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METHOD FIELD [0001] Integrated circuits, and, nore specifically,

sem condugy®ho@diizegul ator structures and nethods of fapgpirGRbde9B24105
BACKGROUND [0002] Transistors and other devices are connected together to
formcircuits, such as very large scale integrated circuits, ultra large
scale integrated circuits, nenory, and other types of circuits. Wen the

size of transistors is i QN i s increased,
probl ens nmay arise COHWW%%E%Q , off state |eakage,
power consunption, and oth P &My the device. Silicon on

insulator (SO) structures have been proposed in an attenpt to overcone
sone of these problens. However, SOgmEghyuctures have a high rate of
defects, as it is difficult to produce Thin, uniform sem conductor |ayers
i n f abr i{66@%)dntegfatddeditcuss,cint cmrsrei speltallyt sansivondustor nolinbatorstmetuses within a
si ngl e wafer é}e g) thet.thi ckness of the wafer differs at various points on
the waf éPf Mepofspifaieation-om wafer to wafer (e.g., an inconsistent nmean Si
| ayer thickness anong SO wafers). [0003] Sem conductor devices include
separate p-type and n-type regi oBACKGREAMDr egi on, current conducts by
majority carriers of a first conductive type. Mnority.carriers in the
denssiey fo
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junction. Wth a reverse bias applied to the tw ends of the p and n

r egi ons, havhdegroprepesedlin pmpiisrapt tp evergpmp spme af dese nreblspsy dlaveyes SE8t  f1 ow

via mj Osrtxiutc%r&a}{a(/%ﬁgf MNSdek (R iise&igﬁciuﬂ tS’?&J&uéé 86, Qhitbig PN j unction

can nobve acr osS unction y and constitute reverse | eakage

cur r ent sserasontlhetyr agensyn Sbaicaim. dbefect prarielug in S dtypwireshacluds defpgesi t e of
the first, conductive.type. Reverse | ka current is nor ronounced in a
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and defects from wafer to wafer (e.g., an inconsistent mean Si layer thickness among SOI

wafers).

[0003] Semiconductor devices include separate p-type and n-type regions. In each region,
current conducts by majority carriers of a first conductive type. Minority carriers in the
same region, which carry a charge of a conductive type that is opposite of the first
conductive type, have a thermal equilibrium concentration that is much lower than that of
majority carriers. In a p-type region, holes are majority carriers. In a n-type region,
electrons are majority carriers. When a p-type region meets with a n-type region to form a
pn junction, a depletion region is formed with a built in potential barrier that prevents the
majority carrier of each side from crossing the pn junction, With a reverse bias applied to
the two ends of the p and n regions, the potential barrier is further raised to prevent current
flow viia majority carriers. Minority carriers in each side of the pn junction can move
across the junction freely and constitute reverse leakage currents, as they carry charges of a
conductive type that is opposite of the first conductive type. Reverse leakage current is
more pronounced in a narrow band gap semiconductor, because for the same majority
catrier concentration, a narrow band gap semiconductor has a greater minority carrier

concentration, and, hence a higher reverse leakage current. The pn junctions exist between
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carrier concentration, a narrow band gap sem conductor has a greater
mnority carrier concentration, and, hence a higher reverse | eakage

current. Kog :pdk/diAgt i ons exi st between 1 WO 2004/ 017398 pReAlshind 986924105
the source/substrate regions and the drain/substrate regions (e.g.,

horizontally orientated) and between the source/channel, drain/channel
regions (e.g., vertically orientated). By wusing a SO structure there are

no source/subst rate or drain/,substrat dy 1k k
iedie TR R e e e G OIS T S
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under angRxl elsale ddnly tyRtaBiddceeasdsl ﬁcﬂvevbmaauMbamiirﬁgafnvm@a effectscaay i er
nmobility is a measure of the vel OCI

Jg‘: rriers. 1&‘ | ectrons
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| ayer. —EQL sg @{?Q{eﬁ’ofpét?ltégéalgé Ed@ént @@ih%'tﬁrﬁs%@@v&&%@ ré e eigh shet r ow band

gap materia I nc rmanium (Ge). Germani um (CGe) has bul k
el ect r onchanglelhadfeetspobi ity of 3900 cn2Nsec and 1900 cn2Nsec, respectively,

whi ch ar ch h| her that that ,of. bul k | ect bility of

Silicon f@% ‘h“@f 11‘8@6“8%6%18%5*’5%“3%? ﬁ%acggjé}?‘lé‘g’p tively. [0006]
The band %ﬁoﬁ&é%h@a‘t&ﬁlé"ﬂo&hnﬁ {iEedHaBN UG o momilier is gknérsligeneaairt pf thased on
t he dlfFerence bet ween the conduction band edge and the v Ienﬁe band edge.
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(e.g., electrons and holes) flow through or across the device channe! in the inversion layer.
For example, higher carrier mobility has been found in narrow band gap materials that
include Germanium (Ge). Germanium (Ge) has bulk electron and hole mobility of 3900
cm¥Vsec and 1900 cm?/Vsec, respectively, which are much higher that that of bulk
electron and hole mobility of Silicon (S1), which are 1500 cm?/Vsec and 450 cm?/Vsec,
respectively.
[0006] The band gap associated with a semiconductor material is generally based on the
difference between the conduction band edge and the valence band edge. In general, a
higher mobility semiconductor has narrower band gap. In Germanium, the band gap is

approximately 0.67eV, which is relatively small compared to that of Silicon (Si), which is

approximately 1.1 eV.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The claimed subject matter is illustrated by way of example and not limitation in

the figures and accompanying drawings, in which references indicate similar elements, and

in which:



approximately 1.1 eV. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] The cl ai ned
subject matter is illustrated by way of exanple and not limtation in the

figures argpagra@ipegyi ng drawi ngs, in which references i pgirgab&szHhiibd ar
el ements, and in which: 2 WO 2004/017398 PCT/ US2003/ 024105 [0008] FIG 1

is an |Ilustrat| on of a cross-sectional view of an enbodi nent of a
sem conduct or substrate with an insul ator Iayer formed thereon. [0009] FIG

2 is an jllus t.i.on a cros sectio Jrept of the
structurfémo@flg]{ffﬂé‘S:?:n YsHaony %@8?1567.?8 %I}al sﬁ%or rre?mﬁqr eon. [00010]

FIG 3 i &nffordhbiesiubaiate Wil arfindl #66 eg&dbintdithereorw of an embodi nent of the
structure of FIG 2vmthagateformedthereon FIG 4 1S

[ 00 e an,
i |1 ust r al008H BIG.2 ig b didusteden ehneross- %%‘P@ﬁa é’tWWechft?&ﬁ mgh &}bepsé?f‘? “bei ng
i nt roduce, ﬁ@ ;}%gen%cg&mc o?@%}éf?&heﬁ Jnate. [00012] FI G 5is an

i1l ustraf 0SS sec VI ew O an enbodi nent of the structure
of FIG foomolh a SEHGE xlemaémnomofsubm-mtmmm@fmmmerpteﬂ@m] FI G

