+1 3 JAN 2005 1 METHOD FOR FABRI CATI NG A SEM CONDUCTOR STRUCTURE HAVI NG A
CRYSTALLI NE ALKALI NE EARTH METAL OXI DE | NTERFACE W TH SI LI CON 51 hgl}ﬂ_ﬁ OF
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 g ai el act i BAVINGA BVERRGL W WL AIRE FARTHMETAC pbE | roror ) ana

| ogic devices. 20 It is pi m?-gh ESvad sghcgnordered transition |ayer 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 greater than 85000. See for exanple: R MKee et al., App!.
Phys. Lett. 59(7), pp 782-784 (12 Auguyst 1991); R MKee et al., App!.
Phys. Lett. 63(2U)e Pigsenbiggnbenelate "NS@B%%FO ar9eded IRM \Mckee et al .,

Mat. Res. FQBricatiifPa sBRfSondud®r-strtéiurinclddihg a crystalline 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



.30 135 (1991); U. S. Patent No. 5,225,031, issued July 6, 1993, entitled
"Process for Depositing an Oxide Epitaxially onto a Silicon Su?Fs;)tr hﬂ)?
JAN 2005 2 and Structures Prepared with the Process”; and U.S. at“@%ﬁz .
5,482,003, issued January 9, 1996, entitled "Process for Depositing
Epitaxial Al kaline Earth Oxide onto a Substrate and Structures Prepared
with the Process". However, atomc |leygel sinmulation of this 5 proposed
structure indicates that it likely is not stable at el evated tenperatures.
Gowth of SrTiCG3 on silicon (100) using an_SrO buffer |ayer has been
acconpl i she@ndiStruginiss Reepared wihihe Froggsst; amhlsS. Paignt Ne7  (1998), pp.

4454- 4459, : h foer y el aset i t her eby
limting aplé‘?‘y%ﬁp%’nlggﬁ?dsg%a%sgg grg bﬁ %ﬁ&gmar%gé%és%g%%%%g was not

rr;a: nt ai ned Eﬁmﬁ@m&u@lihbﬁmﬂde drio ahSulratrate aBd B thes been grown on
Shon-or 5 Plogaied i Ryphrodsnss Aovbran sBiekdotsl SrpHatbs sy These
thi ckgbuffe réébée@’ﬁfu%tdl@%éipbié@thaii'f'ﬁké]?ﬁ% h6@dthBRe Atdleb4taasi stors.

Ther et or e, thod for tabricating a thin, stable crystalline interface

yvi th silicotemperadegsd. _ BRI EF DESCRI PTI ON OF THE DRAW NGS 20 FIGs. 1-2
o e o SO EaARED S, K (0B B8y AESI BN Pl
i nventi on; bk&a acdemplithed (T. dtaenlbo et absimect AppalPhyissWaf 32 semni conduct or
25 substrat ?19h9a8\5,i 88 Zﬁ{]sdflﬁggf ﬁ%%vefng, gSfrbObrEf%rﬁéyllérc\f?gs iigﬁ( ' de layer in
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.



.accordance with the present invention; and FIGs. 7-8 illustrate a

cross-sectional view of an al kaline-earth- netal oxide |ayer for S %n,.&ge
structures illustrated in FIGs. 1-6 in accordance with the pre'kgﬁ AN 200
invention. 13 JAN 2005 3 FIGs. 9-12 illustrate a cross-sectional view of a
perovskite formed on the structures of FIGs. 1-8 in accordance with the
present invention. FIG 13 illustratgs a side view of the atom c structure
of one 5 enbodinent of the layers of FIG 12 in accordance with the
present invention. FIG 14 illustrates a top view along view |ine AA of

FIG 13 of the FiGer9-d2dlilustiate arross-seationat Wewpfteoperavekiteal ong vi ew |ine
AA of FIG 0y | | n € . r ) N 1 c | ayer of
t he subst rai%ﬂ%ﬂ%%lnﬂﬁg%%l cfj'ﬁ]é% @@@gﬁg&%ﬁ%&%&ﬁ?f?ﬁﬂr To formthe
n?vel i nt er fraeatibet ween a silicon (Si) substrate and 15 one or nore | ayers
of a single crys oxi.de, various apprgpaches nay be used. Several exanples
will be provi ded.‘:?ér"%ﬂlpﬁfrﬂeérac # 6"\'&?"’( HP eS?toln'E‘&.\égF?tHf‘.’eoﬂQan a cl ean

