WO 2004/ 017398 PCT/ US2003/ 024105 SEM CONDUCTOR ON | NSULATOR APPARATUS AND
METHOD FIELD [0001] Integrated circuits, and, nore specifically,

sem conductor on insulator structures and nethods of fabrication.
BACKGROUNYY © F¢BYP8Tr ansi st ors and ot her devices are comfedVed0¥@dEher 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 reduced and devi ce conpaction is increased,

probl ens nmay ari se conSEMIGONIHIGTOR ONCIEYHIELATOR:, off state | eakage,
power consunption, and ot h&PPARATIIS ANISMEEHOD t he device. Silicon on
insulator (SO) structures have been proposed in an attenpt to overcone
sonme of these problens. However, SO___structures have a high rate of
defects, as it is difficult to proddde2hin, uniform seniconductor |ayers
in fabri I ot L (AT I ef-&s within a
singl e \Xg e1|] q?%?g&?%%‘é‘% %?‘lémgﬁ&é’ﬁ%aﬁi s&%?%aﬁiﬁﬁ??x;%}?@k‘gﬁt ogarl O%IES poi nts on
t he waf en) methnds défabcitsidne om wafer to wafer (e.g., an inconsistent nmean Si
| ayer thickness anmong SOl wafers). [0003] Sem conductor devices include
separate p-type and n-type regi region, current conducts by
majority carriers of a first com. Mnority carriers in the
same reqo@oz] Tafdistkors and ythar ddvaded @refonfectandgahdrvte férpeirduitaf sucl aopgosi t e of
the first conductive type, have a thermal equilibriumconcentration that

i s nuch 18aeRls Risgrateheirots, Wikp brga spaledntegraies curpyitsy msmaphanf 9es HPehol es
are M) QrbfatiGANTAG o sibf oRrBid (B if Gl and BEACE {RMacRER g TRLBELLY
carriers. en a p-type region neets wth a n-type region to forma pn

j unct i omprotderdemiap biigrconeginoTg pasasitwroapatitandehoff state letkdga, potenti al barrier

that prevents the jority carrier. of, each_side fro rossi-ng the pn

| Unct Foromiivion. et ehimha@ s ar o G5, AP an G BT SEHL e

regi ons haldiecRr&dsbdin dedtichh td SvebdddWine FHiBAE pfdIRhE VBNt S@Nt 1 ow
via majority carriers. Mnority carriers in each side of the pn junction

can novétrugitiesbava hbigh gate of defests.aslitis dHicWoiespdusedhineviifos® | eakage
cuLTenSyoRRaBa 50 GORLRGE Bl pERANG) ST ARG IhtpBRRCS 2 of
narrow hethin gsipgkemifeiediiahethicknesaifsies Wafer dififerssea veriowy pints yn teewfedr
Carr i or L HEEATRHL MR AN fohcB BCHPGHEH een o Guch Bk wEPESRL.  The pn
juncti O%f‘@rgj‘ st between

[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 catriers in the

same tegion, 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 jpnction 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

source/ channel , drain/channel regions (e.g., vertically orientated). By
using a SHO&HMLEY e, there are no source/substrate or RETAYRIGKBEPat e

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

| eakage due to minority carriers crossing the vertical junction still

exi sts, tadurdeRisstattangiohs hebihadea prdistramrégionsde ge hooronaiiperieaned)band gap

sem conductor (e.g., in sone enbodi nents,. |less than 1. 1 iconduct or.
[0004] Aad ??t&’te@ﬂthgﬁ%‘%fé‘?mé@nﬁhgfaé@ghaﬁpa TR @rgal‘ﬁe }caé?ﬁ&%\g/an%ﬁﬁgﬁ channel
I'engt h i gins g&ithlsahd iire! BRHCEE no BoSHELIRRGE P dlahFsubiampetgibegidithgener al |y
result in i'ncreased device speed, as gate delay typically decreases.

However rewerssiedkege ko deplndrizontsl Hejwitiesslimiateh Hovevah e OHERNRI | engt h

is reduced. Such,negative Si f v LB,

i ncr easéga’wf ’-ag‘?g]te?g?‘gé?(gtbaém gﬁ[ra %ﬁ%ﬁ%@%&hﬂ&?ﬁ lggeﬁ%fﬁgg\;g %haegtgmr%ol | - of f
(e.g., Shetibn seihaise) andf fhecitmhnel 18085 prabletiie wovayfond natm@wgd)_gndagaMev ice
speed is to use higher carrier nobili t%? segml?c}g)gductor materials to form
t he charfpaicondugiari(@e., fb#MS e LodmMgBlsdess thap EIFOHCOhe  vel ocity at

whi ch CD%(?&? Afsgﬁid’tti[c!ez{bo%,%e:\/ﬁe@ar%%dﬁQﬂl‘ﬂll'é‘rtaﬁﬂ SsHRANEY, cRahneXleffiRad uni t
reld.

el ectri n a transistor device, carrier nmobility is a neasure of
the vel qehtryllatedudedc Redagtidneris the(cbaupe] leagtb@eneakly esdlt Fvineespsad dXicE hr ough or

t he devi h |.in the | ion | N i,gh
ot or O 1 B9° 9 BBEA1Y Senrtrerh HEVRSh RS aoncbyEMRP R MATCE,
Ger mani Umisé Gan cHaBATASH g s(re@iceiaSusiihdgatyetde effecandai olctudepbnérg y of 3900

cnR/ Vsec and 1900 cnZNsec, respectively, which are nmuc l.gher .t hat that of
bul k  elaskars,drereaser %@18&3t%{95kagetoyrr6$td@Fﬂhﬁc‘BﬁS*@ﬂgﬂ)"PﬁWﬁ f@ﬂ“gjf -81’55@8gcrr2/ Vsec

and 450 % Cfscts respectively. [0006] The band gap associated with a
seni conduétor -~ nat g‘ri al is generally based on the difference between the
conduct i [0003) ancbtied gay afithcrdmingaleeive spdzd ndtoedg bighencagaeamabilitya  hi gher

mobi ity sem conductor. has_.narfower hapnd gap.,ln Cermani,u gap is
appr oxi rﬁ&i“éqof?ﬁ@%t‘gﬁV?“%it‘bf?Wg? \é\ﬁag{l?lvgwggﬁgmht%bsn%gﬁré’i y{{‘ g %a%‘lgrfe 18gpl(gSi | i con
(Si), Whighity St wRPRERLEBIBLY f1dwd iPdsentbd e DR BT i@ uditE cBRAW NGS
[0007] The claimed subject matter is illustrated by way of exanpl.e and not

| i mitatifoedd.i In a wdneistor gaviee, camter acddity aramausy eihayglocitnat whieh CHEfEr ences