6is an illustration of_ a cr %F&)él onal view of an enbodi nent of the
st r uct ur gruspurepFIG; }‘Blthé\&af?gts I8%al of a portion of a seed

serm condlugry | 8YeFiG,  RIMAnSRET § SRdskoandl gkl obandaodiacaiof nsul at or

| ayer Is an illustration of a flow chart of an enbodi nent
of a net baehnt (bemgmmtmcbmecamp;aaa¢€d§em[i®®@4€5t}’r gebgyat® i s an illustration of a

flow chart an e t.,,of %QQ,;G FI G
9 i\év an [qologilt rati gﬁ(S% geéﬂfqlgwaﬁﬁglpf g%s%gecgé%ﬁgl n?ﬁp%hg%r@teﬁ% to ]
extract HQekkby FEG! T Wah$: sebETMibHRRRDERsETleGdnd&DMEZbnA SO appar at us and

its method of fabrication are described. Exe Iary rrbod r%nts %rﬁ
descri bet00fii3h ref E¥enkis mllgaﬁ@@pn.oéaew ﬁ‘iju‘P&% vigye of 7 fegh i thar y

skill in.the AtkpE! s «ARRAS gH@trglinhe of8 Eﬁ%ﬁ%f%@@é@&%l@&ﬂlu@wﬁyﬁﬁa“ ons may

be made \%ﬁ'l' remai ning w t hat appended cl ai ns
Addi ti Oni?elabbﬁ,g ademivsneictof layeltonded to an insulator layer.

[00014] FIG. 7 is an illustration of a flow chart of an embodiment of a method to
form an apparatus.
[00015] FIG. 8 is an illustration of a flow chart of an embodiment of a method to
form an apparatus.

[00016] FIG. 9 is an illustration of a flow chart of an embodiment of a method to

extract minority carriers,

DETAILED DESCRIPTION
{00017] A SOI apparatus and its method of fabrication are described. Exemplary

embodiments are described with reference to specific configurations. Those of ordinary
skill in the art will appreciate that various changes and modifications may be made while
remaining within the scope of that appended claims. Additionally, a number of well
known elements, devices, components, circuits, process steps and the like may not be set
forth in detail in order to avoid obscuring the claimed subject matter.

[00018] FIG. 1 is a cross-sectional illustration of an embodiment of semiconductor
substrate 110, Insulator layer 210 is formed on semiconductor substrate 110. In one
embodiment, insulator layer 210 may be formed on semiconductor substrate 110 by an
epitaxial growth process, such as molecular beam epitaxy, metal organic chemical vapor
deposition, atomic layer deposition/growth, or by other methods practiced in the art.

Epitaxial growth allows for unit by unit growth of the layer, thereby providing a high
3



known el enents, devices, conponents, circuits, process steps and the like
may not be set forth in detail in order to avoid obscuring the clainmed

subj ect maybehes/d1PHR18] FIG 1 is a cross-sectional ill ugihaish@Be®fiosn
enbodi ment of sem conductor substrate 110. Insulator |ayer 210 is forned

on sem conductor substrate 110. In one enbodinent, insulator [ayer 210 may
be formed on sem conductor substrate 110 by an epitaxial growth process,

such as nol ecul ar beam epita a ' ?‘EE cgl Himd&gposi ti on,
atoni ¢ | 4§8&F° Qlijé‘ﬁﬂg?“fyl&%‘g )%éia tBap%{t%@ﬁ‘r?hl g%s ]%rag\étﬁ?)?egni n the art.
Epi t axi alengridubiopbhmanatel 100 ﬁmch;onws iatbagy ytrto gfow bthet Eyens, suches.dby
providing a high 3 WO 2004/0 395 PCT/ US2003/ 024105 degree of accuracy in

gr ow ng exrenpileypeingudnter J8¥4Tt i cul ar t hi ckness. I n an enbodi nent,
sem Condttﬁ)@ﬁé] substr 8l Syl Qi?tymfsMbeH B B8 RcRases bkl thet iglaucot her

| ayers, for exanp an 1 nsulator layer. [00019] In an
enbodi Meffachbdeid mterial ﬁaylad nﬂﬂe(imcmxdluctdewbatramléﬂl Letticn safeisdo et t i ce

mat ched to a mater) f pound semc t ce refers

to the é‘?‘?%@’éﬁ\e‘?fjta‘ﬁfls Ot ‘i’i‘eﬁ‘ﬁ“@ ﬁ%érr%%s Jrz%tiﬁoéf{gleéllrr?gahbof a

crystal . aofnit BRtahSe O RRETy RIS OF ShoAdicferent mhmatsrajsma)lstaptldnaslos:cftotvm

different materials are subst antially close to Fq?rn}gPanot hﬁee‘tht .he.material s
e

maybe consé atwties, thamal“ﬂ'éﬂfrﬂﬁﬂbh‘é%PnSlﬁ@}’edé%&ﬁ%}n@tc AR the AP dlRTe
di st f
d: :t gzgg at%]meg{s%Qé % e tulrﬁ' %6?118 %g?;O(B r??é}ﬁé ik 8.0% Qinf. th@ﬁgm‘i@@ist@thC

arium 100 plane is also 4.0 A As
such, Gebaﬁnmlmmn(a@q)?)airrog m(aEI!I@) phhemalsed.0 e A@mhd@ﬁwl‘lﬂaﬂt(ﬁébmrﬁatched to

are 1 opr GaBhphoe v egnprigedieiatsel et o AU T BRTRIE T 1S

be consi g%ed'rﬁéatkdv%lrhérnﬂmte@ﬁma%éfﬁl%ear@feptéa@mam @ginptdfedtics seichskd  her ein
inregard to the selection of materials. Those skilled in the a

recogni zenatérils, and tIErnOtrm e goasidened s Heniéneibe geqneplithg gubisst W&{t%fﬁé%ﬂos&ﬂd al so
fall thin.th | |
s? ; on\tN: url?': ?ellr} 1&%85338 E)% E%S)tl %urgit S hs, E)%@ k1ﬂé<§ﬁ1 tgé ed wig E‘&fo@ng Aat exa@ e,

| con e used lattice
mat ched e Fiaddrsils erﬁ@QSdnsid&&tdllﬂh@eﬁ mathed, aﬁﬂl@}smfn]l Méiretﬁub@chm@tftfhe may be a

0 Such agsEianeicegeP e LEERaer BN S B ot SR aech g, M O
Payer 2100 el AR 0T 2 ot ﬁQaBZST e a5 Ssmﬁél " ay be.
se?/ect ed {00020] Insulator layer 210, in one embodiment, may be a crystalline dielectric am{m

may have a high dielectric constant (¢.g., high K) such as a dielectric constant on the order

of, for example, 7.5 or greater, in one embodiment. Additionally, the characteristics of

insulator layer 210, as well as the characteristics of the device as a whole, may be selected

so as to match the band edges to those of the semiconductor 110. For example, as

discussed below, the characteristics of insulator layer 210 may work to facilitate the

extraction of minority carriers. Insulator layer 210 may also serve as a base layer for

growing a semiconductor layer above it.

In an embodiment, a suitable high k dielectric will have a large enough band gap to serve

as an insulator between the gate and the substrate channel regions, and will have a higher

dielectric constant (e.g., greater than 7.5) to provide equivalence gate oxide capacitance at

a thicker physical gate oxide thickness. The thicker physical thickness(e.g., greater than

104, in an embodiment) is required to avoid quantum mechanical tunneling of electrons

through the ultra thin gate oxide, and to reduce the gate oxide defects.

