WO 2004/ 017398 PCT/ US2003/ 024105 SEM CONDUCTOR ON | NSULATOR APPARATUS AND
METHOD FIELD [0001] Integrated circuits, and, nore specifically,
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can nove across the junction freel y and constitute reverse | eakage

cur r ent semigandugtoy laveryip fabriceljers Belegt problams it SQbstryshes mglude §e@6ﬁ§05| te of
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[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 vi'a 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
carrier 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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1 WD 2004/017398 PCT/ US2003/ 024105 the source/substrate regions and the
drai n/substrate regions (e.g., horizontally orientated) and between the
sour ce/ chaoreeb4/01dsasi n/ channel regions (e.g., vertically pamiEnostoed)s By
using a SO structure, there are no source/substrate or drain/substrate
regions, and the reverse |eakage across the horizontal pn junction is
el i m nated. However, the source to channel, and the drain to channel
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bulk electron and hole nobility of Silicon (Si), which are 1500 cn2Nsec
and 450 Cbmmhéﬁfects)respectl vely. [00061 The band gap associated with a

sem con ﬂgﬁ&ﬁ a}},]ngme? Wa9 ot Hﬁ:{%@fﬁgrdl%lncéf s §oQRe hipher ifidrah6Bing bet veen the

conduct dge” an ence band edge. In general, a hlgher
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limtation in figures and acconpanyi ng draw ngs whi ch rlef erences
i ndi cat gegi, reldcaonseﬂndmlﬂs);ﬂo‘artblrough or across the device channel i 1n 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 (Si), 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:



in which: 2 WO 2004/017398 PCT/ US2003/ 024105 [0008] FIG 1 is an
illustration of a cross-sectional view of an enbodi ment of a sem conduct or
subst r at ewai20bw/@n3dsnsul at or | ayer formed thereon. [ 0009JPCEIUS20@/026108N
illustration of a cross-sectional view of an enbodi ment of the structure

of FIG 1 with a sem conductor |ayer formed thereon. [00010] FIG 3 is an
illustrati on of a cross-sectional view of an enmbodi nent of the structure
of FI G 1aho 31 ARSI, H‘o’x‘i’ow@{o@%&ecn&%%&\} offdn@mubdimedbfid | ustration of
a Ccross-sec |ona Vi ew o an enbodi ment of dopant being introduced into a
seed semmomﬂuctomsu@trb@twmmmpﬂe@ﬁqyeﬁocne@hﬁgfoan illustration of a

Ceed sonunsh ARG, 118 BuPlo PR RS pOBHE RN oGt 11 @

i | Tustrgtpas, P%tﬁa%éﬂ&%n&&ﬁéﬂ 1oy Iformicah@toran enbodi ment of the structure
of FIG 5 follow ng@the renoval of a portion of a seed SE 'o‘g% | ayer,
| eavi ng[030051@}n con®f tbrsqna},lgqrtraﬁ@ﬁ@éaq%s-a??tlp FXY BF 1 spRedime 9 FIG 7
is anll tra nan enbodi nent of arrethodto form an
appar athl T‘rﬁ(ygﬂ? gu&@aéa?éé%gﬁr}&? u{‘tratl on of a flow chart of an

enbodi mP(DUOlQ]‘ a mlﬂIGOmstam111ﬁstrannoamfappms—a¢qmsnal[vm’®mﬁim embpdiments ofn
illustration of a flow chart of, an.e i ment a method to extract

f
m nor i t fopant rhedngsintrogupad Ee)2 BRRSSEMEN [’bﬂ’@ tﬂq ‘A SO apparatus and its

met hod 6 d QE“ Calghens & £ HaSEdioned a cFoseaBdtdhM vieibesh s@BbdinRhtofthscri bed
W th re erence to specific configurations. Those of ordinary skill in the
art wi | IstragpreadiFiGe 1twitita seadmcmsondwztﬁg@gbw bonded theeoons may be made

whi |l e remsumng hi SC f that ally, a
nurber P0G ke d dnieEtiaetecke® seBRRETIRY of uf iBoaiflel o 802
steps angtiife P16, BEBYIIARhg BR: ©hlovall dIMatpdrtich sfatsaed senficodietoriayegvoi d
obscuring the clained subject matter. [0Q0018] FIG 1 is a cross-sectional

i | | ust r dedving ofendeondibior|ayentonded tean BYHAGEYS substrate 110. |nsul ator

| ayer 2 S, for .S t Lidodiher®3€ a nfifdbrent ,

i nsul at ﬁﬁoélrﬂer m%gd)wz %[Th%g{r?%% %ﬁ%&?ﬂa@gﬁéﬁnt or substra?e 110 by an

epi t axi qbngaﬁ)‘ﬂp@rgnﬁ@cess such as nol ecul ar beam epitaxy, netal organic

chem cal va .
[OOOIpS] 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



deposition, atom c |layer deposition/growh, or by other methods practiced
inthe art. Epitaxial growth allows for unit by unit growth of the layer,
t her eby pwowoeingssa hi gh 3 WO 2004/017398 PCT/ US2003/ 022C08IS2e8ge465 of
accuracy in growing the layer to a particular thickness. In an enbodi nent,
sem conductor substrate 110 may function as a base |ayer to grow ot her

| ayers, such as, for exanple, an insulator layer. [000191 In an

embodi Mgt 6&%9&1%&39{ %r@%ﬁlr tRe fyérs lapeRfusr Iﬁﬁ&l&fcbﬁlmtah&mblodlrﬂlMt i ce
matched a materia oun§ in Sem conductor substrate e refers
to theI smmammetmnubs@mtealtl@nnayl fanetinmens-2dhape lRyedR &rovp ateh Ersaﬁuf’ 953