surf age, anenﬁ;oéiméﬁpﬁﬁthéq%émr PG S13 ifadtorddied @ith (R ??ése‘?n'ﬂ the surface.
Si 02 I's anorphous rather than single crystalline and it is desirable for
pur poses of inyeotiomg additi onal single 20 crystal material on the substrate
that a single cr ' | i kfqee Lng now to
the drawi ngs in ﬁﬁ‘%ﬂ“ Wﬁ@gtéggan@ﬁﬁﬁé‘g%%”@%{“’gﬁ&‘%%JviF?‘ﬁg" il?-kgﬁ%nbers

t hroughout , intdf&ce.1 and 2 illustrate a semiconductor structure including a
Si substrate 10 F@/Hng

a clea C
iliustratesré 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



.25 surface 12. A clean (2x1) surface 12 may be obtained with any
conventional cleaning procedure, for exanple, with thernmal desorption of
Si2 at a tenperature greater than or equal to 850C, or by rentp\(leA;g)fzﬁB§1e
hydrogen from a hydrogen termnated Si(1 x1) surface at a tenperature
greater than or equal to 300C in an ultra high vacuum 30 Hydrogen
termnation is a well known process ig which hydrogen is |oosely bonded to
dangl i ng bonds of the silicon atons at surface 12 to 1 3 JAN 2005 4

conplete the crystalline structure. The interface 14 of a crystalline
mat eri al nmaygonwletertheerysialing stryciee. (e %‘Fﬁi%@%ﬂﬂp aciystalieein FIc 1)

controll ed ol 3 Ry | ly or
sequenti al | mﬂ%‘ﬁ@%&g}f@E@%Eyg{@g%&@ﬂﬂgsyé@%gﬁhgﬁqﬁ?@wal to 5
900C i n a grigwohtrolhedrberounts of D thaal; Si, @indpDe silee sinegltandtushoor equal  to
1x10 9 nBar. The r I pli.ed he surface 12 tp formth interface 14
may be any ﬁ&ﬂﬁ??tﬁ&ﬁoitﬁgﬂga%‘? igéﬂ&?ﬁa”&%%&r tﬁégﬁﬁﬁqi'@gtoan

al kal igne- eargom4 8l grodttt Bh@RbEawith O(FRialPreséurenéssithan & ¢qudl0 As the
application of the Ba, Si, and 02 formBaSi Q2 as the interface 14, the

growt h i s mbxilxb@emBar Therastabappliag titha seHacey2 teifeepiba Di f fracti on
(RHEED) techni Lchear lﬂﬂmg | 3 whi ch can be
used in si tﬂf}bﬁ&‘g‘??%iSYBEF@V?ﬁ%ﬂ%"%gﬁt e @%{)%rgel&ngﬁ]st{yec%mg\nﬂg_hi n the growth
chanber. TheoRigEEBs becilkalineesarth-metdls sucheds baridat g3a) arstewmtisen sur f ace
crystalline ééructures and in the present process change rapidly to strong
and sharp s{%Baks by the formng of an atomc |layer of the BaSiQ2. It wll

._of caqgrse be ungdgrinbepplitittn onhe Ba, Bieand Op forn BHxBiOykisthepr ocess i s
) provi ded and followed, it may not. bednescnes %ﬁthtu?n (larﬁ‘ 8{13} t he RHEED
t echni ques interface 14, the growth is monitored using g gy
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



.20 on every substrate. The novel atom c structure of the interface 14 will
be described in subsequent paragraphs. It should be understood by those

skilled in the art that the tenperatures and pressures given 3 b‘L@ﬁ
processes are 25 recomended for the particul ar enbodi nent des (r)‘{ 32@915

the invention is not limted to a particular tenmperature or pressure
range. Referring to FIGs. 3-6, anothgr approach conprises formng a Si
substrate 10 having a surface 12, and a layer 16 of Si Q2 thereupon. The
layer 16 of Si2 naturally exists (native oxide) once the Si 30 substrate

10 i s exposéarrowspdxygeoxyie the surfage hdy The Tayehisderfrpepdéangy ben a
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applying an al kal | ne t to th f 18 16
700- googc ahdee- 9:99 Qle ?'5 frﬁn'gH'?RﬁdﬂguH?glmsflﬂjg %gc‘chgmﬁy t%P yer 5 “

subst gat e 19g?§ijatbhl% APIHROMS Jﬁkﬁ% $@g€r k01 P4 heabado 0 2 termerat ure

bel ow t he su mati on tenper at of theS102 | ayer general |y bel ow
9000C). Thi hem;aeramrem@mm§hbb|nahpmtemwgmr§roftb@&h@eéﬁwﬂﬁ chanber or Si

e o on sl oy REPAPTA B ok RENARLD R SRRRE, o, cheher
conpl et ed. BEbam éptaxPichaniiriroaiSt subStrate 10 carebé yat hesmtt pariially t he pressure in
the grow h chanber has been reduc propriat el t he surface 12 of the
Si subst r at Beaigd iIRARTFRAGIPH ‘?W&?erﬂﬁi d %E) %(B'S@%fﬁ €919 beam of

) gfte?gr r g{jef FlAHoWR Bhafribak hﬂa1ﬁ@hbatuﬁ§bahplétédl Oned hatSickubatrtd> 5. In a

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.