[60021] FIG. 2 is a cross-section illustration of an embodiment of the structure of

FIG. 1, with semiconductor layer 310 formed thereon. In one embodiment, at leasta
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so as to match the band edges to those of the sem conductor 110. For
exanpl e, as discussed below, the characteristics of insulator |ayer 210

may wor k twohagidibdgt e the extraction of minority carri ecgushfgkbabor
| ayer 210 may al so serve as a base |ayer for growing a sem conductor |ayer

above it. In an enbodinment, a suitable high k dielectric wll have a | arge
enough band gap to serve as an insulator between the gate and the

substr a; &@{;&gref*g]ngg&gi‘g& Ty g1 éimwsm Mot Flast LLGLBH b IrulGRE

(e.qg., provi de e UIV ence gat e oxi de capaclt nce at
a thi ckeZl(plitsierahpgaireular teyet hi (brhmyeﬁmlud&'hﬂmmm ttﬂaaa[te By KiOg phaving a

t hi ck . g., t th 10A, . i ; od t) | i id
quant um weBHlA & S8 Berisan e rdfyeEr K Prg T PR R HE ) FEVEE £ R0 Gat o
oxi e, atnd Qs FRALIAR HARrIR(Fe AXicdSAaleaC kFan LABARHenElGulafor1Byed 210

Cross- SECtIOI’l illTustration of an enbodi nrent of the structure of FIG 1,
wi t h sensermsdsetbese laggreand 31lows semisandustor dayier 3 1 Gtodrecformbdbly eritixialat | east a

lat ] co Rerina eynpenacye QR R bR LD St oRtE L Japi e,
i nsul at ounifornety, Blhg a8inglenaluatdayehanid ushivihg b ddweer(dBgrte OF Jicfzatgiongeiag ( 100)

pl ane, and sem conductor layer 310 may include germanium (Ge) having a
(200) pii%fﬁ‘é %s these two naterials are lattice matched. In an enbodi nent,

| nsul at ofgq p@y}er 21§em&%fﬂ\fb‘§oﬁ§y@3?@&%y|b@¥r?drde%@9m%ds%eﬁﬁﬁn conduct or | ayer
310 to be forned by epitaxial "~ growh”as a layer that may be characterized

as bei nngmbmtamrb}w talhateriflasedhty fpnpsmmdndummrﬂmyeurﬁwambem@rai used to

et oot -1 0. PrgudsBer A R hed, P Enat R PR b PO el

mat eri al @nwnRﬁphﬁﬁ@tﬂf atyeVEIO/by warieBd kihals, liﬁcﬂddlhg aﬁ‘oﬁnana@/em;ﬁfamyl,uct or |ayer
310 and a naterial used to forminsulator |ayer 210 are_ | attice mtched.

Semi cond®eleSHIAr BGAsR CBIRFYniglsb orgaRic 4ReaICRhVaPgF 8RRPSiERn; Hemaleyw dhapiel 210 by
vari ous gﬁa%%@ﬁ oﬂd%ﬁérlfﬂétﬂgdsatr%fﬂpgg ucﬁ}h%'iho%@éeﬁffafo dubR} & gh&l Al &%ﬁﬁ% epi taxy,

met al nic chem cal vapor Sition, atom e ayer chem cal® deposition,
or ot herumﬁlrhﬂ)yiﬁmnldél u@gidﬁwmlallymhdmwne&wlﬁ'smmdnmm la)aayéﬂom@blmy be

E AR e T AR MR e
310 may Rea t%ﬂikhéé%'rh@%ing HOnmPagphhGiBRES1 0ZaRAI000 A I RIbrapatieNaARtighy | OA to
3000 A. More particularly, in an
embodiment, semiconductor layer 310 may be formed with a thickness on the order of 10-
30A or less. If such growth methods are not used, and semiconductor layer 310 is bonded
to semiconductor substrate 110 according to the prior art methods, it may be difficult to
make uniform semiconductor layer 310 with a thickness of less than 2000A. Moreover, it
may be difficult to control the thickness of semiconductor layer 310, and semiconductor
layer 310 will not have a uniform thickness. Additionally, in regard to certain materials, it
is difficult to obtain wafers of certain sizes, and, therefore, it would be difficult to obtain a
wafer(seed substrate) of suitable size to bond to the insulator layer
[00023] By growing relatively thin semiconductor layer 310 on insulator layer 210,
it may not be necessary to thin down, polish or etch back semiconductor layer 310. When
thinning down is performed, it is generally difficult to control the thickness of a
semiconductor layer to an acceptable degree. Accordingly, having to thin down a device
layer by conventional techniques (e.g., polish, etch) might introduce defects into devices

fabricated, such as non-uniformity of thickness of a layer within a single wafer on a single

device, or from wafer to wafer among separate devices.



enbodi ment, sem conductor |ayer 310 nmay be fornmed with a thickness on the
order of 10- 30A or less. If such growh nethods are not used, and

sem conduGighgdsyflog 310 is bonded to sem conductor subshEaiRadkif2ae6or di ng
to the prior art nethods, it may be difficult to nake uniform

sem conductor |ayer 310 with a thickness of |ess than 2000A. Moreover, it
may be difficult to control the thickness of sem conductor |ayer 310, and

sem cond | ayer i : i f-qr i ! 1y,
in regar @?%flcer t aI:ﬁr?n %&ﬁ%%%’%hl&%%% %?%rcsﬁloiﬂl %@%@ﬁﬁoﬁ%r&s‘&g&
certai n palizhimg, demhing, hesiap and/or adnening. dlHoee eiifléd outht attovill beavigniza that
vvafer(se%a. .ubstrate% of, suitabl e s@%ﬁ@ond to the i suI@tor ] ayer

[ 000231 BS/SBg§IFTE riaping &P/ ot HnGalgmiTRSHGHRES MARFRCIIBEG M YAHOUF at or
layer 218 fferent mi@¥erdd REUAREESAACYmhPirkhide aﬂ%es@?idc@ﬁe@ mdthit back

sem conductor |ayer 310. When thinning dow is perforned, it is generally

di f fi cul ¢ertein efdhrse proaeksss.tand chayedsy in¢lude otbenproersdescirasticed yethetad. an
accept abl, g e. Ac i y Vi i i | by
convent i Sdr CPASH I SEER ARG seplfidleiol ks I HRY: el BnBEse sPB S i

devi ces gibatfutthatl@grs.such as non-uniformty of thickness of a layer within

a single wafer on a singl device, or fromwafer to wafer a separate
devi ces. [080%4b 2oo@@&f?@geg@@rmm%@%@a%semlfmhﬂr laygr 310 @g@@gﬁ frent

ser condiGieAEl thaP [nutKAlniMBlod 10U B0 AREIATBURI A nduoPAY LSO G ! eani ng,

rinsing and/or annealing. Those skilled in the art wll re&cognize that
pol i shi ngmbadiment; thg latticwmsiatnyednutasial founéal samgjconductpe dfyor Hkllis atsmyfotyad

performed in.vari Qus i ff manners_an equences i,ch incl ude
rT o e heeios R S Sttt 1 o TR 3 A R R andb B B ey s
i ncl ude proh@isuRiPEBLE 50 RiBGhieRdutidr laher Atmay AdHiikdledadiffsent fpédiof

enbodi nent, sem conductor |ayer 310 may be used as a base layer to grow
further Mapdpldhatiapplastee matckads dditassiip, inap cabodimprndi atisast 2 REHPRBhduct or

| ayer 31Q.i: 1 I: ' i nt

mat eri al &fﬂ c%ﬁggllgugﬁlslla gru ateglrd al%lz'%?%étr 201{(50.Qﬁ +ﬁhgﬂ%&%g@%@§€aﬁ% %tt?cﬁghétf:ﬁéd?