crysta atom c distance of tw crystal planes of tvvo

di ffereﬁ’fanﬂﬁ? é’tnllﬁffuéﬁgrr &%ubstantially close to oneyanot hgr the materials
nmay be ¢sypgdder edm etémmlﬂiaﬁtghedlatoemyeemmbmdes mmatenabﬂham latieomi ¢
dlstance of Germanlumg ina (200 Iane| afn (1) %atomc

di stanc@laéﬁhedlﬁfa@mmntal oa}ﬁamseeleeen ‘;0 ? SHat(ell )Lﬁﬁnﬁﬁée P18 1 p‘so 4.0 A. As
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bari um t in a | ane he above-nentioned material s
are r epmmaﬁatanveoemyﬁsl pddnes af W%@lfﬁ@m&ﬁ@@ﬂaﬁﬂf@?@eﬁ!@mlb}?ﬂo% 8 not to

be considered as_ limtin f

in regacd® Ry thefethe pateral W%E ﬁ%{}sg‘f’* laﬁlggﬁﬁg@le gﬁ: gh:fﬁe qﬁﬁﬁ rt WI I lhere| "

recogni &eib dlstané BECeARIh £G6) lgm(zﬁ@ ptars 461 Achniding itomiorisonetht and al o
cope o e subject d h

st ront i barimttidenate a§in)@B}‘ﬂéWélP§‘i“F§%$% é%) /gl SC o S%aé@{rg éaF)a’fF’toair ngarml e,

mat Chedl(me n%ln§ e c%gglgéxeh 'Pﬁﬁ@e%&@héda%%rmgﬂa%tada?e angiofhedinent, my be a

crystal eIe tric an may have a high dielectric constant (e.g., high
K) such pagen mle abeetmhbntioned statarialscare tdpeesentdaye e)@fnplefsmf lagtiegppished; 5 or

greater, in_gone enbodi nent d|t i onal. t he ch

O oo FEBS o BB o RER BT G ottt oL
sel ect eqlere?x?l gﬁrg t§ BRIk iéh mﬂﬁeﬁﬂgeﬁlds@sﬁlh&ﬁﬁ tBé artt kel sevigniae diact or 110.
For exanple i scussed below, the characteristics, of insulator |ayer

210 may oflmrimateridlsmay be eonsideras latsige matohedrangd alseifalh i""ltlh&n thg s¢9n8/0d the sy at or
| ayer Zlobfaiyraﬁtteé%bsgg)r %{fgmréma a8 )‘? n%:ﬁé( %F]rofnﬁﬁrﬂ tlging RErid, P& gearyshor | ayer

above it a sul ctrlc w |1 have "a | arge
enough %Mb&@édh@lﬁtﬁfc\&ﬂatcl@@lrﬁnenlﬂsul ator bet ween t he gate and the

substrate channel regions, and wll ) hi gh di I
(e.g., ¢088IW  t hdnsutatgy layey deo%%’éegﬁ’\éﬁ\?gqnélﬁg@'e%%? ‘érly§§ igg dbeg%grgﬁnsnéﬁce at
?h;[ Elk?lggg%e A achq#h @&%fe@trﬁ@oﬁ&aﬂt% eKRERK) sURE ad AlfehREiddhStafitdn 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.

[00021] 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 least a
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10A, in an enbodinment) is required to avoid quantum nmechani cal tunneling of
el ectrons through the ultra thin gate oxide, and to reduce the gate oxide
defects. WOQO17¥98G. 2 is a cross-section illustrationPofi/tspomsmads mrent of
the structure of FIG 1, with sem conductor |ayer 310 formed thereon. In
one enbodi nent, at |least a 4 WD 2004/017398 PCT/ US2003/ 024105 portion of
sem conductor layer 310 is lattice matched to at | east a portion of

i nsul at gértibAYe Eemiddfiucti@ayR¥ 30Pisattitsdlchédro dt deasta ﬁdrﬁoﬂﬁ?mlsﬂl@idﬂ(t@er bari um
titanate (BaTi G3) havin (100) pl ane,, and, sen conduct er 310 may

i ncl ude? bérlf‘ﬁﬁrﬁxalﬁlp eGB}Sui%Wl 13T 4l %D)HCI‘HFal??é‘unh%taPﬁ%é%a?@é lf‘?éy ?als are
lattice p a base

| ayer oL e e A 21O PR R g Y B * arout h
as a | apkne,tasaiesertiyo bmtariaiy e lattidezeatcles. lﬁmamgrnbedlatem;etisylattcmlwerﬁém ng

i nproved unifqrm bei a sin aving a | ower
degr ee B?W?feqsé’g’[aée fﬁ*&éfbaéﬁ%r?gl%‘”aé?f&?g ﬁcgo(ﬂa gbé%y eSfé’ml% PPG?R:‘ a3l ayver 310
may be BRARL A a Yt spluﬁmajab@5hait£cﬁenze8@pbﬁﬁgf€1@we§ahm havifigiproatd used to
form sem conductor |ayer 310 and a material used t faorminsul ator |ayer
210 ar e unifermitebeing &lsugle-cusinllayraand s hpwps e love degiesof dpleetaor BP0 gr own
on msulgite relayer 210 by various nethods, including atom c | ayer epitaxy,
nol ecul ar eam epi taxy, metal organic chem cal vapor deposition, atomc

| ayer cleoozpl dSpasdiohdwior IQYGrGﬂOmayr‘m'mhmidSJf vhisousgnatenddds. mst hods,

sem conduct or | ayer 310 nlform for on , t.he
t hi cknekpﬁﬁer’é@%gyor?dﬁétﬁgal qsagté’rf%ﬂéefﬁﬁy pct g%fetréAgé?fsl B??‘Sgﬂi ment ,
the thi ¢kRessudbr BEE SNIH Qe hAYIRA, Sslaﬁumu&er Fa?él’::ﬂ@'xﬁ%dbe éﬁtaﬁlanpl ckness