I ndi cat e(e.sgi.,rg:ilelc%nsealn%rﬂ%pets? ﬂo@r{g:ough or across the device channel 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 (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 0.67¢V, which is relatively small compared to that of Silicon (S1), 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 WD 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
substrate with an insulator |layer formed thereon. [0009] FIG 2 is an

i 11 ustrat MCh*BHY3% 0ss-sectional view of an enbodi ment RFTVREOE2HISt ur e

of FIG 1 with a sem conductor |ayer formed thereon. [00010] FIG 3 is an
illustration of a cross-sectional view of an enbodi nent of the structure
of FIG 2 with a gate forned thereon. [00011] FIG 4 is an illustration of
a cross-|8ens] iRiGal wa:enlxiuatatmn o atvoatisrestionalfvied opamembedimgnt of oduced into a

seed seni condyctor subst nillustration of a
Cross- séE‘F‘i‘%’ﬁg CtQf;S Baf Hﬁ%ﬁ?%gﬁ%yegkowgth r%ucture of FIG 1 with a
seed sernygmIduet s W@i@t&tﬁ"ﬁidﬁ drangdad-sthheioew [o@@iﬁ)éﬁbocﬁhﬁnt 6f the staucture
illustration of a cross-sectional view of an enbodi nent of the structure

of FIG @FHGI-thrﬁgsqm@ndéﬁ@vwefofpn’ée%%ep’én of a seed seniconductor |ayer,
I eavi ng [ﬁ%@@jﬂagon%ge % strcﬂ%ng ch s @Bt nLo'ﬂgW@\tJ%rfah@%%Bdm{e@pQﬁ{ﬁk FIG 7

is an il ion owcart of an e I ment a nethod to form an
appar at Usructu OIS, Blvath 8gits f@ameitltharsdir ati on of a flow chart of an

nbodi t of t hod t t Q001
CT st r d0POIof & Mo & R oD oM RPEoHoR e REROEnerE o ace
M 0T | Y BT b Sin ETAUGRY DESCRARTHNckPOMThCA SO apparatus and it

met hod o abrication are described. Exenplary enbodinents are descrl bed
with reflébeyide to BIERGI iilbomitiqnotadronsectimebdenfof @p gmbadynens RIIE i n t he

|1 b d
i 1 o ISSRERR g At £ Netsa e ar b B R (PR At 1 onal 1y, a

nunber qhoml K npene) 685 B s §ati GHEM :0R8ss-se@itRaNEBSf aientbotlinsent pf theess
steps and the li ke may not be set forth in detail in, orger to avoid

obscur i regructiee ef B oHojnadhe reaaval of  UBABY! el semicengutyrdadErsect i onal
H1 1 ust ra%é rgg%)gen?i cf@%@l#?%on fod $S M (8 @%ﬁ gy, Substrate 110. Insul ator

layer 21 orrre on Sem conductor substrate 110. In one enbodi nent,

i nsul at oobwyjer 2WAGIHYs be ilhatansh ofe fentandimtanbelinsttrdtendiial oy an

epi t axi aI grow h process, such as nol ecul ar beam epitaxy, netal organic
cheni cal foy/8 3B 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
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deposition, atom c |ayer deposition/growth, or by other nethods practiced
inthe art. Epitaxial growmh allows for unit by unit growth of the |ayer,
t her eby provr d| ng _a high 3 WO 2004/ 017398 PCT/ US2003/ 024105 degree of
accuracy MP Wg7 & the layer to a particul ar thickness.PGIRUEACERBIS ment
sem conduct or substrate 110 may function as a base |ayer to grow ot her

| ayers, such as, for exanple, an insulator layer. [00019] In an

enbodi ment, insulator layer 210 includes a material that i s | attice

mat ched dtegeaoﬁntceracyhn gmwmg fha lyenfocarrtiodorthiskisessr by 2 aapdineit i ce ref ers

to the arrangenent L a
crystal Se‘i“fcof‘% t‘?rr?uBftEf’rtr% Pd;’?%}frfu CQ?%?S dg%ag‘g il f%g&?}éﬁeﬁ’% Sa%r%gxﬁg’ tvvo
di fferer&a,ﬂg[reeéd AbSlaRE Gyspbstantially close to one anot her the materi al s

may be considered lattice matched. For exanpl the in om c
di st ancd0@¥19er marn enebediment, nsplatw)laysr 4@ llrcgldﬁs 8 “Rtef‘;fﬁﬁm[]ﬁé

d' stance, he,d%” k}%tﬁdl%&ﬁlﬁt ? Eé'g@gh 20r sﬂbs@rafelp@ IRk RRRefefs tBhIKD 4 0 A As

ch, Ger ane may be considered lattice matched to
barr um tantaagnmh@t oBalbe8) threre~durr(ei:él6)1al petiadie anThef apovtel i e ibmédhenat eri al s

are representative r n not to
be considIPEdIsiICER ﬁf a%eéc?:géw%glf{m%ﬁﬂf’g?re érg "‘%“8' sglloggsgd her ei n
in regarcgletagothgxetk&%ﬁ@ﬁéi@ﬂ}af?fbe@Bﬁs@ddr@d ﬁttlcﬁh@eﬁﬁieﬂklﬂof e\dmhpie ttheinaplanan | |
recogni ze that other materials may be consjder rlggtgl ce tched and al so

fall w tawmictdiganse op Sernanina (GgLi; %@90}1%1@%#8 eﬁ g2iRBHe ﬁfanﬁ%?f exanpl e,
t t t

at ched thgear AL O U056 RSP, é?%ﬁ@r%*?ﬁ&ﬁ%ﬂ%%ﬁ?ﬁ%%* “may be a

cryst al |(20@ glirel eey bé comiddredrayichmurhed fmrtgalmum tithnae (Bﬂl@@)ngtaa(ﬂr@())( e.g., high

K) such as a dielectric corastant on the o

5
gr eat er , Pl &k@ae%m%?ﬁ maier Al %fﬁé?ﬂr?/seg’iaﬁee E’Ff’é‘?@ﬁs[%frlgt)é?%s?&grﬁ & i ngul at or

layer 210.A8s Vﬁhlar@r%tttg'ﬁe QMYcﬁFéder'lﬁrhﬁ tHRf scheo TRy bitfecd aleidiotiesedmay be
sel ecte so as to match the band edges To those of the sem conductor 110.