| at t i ce-dtsehedndmta@rsubsitrato ifdandningdatoclepehidOonay ayeay Bk Meilstiad so found in
sem conduct or, substrate 110. However, in an enbodi nent, sem conductor
substrat‘@atcgidﬂ, i nsul ator layer 210 and seni conductor |ayer 310 may each

i ncl ude @obigrent ThRESkiVkd idkQFrt il rbdbahizRtRathiRd pric@p1PdtelR@dbove may -
Additionally, in an enbodinent, at |east a portion of _sem conductor |ayer

310 and b usedisforn asapppighisdrving suplaple semigpaducardagsre  Fortexpmplarae &ved,
of semiconductor layer 310, a second insulator layer may be formed, and another
semiconductor layer may be formed on top of the second insulator layer. As such, the
disclosed method can be used to form an apparatus having any number of relatively thin,
relatively uniform semiconductor layers.

[00027] Devices may be formed on semiconductor layer 310, FIG. 3 is a cross-
sectional illustration of an embodiment of the structure of FIG. 2, with gate 410 formed
thereon. Gate 410 is separated from the surface of semiconductor layer 310 by gate
dielectric 440. Gate terminal 415 is associated with gate 410. Semiconductor seed layer
310 includes well active region 320, source region 330 and drain region 360. Source
region terminal 335 is associated with source region 330. Drain region terminal 365 is
associated with drain region 360. Representatively, channel region 380 runs from source
region 330 to drain region 360. Semiconductor substrate terminal 115 is associated with
semiconductor substrate 110.

[00028] The materials used to form the various layers of an embodiment may be

selected based on conduction band and/or valence band characteristics. In an embodiment,
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but sem conductor substrate 110 and insulator layer 210 may or nmay not be
| attice nmatched. 100026] Those skilled in the art will recognize that the

princi pl esyghagspadsapove may be used to form an apparat ugchashingdHbi i pl e
sem conductor |ayers. For exanple, on top of sem conductor layer 310, a

second insul ator |ayer may be formed, and anot her sem conductor |ayer may
be formed on top of the second insulator layer. As such, the disclosed

met hod c sed to.for n a rat.us r | atively
R AVGE s e s e i b O S

f or med ORNFEHIROREHBERIte 1290 if s3ilconlhiétor Rydrs 18, mbm}atméht()l, m'ahtlhe
illustration of an enbodi nent of the struct 410

th
formed Semdeegnctorzrbetraed 19.dhaye penancEen P% %éfes%‘gfté‘&téa%@fa &8¢t g‘%‘r\%&ct or
| ayer 311911'% Yok Eh bart GGt & dgt HafPeen e ﬁsﬁl@(of%f@hné@eﬁnb&lcﬁéﬁﬁgﬂ@tcﬁd with

gate 410 em conductor seed | ayer Includes well active region 320,
sour ce rlggiveen th3hsakathr @i Qiand ﬂ@gaeuncdiﬂﬂotmsznbs*m@elil%dﬂ@nnmﬂtﬁ A8 TS | s

wih ora %#c“@é?aﬁr? 3%@30%@8}18@@%%% By il Eagb e st Rl ST 2 o

source  §B0hPLy ?oﬁtﬁ@é Hla$ RChe @ub%ﬁ@te cSﬁmi.CHTSChmdtg@dSurﬁlut@ﬁm atwerce er mi nal
115 i s assom at ed Wi

sem conduct or substrate S,ﬁtg a{g 002%] I?e.materi al s
used to ¢antaet BhE Raapl aseent afeleetress can flapibipngh e sHsre contiit dd vt Based on
conduct i ( hizent, 6
WO 2004/%?3’8@3@?’? %E{Z%%g %gﬁ% g@?%m%&?d &Er?lgn@%tfas.&rmgraﬁe@é@%%ayer 310 on
an i nsul at@senddhdustobil O interfmnsansnbsttgmnallyslegnedoﬁdﬂmmanstub%tthwﬂllilo) i f
sem conduct.or, 310 suI and
Sobss ot eiguin (e g Ean AL Pevh ARk iR e Ko el ot BRio R PO thelo e o

a largepy, ?e'@a'?&ﬁe Banthdaek 'a?fhe@%t'eﬁhcé@elg fhchﬂgmxﬁt&ityamferszm jameion
sem conduc 310, or between the insulator 210 and the_sen conduct or

subst r at keakage willthe redused. |FtOy exanpleeingin embodhpeniel mw@gw& BSBEHIEs, in this
case) rra}/% boggﬁ ?%él?’i%te %g B% E{e§ Bg ?ég'g} ﬁ%%}sﬁ'@uléﬁ iIO FeRd WPRhyi N9 a

positive e co dlng t he "sour ce
cont act ﬁ&ﬁateEBH&D;,)Wﬁﬁcdmﬁuabﬁwmnm laalincﬂlldwg shmoogim (G, dubssrat e

7T nsul at 8FTlD el G AE B CoBaT SRR EOG A SO e T A0 Far e

subst ant gkl A3k bOBREror i 1hi§ oFBRTchiiRionbB] éﬂg&%t patmanium (Ge) is 4.18
eV. While the valence band edge of BaTiO; and Ge are located at 7.46eV and 4.5¢V,
respectively. The conduction band edges of these materials may be considered
substantially aligned, and a very low conduction band barrier exists across insulator layer
210, while, at the same time, the valence bend barrier is much higher (e.g., 2 difference of
approximately 3eV, given the respective values of 7.46eV and 4.5eV). The particular bend
edge alignment between BaTiO; and Ge allow the extraction of minority carriers of the Ge
well region in semiconductor seed layer 310, when the device is properly biased. This
example provides a representative selection of materials having substantially aligned
conduction band edge, and should not be considered as limiting which materials may be
considered substantially aligned, or which range of conduction band edge values may be
considered substantially aligned. The minority carrier extraction can also be applied in a
case where the valence band are substantially aligned and there is a large conduction band
barrier across semiconductor seed layer 310 and insulator layer 210.
[{00029] As discussed above, if semiconductor seed layer 310 and insulator layer
210 include materials with substantially aligned conduction band edges, minority carriers
may be extracted through source region terminal 335. In this regard, whether the minority
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carrier in the substrate 110 can't flow into the well region of
sem conduct or 310, due to the |arge valence band barriers at the

i nterfacesyoByutpacting minority carriers, the juncti opcrh8aage i || be
reduced. For exanple, in an enbodi nment, a nmechanismfor extracting

