substrate 10. The silicon atoms 32 in the interface 14 are
substantially on a line and equally spaced between the alkaline-earth-
metal atoms in the <110> direction. Each silicon atom 32 in the top
layer of atoms in the Si substrate 10 is bonded to an oxygen atom 34 in

20 the interface 14 and each silicon atom 32 in the interface 14 is bonded
to two oxygen atoms 34 in the interface 14. The interface 14 comprises
rows of barium, silicon, and oxygen atoms 30, 32, 34 in a 2x1
configuration on a (001) surface of the Si substrate 10, 1x in the <110>
direction and 2x in the <110> direction. The interface 14 has a 2x1

25 reconstruction.

A method for fabricating a thin, crystalline interface 14 with

silicon 10 has been described herein. The interface 14 may comprise
a single atomic layer. Better transistor applications are achieved by the
interface 14 being thin, in that the electrical coupling of the overlying

30 oxide layers to the Si substrate 10 is not compromised, and in that the



-25 titanium atons 36. The Si substrate 10 conprises only silicon atons 32.
The interface 14 conprises netal atons (which in the preferred enbodi nent
are illustrated as bariumatons 30), silicon atons 32, and oxy@é%\hﬁbqgmj
34. The al kaline-earth-netal netal oxygen |ayer 26 conprises barium atons
30, oxygen atons 34, and titaniumatons 36. 13 JUN 2005 7 Referring to FIG
14, a top view of the interface alonggview line AA of FIG 13, shows the
arrangenment of the barium silicon, and oxygen atons 30, 32, 34. Referring
to FIG 15, a top V|em1alon? line AA of FIG 13, shows 5 the interface 14
and the top"@lﬁffﬁﬂ%"ﬂd?é’io@ﬁ Qﬂletﬂf@eﬁlesﬂi@@ﬁr‘@ﬂ@%@ likelyrmaigtaingi scussi on, a
nonol ayer e n2 and an atomc |ayer is one atOﬁlthICk.
It is seen ﬂﬁ%t Qﬁgﬁ%&? aceg%/rl§ shown in the FIGs. conprises a single
atom c | ayer, but could be nore than one atomc layer, while the S
substrate 10 and the al kaline-earth 10 netal netal oxide |ayer may be many
atomc layers. Note that in FIG 13, only four atomc layers of the S
substrate 10 and only three atomc |ayers of the al kali ne-earth-netal

netal oxide |ayer 26 are shown. The interface 14 conprises a half

nmonol ayer of the al kaline-earth-netal, a half nonolayer of silicon, and a
nonol ayer of oxygen. Each barium 15 atom 30 is substantially equally spaced
fromfour of the silicon atons 32 in the Si substrate 10. The silicon
atonms 32 in the interface 14 are substantially on a |line and equally
spaced between the al kaline-earth- netal atonms in the <110> direction. Each
silicon atom32 in the top layer of atons in the Si substrate 10 is bonded

... to an oxygen atom 34 in



.20 the interface 14 and each silicon atom 32 in the interface 14 is bonded
to two oxygen atons 34 in the interface 14. The interface 14 conpri ses

rows of barium silicon, and oxygen atoms 30, 32, 34 in a 2x1 §3 JAN 2005
configuration on a (001) surface of the Si substrate 10, 1 x in the <110>
direction and 2x in the <110> direction. The interface 14 has a 2x1 25
reconstruction. A nethod for fabricatgng a thin, crystalline interface 14
with silicon 10 has been described herein. The interface 14 nay conprise
a single atomc layer. Better transistor applications are achieved by the
interface 14 being thin, in that tkd-AM&trical coupling of the overlying
30 oxide layers to the Si substrate 10 is not conprom sed, and in that the
1 3 JAN 2005 8 interface 14 is nore stable since the atonms will nore likely
mai ntai n t h4t iscledhatiigii ty in processing. 3 JAN 2005 9 CLAIMS What is
clainmed is: 5 1. A nethod of fabricating a sem conductor structure
conprising the steps of: providing a silicon substrate having a surface;
form g on ghe surfafdaif féﬁ'ﬁ‘cﬁﬁﬁg'aP@éhﬁ!éh%hét%Tr%trﬁBtu'r@bSHpﬁ‘i%ﬁ] g conprising a
S|ngle atom c layer of silicon xygen, a netal 10 form ng one or
mor e | ayer sthefstapsiofigl e crystal oxide on the interface.

providing a silicon substrate having a surface;
forming on the surface of the silicon substrate an interface

comprising a single atomic layer of silicon, oxygen, and a metal; and

10 forming one or more layers of a single crystal oxide on the
interface.
2. The method of fabricating a semiconductor structure of claim 1

wherein the forming the interface step includes forming a 2x1

15 reconstruction.

3. The method of fabricating a semiconductor structure of claim 1
wherein the forming an interface step includes forming the interface in
an ultra-high-vacuum system.

20
4. The method of fabricating a semiconductor structure of claim 1

wherein the forming an interface step includes forming the interface in

a chemical vapor deposition system.