For exartpren immsgardite tissbatibebbmptetinle. Binse skilled insthe ad voil reergnizadlat | ayer
fgge;mgl P i A8 ek o 5Tl 6 1 TEb PR e ar D) ARt BRIERRIGrynd NI B OF

ase’'I'a a sem'conductor | ayer

above i tsubiebt @Bt THRHSER REreind H)Ubie&bpbl@ dMOQhurki tdmﬂrlt@(SeriOz_;) wid $ilibav@in | ar ge
enough band gap to_serve as an |nsul ator between the gate and the

subst r at/8ay:prapsedas faigeonatchedinatgiisls. have a higher dielectric constant
(e.g., 8&%@ thaﬂﬂs&ar%hQlerdﬂfoow&geﬁ%wﬁéxﬁ%ﬁygéaer}@mﬁe KapAst hance at

a thicke sical gate o ness. The thicker "physi cal

t hi cknesméghaye,a ljgledicirtridanstant (e.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
10A, 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. [000211 FIG 2 is a cross-section illustration of an enbodi nent of
the structNfF &1 G 1, with seniconductor |ayer 310 fRETHERIHEIWSN. |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

insul ator |[ayer 210. For exanple, insulator |ayer 210 may include, barium
ti t anat @ofBamicepideadieigr layer(G10d9 lapicamatched do sidhist s pationer insalpéer I3k may

i ncl ude r ' ' ): . ! .eripals are

| atti co g TREaHRm e AR 1 SR nolRAE By R b BB HNRE S % 2 e

| ayer anrdlo@plawsasksendosductootaybradlérmBlidcinde pernfaaiume (Gd)haempigtagd20@l growt h
as a layer that nay be characterized as, bheing relatively thin, i ng

Pt ovePinS BFR B4 T e i 19T apeteby dan e Rt OB | over
degree QbndeherbiseUyebahdBllovweletdontin@6r 1a303384d boRFhie@ B UpitMiall ayer 310
may be made of various materials. Representatively, a material used to

f or m sergrewthcsetlayer [tzap eray de@handenzades deinglrelaeay than, Hagingiinpeayedt or | ayer
210 are i tch ] u r e ktaxi.al gr own
on i nsuldgﬁgﬁhﬁgf&ﬁ‘ g’flsgg%gé\%g}a?gag%’ fgr%(%lsoﬁ g¥n 'anigﬂvg{jﬁ%&a?%%ﬁg%ﬁééeelrﬁepi t axy,
nol ecul alefdeedwe.epi t axy, nmetal organic chem cal vapor deposition, atomc

| ayer chem cal deposition, or other nmethods. Using such nethods,

sen condBe4%3| | ay nyqendugieh By HOmednsmads ofdriongpterigal 1y, the _
thi Cknes}@eg?ésex%@ﬁ%qﬁn. Hﬁiégiral hé%\ﬂeff f&%@eg@%&%ﬁ%gﬁ%@ 1'0%9":1 la'nﬁ‘at@x‘i‘ai%@@@@' nment,

t he thickness of sem conductor |ayer e"controlled to a thickness
rangi ng fomomsalapordavemad @hre [4itiGk matcbed 08nitonduotoe lgyar § 1 mbpbé ypitaxmliyn

oo Tepli SRS ARIELE DY S R s AR R g oo o e

sem condysit@ilar RYEIepBaly, nfetHIQRERE cHemiGe s dp6HhiRdn, StoRst Iabechbifcaccor di ng
to the prior art nethods, it _may be difficult to nake uniform

seni condigeesion. gy ethenmgthprls. nNUsing piackicpetiadse permisgrductos dayzndbhmaKse eover, it
may be qji.td.1cul CRML:I: J f 1 r er 310, and
sem congjﬁlézf%f(‘)r?& ffjgé%r' ‘g%{lg\n&al“wﬁg%m %g@ %ﬁgﬁﬁl%%?%atgﬁ@gi{%gg AfAﬁdledi tionally,
i n regardntalaeit @i embetimenatls, thickness sf @infitorauttor tlayeo Bl @mayhaicentsoltd

et er ( sdoa Tackeer vejnigron grapedy SR R SoBhe Mitewer RuBivangr | ayer

o002 el oLl S Gl ks it o

sem Con@@&@ﬂeqsa} cB Eoowiimegthods 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.



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
having to th|n down a device |ayer by conventional techniques (e

pol i sh, et YHP® i ntroduce defects into devices fabrf€ F%@Wy§68ﬁ 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/ US2003/ 024105 [ 00024] I n an embodi ment, sem conductor |ayer 310 may
under go 189 s ses I8 ap kmbedimest.isgmicenduciardayer A40 mayvariergo aratreses sueh@al | ng.

Those Sgio‘hki‘ﬁﬂgi; n'fbah{?xg tg}é%i?%’hﬁd/%{ a%ﬁ&ﬁ&gz%B&astknle%gh'tﬁé‘érp%u Pecgﬁgée?rg at 11 NSING

and/ or annea e perforned in various erent
manner s ;mﬁis&nsgepuﬂnmgsmnm emﬁ/mneamﬂguﬂ@eﬂd)ﬂm&dt mafids @efomelSs @sriouray omi t

certain t hese processes, and al.s |nc ot her rocesses practiced
o the. 4 ere T B ERF g, SHG O e 51 SO CONat RS TRAGER 510 nmy. be

used as cRrthiave tedySloctQes, Qﬁ@‘ﬁﬂa&%fs%Wude@ﬁﬁ‘é’rsprodeg&g%gcu@&i #itRd g¢d above, in
an enbodi ment, sem conduct or | ayer 310 includes a material that is lattice

mat ched Mﬁltammly,fléra@ﬂmbﬁdtwt,aemmd@pwwm%ﬁ amayrbelusgdas 204 layar tn
enbodl ﬂ_& a%ltsl ce-matched material found in sem conductor |ayer 310
is al s oun em conductor substrate 110. However, in an enbodi nent,

sen cond0eaxs) subs’tsrsazted allch@, ini anstbatimient aymiicoddifictandyaeTodadddestaor | ayer
310 may each |ncls;de dlff%ﬁgnt t.ypes of m?terlal that are |l attice natched.
g