mnority carriers can be established by form ng an insulator |ayer 210
i ncluding barium titanate (BaTi O3) on sem conductor substrate 110

includin er mani um hi I Sedel - fdi or the
conduct i%ﬁg%ﬁﬁr&r}leo (jseo g&%%‘#ﬁ%%ﬁ@?%ﬁé?g}% (t%é%ifa IS Zﬂl f?é%inﬁagn%%gr? el ectron
e Vel e g o 0 o oot ot ot T A0V, apd . 5ev.
r espect i tgEnipal }I‘lﬁeﬂ%‘gﬁ‘ﬁé@fr%??g%’@&gﬁéﬂoﬁ“ %%galéo%ﬁﬁ?lgr ’f%‘lﬁé‘c%{e" g
consi derﬁﬁfor%%%@?ééﬂdadh c@hhl@d%g%ac}r ﬁ?ﬁiita'%e WRex rhitn @@ RdlhGity@ardag)ds bar ri er

exi sts across 1 nsulator |ayer |l e, at the sane tine, the val ence
bend bardisawssddsasbouech hi gher (e.g., a difference of approximately 3eV,

given th pect i val yes. of 7,46 n 5 . . 4ol end edge
al i gnmsnlt%oéiqs‘v\een égqﬁ}{leﬁaq@nﬂl %e%ﬁq(ﬁ%eﬁ‘hgiag% ‘?%%F?ggl%gp ﬁér111gh(931lr‘4i(;t f/ﬂegar riers
of the Getwegl dubkegt om0 kil Seihoe el 10, o bedetmthe ins@ldbor 2i0esmdt he device is
properly biased. This _exanple provides a representative s Iecgion of

mat er i al IHERKIGHGI0E Ayst Bk ThISIbArAr reess OOSRTHRE MR BT Ea Je™ GRY  €houl d
not be cgpsider e G HRERAH 1RY aRE int6 WeI-Aleivedegion
substant?a |S§ﬁ’gﬁq’?‘8ﬁ";‘%’{ §u§%&%}\ﬁ?}:%ange gﬁé%gir?g%cti on band edge valgues may be
consi der 32D. sTHestazni¢riialllugtratbd gnadembdimentionitich shstrdted 1@jaclugdesi on can al so

be applied in. a se whe he ence, band ar. ha i gned and
there i sg%aawab(‘gﬁﬁaﬁ&SP%&?@@’&&%@E}"?‘%P %gé%glgmétggléég@cfz’cltrhgVggﬁe% | ayer
310 and pasudat Qhlub fariddQitad AOGRAT Ofsis didse Vs andithebalece bindaigecahduct or
seed |l ayer 310 and insulator |ayer 210 inc)ude mat%elrl als w

subst ant faslgeymaiig i SeBndbisidiBerenemia valrgesbandiedas rlye %*&VFF%‘&‘S“ 28 be
ot oo AR A ARl s/l shaifer (e
el ect r ongasej frém dipednglthooughtinsuigtpelapér 219end évb senicPhduckirdsyergléan be
ubst 1 at hereirdiafo Hese i PHLTLE AL EEF bt REPR ot s RRR IR O
embodi MeRtesi $RARBIChARR nReTbw ANHeQlire¥ Abig BALofpaRIEk] ¢ i f&l @irtiek iafes mMay
facilitate the extraction of mnority carriers, as discussed above.
[ 00030] pubdiented fram fowing imteoppotiierditection | arge val ence barrier height is
creat ed [00031) Insulator layer 210 may also be used as a bonding interface for bonding
semiconductor seed substrate 312 in an embodiment. In one embodiment, dopant is
introduced into semiconductor seed substrate 312 prior to bonding. FIG. 4 shows dopant
317 introduced into semiconductor seed layer 312. Dopant 317 may be introduced by
various methods, such as, for example, ion implantation, diffusion, or other methods. In
one embodiment, ion implantation using species such as hydrogen (H) or oxygen (0) is
employed. However, those skilled in the art will recognize that other implant species may
be used. Likewise, those skilled in the art will recognize that other methods of introducing
dopant that are practiced in the art will also be effective, and fall within the scope of the
subject matter disclosed herein.
[00032] FIG. 5 is a cross-sectional illustration of an embodiment of the implanted
side of the semiconductor seed substrate 312 is bonded to a carrier substrate 110,
Semiconductor seed substrate 312 can be bonded by a various processes, such as, for
example, in one embodiment, by direct bonding through a hydrophilic bond at the
interface. In this embodiment, hydrophilic surfaces such as an oxide layer, are required on

8



bet ween substrate 110 and i nsul ator |ayer 210, or between the insulator 210
and sem conductor |ayer 310. This barrier reduces or prevents mnority

carriers ky@mandslg@dod from sem conductor substrate 110 ppgRWSIdzHRNSHE at or
| ayer 210 and into well-active region 320. The barrier 1s illustrated in

an enbodi ment in which substrate 110 i ncludes germanium (Ge) and insul ator
| ayer 210 includes bariumtitanate (BaTi ). The val ence band edge val ue

for bari wm ti,Lanal ¢ (BaTl03) hSiefa 468N 306 WICaRY SAGERARARAOE Val ue

for gernd erence in valence band edge val ue may
resul t i gurfackandls chdbeinkar, hidepodiriighide lmkr 210, prissheinckidpiaspititiglitar riers in
substrate 110, e.

., holes, in thi i f ' j | at
ayer | 21eroanchih 09 siTh coakiraaph g hosrrier su et 4 0e HRPRERE L e

conduct i Qﬂfa%@q Mak %Fe?b@@d’ig%edge positions, carriers having a first type
of charge nay ?iow'in one rection, but oppositely charged carriers are

pr event efdd083M f | oRIGg6 isra drbes-sephiorsl illisgrtiacefiaaembpdivot of ysSHugE°f ayer
210 may o.be used.as bondi,ng interf for i i uct or seed
subst r at éi% aﬁ?f aé??”é%%@ﬁeﬂ:%"tn.du Lo Sléﬁr%%t i %n@?g%ﬁﬁ@?@@ﬁﬁr oduced

i nto seniGARINGIRT 151 R WIREH RiRiRIdnoed Lrinfulatbolagin?d 0. A @rtidn sfiows dopant

317 introduced into sem conductor seed Iaygﬂry 312. Dogant 31 ma.;r(/h be
i nt r oduceemisgndugtariserissuiredL2 malbR rqggvefi_ vg;gamrgﬁ%@nschﬁsal ORF i on,
di ffusi Ongﬁﬁin?e%g?téer&%f &9%&_3{5;&' PhoRRRIIRTRO MRl rb@gniARhaMIREi on usi ng
speci es su as Rydrogen or oxygen is enployed. However, those
ski |l ed iprocetses,atth i, fdr ex@apignétzle badiamaytkebeicmplayed tepeedves pralion e used.