rangi ng from approximately 10A to 3000 A. Mre particularly, in an
enbodi mgrawn @em@lemdayteoﬂq bsyveanogameﬁwls,beclﬂdmﬁe@nw fayerenikkness on the

gre(rjnez:on i?cbl ar %5% rﬁ plﬁ’@' melao S Cgfﬁy%g‘ﬁ%%géﬁg% 1%;1 tQ%gq[ Mg?er%hi@%qaccor di ng

to the [@epdsitionl br cﬁtﬁéﬂlﬁdﬁods tUifﬁgs@ﬁ nﬁhtﬁddspsekﬂlcdrﬂucm@emmf 0iyTbe
sem conductor | ayer 3 a thickness of |less than 2000A. Mbreover, it
may be dnHenelyfermed. eAé’rﬁiﬂtFQﬂaHY’Hbe thigkarssed semicondngtordaviof Omaydfer 310, and

sem Con@gﬁoqfed llnaa)ﬁeerml?bligngﬁtat{he Rl AREVEF s k&;&:nﬁﬁ £ i@%pgmﬁ bé\g&l{tmlegal ly,

inregard to certain materi S0t s tain warers o
certai ntsh ﬁe«sknesasndngmgénoaf mmoxxmte\bom}d tdﬁ)Oﬂl Af Mcomd: partioulatly,an an a

[00023] BB SgmHBPaYe Sy oD o e eI iskers St RO AT at o

layer 21QA orildss MBsubRErodh ﬂ%ﬂﬂﬁi% Aol Qsddhit sviPondRSlok fye03 106k GBnd¥RC Kk
sem conductor |ayer 3I0. We
to semiconductor substrate 110 accordlng 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.



thinning down is perfornmed, it is generally difficult to control the

t hi ckness of a sem conductor |ayer to an acceptabl e degree. Accordingly,
havi ng t owbDtpoow/@os»s a device |ayer by conventional techaTgises3(0e419s,
polish, etch) might introduce defects into devices fabricated, such as
non-uniformty of thickness of a layer within a single wafer on a single
device, or fromwafer to wafer anong separate devices. 5 WO 2004/017398

PCT/ US2 p51824P4 105In 4r08RHimbift, SemiesincionRiytr 313)&1111}@@:&%@ PriocéssasanctBidd may
under go processes such as ollshlng, cl eanjn ng. and/or anneallng
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matched to a different material found in insulator layer 210. In an

embodi nBFAW further lbygrsi ce- mat ched material found in sem conductor |ayer 310
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sem congiehQEorl&ret &ﬁisﬁaté 190200 wed sl rBdnQmb ¥ REnt 2dethi BEhAueHor BBsret  be
lattice matched. [00026] Those skilled in the art will recognize that the

pri nci pllé&g insulaterdayds Ve andyemigendustod layer M)rma}aQaCézpp@lndﬁ diferenVtyngs @ful ti pl e
sem Con%é? Ehafa é/re 'ia%tlceFr(rjlratcﬁchl nRé(?lthI(lf.nly 17} cim e%ibto ?n%n(%oﬂ%ﬁ%{ Q L orltlgx SF a310 a

second insu Sei conduct of yer

be f or megmiebnduetor @efyet BIEO aﬁmnehst npottiah of inkwlyRr layéﬁZ Bugh lattibematdhas; | 0s ed
met hod can be used to form an apparatus havi ng any nunber of relatively
thin, OB S&fWP@ﬁk}“%?“ﬁ’é‘Fﬁ?éé%@gﬁ’dﬁlﬁ%iaﬁ%@r@w POBBY P9t isdoltices nay be
f or med A Gefi conductor layer 310. FIG 3 is a cross- sectional
|IIustrat|on of an enbodi nent of the structure of FIG 2, with gate 410
fornmed [00026kon. TChoe skilikdiis tieepawdl edognizerthatibe pnmdlplcestafedabmeanaoduct or

lg:%/Zr 4? Q bg%ll,ﬁ)’ gmﬂg%@a?ag\été l&l F%ft}}g%%}lltl% semlconmlcQor la%'rg i*'gr é%(sarsn%?l ar (tad W th

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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310 includes well active region 320, source region 330 and drain region
360. Source region termnal 335 is associated with source regi on 330.
Drai n regworeoesrimigsal 365 is associated with drain regipan/t38013/024105
Representatively, channel region 380 runs fromsource region 330 to drain
regi on 360. Seni conductor substrate termnal 115 is associated with

sem conduct or substrate 110. [00028] The materials used to formthe various

| ayers PJ&%\%QS?{%Q%%eWM@/@r 3 et inshI RS2 i@ builtmsbucin rotypband and/ or

val ence racteristics. In an enbodi nent, .6 2004/ 0 &%98

PCT/ US2 993t ORUEOS substraeNDe), tif semirendyptor lyeret O; ﬁellwgofazﬂ& i nsul at or
210 is built upon _an. n type ] Sdb@ntdaif) alighbd, sle@onduct or
| ayer 3%1,1109@4%53&% tgrﬁgil&@gc%&%ﬁg“%é@ﬁit@%n uctor suié%s% 1rgléllte 110, have
conduct iege RaaRs bhltbbarfitre esisbisdraadn tht insulator ghednd simicenductdrdi @eorval ence

band barrier exist between the insulator 210 a m cond. . , or

bet ween betieen Hgdnsilaser 21rnd f%“&‘@ﬁf@&ﬁ‘ﬁﬁﬁ%aqgli@éetmg}og%‘tl%ﬁergﬁ mnority
carrier $ndpa &Qﬁ,n\{s?b&ho[éfe,gfngﬁis%a% helyas exirfictédihSouphsohrcoRygiOetetniinahct ed