Addi ti or{%?tFE‘ral thah IAtiSRBREIsE i @ difererd atergl Bupnditp Hsghatordger ébhdicdor | ayer
310 and fbolipRsh, tRe ROHdeLARCREd t‘nﬁ‘t%H!i %ﬁ’ﬂd 1|n"%¥§1 co%&gctgxr nﬁér‘%tlb'lgﬁsé%ﬁﬁed but

sem conduct or substrate 110 and i nsulator |ayer may not
| at t i ce in gemichradiictor GUGRGLe Mo ¥ovedviet, limah embediment, Bemzcbhducmmglmtmea that the

Cerm condat B G017 B AR kemRpRg tn®0 B Ball RERGR el S0, "o

second inmaetiaAtion aledyice FRYchRE. hadm®dallyantarpabdiRmene ol lend ok dfayer may
be fornmed on top of the second insul ator |ayer. As such the discl osed

met hod éﬁlﬁll%@d%@daxeé 3{9end anleash papdionof sulaty lavey 240 sisdnttise matohadii vel y
thin, ngt alivedicldpERe eslqﬁlagggﬁ\i%?o%ﬁa)%fi?gé glag &Jgg{é@ﬂ)t g?félttﬁ‘gs may be

formed on sem conduct of ayer I"onal
|IIustramatdwdof an enbodi nent of the structure of FIG 2, with gate 410

e ABTCT, St PR B S a ST Vg SRS Bl Bl

gate 41Qe ugQItodeil BE bP¥ar&8EHaViRY Rlultiple semiconductor layers. For example, on top
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,
6



310 includes well active region 320, source region 330 and drain region
360. Source region termnal 335 is associated with source regi on 330.
Drain reggﬁg term nal 365 is associated with drain region 360.

Repr esent at ¢ $8H) 1 3%hannel regi on 380 runs from source r¥glBRROSHEHYS drain
regi on 360. Sem conductor substrate termnal 115 is associated with

sem conduct or substrate 110. [000281 The materials used to formthe various
| ayers of an enbodi ment nmay be selected based on conduction band and/or
val ence (baMOS hansisterdeimaed mdayard 1 @an endnsulainsd 0 is uiyaponea p dpr398

PCT/ US2003/ 024105 t ransi i i nsul at or
210 is 5%???“%%%%13%3ﬁ8%€§2’ﬁ%@%ﬁ%@ﬁ%ﬁ%ﬁ%ngﬂ%g?ég%gﬁ%%éggqﬁg%ggniconductor
| ayer 31Rmidoagudttisubgtas 1 20,Gavaashdubiton madi hanaactitargialiy tligited, Wwhids a have

conduction bands that are substantigl|l. | i d, while I e val ence
band bar!PigérakeReetang SRREE FHh eﬁ“@ﬁaﬁt‘%ﬁ“?&é‘i@z’rﬂ‘dﬁwc@é}ﬁ‘dﬂ% - 310, or

bet ween Se!aﬁeén'%ﬁélinéﬁlﬁf’or%i@aﬁm%ets%io%ﬁaﬂc%%qyﬁa% 1 FUITSsE Rah&it) brieldia minority
carriers in the well region 320(holes, in this case) may be extracted

t hr ough tbowet ecgieydAihales, i fug casgBBahhe aiariph tyyonsipeired PaiopityBIRg t he

substrat ontact 115 an o) I . al anount
of "ol eors3rs HoRfinel O TVE SO B F oAU 1F5 pEO B Ging B scbfET
conduct i ntResss. 84gs anRTROSEelEdwons e tonducigh tBd Suistratudoataot 1 5] 6inand t he

i nsul ator 210/ seni conductor 110 interface re subs tially aligned. At
the mearfhe pwﬂucte%bwﬁégmﬁmseaber%ené?owdﬂctt’ﬁégé%@ﬁ%ﬁ 6l ow i i o

the well, 1fo%%{1ﬁébn8£ct ICARIMELOre 3diandME ignbiieat thahiden Yioeme ibarig

barriers at e Interfaces. By extracting mnority carriers, the junction
| eakage saifidr itthersebliméad] | Fom’ teficempitetheiwellzagioniod demisarductordd BHdusite fef or

extractin nority.carriers can_.be t abl i.shed. by. [ i | at or
| ayer leﬁ%eﬁ’g]eﬁﬁfi ?@%ﬁ’aﬁ%ﬁ?t tﬁf} {rg?{éz{cgs.?%acrg )ngondr}mlsa}ég (gagn%ﬁ’%%l %19'1 ngﬁ%gt rate
110 i ncl gliaRg wie beRaue. FERxankple,liNks emBaEMRhS a nidthetismtfooskatfigi ty for
t he conduction band edge of bariumtitanate (BaTi03) is .4.15eV._and an

el ect r onmRfiGaTyers Fan preesthigbed hofrpaggn tordayey @l Raphluting bgryuits 4. 18
ev. Vi lt%aﬁﬂ@&[%’aﬁl&%ﬁéss%ﬂ{mng & Pbst ‘?%g %nggggg‘“ggﬁﬁt i@ dindhis /- 46€V and