.15 enbodi nent, the beamis Ba or Sr which is generated by resistively
heating effusion cells or from e-beam evaporation sources. In a specific
exanpl e, Si substrate 10 and SiOp layer 16 are exposed to a behd Q}fAABgU
The Ba joins theSi 02and converts the Si02 layer 16 into the interface qj
conprising BaS102in a crystalline form Alternatively, 20 an

al kal i ne-earth-nmetal may be provided o the surface 18 at | ower
tenperatures, annealing the result at 700-900"C, in an ultra high vacuum

Once the interface 14 is formed, one or nore |layers of a single crystal
oxi de may be for edewingttad1Ger 7 20d Hithe fymaticard adialing-earth-metaher , ~ an

optional la | N t ehd| Oor STO nmay
be pl aced bé?@gg%y%{%fh@eﬁr‘%]g%e é.ls%]@ lﬁ}heelﬁﬁrﬂg‘fgﬁh@ﬁ/@aﬁ%xi de. This

al kal i ne- eanitérmatihglsupplyde the surfdes 28 dfdhe diteifacs 14 of ancalkalime-

(advant ageous for certain uses, such as nenor | b and al S0 prevents
oxygen fronﬁﬁf‘@?"ﬁ?ﬁaﬁana%ﬁg?m@ %Sﬁa*ﬂ%" QFﬁg?ﬂﬁogﬁodé)a{@‘t‘Wr @%) gi substrate
10. 13 JAN §t9ﬁ%r|£tré;§§h% [ds8haR oF kGal 16 BAY EnBhRETHi® B@lihe B apth-

al
al kal I ne-ea oxi de l'ayer 22 may be acconplished by either the
si nul t aneoumetal oxide layes2mgay fppeyample, sempiise Aclbickness q%@ﬁ@ﬂ erface 14
of an al kal j&ne- earth-netal and oxygen at |ess than or equal to 700C and
under 02 5 partial pressure |less than or equal to 1x10-5 nmBar. This

al kal i ne- eart h- Refertingto G6G529-4L, aZingly crystal cxddentalyer 260sqeti 88 a t hi ckness
25 an al kebf AlDRPHIRTRET AR 5 OVAKPL BV Do et e  her the 10
surfage 20 gfifdde2b ok &id psridce ™4 of fife Sufddced At alkBinablifthi ne- ear t h-
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.



.nmetal oxide |ayer 22 by either the sinultaneous or alternating supply of
an al kaline-earth-netal oxide, oxygen, and a transition netal, such as
titanium at less than or equal to 700C under an oxygen partiql Pr £S S

| ess than or equal to 1x10-5 nmBar. This single crystal oxide 1% 4&@9&056
may, for exanple, conprise a thickness of 50-1000 A and will be
substantially lattice matched with thf underlying interface 14 or

al kal i ne-earth-nmetal oxide |ayer 22. It should be understood that the
single crystal oxide |ayer 26 may conprises one or nore |ayers in other
enbodi ments. 20 Refarringhg HG. H,@ topview ofitae intpdace plasig vigwililnet he <110>

di rection) f .t om ' ' J. S 10, interface
T Sand i 8 oG For R uE Y ARHAFLE B ineKaritm SRR, B8 10:
configurati@fygmUmg:mmg,ms, inrelative sizes, for illustrative

|l er, barium at n,atons 32,

purposes, fromlarger to nms ,30 111Go

oxygen atoms 34, AgfRiringte Fﬁgﬁ?@rﬁ taovew ‘?nﬁ'ﬁ%eéﬁ'\gfugﬁ'r&’éh?wsconpri ses
only gilic fbtpefg ths BEhtedt®@ns (which in

t he p?’ef er ?@g%%ggﬁ?rﬁeﬁimg}ée Il Itégg§£%5qg;mggr ﬁ%@t om? 30), silicon
atoms 32, and okguihis disoussian, a mesolgyesleiqualse®BX 0 matemsiasm 2andxygen | ayer