t hrough source~regi on term nal

term 35 by apg\lqe/&gaposit_iv bias to the
subst r aBas5 bpaprlying 2 psitivel bigs tathgisnbptatrecoatgt blo andgipunding s SOEEal  anount
of el ectrans flow thro i 4+ he
conduct F%a%gﬁgﬁ?éadﬁg%m%r}too g gﬂf %ggss%}r#@%%oc lgg (rdgb[ %%Et/r élgt% g?ﬁtgétt(r)l rq g’ZSi%&a nd t he
i nsul at @ie coRd@dtivaBab@®Blits hoross he semicondmte3] Guinsudartrs? ldranidahe inselaiogned. At
the mean time, the mnority carrier in the substrate 110 can't.flow into
the wel 21plgnisandietosdif dwpiderce sr %‘ﬁﬁ?ﬂt&ﬂéf figdnal ﬂ}edPa"‘é’]‘%fH?’gﬁ%%‘I‘b"é‘ﬁ%
barriers, e h{}ﬁe hﬁ%ﬁ&tfea%éan%o%wo%& (R rEBi A0S deyni€HdubOF 810, td0e tg taBCt i On
ere :

| eakage W uce or exanple, in an enbodi nent, a mechanism for
ext r act ilirge valemerbahg barsiersi 2 tiss iptenfabes. By eatactis g arineyty fcarierh ghedHneiosul at or

139°7 nciteuseaig HERaiaAraH ¢ ampli P TR, e AR AR R PP LT

t he congabiiQaRrndcadesabliadibyToinihgariulala TayeB2 10 mchdidgevivand an
electron affirnity of the conduction band edge for ger rraggémdjggﬁg is 4.18
e

eV. Wi Itisartabee(BaZl(Gshetesdmeinendsgtps sepstieTh 10andpdinggegigym 7. 46eV and
Const 3o BREHYR IO SARHE AT eSS L RSB ) T,

a very |l ow conduction band barrier
exi st s anrReysardnawleton affmigrof tRd @ynduttidnehand edgenfor germanivuméGeltipé. 19al ence

gi ven {1 BHE e A PR oF B BHER AT B0 e #h 86y A AIEY  bend  edge
al | gt e e THBRgh R iBA SaPedlel OPHERANAKINSGial 68 cOfidirbOI | (v carri ers
gron 1n sem conauctor see ayer , 1en_t he device is

proper | ysubstastiadly aliiesl, 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., a difference of

approximately 3eV, given the respective values of 7.46eV and 4.5¢V). 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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exanpl e provides a representative selection of materials having
substantially aligned conduction band edge, and shoul d not be consi dered
as |imtiwg 2oi/@h3asat eri al s may be consi dered subst ant ipaltius2aisiogses, or
whi ch range of conduction band edge val ues may be considered substantially
aligned. The mnority carrier extraction can also be applied in a case
where the val ence band are substantially aligned and there is a |arge

conduct pgheRaRholBR6H diRirod§ Hals aep&ﬂﬂioﬁ(blmi?'pé of ths devlcé. aVler biddifg earcbd nsul at or
| ayer 210. é000291 As di scussed above, it sem conduc({ or seegrial ayer 310 and

i nsul at eltered b applying vaneusuwdagnbias and/er gipyKls 4o prapigARdusiar fubsRalfh e d

conduct iQn. ] [ [ ; i auph source
regi on ltteg‘r"r‘rﬁpaﬁgfsg‘gg%?ﬁ B ‘%?éé‘?%tge%‘?‘ﬁ?“ 2 ¥rt“ﬁ§d’rﬁnfé%%?i&§(§gugﬁ\?\o 2004/ 017398

PCT/ US2@a@bP2A45 bandicharataisticemhy feditate th exttacttonsofuninoritheqaeners.as t he type
of the device, The biasing can be altered by applying various voltage bias
and/ or @tsussadaRYeseni conduct or substrate term nal 115, and the source

region gﬁfdib al  33%uditlRamy ik BB eRlboBRlent, 6QREH GhleRde Basrie heihdisasreatad ence band
characteristics nmay facilitate the extraction of mnority carriers, as

di scuss detvadenvebsti@O08@Nd Austtlaterdayer 20, or hebiyeen thsdasHaiat ?Y(bal}dar ge val ence
R

~sem conductor [ayer 310. This barrier
reduces fiym RngivErifustorbutBtraiey] 10almugh Mshlammidfyeoitnand iftoonelkestiveargiont or

substrate 110 through_ i nsul ator | r 210 and int l.Ll,~active region 320.
The bar 328y Tfﬂébilmlehgstlu‘éi“@@dilﬂ a&ﬁmgﬁg‘ﬁ%ﬁ“h@n‘?hlghs’%ﬁ&a\%ﬁéh&‘ﬁ?%?e 118 i ncl udes
ger man Yk itim 306) ISHAANGY 1aL8YAD ifddds BatitidQRaried amm@yt amatveleh@aTi O8) .

ce band edge val ue for

The val bariumtitanate (BaTi(3) is 7.46eV , and
t he val dnné elgendledgebarainttanite(BgEiOwhisi ihelVs, and skovalanee dand edgerahice in

val ence band edge val result in | & I J i whi ch
prevent OWWP@Q" ‘égr#i%e ?@%{? ﬂl?%fﬁﬁl& %Yaze ib,gﬁdee.(%.g ,VS%?%JS’}, I%ig’ur%p@hagglt B ase,
from f1 owidwhri by IRUMNR, WilsKbRYerts vty 2ddiearial sibitratesla0] egntoles.dn thiayer 310.