4.5eV, Tespe e conduction ese naterials may be
consi der egmps) bs tlactréa ffiyitalforghe dondantibreband redgéd ofibarmuticnato (BBEA ibarri er

exi sts acr i nsul at or |.ayer 10, whil t the sane t.i h | ence
bend bar tfll g“rvfl Elﬁf&'f‘FtWPgaﬁgeﬁ%( of ‘5? Fbryuﬁﬁ‘?l}e%aﬂ‘gﬁgge gqr gegﬂ?{p%g%ﬁ%i ‘é?‘yl\@ev,

gi ven theyr eanRehd Vilentalds® e@e of BHIRY, alidGdareedatedg 4waNtdndul v, bend  edge
al i gnnment between BaTi 3 and Ge allow the extraction of mnority carriers

of the Gespesivély.Thgiconduaiiondnnd edessof teseweaigriplayedy BIOPsiApEA t he device is
properl| ysu%'st%ﬁt%ﬂly aEBhe%, 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 4.5e¢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 limting which nmaterials may be considered substantially aligned, or
whi ch ran@g)apﬂggﬁ%hction band edge val ues may be consﬂﬁ@Wéﬁm§W%§W§ntially
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
conduction band barrier across sem conductor seed |ayer 310 and i nsul ator

| ayer 2Tomier0@oholes pselastinng sHdepardhan the fyps ehihedsriget dhe Biveiecayké 310 and

i nsul at I r 10 j.ncl L ' AL akdsudbitgned

conduct ?a?)tﬁregéﬁ&p%lg‘én%s‘{agﬁ}ll%ﬁaggbggP?‘#jérr%ﬂo{lﬁn%séygi&ext ractrescli1 through source
regi on ttetivinaldll 5,33d.thd soutdd regivagarndyal AStThen embedimengrconguctipn\nd 004/ 017398
PCT/ US2003/ 024105, carriers.are holes,.or eglectrons will depend on the type
of the d@ 06«3,(?16’“\*1’?@&5&&%4’?@3‘&%%?3 B&y faaqﬂt”éﬁeége Byl gﬂﬁdm\?&‘ Fagﬂgrs\,%ﬂ tage bias
and/ or gfQuRdg sb&eSem conductor substrate termnal 115, and the source
region termnal 335. In an enbodi nent, conduction band and/or val ence band

char act dPP@¥0 cs nefydditimiallytinte cobedimant. adeige valshcaanoen hojeht &y ¢rpdded | as

di scussed, above, 0030] .Additional l i odi rge val ence

barrier gfecfﬁtsu Sél[agerlgéta]élg m ét@gﬁéré%%ér{ﬁg&%eﬁ%e 1&%@‘3{8&% g{“gr | ayer 210,

or bet weemiddagudthslaya300. PHid bamidr redecssop pehveito miha@ijte caBibs frdhifowheg ri er

reduces or prevents mnority ca rieés f omflo¥\4'}‘é1%_l from seniconduct or
IIHSE s

subst r atl&m $giCHR Ej%ﬁsi‘tfﬁér&?ea]t@‘{“f% SIEPTARET P HE PWBH YELRYE FEgPon 320,
The bar rygf 1 bl Ril1Ak Ak 1 AR hCH sl Blehadhade 110 Tncl udes

germani um ( Ge Insulator layer 210 includes bariumtitanate (BaTi (3).
The val egeceanibar{Gepagenuditorlayer2 Waniludesttiatiamaitenat B TIR)). iTheralegesy/ | and

var ence BIRACEOGM/AL bk raBUPATIOR R TR Spdfevuiiebal RIS 1T,

pr event sfofrhditahiuyn S JVEBhib Bifferdift iiat Aokt Bandedpe, vahe! mey rdsult tnd rgecase,
fromflow ng through insulator |layer 210 and into semn congluct or |ayer 310.

Ther ef ork®]e Bargenhsighsevineh aravrts SHARIIY CRIEITSIAGUREHIRENY: BEndoBag8 Hidsi ti ons,

carriers agéﬂ?ﬁgﬂo@in%g@}l%ﬁ YRE1ar 15375 8a ¥¥of4891‘{\£%c1nﬁu88f91a%{ fetion, but

oppositeﬁy char ged rs are revente romflowng i'n the opposite
di r ect i dPherdfBRO&d tolthstelaive cohduction 2ddvatayedasdedge postnascam dsphaliing

interface_for bopdin sepi conductor seed substrate 312 in. an enbodi nent.
In one eniiSHIYREA C,CLa ‘?‘PEH}"é’ In PRg 'S%ﬁﬁlegﬁthﬁf’%osgg '056%§8Wfssaé%d substrate

312 pri ofretitdaansdth MBwirlg i théoSiane dfgRRAt 317 introduced into
sem conductor seed | ayer 312. Dopant 317 may be introduced by
[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



vari ous nethods, such as, for exanple, ion inplantation, diffusion, or
ot her net hods. | one enbodi nent, ion inplantation using species such as

n
hydr ogen r oxygen (0) is enployed. However, those skilled in the art
will recog‘@%@“{’ﬁé{"got her inplant species may be used. 1GERPEE 2410 0se

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 of the subject matter disclosed herein, %00032 s a

FIG 5
cr oss- setidasirate of | hegmpigerndntop SeearPubHRGH? Hedft No P Hes F-Fb%‘%?h?’é‘&“g side of the
sem CO”‘}H&%&’& Ir?%?sgerﬁ&gﬁr%l&ﬁt Ed%llognééoﬂgmg& 119, AnkAtidele Sehakiale 110.

uc substrate e

Sem con or “sée can onded by a various processes, such
as, for grewamjgheliclecirionenseambodiitatms on thy cairieestbstigad usgd @b iwuydrephilic

hydr ophilic b{gngh at ilhl?e interface. In this enbodi nent, hydrophilic

sur f acesSUEaehioadepleshWdiNgayer . are required on 8 WO 2004/ 017398

PCT/ US20@g0$334105 FId. d igaetosQustiBhaltiNgstseth 6omndatabatimesest theltstanat ef 312 or
the carrier substrate bonding surface. In this enbodi nent, aégl%)osi ted

oxi de | ai&s. 524Gy a phition of perhigdedustarseehsibatraty 31 hanhsonTgRowidde ic

constant_insul.ator, o LLI I i philic

surface %egpcwgct%leg?r%g}qﬁpﬁg'rérbﬁé%g%ﬁhlt@n%%falﬁg l#a?@gzr%gsA ggﬁb g{%

i || ust r adetsorafictanseedlooigirarrit 2ehayt hrerestovet byvaion praeeSes, Suelf ¢ein engport i on

of sem conduct or seed substra(t;g1 31%{ h%ﬁi been r ved .tohf ort§1 sen conduct or

| ayer 310nbagmen, heraal tlaKRatdddososhith pahgart vl Eeogmee Al 98t  on of

sem Congﬁjrﬁééggessﬁﬁﬁ a§,"{g§$>{aﬂgﬁe,%@c% HIRY, B%y él?d‘@é’ﬁﬂpl@%@d\/térrbzﬁlﬁe PhOEREDES, such
ne enb t her g

as, in odi nent , mal cl eavade. Those skilled in the art w |l
r ecogni zentitratdudbhsaed layens ks sBs typuefprassss foployrdmsy depadn thaswe ofmy al so

b | o to. t] f H§O: . t

of pr ooty BR iy Sepblsats et YILRGHER florPaeutEh g g ongh® 1YPE
Ie:xarrpl e, ud@r Fhyshyeee O iplintlcantteh badk istoltes ogdd. cl eavage is often used.