25 5. The method of fabricating a semiconductor structure of claim 1
wherein the forming an interface step includes forming the interface in

a physical vapor deposition system,

6. The method of fabricating a semiconductor structure of claim 1
30 wherein the forming an interface step comprises forming a single
atomic layer of silicon, oxygen, and an alkaline-earth-metal.



2.. The nethod of fabricating a sem conductor structure of claiml wherein
the forming the interfhce step includes forming a 2x1 15 reconstd yctiyon ﬁ
The nethod of fabricating a sem conductor structure of claiml eljéﬁnzqa e
formng an interface step includes formng the interface in an

ul tra-hi gh-vacuum system 20 4. The nethod of fabricating a sem conductor
structure of claim1l wherein the forggng an interface step includes
forming the interface in a chem cal vapor deposition system 25 5. The

met hod of fabricating a sem conductor structure of claiml1l wherein the
forning an 7ot er Theemsthed df fiabricsingfasemicgnduetor stractuie 6f ciaim$ physi cal

vapor depoe, o G R ieaP iR ARl P oSG e

form ng a shpgls®roftigm ¢ | ayer of silicon, oxygen, and an
al kal i ne-earth-nmetal. 1 3 JAN 2005 10 7. The nethod of fabricating a
sem conductor structure of claim6 wherein the alkaline-earth-metal is

| df th f Eilng ' tshod of
2 ec;égti nggg] seirg(r)n Ho of?ﬁtﬁrﬁ%@@gﬁg%@c@ﬁ%b%tr&ﬁ@reB'F%Ia'ﬂ’ﬁ thod o

fabri or s aim1l erein formng an
i nterface siprainfpmiagantinterfaceteptoniprises the atepsl of: of a nonol ayer of an

?l)l:%! hge(-aeﬁlr)hgl- a t%li%g a%%m%ng%yfer Of af aﬁ?a'?i%legé/aei{h-(rHetEIE 1 con; and
forming a half of a monolayer of silicon; and
forming a monolayer of oxygen.

10
9. A method of fabricating a semiconductor structure comprising

the steps of:
providing a silicon substrate having a surface;
‘ forming amorphous silicon dioxide on the surface of the silicon
15 substrate;
providing an alkaline-earth-metal on the amorphous silicon
dioxide; and '
heating the semiconductor structure to form an interface
comprising a single atomic layer of alkaline-earth-metal, silicon, and
20 oxygen adjacent the surface of the silicon substrate.

10. The method of fabricating a semiconductor structure of claim 9
wherein the heating step includes forming the interface with a 2x1

reconstruction.

25
11.  The method of fabricating a semiconductor structure of claim 9

wherein the steps of providing an alkaline-earth-metal and heating the
semiconductor structure are accomplished in an ultra-high-vacuum
system.

30



-10 9. A nethod of fabricating a sem conductor structure conprising the
steps of: providing a silicon substrate having a surface; form ng anorphous

silicon dioxide on the surface of the silicon 15 substrate; proyi finpen
al kal i ne-earth-netal on the anorphous silicon dioxide; and heating the
sem conductor structure to forman interface conprising a single atomc

| ayer of alkaline-earth-netal, silicoyy, and 20 oxygen adjacent the surface
of the silicon substrate. 10. The nethod of fabricating a sem conductor
structure of claim9 wherein the heating step includes formng the
interface wilh aTheimethedmidabricatingra semiconduties sirechise ObEIaiAa? | cating a

sem conduct | o) d.m 9 el |.di ng an

2 kel 1 ne- eat TP Ychs oralbRiiia an ARELR SahfiTabi Bie Meakhidhe, o

acconpl i shedemicantugtdrrsaruetgh araasoomphstedceim a SRerhicil ¥4po2005 11 12. The
met hod of fabricating a sem conductor structure of claim9 wherein the
steps of pr 8¢PEsHEN &HS!8Mkal i ne- eart h-netal and heating the seni conductor
strucgure are acconplished in a chenical vapor deposition system

13. The method of fabricating a semiconductor structure of claim 9
wherein the steps of providing an alkaline-earth-metal and heating the
semiconductor structure are accomplished in a physical vapor
deposition system.

10 ‘
14. The method of fabricating a semiconductor structure of claim 9

wherein the heating step includes forming an interface having a single
atomic layer of silicon, oxygen, and an alkaline-earth-metal.

15 15.  The method of fabricating a semiconductor structure of claim 14
wherein the alkaline-earth-metal is selected from the group of barium

and strontium.