Therefore, due to the relative conduction and val eace band 3ggge posi tions,
carri er sapaflonyflowingithrough ipselator laygu? Hranddptorsepysonduginiladst i on, but
opposi t r o i A dde PYsiigng Ratrltes ARSI te
directi gfnl?ér%hﬁ%og%%ﬁﬁéﬁ a{vgrc gﬁqﬁlftel?ﬁ a(g%rlrg{} effEljlﬁso g%uslednas. a bondimng;

i nt er f acefifsofypbofctiang mseflow amducdiecctiondolit spipsitelyicbarge® camemrarenbodi nent .

I n one enbodi nent, dopant i nt r8.duc.ed into sem conductor seed substrate

| S
312 pri drreyestaddran Agwineg @thgp@%% WS8Rt 317 introduced into
sen condigghsy] SeednbANss lagerd10PRRANE BelisedBY a Bondifl festiee dorBonding

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
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vari ous nethods, such as, for exanple, ion inplantation, diffusion, or

ot her nethods. In one enbodi nent, ion inplantation using species such as
hydr ogen WH)20ero139ggen (0) is enployed. However, thosePsHiuse@d/oe410% he art
wi |l recognize that other inplant species may be used. Likew se, those
skilled in the art will recognize that other nethods of introducing dopant

that are practiced in the art will also be effective, and fall within the
scope oty {h& ond HPIRCIenI®IndBEoFlEcza Isaisstrdte BRI tthe c{aﬁﬁ)@&ﬁﬂ)stﬁt@orﬁm§ a
cross-sectional illustration of an errbodl ted. side of the

th |
seni condurfacer Ingbis gmboeginani tacdepositadoxile A tlér “éhlﬁ}é}“le”}‘\lélgp a%%’f%’f e 110.
Semi condy ”Ct 0 ﬁ%?e‘i'ec?r‘l’@éo‘h@é}; mguﬁgtoi: ) tﬁ@c%ﬁ&%gstpa‘(e R uéad hois hpaepRisises, such

as, for® I'n one e rect bonding through a
hydr OphishﬂfscettEMe&Iaférhmmihgl erface. In this enbodi ment, hydrophilic

f h d
e T T A L T,

the carrgyes 5%‘&%3& éP‘uSn Bpwﬁle&du%t&fs@e@%ubétﬁté thSha@l‘BSbadtelffﬁi%d t@fot@posi t ed
oxi de | ayer include a epitaxially grown high dlelec%rlc

const antsemrwudmt@“rlayemﬁl@ hvehicln ramasns kapded poalpglatgr laver 195 A BURYAF ophi | i ¢
|Sij|r Lgf (ra éfﬁﬁ?lifr?%@%té{%feg @5{‘ dia ?2 14a9'%%%§111 @d%y \Qm'oﬁﬁ FroEés38S s@Cs! Ak

Pricture FIG 5 after aportlon
of sem GeddEhént, theathl Sleinadoe atThoslskilteddn eemt wdhmvemhizedhdtarther seni conduct or

| ayer 310, whi ch remains bonded to i nsul | ayer 310 Aeport
seni condueqessessweh as dersexample, steh bagks a?@ﬂ?&ﬁé‘a}f AFTBUS odJS%%g such
as, in Os@ %Ht?agﬂh%rgﬁ'iagelt O Mile t%@ﬁ\ﬁ&%ss &hﬂ%?ecﬁjﬁh* Hé&sénd Bntietyps bf will

recogni ze rocesses, “such as, for exa etch bac nay al so
be enpl Q;@@hnttamonemm&ca epamplepfor hﬁ/drog@rrﬁfl")omlﬂ@taﬂpnsté@@lql slperaggisofisthe type

of process. e y d |rrpl antation used. For
exanpl e “*%r%y%%’ &%lﬂ})ﬁf% ogn{{gkgp%cac lgﬁﬁerma cI eavage is often used.
For oxygepod4]) | MhaRltaivb@nentlader Bp6iioh of edrhieondismdl seddBSite B 12 bas
enbodi nent, after a portion of sem conductor seed substrate 312 s been

r egoved beeh ecraanefiaibe swifaceins theemantingPoitier PhyeHFONdBAOE 855 SPLIFate
trate 312 inélo ,
flunzl rng rﬁmﬁ 50 u%lI ge%%: a]Pr%Qesg{];CL%F n?&l%ﬁ Saéﬂﬁﬁ% %ﬁgQﬁﬂ/’o? RiddlinglosBAh ng

sem-ton yer 310. Those skilled in
the art s@xﬂ1&orfdﬁ@t@gmyére’>10hamogm§kll$éﬂ mghea?dwahrmggmzeruhatquhghmgdtﬂwnlmneal i ng,
if performed, may be perfor ous .di ff.erent rs and Seguences,

din var e
whi ch meynsipgd4s 2ansalige. if Rex %""520’6‘@% %Eerfmddl?nv?nodlén%ftg FTRIIPERESSES, and
may al S&qhé}ﬁleéf hiGt REY i1 BAF heRE Brolcksed] nlay ohfifceMaln 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 embodiment, 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
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[ 00035] In an enbodi nent, for a PMOS arrangenent, when a device is forned
on top (as viewed) of the enbodinent illustrated in FIG 6, such

enbodi merworeags/f1o3v8t ion simlar to the enbodi ment il ugCraiseahsiops1ps G 3.
That is, in one enbodinment, matching conduction bands are fornmed across
the interfaces between insulator |ayer 210, and sem conductor |ayer 310
and sem conductor substrate 110, where mnority carriers can be extracted

from wellRsti ¥8e 5G8icORRRR shbstatdhcliie aputieethavistiatite ;1385yd toror NMOS
arrangenents, a matching val ence band is formed, and facilitat e(g t he wel |