or oxygen

§0) i npl antation, etch back is often used. %(?0%34% N En

enbodi mel034f t er & apcitbiogimet. afisii PERRA! SFIKERYCIUITE G DT $31h88 peen
remved, beteg %Erﬁbj\gefdaﬁi% sﬂifaéerbg tﬁeefgﬁiamiﬂgg&@i% loP BeriRbortfalof QG H R atS SBH
substrate may “al so undergo proceSses such as polishing, cleaning,

ri nsi ng maghles uadmgapiongsstosutbrspolishinigs oleehiog,oinsingyaad/o atnealihg sefoski | | ed in

1o ot b 209 50, 1oh B0 0SS5 M HIEIBMMIE) imEnee! 1
whi ch meyndinehuds Ahbatk, tRETSMYIORRTSE perfofedafivhri@gIdifftRnphesessar, and
may al so 1 nclude other "processes practiced in the art.
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 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 ment function simlar to the enbodinent illustrated in FIG 3.
That is, iwrf{%%é/ogﬁ%di nment, matching conduction bands aFe/FHf+Her oss
the interfaces between insulator |ayer 210, and sem conductor |ayer 310
and sem conductor substrate 110, where mnority carriers can be extracted
fromwell-active region 320 through the source contact &I?S?E For NMOS

ar r angersabstste. & heseridonduaial exeEinmsiides? pertiea dhal SHatea MR {R: t he wel |
region mnorit car.r] e i i t 88n INn this
embodi mén fonfogﬁh a%ogﬁagg%g@%rg{%? btgglﬁl%g?fsdcon uélta ?%ﬁl) ltz)igér?cig gg{rﬂri er is
formed agg @SHatonkykatiaranlempbedinkhf tanskmisorzsitioalayeribOludesh pastioe et Br

prevents mnority carriers é@%ect onﬁg fromflow ng from sem conductor
subst rat@“@l@‘a’icﬁ%%m?rﬂ%f’ rmslu([fﬁr %10 and into well-active region 320.

[ 00036] [Eﬁ(ﬁf/{]j i S M. 1g¥a B8 dnatt illisrhhiRd hinemBsYigRROs i anRathodfo farrehihod t o
forman  apparatus. At process block 500, an insulator layer is forned on a

seni condppiretus 9 ANrReSA 0ck7H98 arPmT o trysy BAamns! onsytssrieedectorne

sem condugct or bstrate .incl Lt I Ed 166 dido a
portion Sggmfaﬁee sﬁ?ﬁﬁ?oﬁdu&%gﬂﬁa&tﬁ b%%é%glggdh%]%éﬁh@% l(t)ﬁaatt Eig %glr?‘lgg%r@]%ﬁctt ‘%)r | ayer
is formethwfion bMi@silass|at0rAd myess blook 620,ersbmdiomdndtor tchésgstrateanduct or

| ayer includes a portion that is  lattic tched to ortion,of .the
i n}s/ul at gloppdyran %@M@?iﬂfﬁt@m%ﬁ %‘03‘ ‘H%@l%%ﬁ@ S?’P‘lcfi%?a‘i"g i Sé‘ﬁgté%%bsdi ment
of a meuNad.| R o [ﬂ%ﬁ%&l}%{@gaﬁ%i’tﬁm AthPEDGESTIuBIoP SdedGUBstrabdlis rftaovadt0r | ayer

is forned on a sem con r ‘substrate. The sem conductor carrier
subst r atppo¢ass blodie $6@ ipan einbndipieat. Froc¢sabidcketHhvdhend 690 redatporti on of
i nsul ator | ayer. At pr,ocess bl ock, 620.,. [ : MP& ate i s
doped. Irﬁsﬁﬁgﬁ%éﬂpﬂgﬂwg’ ﬁfea%lpgglé%%nr}gﬁ%@%(ﬁlg?fﬁ%?%gq }tclfg%gggés‘rglﬁ‘lécongcgct or seed
subst r at @pitate RENGEL: bA thdi@sulasHlagérpwhichyedy ald popdriopmedin &he sem conduct or
seed substrate is renoved

[ ed at process bl ock 66_?, in ara er]b di ment .. Process
bl ocks eerthodeBentahpssobilied imathe art villdpragnizgdhaf, L peripgiadsh? Wgtngc? €4ty and
anneal i r&gnsﬁ%an%?cfr%ﬂé%l}ﬁ@g}ec]eja%ﬂgnﬁ@drih%ﬂgﬁ'é:&i?ﬂfereﬁH:Qﬁﬁéréiﬁlﬁi deq0®idas,ng on the

IC y "al’so d

i nsul at or er, e perfornmed 1 n an enbodi nent. Those

ski | | ed which heyandludd 41l of thesegmocesses fraty omit cpgainh proneskes,golialshinmey, cl eani ng,
rinsing and/ or anneal i n%gmaﬁz ge &erfor med in various different manners and
sequenc g&CudGAhERPIOETSSPHRIPUET 1 I°4F. t hese processes, may onit certain

proc esse@oeﬁnd al SPIaTRYis a R Sike iALABRInE hACABEEIdAL B4 heg@ddittrddues ui t .
1000381 FIG 9 is a flow chart illustrating an enbodi nent of a nethod to
reduce pmnction leakage in a high mobility semiconductor having high minonty 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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junction | eakage in a high nobility sem conductor having high mnority
carrier concentration. In this nethod, at process block 700, mnority
carriers are extracted froma well active region through a source region
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 |ayer into the well active
region. 10 1 I What is claimed is: 1. A method conprising: grow ng or
depositing an epitaxial insulator |ayer conprising one of crystalline
bari um ti t/AIfAEE(BAT O sub. 3) and crystalline strontiumtitanate