Li kewi se, those skilled i he art wll recogniz }g’getlép of
intr oduc?ﬁ@lcoﬂaﬁ&ﬁtse?‘ﬁéifergir]é' grhﬁémecoéé’“?cﬁssteﬁ%’q%e? r%&f({lepgfnggﬁée ?ggt i ve,
and fal | jphiRiafioh 184S FOPExhpik.er hedibpeo(H) iMpladfatioh Shtrase dichergeiinofi¢r00032]
FIG 5 is a cross-sectional illustration of an enbodi ment of the inplanted
side of el SRariospgrm(ED) onplawton.aieh baskes aflon ys§dhonded to a carrier

subst rat ZO&U;?&]: h ggfﬂl %?%Hé&ig{en ,é?tgr SPQEbA gggegg%dﬁ@t%r beaRapdate By, Bsvari ous

processe xXarmp in‘one e rment, by direct bonding
t hr ough @chyghhapbi, the shitid ofithetrimaining rfiacef semicandiigorsesd dhbaérate 312

AR R C e T Y

subst rat %eﬁ%ngﬁctéﬂ_ &3116] ThostURatddah ehdeNHINGcoditief tAgepolisRingdlsaning,

enbodi nent, a deposited oxide |layer 210, which include a epitaxially
rinsing and/or annealing, if performed, may be performed in various different manners and
sequences, which may include all of these processes, may omit certain processes, and may
also include other processes practiced in the art.
{00035] In an embodiment, for a PMOS arrangement, when a device is formed on
top (as viewed) of the embodiment illustrated in FIG. 6, such embodiment may function
similar to the embodiment illustrated in FIG. 3. That is, in one embodiment, matching
conduction bands are formed across the interfaces between insulator layer 210, and
semiconductor layer 310 and semiconductor substrate 110, where minority carriers can be
extracted from well-active region 320 through the source contact (335). For NMOS
arrangements, a matching valence band is formed, and facilitates the well region minority
carrier(electrons, in this NMOS case) extraction. In this embediment, for NMOS
arrangements, a high conduction band barrier is formed across insulator layer 210 and
substrate 110 and reduces or prevents minority carriers (electrons) from flowing from
semiconductor substrate 110 through insulator layer 210 and into well-active region 320.
[00036] FIG. 7 is a flow chart illustrating an embodiment of a method to form an

apparatus. At process block 500, an insulator layer is formed on a semiconductor
9



grown high dielectric constant insulator, on the carrier substrate is used
as the hydrophilic surface for the wafer bonding. [00033] FIG 6 is a

Cr 0SS- secty@ngdsdihdogstrati on of an enbodi ment of the strpeikisgo@fizaid G 5
after a portion of sem conductor seed substrate 312 has been renoved to
form sem conductor |ayer 310, which remains bonded to insulator |ayer 210.
A portion of sem conductor seed substrate 312 nay be renpbved by vari ous
processes, sych.as, i.n one e j thermml 4.6l i€ aAGEmatthas® askil led in
the art wbpqré{?.e’g@%ﬁrygoqc{x}g}orSltrm%gr?x{qu@%%egsa es, Lha as, for exanple, etch
back, NMeyorfibi$6f e iIRRkEIert At hRTBsshlEckrid0l & semiobndustarilaysniifotaed Feed | ayer
312. The type of process enpl gyed y depend, on the e of .i tation
used. Fothedsaaiasrrdayer.ofn HygRRRReR eisﬁﬁfcéﬁg%?rg?ﬁerfl?fw 2 pc?péoé\/wgggtggi s often
used. Fo ' AYraid QBula®f Bedack is often used. [000341 In an
enbodi m%l{t%é%&eﬁgg%g%ioon 0 lse‘m' conguct or seed substrate 312 has been

r enoved, [00087]sur f aFEG.8 istarfow elvat itlustrptipgranicorpodimans af 2 sedhnctte forgbdy

substrate 312 al so. un 0 _pro | LS EH eani ng,
rinsing aRRAFEOHS: %g@ﬁgﬁglg%@@r%msgi%?@%ﬁ%gﬁ%@%}i gﬁgygrs @5985&%%%]56 skilled in
the art Wishate©T8RERoAdR 0rRA]c8 BiRgatedhatades agrortion thef isdatticatheichedineal i ng,
if performed, may be performed in various different nan%er%tand. sequences,
whi ch mag pprionwedesalafordayer-hAs aroseesbhackd2l, #gmigoRauetor Seeq WoRFdE¥sses, and
may al sq.incl [ bikdt R @riductbPERE Shibstrated
enbodi neg?’%’e%f g?glge%k)?@hfgl{’gﬁg@%ﬁtbmﬁh%ggggggg%dc% is fornmed on tg& (as

vi ewed) béndetieo drtingilateniayérl |Aiportian efithersemicond@torsged susHa§iHemovRaHt

function sim/lar t he enbodi nent, il | ustr,at j I at is, in one
enbodi meRtocesRY ki é‘?@ "’c%‘rﬁﬁ{’}%q Reiime) ﬁ?f?ssﬁgdiso@ﬁé%gba%}d(%sgg%? }ﬁg}i nterfaces

bet ween E&%bﬂtﬁ%@r tol fYi8king 1earditands@fit AR dbchctioh 8f e sdddseatichrslector onduct or
substrate 110, where mnority carriers can be extracted fromwell-active
regi on 32@bstrhteaemyhiningeonsibe insalatar et whighmpy a\SBrbelﬂﬁ&m%ﬁlPé"ﬁgenents, a

mat chi ng val enc nd. i : LA 8mYE! dolikRgl Qeaiinpor i ty
carrier( 81“@8&?“ c?ﬁ%, P%e %@%liﬁh%%a%@gf&g%l%%%? f’ gﬁ?&l n thiﬂs? 1errb%di r?er?tgo for
NMOS  ar riagiggaedbsann@alvgiay bo dertdrned ibsatbus dififérent manneoy anddeausnetss

i nsul ator | ayer 210 an ubstrate 110 and, reduces or pre inority
carri ers Wetienty @ﬁg‘)‘ie@ﬂ(?ifr?}qu%m%&ssﬁ’g?ﬁyOﬂmeﬁﬁbﬂ@f%’rsesg%aéﬁgéﬁgwllo t hr ough
i nsul at of, diaxesin? PodBsks bPkBcdehl thagki ve region 320. [000361 FIG 7 is a
flow chart 1llustrating an enbodi nent of a nethod to forman apparatus. At

process B0@38] 500, FiG. Prisuflawahart ausirajing sropealimantrisansibed Bye 1
junction leakage in a high mobility semiconductor having high minority carrier
concentration. In this method, at process block 700, minority carriers are extracted from a
well active region through a source region terminal. Additionally, in an embodiment, at
process block 720, carriers having the same conductive type are prevented from passing

from the semiconductor substrate through the insulator layer into the well active region.
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9 WD 2004/ 017398 PCT/ US2003/ 024105 substrate. The sem conductor substrate
includes a portion that is lattice matched to a portion of the insulator

| ayer. At process bl ock 520, a sem conductor layer is forned on the
insulator layer. In an enbodi nent, the sem conductor |ayer includes a
portion that is lattice matched to a portion of the insulator |ayer.
[00037] FIG 8 is a flow chart illustkAi¥Bg an enbodi ment of a nethod to
forman apparatus. At process block 600, an insulator layer is forned on a
sem conductor substrate. The sem conductor carrier substrate includes a
portion thw@that 8 clahbed ¢ matched to a portion of insulator |ayer. At
process bl ock 620, a sem conductor seed substrate is doped. In an