regi on porion of the inmlatprleyes| &dpresass blpgk 320 8 seauernduelonayek S 1IQEPFE | n this
embodi nent, [ S U QG ih QR APbria thieels | S

f or med rlgsélig?rnlgmrat[%f% %@9%?@%&53 gm}fl!g %E%“?‘?‘gt %&ilo andryré’educes or

pr event sattidenR4ttlied t6 arporttunsof{ted mstlaonilyef.r om f I owi ng from seni conduct or
substrate 110 through insul ator |l ayer.210 and .int | | <. act.i ion 320.
[ 00036] [(90&7] 7 isFé‘%f?m %‘&Fﬁarf 11\?%%?}“&%“&&‘%&’8“%‘?%%8\({1\?r‘r‘lﬁrtf?"%é%’\f‘g“ﬁn@? hod to
form an Q@g.aAt;%océ%E bRIcR %66 SarfihQkoDRPer ig forined bhatsemidoagtestori s formed on a
sem conductor 9 2004/ 017398 PCT/ US2003/ 024105, substrat.e. Thﬁ

seni condulsstrote. ihbsemamoadicter] cattées sebsyateringdastrarortion {hat isilaticemaichedior o o
portion of the insulator |ayer. At S , Sesfopduct or | ayer
i s for m@d°BIn uraﬁ%rdﬁéﬁrb?xpgofgré.blﬁ%o%ﬁ’gﬁ%%@?ﬁdel%ﬁ? "the sem conduct or

| ayer i Repaidgn ad eROblingt, b prockss bldcktaA0cthe dapahethicandactposaeil snbsbrate ihe

i nsul ator |ayer. | 00037] FIG 8 s 2 fl ow.chart il |él$t r?tti ngre%lrbvg pdi ment
of a metrodedite thegnslalar 1axgin £ RPN ohthe sPRiCORAUHPTeRd BHRSTAISTEROYFE AL | ayer
is for ' imSHD PréRbEblodIRes DS FRC AU elateg ar 1 i er
substrg‘t%goclg%c 8@‘26580;9[3%?%2%d1?hat I'S Iatl?i ce matched to a portion of

i nsul at eespeaivety, toypolishogeslsatingaid Bmealing theportion afitheseekwEHCAIEOF at e i s
doped. In an enbodinent, at process bl.ock 6 . sem conduct or seed
subst r atSBbstate IGHANRE ‘Prbthfﬁlésuﬁ)arli%rﬁfi%ﬁr’o‘?hlfgglg %PSR btﬁgjr%ff?gﬁ&g]flsd?he sem conduct or
seed subsiyodinfert STHoOSBMAED A the Bt K6 B S&ophiee thaf 6performad, peiibltdg rdeaningPr ocess
bl ocks 670, 680 and 690 relate, respect i,ve‘léﬁl to polishi % cl eani ng and
anneal i nisigangior enpaling mayde perdernsd in ¥ aHs i feren HE‘FFSaat"B PEHEF ng on the
i nsul at ar, .l,.ayer i C : i pdlessE TR LIES Alay Those

ski | | ed Wlﬁdz%@yé%cmm@@%eé%éﬁﬁ%s%g%@ o %Tedrlfgr red. "pol i shing, cl eaning,
ri nsi ng iaglddosthanprecdsiaspravigedm theaftor med in various different manners and

o ocoos QI ol JUCrEyS s e e e LR SR A TRbeT FHeeRE AT

£ 28822] aﬁﬁ&‘ion%a{kﬁg@inu Rgh ALty séhidshdiRidr haviap haskaMoABNdantér a met hod to
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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junction | eakage in a high nobility sem conductor having high mnority
carrier concentration. In this nethod, at process block 700, mnority
carriers wopeoexiirmsted froma well active region througeTaSs@dne405 egi on
termnal. Additionally, in an enbodi ment, at process block 720, carriers
havi ng the sane conductive type are prevented from passing fromthe

sem conduct or substrate through the insulator layer into the well active
region. 10 WO 2004/017398 PCT/ US20@I/AIRMEI05 CLAIMS What is clainmed is: 1
An apparatus conprising: a sem conductor substrate conprising a first
material; and an insulator |ayer fornmed on the sem conductor substrate,
wherein the insulator |ayer conprises a second material, the second

mat er i alwhatd disigreqas:ched with the first material. 2. The apparatus of
claim1l, wherein the first material and the second material constitute a
first material/second material pair selected froma group consisting of
si | i conl( Si) Astappearatusreomprismgt e (SrTi 03) and ger mani um (Ge)/ bari um

titanate (BaTi Q3). 3. The aratus.of glaiml.,.wherein a sem conduct or

| ayer is for -rgrégn%’ﬁnglhcéorisﬁlgﬁ%g %ormqrg)l/régra} ﬁl{sﬁ@%@ﬁ%’%‘?duct or layer conprising
one of the flhh &isulbdraiyedlforaed oa thddehtdconduetor albstrivaf whereinahé ingelatvat ched with
t he sec?nd material. 4. The aafpar atus of claim3, wherei.n the second

mat er i alayshePRIESeHA&Ond mpterial il serppdmpteriablatiicgmatched With Beifisft  constitute
a pair sghegied froma group consisting of strontiumtitanate
(SrTi03)/silicon (Si) and bariumtitanate (BaTi 03)/germanium (CGe). 5. The
apparatus of claiml1, further conprising: a plurality of sem conduct or

| ayers for medheappanetus agclpian br | ayer, wherein an internediate insul ator

| ayer is forned be each .sem,conduct or, .l.ayer, an erei.n, at |.east one
of "the i nt or NETH LETRUFAron BREVEREEOHE Paerr BT ERCE IR R Bndast one
of the semdrOpsitisdledted Ry@Iasgragh aseting 6f diiconaSi) stastiuanRariite (STEIO;)
internediate insulator |ayers. )
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 (BaTiOs)/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

insulator layers.