(SrTi O sub. 3) |n di rect phyS| cal contact with a crystalline surface of a
Sem COI"IdUCIt Rr iom%@f %rn fO% osrt% aF'r epitaxi m L(ﬁa Ql’d|lélcetl‘%r(.)msflflsms one 0

consi sts nyst@llr §E Tzo%é’&rl hdler rnE%ﬁ @la et@‘y SBJ !g

di fferent pseearn@bntaat Rt &l crystiihe eﬁwanset& donay dibfel th@aéu%t@bf th The
nmet hod of sehiadrudor sbera6d torkibe of iar St MERERL, Iv&tere’ﬁﬂdxehrh’t@laﬁﬁ@@@ﬂcmr@éd al
const i t ut @iffareht sesind natrieinatisde /hsagbehditmas %ttradterraal r consisting of germani um
(Ge)/bariumtitanate (BaTi O sub. 3). 3 The net hod of claim 1 further
conpri si n% for (g a sem conduct ofr a%/er on the insul at or

sem condu¢t :g)o Irgfy Myt

; ria ute ﬁ ftrsa
material t ”Fét‘f" e a“ i 'ﬁ"“& %‘?ma’t’%f&é’%%ﬁé%ggﬁ g:‘ Thle met hod

aerrals
of claim 3, whereln the second material and the one of the flrst mat eri al
and a thi dThemb@bd af cl&RNS irthbt Snrifad: Forf@lger t@tkeoh 8 QB: FayBl SUMeCGRNARLSt | Ng Of
stront i umdyert aratemicofdncidt Bys WomBsirgi dned the( B6t) maadl Har 4 thir tridiaippihe: is
(BaTi O sulsttB¥ mgtsherawiindim {eGad.meferiaThe net hod of claim 2, further conprising:
formng a plurali ty of semi conductor |ayers on the i nsul at or I ayer,

wherein a nt er te . insulator

sem condu%ﬁf?mel“%%}w'w f;eﬁr?t%%gfcé’ g tSHeZ %ﬁ)}{th? H’eellﬂ r&?&jﬁ%‘ éid 'é‘”‘i’ ﬁa@iﬂj at or

| ayers is { Ut 8 ayers
adj acent to FhSIeJf at erg(?? ?)%!éé”om taﬁét@?%@b | at or ayer s%}%]. The net hod of
claim1, further conprising bonding a doped sem conductor |ayer to the

i nsul at or 5] BEhgenethcd. of Thien Tretriredcaniprish@iformig af plurdlinest seroinprdusomigyers @by i ng a
portion oi‘nSft“hter lsreem \ﬁ“@rﬁﬂuet mterm%ti}eétt insulzipmlegdr iisnfgriddebetyent earidesotiondicayer ;

pol i shi ng agtfe & & the F"ed'%tﬁd’sé'ﬁ‘é%t'ﬁtteﬁg‘s taffise MeEhe LWL BB ayer .
8. A met h8d"CHRTNScirg By ?6@\?9‘? %P“ea’é‘%%nefr HYearruBlST PEsT-al i nsul ator | ayer

in direct cont act wwth a crystalline surface of a sem conductor substrate,

wher ei n t BeriRlRER6E oPbiafNe, RAACORBHGILbonaRY RS LERY SemRBRIESLRyE b thet
mat eri al aB@atbhget.nsul ator | ayer conprises a second nmaterial Tattice-

7. The method of claim 8, further comprising: removing a portion of the semiconductor layer;
annealing the semiconductor layer; polishing the semiconductor layer, and cleaning the
semiconductor layer.

8. A method comprising: growing or depositing an epitaxial insulator layer in direct contact with a
crystalline surface of a semiconductor substrate, wherein the surface of the semiconductor
substrate comprises a first material and the insulator fayer 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 the insulator layer and through a source contact by biasing a contact
terminal in direct physical contact with the substrate to a different potential than a bias of the
source contact.

9. The method of claim 8, further comprising: substantially tlocking minocrity carriers from passing
from the semiconductor substrate into the well active region.

10. The method of claim 8, wherein forming a semiconductor layer on the insutator layer
comprises bonding a semiconductor layer to the insulator layer.



matched to the first material; formng a sem conductor |ayer on the

i nsul ator | ayer, wherein the sem conductor |ayer conprises one of the
first material and a third material that is lattice matched wth the
second material; and extracting mnority carriers froma well active region
in the sem conductor |ayer through the insulator |layer and through a
source contact by biasing a contact té&mnal in direct physical contact
with the substrate to a different potential than a bias of the source

cont act . 9 The met hod of claim@8, further conprising: substantially

bl ocki ng iq%ct 1 d&ampffS@ﬂ SItREHY |§éP§‘§19 de??%'ﬁﬂ ﬁh@sﬁ'étﬁﬁ @tﬁﬁdhé*f%? P@a‘@%t rate

into the §§ or:te de?%ﬁi}%ﬂ ﬁaT of & 0%”‘3 mcon ?trﬁ SO ) mamum ng a

(=]

sem condu é&r h@‘éflﬁ theQHsu iders nr% s gn@Xof Ltron '.5;%5% $éihi)§ barium .
seni conductzQite (e sto®) blt8s lafisdiinabRl |tﬁYI'%rger um Tonpr i Si ng
epitaxially grow ng or dep05| ting an insulator | ayer in direct physi cal

contact with a crystalline surface of a sem conductor substrate at a point
intime V\/ri’éanleh'@et rabgieing ! o furtlerpegiptisingg foshiop s sembhendgdierflaee inofirettlventact

sem condu "rfﬁty%’ BaTIsenguger | fﬁ%ﬁiSUmC’f% 9f8'“9m¥e(18é|and péTeanivsul at or
| ayer co @C%‘F‘a‘%erddﬁff“ tREnene; 4 Zieftiem (tigpate ¢SRS URY) ancbagp itiFR7te
titanate sub 3) and is lattice matched with the germanium (Ge). 12.
The met hodfﬂolfhe(;rle@do%flclalmf? %%Wthgﬂgﬁétbﬁé@ghas aqn%rmgm@(@&m conductor |ayer
in direct contact wth the insulator |ayer, the sem conductor |ayer
consisting of one of silicon (Si) and germanium (Ge) and is lattice