JUN 2005 7 RaARRPIEy g8 Bhe S IR L B A dpt IR AT 2 018 e
line AA ofsiidvim irllfe BliBBgoteises basigglemiomid laybe thaicbuld beimdreon, and
PG s sribs ons siaet uereabie b Shebaate 3p bR ANallieredior the S
.. subsygate 1QtfiohethhbSiddilgfetsiaPBe nlaPaRindy tyeraUndie Ghaia Flg, at ons/ cni
~ Yand an atomc layer is one atomthick. It is seen that the interface 14
' 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



-shown in the FIGs. conprises a single atomc |ayer, but could be nore than
one atomc layer, while the Si substrate 10 and the al kaline-earth 10 netal
netal oxide |layer may be many atomic |ayers. Note that in FIG 1]33,JM#1I2305
four atomc layers of the Si substrate 10 and only three atomc |ayers of
the al kaline-earth-netal nmetal oxide |ayer 26 are shown. The interface 14
conprises a half nonol 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 atonms 32 in the S
substrate 10nterfaee ddiis cmrestahie sBe theratemswill meedikely mabtaigypst anti al | y
on a line anpd.. N en the alkaline-earth- netal atons in the
<110> direc@%%ﬁgﬂég%%ng?f?@%ﬁggbgﬁ132 inthe top layer of atonms in the S
substrate 10 is bonded to an oxygen atom 34 in 20 the interface 14 and each
silicon atom32 in the interface 14 is bonded to two oxygen atons 34 in
the interface 14. The interface 14 conprises rows of barium silicon, and
oxygen atons 30, 32, 34 in a 2x1 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 fabricating a
thin, crystalline interface 14 with silicon 10 has been descri bed herein.
The interface 14 nay conprise a single atomc |ayer. Better transistor
applications are achieved by the interface 14 being thin, in that the
el ectrical coupling of the overlying 30 oxide layers to the Si substrate 10
is not conpromsed, and in that the 1 3 JAN 2005 8 interface 14 is nore

.. Stable since the atons will nore likely maintain their crystalinity in

" Jprocessing. 3 JAN 2005



-9 CLAIMS What is clainmed is: 5 1. A nethod of fabricating a sem conduct or
structure conprising the steps of: providing a silicon substrate having a
surface; forming on the surface of the silicon substrate an int@rJ abiN 2005
conprising a single atomc layer of silicon, oxygen, and a netal; and 10
form ng one or nore layers of a single crystal oxide on the interface. 2.
The nmethod of fabricating a sem condugt or structure of claim1l wherein the
formng the interface step includes formng a 2x1 15 reconstruction. 3. The
met hod of fabricating a sem conductor structure of claiml1l wherein the
forming an interface step includesGlé¥dMiSg the interface in an

ul tra-hi gh-vacuum system 20 4. The nmethod of fabricating a sem conductor
structure of claiml wherein the formng an interface step includes

form ng t heWndtds thrémetns: a chem cal vapor deposition system 25 5. The

met hod of fabricating a sem conductor structure of claiml1l wherein the
formng an interface step includes formng the interface in a physical
vapor gdeposjtion r nduct or
struc?ure o] clafﬁ¥§ﬂﬁ§%ﬁmﬁg?g?ﬁ thgﬁﬂggﬁpggﬁgﬁﬁ?E¥€§$gg§ﬁET§g conpri ses
form ng a sthegdtepatofini ¢ | ayer of silicon, oxygen, and an

al kal I ne-earth- nBIr’Oq}idin&a?’Si“]C%’r\‘ll s%l%gﬁ'afleohaving 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.



7.. The nethod of fabricating a sem conductor structure of claim6 wherein
the al kaline-earth-netal is selected fromthe group of barium S J
strontium 5 8. The method of fabricating a sem conductor struc?ﬂ e AN 2003
claiml wherein formng an interface step conprises the steps of: formng
a half of a nonol ayer of an alkaline-earth-netal; formng a half of a
nonol ayer of silicon; and form ng a ngpol ayer of oxygen. 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 surface7of tFbegnéthodrof falsricatingta sewicopduotiodisiigctuie &f RAIM$e- ear t h- et al

Lo 1 orm an hecen Jhe ekl eeSial B o BERH Riindhp AP BrBaGhor st ructure

al kal i ne- eaghl-gehibm.si | i con, 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 with a

2x1 Beconspruct irﬁ]agn&@ﬁajof.fgaﬁ]agiﬂgtbgggm{gphan&éo?girheﬂn@&e:aiirﬁqnduct or

structure of " cl ai erein provi ding an
al kal i ne- eawhkreintfedmiag@nhiaterface stbe copprises thiristeps oft ructure are

acconpl i shed n %r}mli'rlIé 5%'35}' c?fha- MONo arg?er oY gﬁ%mal%g—eanh-metal;
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