enbodi ment, at process bl ock 640, the doped sem conductor seed substrate is
bonded to {he i . : o portion of the sem conductor seed
substrate %'s reﬂrr%\leli %PSL%%&%E@ bl ock 660, in an enbodi nent. Process

bl ocks 670, 680a santic@ffictoekabserate doRgPRLIg aflsymatesiapahd shi ng, cl eani ng and
anneal ing the portiqon of the seed sem conductor  substrate remaining on the
insul ator |ayerd? %ﬂﬁ&tﬁr[ﬂa{ﬁr frged BB tiseemirandactPhsubitraientiberifdht . Those

ski | 1 ed 1 mplligioldyedrpri 6 09DIAR il thi sRBhA A 1Rl hcRe: whtheani ng.
rinsing and/ or annealing may be perforned I n vari ous cﬁ ferent manners and
sequences, the finst oimtersy, Winotindke sdnticofduche sebsprsoesyeses aaysailine sodadeai n

processes, and al.so may . include other processes practiced in the art.
[00038] Fid Whqten S Wileton Tave" FriRiles 4% PRI "EHEth ST COBPHE 8 Rod t o
reduce pn of WPGARVAIRRK 88RaleBATID,Y Bnd BRI liné sE6MHIGR BieiHalASr @)5}(1919 hi gh
mnority carrier concentration. In this method, at process bl ock 700,

m nority c@ract Birisical eonsaat ety thel syrfasm and wel | active region through a source
regi on term nal '

carriers havi ngw¥%gﬁithé %‘%cle On%iﬁs h%%&%%@él’anadtwergrixg ﬁl%slﬁsulﬂt&ck 720,

sahe conductive type are prevente rompassing from
t he sem colagkichaprisedrsdifatent tdvoadghatdriag i nsul ator |ayer into the well
active region. 10 CLAIM5S Wat is clainmed is: 1. An apparatus conprising: a
sem conductor substrate conprising a first material; and an insulator |ayer

fornmed on §he sg %Qﬁ%t&fcla%ﬁbls, LiRESn mMREEhAeliNnd the second material

constitute a first material/second material pair selected from a group consisting of

silicon (Si)/strontium titanate (SrTi01) and germanium (Ge)/barium titanate (BaTiOs).

3. The apparatus of claim 1, wherein a semiconductor layer is formed on the
insulator layer, the semiconductor layer comprising one of the first material and a

third material that is lattice matched with the second material,

4. The apparatus of claim 3, wherein the second material and the one of the first
material and a third material constitute a pair selected from a group consisting of

strontium titanate (SrTiO;)/silicon (Si) and barium titanate (BaTi0O;)/germanium (Ge).

5. The apparatus of claim 1, further comprising:

a plurality of semiconductor layers formed on the insulator layer,

wherein an intermediate insulator layer is formed between each semiconductor
layer, and

wherein at least one of the intermediate insulator layers is lattice matched with

at least one of the semiconductor layers adjacent to the at least one of the intermediate
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i nsul ator | ayer conprises a second material, the second materi al

| attice-matched with the first material, wherein the sem conductor :
substrate conprises a crystalline surface, and wherein the insulator |ayer
conprises an epitaxial insulator |layer conprising one of crystalline
variumtitanate (BaTi G3) and crystalline strontiumtitanate (SrTiG8) in

di rect phywhdator Byptsact with the surface; and wherein the surface consists
of the first material, and were in the insulator |ayer conprises a
different second material. 2. The apparatus of claim1l, wherein the first
materi al afd t hehsSgpamntyEicdimd, wHeesns bi bkt 8n@déviEsts &l dradhé second
material pair selected froma group consisting of silicon (Si)/strontium
titanate (SATEQEyCEhlYSer mani um (Ge)/bariumtitanate (BaTiB). 3. The
apparatus of claiml1l, wherein a senm conductor layer is fornmed on the

i nsul ator |ayer, the sem conductor |ayer conprising one of the first

mat eri al ahd a Thdvppdranmterciam 3, hdierdis tHeakmiado@behed wbbildihe tikecond
material. 4. The apparatus of claim 3, wherein the second material and the
one of theMfWpetayaterial and a third material constitute a pair sel ected
froma group consisting of strontiumtitanate (SrTi03)/silicon (Si) and
bariumtitanate (BaTi 03)/germanium (Ge). 5. The apparatus of claim1,
further cohpri sTmppparaplsufaldity?, ethessmn portduci die seayieoslutor mydr isn t he

insul ator |ayer, wherein.an internedi ate .insulator |ayer is fornmed between
each seni cSARGET Brredycqathickyrsy %%ﬁﬂc%@u?t% ®One of the intermediate
insulator layers is lattice matched with at |east one of the sem conductor
| ayers adj acent_to the at |east one of the intermediate 11 insulator

| ayers. 6.9-The Hppanratatis diclamal, mvbgreinierseinicoatudtenksveidadopislvi ce is for med
on the sem conductor layer. 7. The apparatus of claim3, wherein the

sem conductor |layer is bonded to the insulator |layer. 8. The apparatus of
claim7, wher eiAnappodths compfisihdqte sem conductor layer is renoved to reduce
a thickness of the seniconductor |ayer, 9. The apparatus of claim?7,

wherei n the serft ESHERIUGHIOT papEate; conipsisig a first material;

an insulator layer formed on the substrate, the insulator layer comprising a
second material having a conduction band and a valence band, wherein the second
material is lattice matched to the first material;

a semiconductor layer formed on the insulator layer, the semiconductor layer
comprising one of the first material and a third material lattice matched to the second
material, the one of the first material and a third material lattice matched to the second
material having a conduction band and a valence band;

wherein one of the conduction band and the valence band of the second
material is substantially aligned with the same band of the one of the first material and
a third material lattice matched to the second material, wherein the semiconductor
substrate comprises a crystalline surface, and wherein the insulator layer comprises an
epitaxial insulator layer comprising one of crystalline varium titanate (BaTiOs) and
crystalline strontium titanate (SrTiO3) in direct physical contact with the surface; and

wherein the surface consists of the first material, and were in the insulator

layer comprises a different second material.

11. The apparatus of claim 10, wherein the first material has a conduction band

and a valence band, one of the conduction band and the valence band of the first

12



10. An apparatus conprising: a sem conductor substrate conprising a first
material; an insulator |ayer formed on the substrate, the insulator |ayer
conprising a second material having a conduction band and a val ence band,
wherein the second material is lattice matched to the first material; a
sem conductor |ayer fornmed on the insulator |ayer, the sem conductor |ayer
conpri si ngmayaldfeingwubsiangallyaligoed afithardms bahd odthestemidahateradlt i ce mat ched
to the second material, the one of the first material and a third nmateri al
| attice matched to the second nmaterial having a conduction band and a

val ence bard; whigs &ipar@neofRiaiinhig, GABRUC e Ofhdd i theatbnt&iBantitdn@nce band of
the second material is substantially aligned wth the same band of the one

of the firendugioarhagf ofthe first materied ippeteubgpntiaivaligacdwith peame daghel second

mat eri al , M@?ﬁ%h@n&@%#ﬁ?”?CondUCtor substrate conprises a crystalline
surface, and erein e insulator |ayer conprises an epitaxial insulator