mat ched wiT¢h'hehethodef ddimdlt wioanein tnirsivleton By e i 8e TisOnaena 3)d tansknbaniucer
titanate 'a(yB“dSﬁhG)S%QSPbd mpterial3. The nmethod of claim 1, wherein the insulator
| ayer has a uniformthickness. 14. The nethod of claim1, wherein the

| at | FLrst o r t th
econd male e Rt ik B TR s WG RO AR Pl B or 1 2 1

| attice matched with the third material. 16. The nethod of claim6, wherein
a doped susé.feenettiodboheaitnlt, Wlerbiaypeiopésslrasdaahd ird BRr isoulidt O kne thaywer. 17.
The met ho@yef claim8, wherein the sem conductor |layer is epitaxially grown
or deposited on the insulator |ayer. 18. The method of claim8, wherein
extractin norlté farrlers i ncludes positively biasing the contact

coupl ed tg r@% O &' "aNeergt BraMisg PR ‘Susceteiit gt o19PoTie Ohret hod
of claim érern bondi ng conprises a direct hydrophilic bond at an
interface between the doped sem conductor layer and the insulator |ayer.

20. The mes.hod rdthdal dicrind 8, WRLSCERRING Moy VAIANFRILBAND AR, RaGRn@scCtion
band of t bantdct cambled to the substrate and grounding the source contact.

19. The method of claim 6, wherein bonding comprises a direct hydrophilic bond at an interface
between the doped semiconductor layer and the insulator layer.

20. The method of claim 1, wherein one of a valance band and a conduction band of the first
material and the second material are substantially aligned.

21, T_he method of claim 1, wherein a substantial alignment exists between a conduction band of
the first material and a conduction band of the second material, and a large barrier exists
between a valence band of the first material and a valence band of the second materiai.

22. The method of claim 11, wherein the semiconductor substrate consists of germanium (Ge).

23. The method of claim 11, wherein the insulator layer consists of one of strontium titanate
(SrTi0.sub.3) and barium titanate (BaTiO.sub.3).

24 A method comprising: growing or depositing an epitaxial insulator layer in direct contact with a
crystalline surface of a semiconductor substrate, wherein the surface of the semiconductor



material and the second material are substantially aligned. 21. The nethod
of claim1, wherein a substantial alignnment exists between a conduction
band of the first material and a conduction band of the second nmaterial,
and a large barrier exists between a valence band of the first materi al
and a val ence band of the second material. 22. The nethod of claim11,
wherein the sem conductor substrate comsists of germanium (Ge). 23. The
nmet hod of claim 11, wherein the insulator |ayer consists of one of
strontiumtitanate (SrTiQO sub.3) and bariumtitanate (BaTi O sub.3). 24. A
met hod corr%%ﬁt@ierf@mpgﬁeéwfhij msterigeay ééfietlh twﬁyepwwwma $eqendl raateriel letiger |n
direct co de 3 fi”?”i s ng%%@ﬁnlfl%'ﬁtau Y%ti"‘”ﬁgjt% heat
wher ei n tﬁ 55 %@éc%ﬁd atgr éESO@PrEﬁ? ?% j&:t mlna i dlre%f\ |caE nl&%eerglthgqtﬁgl rSt
raterial Slthisietsi R1Hhin QMDA SE Fridri cah 08 B EELAL T ath G s
mat ched t GbeGedion f the BhRbhdbior B MrdGh dnSRE GCAI @@ﬁ%e @5 dohger
i nsul at or whay ek, firsMb@it2t Rrobile is HRBI B ér@potbrayﬁharc@m b SRSs00Me citftack he
first material and a third material that is lattice-nmatched wth the
second mat erl aI and formng a contact termnal in direct physical contact
with the g Oftc éibmha@tn e P IPRIFUE BHP aﬁeecan?ﬂ%s efelsgeaniimi&ent v
carriers tif n%v %ﬁl %&{f O'f [PYThoRMRRSER oney et PPty Biepaie (HTPHD: é)e?ﬁdc?ﬁﬁ'ﬂ‘?]ctor
| ayer throug e |nsu ator | ayer and through the first contact when the
first contact termnal is biased to a different potential than a bias of
the sour cescomt@dsd compdbing: ERecimtdiyarielsaiom 2dell A0NR1:&Jidh it Beers&iFuGaRduCt or
subst r at e layensi st issutshor gpgemEurdugithe Ga)lator @R and eF@ign a khiecd dtatabiady fasihgyer
conpr i ses corect ddrmiselrio dir¢ctiphysical apaee wt'Se Fuidtsigbo 3)difared! fdamtial thanta tianeit e
(BaTi O suly! Oufcze;onwtn%t%w% fpslﬁwg in @s@tcfr%tap ithrel erovtaling sudaceiotths from a
wel | acti v&" g%g ?Lﬁst f@tﬂ B4rigpe of t %m‘ﬁﬁj ey ﬁ‘i%ﬁ’la?t‘é’f"pf’ é’rf‘fStt hr ough
€ 0

the i nsul ﬁ'pﬁseg&f??:oé' ‘]q%e g ct
t er mi nal ?‘j\a éerrﬁ& hela tﬁih%% igg er corgipnse% ?_ln Fﬁ[ II’% ctgtgﬁ an dﬂatanaﬁg
potential than a bias of the sour ce cont act, an epitaxial insulator |ayer

in direct contact with a crystalline surface of the sem conductor

subst r at e 27 wherrestimdt diglapu 2§, aderedfthd benisantato distrbiercosidpsdirgatreantioniee); ses a
first natet wagreianbe hhdatbriaygr aensistsl dyee ot grmpliins dgnaie $HTErdb.Aasralr haabim

| atti ce- ndtPEHRPATY t48e)first naterial, and wherein the seniconductor |ayer
conprises one of the first materi al and athird mterial that is

| attice-matched with the second material. 27. The nethod of claim 26,
wherein the sem conductor substrate consists of germanium (Ge); and
wherein the insulator |ayer consists of one of strontiumtitanate

(SrTiO sub.3) and barium titanate (BaTi O sub. 3).