-1 3 JAN 2005 11 12. The nethod of fabricating a sem conductor structure of
claim9 wherein the steps of providing an al kali ne-earth-nmetal and heating
the sem conductor structure are acconplished in a chenmical vagoy JAN 2005
deposition system 5 13. The method of fabricating a sem conductor
structure of claim9 wherein the steps of providing an

al kal'i ne-earth-netal and heating the qygsenm conductor structure are
acconplished in a physical vapor deposition system 10 14. The nethod of
fabricating a sem conductor structure of claim9 wherein the heating step
i ncl udes for@& ng Tae mathedieidabricalingg aemiasgdectossirribire &) teinr si | i con,

oxygen, and i_he-e - 15, € ; jcating a
sem conduct @%ggbﬁﬁgﬁpeiso&é{p\ggﬁg% a@%%g&%eﬁﬁﬁﬁ'g%tl Egﬂih%!'égﬁb -netal is
sel ect ed fr ganiidshdiiconsteictureHre sccamglisiadinta ohemidal vaper met hod of
fabricating a sem conductor structure of claim9 20 wherein heating step
i ncl udes f oflRPASIAN SYSlEAY-f ace step conprises the steps of: forming a hal f
of a nol ayer of an al kaline-earth-nmetal; formng a half of a nonol ayer
of silicon; and form ng a nonol ayer of oxygen. 25 30 1 3 JAN 2005 12

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



1]?. A nmet hod of fabri c‘;ti ng a sem conductor structure conprising the steps
of . providing a silicoh substrate having a surface; providing a

al kal i ne-earth-netal on the surface of the silicoﬁ E substrgté?aad$h12M5
providing silicon and oxygen to forman interface conprising a single
atomc interface of alkaline-earth-nmetal, silicon, and oxygen with the
surface of the silicon substrate. 101%8. The nmethod of fabricating a

sem conductor structure of claim 17 WwWherein the providing silicon and
oxygen step conprises formng an interface having a 2x1 reconstruction.
19. The nethgd of methiddeftfabdcatingemnsemitdaduotor struotreicompirisgigai m 17 15
wherein the steps of providing an al kaline-earth-nmetal and providing
silicon andﬂE&?€8ﬁ°$re acconpl i shed in an ultra-hi gh-vacuum system 20. The

method of fabri Catdyiding SARIHONBKGERS havinyeldlice! clai m 17 wherein the
steps of providihg an al kal 1 ne-earth-nmetal and providing 20 silicon and

oxygen are acconpfavidiag anralsalineesartrametal sor thespsisiceifihe sifiseBm 21. The
net hod of f%@%ﬁﬂéjﬁ a sem conductor structure of claim17 wherein the
steps“of pr ’ al kal i ne-earth-netal and providing 25 silicon and

oxygen are acconptovidiag silicona aptyosiygeh to fpor adéniesate oompsigiigeam 22, The
net hod of fabrjcatin

.a semc uctor structyure of claiml17 erein the
provi di ng sﬁlﬂg@ﬁmﬁﬁg"ﬁﬁgf@%og&gﬁ"% ﬁ"é%%takéﬁwpﬂga%(?@éy%‘?myﬁg atom c
| ayer of si{y Al VARB silRBH sBBsfateal i ne-earth-netal . 1 3 JAN 2005 13 23,
The net hod ofe abricating a sem conductor structure of claim 22
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.



‘wherein the al kaline-earth-nmetal is selected fromthe group of barium and
strontium 5 24. The nethod of fabricating a sem conduct or strulgéurﬁ Oé{}
claim17 wherein the providing silicon and oxygen step conpris tJ Y Uéps
of: formng a half of a nonolayer of an al kaline-earth-nmetal; formng a
hal f 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 SILICON 5 A net hod for
fabricating a sem conductor structure conprises the steps of providing a
si | i con sub®8r at Fheropthealefifgbecating asemicomductar strichije of clai@ &Jrface of

LI on on R ERa Rk SuPlob Gt i b RTS8 o BEbAIRECT o, v ©
si ngl e crystal swortien{.26) on the interface. The interface conprises an

atomc layer of silicon, oxygen, and a nmetal in the formXSi 2, where X is
a netal. Fig. 10 to acconpany abstract. 15

5 24, The method of fabricating a semiconductor structure of claim 17
wherein the providing silicon and oxygen 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.
10