6. The apparatus of claim 3,

wherein at least one device is formed on the semiconductor layer.
11



6. The apparatus of claim3, wherein at | east one device is formed on the
sem conductor layer. 11 WD 2004/017398 PCT/ US2003/ 024105 7. The appar at us
of cl ai m@P 20buz01e398 t he sem conductor |ayer is bonded t®@crhs20u9e41as or

| ayer. 8. The apparatus of claim7, wherein a portion of the sem conductor
| ayer is renoved to reduce a thickness of the sem conductor |ayer. 9. The
apparatus of claim7, wherein the sem conductor |ayer is doped. 10. A

net hod qonprﬁggaﬂ;argtggmd]gnam, i nsul ator |layer on a sem conductor substrate,
t he sem conductor substrate conpri.sjin Fﬁ? first ﬁ@%eiri al, wherein the

i nsul at or | aydereibissrrisonducierdayr inandpd i the {MAY IR¥ T ched with the first

material. 11. The nethod of claim 10, wherein the first material and the

second rgat er i@l agﬁggthg bpdiging7first material/second material pair, wherein
the first materi second material pair is selected froma group consisting

of silicon (Siefen apottionrof tie semicandpseriays)is mmpvgd torEadrem? tedyessat um

ti tanatg (BaTi 0?3%1 2. The nmethod of claim10, further conprising: formng
a seni cONOSFEEANIILIEIYSN the i nsul ator Iayer, the sem conductor |ayer
conprising one of the first material and a third material that is lattice
mat ched gu t h Theeppaewesficlami @y i al . 13. The method of claim 12, wherein:
wherein the second material_ and the one of the first material and a third

material con¥hereithe seryjgonductar Javeris PYh a group consisting of strontium
titanate (SrTi@3)/ silicon (Si) and bariumtitanate (BaTi 03)/germani um

(CGe). 14 Th%ﬁﬁ%ﬂ%‘a(io&fprﬁ'n%i m 11, further conprising: formng a plurality
of sem conductor layers onthe insulator |ayer, wherein an internediate
i nsul at or | ayfemming af inspistpridexeien i sercANAUSATEEPITALS, dhe semigrnductor
substrate comprising a first material,
wherein the insulator layer comprises a second material lattice matched with the

first material.

11. The method of claim 10,

wherein the first material and the second material constitute a first material/second
material pair,

wherein the first material/second material pair is selected from a group consisting

of silicon (Si)/strontium titanate (SrTiO;) and germanium (Ge)/barium titanate (BaTi03).

12.  The method of claim 10, further comprising:
forming a semiconductor layer 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.

13. The method of claim 12, wherein:
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 (SrTiOs)/ silicon

(Si) and barium titanate (BaTiOs)/germanium (Ge).

14.  The method of claim 11, further comprising:
forming a plurality of semiconductor layers on the insulator layer,
wherein an intermediate insulator layer is formed between each semiconductor
layer,
12



12 WO 2004/ 017398 PCT/ US2003/ 024105 wherein at |east one of the
internediate insulator layers is lattice matched with at | east one of the
sem conduwb@ood/@ysss adj acent to the at | east one of thedmmsabmstoesiosayers.
15. The method of claim 10, further conprising bonding a doped

sem conductor layer to the insulator layer. 16. The method of claim 15,
further conprising: renoving a portion of the sem conductor | ayer;

anneal i ng t hevteaih 6088k 6hebf thayeermadtitd mbilagr tdyersse hittinendatchedrwittagter ;  and

cl eaning the sem conductor |ayer. 17. An _apparatus npri §ing: a
seni congﬁ"tﬁt‘éﬂfe of isserucndugiop Faysisiagiagent itg de aﬁ%ﬁ%ﬂn&|°?35ﬁnﬂﬁ§t8?'&¥%¥ﬁ- | ayer
formed on the substrate, the insulator |ayer conprising a .second nmaterial

havi ng g sCongye il b dPNgaiaNth, Furtdk BARErHRNBondMMIEs 8bgedlsBRiconaaist lapdreri al is

| attice matched to the first material; a Sem conductor |ayer formed on the
i nsul at do theagsatort lagerseni conduct or | ayer conprising 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 val ence band; wherein one
of the conduction band and the val ence band of the second material is
subst antliéal | yThalmefhatofxlaim t durtlzareoopnsingf t he one of the first nmateri al
and a third mater.i al IattifCﬁ mat.chrﬁd tolthe second material. 18. The
appar at us of EPAYR F POrHHdPHSINENFQl ¥ eri al has a conduction band and
a val ence bangnebing t seflBondubiod gt on band and the val ence band of the
first material being substantially aligned with a same band of the second
material . 19.polifEng gisacmiepndagtotiaggrrdndd, wherein the other of the val ence

band and conduct i.pst material is not substantially
aligned with Cgeaégﬁhggérﬁcg%d#ﬁg k{ ee{:'ond material. 13 WO 2004/017398

PCT/ US2003/ 024105 20. The apparatus of claim 17,
17.  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.

18.  The apparatus of claim 17,
wherein the first material has a conduction band and a valence band, one of the
conduction band and the valence band of the first material being substantially aligned with

a same band of the second material.

19.  The apparatus of claim 18,
wherein the other of the valence band and conduction band of the first material is

not substantially aligned with a same band of the second material.