16. The method of fabricating a semiconductor structure of claim 9
20 wherein heating step includes forming an interface step comprises the
steps of:
forming a half of a monolayer of an alkaline-earth-metal;
forming a half of a monolayer of silicon; and
forming a monolayer of oxygen.
25

30



5.13. The nethod of fabricating a sem conductor structure of claim9
wherein the steps of ploviding an al kaline-earth-netal and heating qg

sem conductor structure are acconplished in a physical vapor deig%hp\ R00S
system 10 14. The nethod of fabricating a sem conductor structure of claim
9 wherein the heating step includes formng an interface having a single
atom c layer of silicon, oxygen, and1§n al kaline-earth-netal. 15 15. The
met hod of fabricating a sem conductor “structure of claim 14 wherein the

al kaline-earth-netal is selected fromthe group of barium and strontium

16. The net h@gd of methiddceftfabdcatingemnsemitbadtotor struotreicompirisgigai m 9 20
wherein heating step includes formng an interface step conprises the
steps of: fBEPEESLThal f of a nonol ayer of an al kal i ne-earth-netal ;

formng a hal f obrdyidRgQ dc Sbstiate Raling aNslirfaeen ng a nonol ayer of
oxygen. 25 30 1 3 JAN 2005 12 17. A nethod of fabricating_a sem conductor

structure conpri providing o alkalipe-esrth-metalian thg auriiceiafdhe siliselr at e having a
surfage; prgl\msﬂ‘_é}g Ay al kal i ne-earth-nmetal on the surface of the silicon
providing silicon and oxygen to form an interface comprising a
single atomic interface of alkaline-earth-metal, silicon, and oxygen with

the surface of the silicon substrate.

10 18. The methad of fabricating a semiconductor structure of claim 17
wherein the providing silicon and oxygen step comprises forming an

interface having a 2x1 reconstruction.

19.  The method of fabricating a semiconductor structure of claim 17
15 wherein the steps of providing an alkaline-earth-metal and providing
silicon and oxygen are accomplished in an ultra-high-vacuum system.

20. The method of fabricating a semiconductor structure of claim 17
wherein the steps of providing an alkaline-earth-metal and providing
20 silicon and oxygen are accomplished in a chemical vapor deposition

system.

21.  The method of fabricating a semiconductor structure of claim 17
wherein the steps of providing an alkaline-earth-metal and providing
25 silicon and oxygen are accomplished in a physical vapor deposition

system,

22. The method of fabricating a semiconductor structure of claim 17
wherein the providing silicon and oxygen step comprises forming a
30 single atomic layer of silicon, oxygen, and an alkaline-earth-metal.



.5 substrate; and providing silicon and oxygen to forman interface
conprising a single atomc interface of al kaline-earth-netal, nﬁbl i gﬁn gnd
oxygen with the surface of the silicon substrate. 10 18. The hé of00
fabricating a sem conductor structure of claim17 wherein the providing
silicon and oxygen step conprises formng an interface having a 2x1
reconstruction. 19. The nmethod of faby4cating a sem conductor structure of
claim17 15 wherein the steps of providing an al kaline-earth-nmetal and
providing silicon and oxygen are acconplished in an ultra-high-vacuum
system 20. 28he mMiehoethsfd sffpbricatingreyseminomdsistadstnusturgof GRITIZ2 of cl ai m 17

wh inth t f Vi dj l. i.ne- I i di 20
o1 con ana ey eidRe Al GAh Bids BeieRRRbdnE i Be BEBARLR 5% 5vet em
21. The net had gbfontiaht.i cati ng a sem conductor structure of claim17

wherein the steps of providing an al kaline-earth-netal and providing 25
silicon and oxygen are acconplished in a physical vapor deposition system

22. Tge met hgd Of‘rgfealhé{rﬁa%?éfr?ﬂbﬁc R £ SAAHThAUCHr 'SHelHr8 opidinaim 17

wherern the providing silicon an xygen step conprises formng a 30 single
at om ¢ | ayewhefeinithe poovidiog\aijison anddoxygenl ste campsises thersteps.ofl 3 JAN 2005

wherei n the al kel UG AN Fka B P E e LB Sk M-S HEMRtEE "o “bar i um and
strontium forming a half of a monolayer of silicon; and
forming a monolayer of oxygen.
10



5 24. The nethod of fabricating a sem conductor structure of claim17
wherein the providing silicon and oxygen step conprises the st J‘N 5
forming a half of a nonol ayer of an al kaline-earth-netal; forrrﬁ?é a%pq of
a nonol ayer of silicon; and form ng a nonol ayer of oxygen. 10 1 3 JAN 2005
14 ABSTRACT OF THE DI SCLOSURE METHOD FOR FABRI CATI NG A CRYSTALLI NE ALKALI NE
EARTH METAL OXI DE | NTERFACE WTH SILJ4CON 5 A nethod for fabricating a

sem conductor structure conprises the steps of providing a silicon
substrate (10) having a ; ! he surface of the
silicon substrate an int ﬁé@gﬁ?%w&%ﬁ@@% ngle atom c | ayer of
silicon, oxygen, and a rret al; and 10 form ng one or nore |ayers of a
single crystal oxide on the interface. The interface conprises an

atoni ¢ | ayer METHOD; R ABBUGATING AHCRYSRALLINE ARKALINE BAR®M where X is
a netal. Fig. 10 to agcopmapk ABSHTREAGE WITH SILICON

5
A method for fabricating a semiconductor structure comprises
the steps of providing a silicon substrate (10) having a surface (12);
forming on the surface of the silicon substrate an interface (14)
comprising a single atomic layer of silicon, oxygen, and a metal; and
10 forming one or more layers of a single crystal oxide (26) on the

interface. The interface comprises an atomic layer of silicon, oxygen,
and a metal in the form XSiO,, where X is a metal.

Fig. 10 to accompany abstract.
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