| ayer conprising one of crystalline variumtitanate (BaTi ) and
crystalline strontiumtitanate (SrTi Q3) .in, direct physical c act with the
surface; aht whEiARRaANES g a@fgﬁﬁ%ﬁh@q‘ﬁﬁ roATEriAIS SRR (G andnd wer e
in the instﬂlfééc%hdrﬂaff‘é%ﬁ{li IR 8 at@{ﬁé’fiﬁ@jent second material. 11. The

e

apparatus of clarm 10, ereint Irst “‘material has a conduction band
and a val ence band, one of the conducti on band and t he val ence band of the

first 12 eri.gl being s tantially.aligned with.a.sane band of the
second na?giial.‘aﬁﬁﬁr éﬁg%%%¢%¥ﬁgm%ﬁng?%ﬁﬂ?@f?m&%éf%aﬁﬁpﬁ§&8Wﬁer of the
val ence bamdTang ang anditeldrone Ranfarbial {1 4 iEStmaBE AN §rrdafiviPlGe).
substantially aligned with a same band of the second material. 13. The

apparatus of claim 10, wherein the first material is germanium (Ge) and

t he second, ymatefd al i s.bard um tis anat BaTi.(B). 14. The apparatus of claim
10, wherei lnsw?hgf%ee%ggﬁ%t%sa?flé;rljﬁ%qlmit’gu aer?FéIPr?I%lfc‘gnate (BaTi @3) and the one of

the first materd plraitd oBsdnlicsrdiuomt &ivesl foireded enhdacgGayer, 15. The
apparatus of claym 10, further conprising: a plurality of sem conductor
| ayers fornmed oWN§R@ aatsraedate |na{:@49r lgpriefameA bentesh sad SECqIHEiPat or

| ayer is flg%;egjﬂdbet ween each sem conduct or

wherein at least one of the intermediate insulator layers is lattice matched with
at least one of the semiconductor layers adjacent to the at least one of the intermediate

insulator layers.

16. The apparatus of claim 10, wherein the semiconductor layer is bonded to the

insulator Jayer.

17.  The apparatus of claim 16, wherein a portion of the semiconductor layer is

removed to reduce a thickness of the semiconductor layer.

18. The apparatus of claim 10, further comprising:
a second insulator layer formed on the semiconductor layer; and
a gate formed on the second insulator layer, the gate comprising a contact,
wherein the semiconductor substrate is doped and comprises a contact,
wherein the doped semiconductor substrate is of a first conductive type,
wherein the semiconductor layer is doped and comprises a source region of the

second conductive type, a drain region of the second conductive type, and a well

i3



| ayer, and wherein at |east one of the internediate insulator |ayers is

| attice matched with at |east one of the sem conductor |ayers adjacent to
the at | east one of the internmediate insulator |ayers. 16. The apparatus

of claim 10, wherein the sem conductor |ayer is bonded to the insulator

| ayer. 17. The apparatus of claim 16, wherein a portion of the

sem conducdive regiei of e firgtpopduption tynsd thesonroe Bedifineqspidfing heoneriagdnduct or

ayer - o pd S APARLALYSL Rndd BT S ULV GPAPHE SIS, RERANT

i nsul ator layer sem con ayer; ormed on the
second i nshdtatar theayeice rddien gal the deuprdgiind:fmes o ohant] regdhexendinghe
seniconduc%or gubsprate‘is qgﬂfd_and conprises a contact, wherein the
doped seni EOHIBEIVHSHTBONAQRE raIgPLIANS j r st conductive type, wherein the

sem conduct or | fKekid the dOREBAhC TRA STPIOHEELA AR RDiBlopbRfon SecoNd
conductive type, a drain region of the second conductive type, and ‘a well
13 acti ve megirdncatietshe thd well regomduitt flom thrgpg the eurse tagien toebd sourconpr i si ng
a contact and the drain region conprising a contact, wherein a portion of
the wel | a&BlAPEPE i on  between the source region and the drain region
defines a channel region extending fromthe source region to the drain
regi on, wherein the doped substrate is biased such that when during device
oper at i on, 19.m nbk¢ epparsdny pfealam 18, wheranette leedobmingrity cfirigncarseniajiont he
source regi t our i.an.con . 19... T appar.at us, of cl aim 18,
wherern ¢ g PebBrir oy SRR TRk ke R 01 S PRREHE bHdisL
sem conduci¢mkestiivhiatie semi@ndadier lavhiaticttbehd RuRkitparfbnXtdat tyorcRémi er
concentration in the sem conductor |ayer due to the mnority carrier
ext ract i ontif Mishheging ofle sepigimghctsr laydle seni conduct or 1ayer. 20. The
apparatus of claim 18, wherein the insulator |ayer has a thickness
establ i shing one of a val ence barrier height and conduction barrier height
sufficient2i.o ‘Phesrgmatatid oiadaitnyl & avhetedr theiinsuldier bydrgtas atileckireasn f | owi ng
through NSl 20l ok B8 Ec e 1l AP baBORnE, g SRt 8

prevent minority carriers in the substrate from flowing through the insulator layer, and

into the well active region in the semiconductor layer.

21.  An apparatus comprising:

a semiconductor substrate comprising a first material;

an insulator layer formed on the substrate, the insulator layer comprising a
second material having a conduction band and a valence band, wherein the second
material is lattice matched to the first material:

a semiconductor layer formed on the insulator layer, the semiconductor layer
comprising one of the first material and a third material lattice matched to the second
material, the one of the first material and a third material lattice matched to the second
material having a conduction band and a valence band;

wherein one of the conduction band and the valence band of the second
material is substantially aligned with the same band of the one of the first material and
a third material lattice matched to the second material,

wherein the semiconductor substrate 1s doped and comprises a contact,

wherein the doped semiconductor substrate is of a first conductive type;



21. An apparatus conprising: a sem conductor substrate conprising a first
material; an insulator |ayer formed on the substrate, the insulator |ayer
conprising a second material having a conduction band and a val ence band,
wherein the second material is lattice matched to the first material; a
sem conductor |ayer formed on_the insulator |ayer, the sem conductor |ayer
conpri si ng one W%elieh’ethﬁ pergicopscEarilayer dndppad end pPemptcs pisarrep segiencef thait ched
to the sec j: f i n hrd materi al
ot co oo r R eypd AR Eebn blfheisko SBBMG bR B 0 O™

val ence bamdivewhgoeofitho fiest ebndureon oypautieisomrch angorasahiringvat@nae abdnd of
the second, material is substantially aligned wth the sanme band of the one
of the fir$f dhHP &Y CUMFISIE 3 $hTH¥Ftmat erial |attice matched to the second
materi al, wherej ] ' : :Ses a
Cont act, | wher o p R i P aRER TR Uce PSR
conduct i veminquiy cdrdiesshe thel welt fegiomemiliciiod totagh thayeurcs giopedhaswdiraonpr i ses
a source region oI he second conductive type, a drain region of the
second cond Epfygafépe and a well active region of the first conduction
type, the source region conprising a contact and the drain region
conprising a contact; wherein the doped substrate is biased such that when
during device operation, mnority carriers in the well region will flow

t hrough the source region to the source region contact. 15

15