13



wherein the first material is germanium (Ge) and the second material is
barium titanate (BaTi03). 21. The apparatus of claim 17, wherein the
second mawer2o@d/oir®sbari umtitanate (BaTi G3) and the onePpafi/ushesins19s
material and a third material is germanium (Ge). 22. The apparatus of claim
17, further conprising: a plurality of sem conductor |ayers forned on the

i nsul ator | ayer, wherein an internmediate insulator layer is formed between
each serg conductor | ayer .aﬁg wherein at |east one of the internediate

i nsul at 'Iagtléd'reép?agatf‘%igﬁlélén tched with at |east one of the sem conductor

| ayers adj aceierdi®tHeTRstdhateR@St g@Rniim (e and tier seeclidaneteriahis bhitror | ayers.
23. The apparatus of claim 17, wherein the sem conductor |ayer is bonded to
t he i nsditenate (Bady@y.. 24. The apparatus of claim 23, wherein a portion of

t he sem conductor layer is renoved to reduce a thickness of the

sem condyjct OrT}'Jeaa}SPz{ratugé clihg1@pparatus of claim 17, further conprising: a
second insul ator Tayer ¥ormed ‘on the sem conductor |ayer; and a gate forned

on the secondvlhiensinttgtsecoridaneterialtihbariyun dtanaietBrEiGhyand bewngef thediidl ei n t he
sem conduct or. sg? trate i.s .derd and;gé nprises a contact, wherein the

doped sédRptebHAHe A SFrAMASHALE SN (OF) 1 st conduct i ve type, wherein the

sem conduct or | ayer is doped and conprises a source region of the second

conduct i2ge t YRR, appardtugionclaggil onfuethertdompsisingnd conductive type, and a wel |
active region OF the first conductigqul_wtﬁg t.he source region conprising a

. pe,. t. uy c
contact and _t%u@?flﬁf!q{“méﬁpg‘t‘\ct%’olﬁﬁr? o thsripsplator {M%rr ein a portion of
the well act '\Vl?er‘fiEQh %e&%d%@ﬁg\itiﬁ?or | 8RB B cBRechtdch Benibadudtdregi on

defines a channel region extending fromthe source region to the drain
regi on, laver\@d2004/ 017398 PCT/ US2003/ 024105 wherein the doped substrate is

bi ased such that .wh uring.,devjce eration,. mnakii. j i.n the
wel | region wWigep @ﬁ&;ﬂ% P69 Hletlﬂfgng%cﬁﬁg éns}ll?gqré?‘yef Sol(gt1 #elé{es%ggcééeﬁr;vgg iagn
cont act . jeast one of the semiconductor layers adjacent to the at least one of the intermediate

insulator layers.

23.  The apparatus of claim 17,

wherein the semiconductor layer is bonded to the insulator layer.

24.  The apparatus of claim 23,
wherein a portion of the semiconductor layer is removed to reduce a thickness of

the semiconductor layer.

25.  The apparatus of claim 17, 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 active
region of the first conduction type, the source region comprising a contact and the drain
region comprising a contact, wherein a portion of the well active region between the
source region and the drain region defines a channel region extending from the source

region to the drain region,

14



26. The apparatus of claim25, wherein the level of mnority carrier
concentration in the doped sem conductor substrate is greater than the

| evel of woreeeditiy3sgarri er concentration in the sem condectrars2oi3ayans due to
the mnority carrier extraction fromthe well region of the sem conductor

| ayer. 27. The apparatus of claim25, wherein the insulator |ayer has a

t hi ckness establishing one of a val ence barrier height and conduction

barrier hei ghsv akft%&aﬁ%a shQst{%'Eéal\é%msed@d%H thek W&ﬁﬂﬁhﬁ%&iebﬁebb&aﬁ&bﬁ rate

fromflow ng t roug insulator layer, and into t active _region
in the memmomimm‘smthleazy@kregma Wlhﬂmtﬂmﬂlgbdﬁmusqerrggloflm tersguisn 1928l at or

| ayer on fm conductor substrate, wherein the sem conductor substrate
conpri se"snéf1 irst material and the insulator |ayer conprises a second
material lattice-matched to the first material; form ng a sem conduct or

| ayer on2é.he Tinsdppataars dfaysm,25nwher ei n the seni conductor layer conprises one
of the first material_ and a third npaterial thatrtﬁls | at.tice tched with

the second mavhsreig|the leyel ofmingkity; GRgickicaRienrgnp thedeped sghuconfiqior 50t ve
region i %Egtl?zﬂ? LRI tHR eV R Y E mindri ?Qh‘lgllér @orﬁ:@h‘t‘izﬁﬂmqg MheSgeknicaductéhe met hod

of clali er conprising: substantially blocking mnority carriers
from paskayetgiubrtm)metmaose'mauwdutra@mn fmnb&mwmlgregm@fﬁhﬁesemmnda@tpr ve region.
30. The get hod of claim 28, wherein formng a sem conductor |ayer on the

: nsul ato 't ayer conprises bonding a seniconductor |ayer to the insulator

ayer.

27. The apparatus of claim 25,

wherein the insulator layer has a thickness establishing one of a valence barrier
height and conduction barrier height sufficient to prevent minority carriers in the substrate
from flowing through the insulator layer, and into the well active region in the

semiconductor layer.

28. A method comprising:

forming an insulator layer on a semiconductor substrate, wherein the
semiconductor substrate comprises a first material and the insulator layer comprises a
second material lattice-matched to the first material;

forming a semiconductor layer on the insulator layer,

wherein the semiconductor layer comprises one of the first material and a third
material that is lattice matched with the second material; and

extracting minority carriers from a well active region in the semiconductor layer

through a source contact.

29.  The method of claim 28, further comprising:
substantially blocking minority carriers from passing from the semiconductor

substrate into the well active region.

30.  The method of claim 28, wherein forming a semiconductor layer on the insulator

layer comprises bonding a semiconductor layer to the insulator layer.
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