;e3e> 1.6T> S\'P13753~CT SEM CONDUCTOR ON | NSULATOR APPARATUS AND METHOD
P1ﬁ7@f‘§T[ 0001] Integrated circuits, and, nore specifically, sem conductor on

i nsul ator structures and net hods of fabrication. BACKGROUND [ 0002]

Transi stors and ot her devices are connected together to formcircuits, such

as very large scale integrated circuits, ultra large scal g

-circuits, menory, andsg: NIRSUEATORED the sﬂmmmnlmm!stors
is reduced and device n ggﬁ% obl ems may ar|se
concerning parasitic capac"f : Q age, power consd?‘?pti on, and
"other characteristics of the device. Silicon on insulator (SO) structures
have been proposed in an attenpt t-pILqJ\fyrcorre sone of these problens.
However, SO structures have a high rate of defects, as it is difficult to
pr oduc 001 integraietl oircnitscand; arvdeisgecifichliyy sermiconductdyondasulabor. stribethiest  pr obl ens
in SO s %togrefs%&nclude defects within a single wafer (e.g., the

t hi ckné® R {AAPERtoi ffers at various points on the wafer) and defects
fromwafer to wafer (e.g., an inconsistent nean Si |ayer thickness anong
SO wafers). [0003] Sem conductpsCRERABSDI ncl ude separate p-type and
n-type regions. In each region, current conducts by maj_orit{ carriers of a
first d dirangistars/aned otherrdevices/are senneeted togethento foameireeits, sieh agiNeh carry a

pave. o ke el bt i st Pl REA i bbb ekt 2, 0P

maj or i tof ce@lits) Wlken thdsige F tiangistor €1 iréducedaidadevive@omph@iontiyinefeasdders. I n a
n-type region, electrons are nmgjority, carriFrs. Wien a p-type region neets
with aPHRYSmEmMARassconeerping parasite canaritance, It statgdenkags, BAWegi on is for med

Wi th acBiubintibh, AR cRiradl@istice61 thbabvied. SYEESor A8u1FBE O ¥rcdlirkd €7 of
each side fromcrossing the pn junction. Wth a reverse bias aBEI ied to the
t wo endsvelieen iproposesiid an attempionoverchme pome of these prableinsr However 8Qkr rai sed to

prevent, currepnt fl.ow via Ority. carrd e M .nor j jers in each side
o °t he SR Bt B R ot el B ROARIrTa preshd bl onst tut

I ever sgethiRatidigtor ¢ayefsan fabrication. Dsfec probleradHiny S@Estttudesdncladicdefacts t ype t hat
is opposite of the first conductive type. Reverse | eakage currenf is nore

pr onouNaén 3 single wafer (Gep thedhickness ahthe wades ditiers abvasigys poiptsonthe walepe

M8j OF'i g AEfkts FomWAIELR WAL (an taf} i30S AhIAGH ﬁ%@reﬁ ﬂﬁ@lﬁgﬁd&%g@dlas a

greater mnority carrier conc ation, and, hence a higher reverse | eakage
currenwaféf$le pn junctions exist between P13753PCT t he source/ substrate

regi on he dr.ain/substrate, regions .(e.g.,. horizoentall rientated) and
et wee o RE SelipdiaPe FARS i loPaR s S e reRs i s el §
or i ent atu@eht comuctsbyifajoris@arriviy ofcd fitsEconticive tavee Midofigliatiidrsinthé r at e or

drai n/substrate regions, and the reverse | eakage across _the horizontal pn
j unct i &¥M¢ L whichcary 2 chige 8 ?CQ'}‘FBC%‘GJYR%&?US(:‘H%R?%P? thedstt he drain to

channe 'coﬁcﬁﬁhaggpei $avd 2 HEARAdghilibhigh doREchtaliOs Blah nulth 1¥Wér thadhal sfncti on
still exists, and, this channel |eakage problemis worse for a narrower
band gapjaéycaunsude 8 p-tyee rggion; holesare mejanitylcarsenss In & adypetragion,l. 1 eV)

sem conduct or . Oogﬁfp] As st%ehed above, as devices are made smaller and
smal | e UM AR ORGERTFS: JEREAHIPC FERIEE" REG A PBREE R A% hannel
:jengt hpg gamﬁl_gﬂx,laydep&siuh fegicn is If@}hﬁ:ﬂsﬂdl ﬁ&ﬂlt&l@gﬁtﬁﬁtﬁi bagier gt pted@itﬁﬂx\i;] ypi cal l'y
ecreases. ., However nunher of pegative side effects may arise when
channanaﬂ%PN“F‘s"freég}hE‘éﬁ. ony (rpssHgghe PR angtion With é&vgrsgigﬁf‘iaﬁelmﬁide, anong

ot her s gd t?%re?na?sptﬁ@;)fané habBohe M FIRnBH Bafidr iSHEHEN iR IEHR0H cMpbdiage.
roll-o e.g., short channel "effects). [0005] Another way of 1 ncreasing
devi ce flopeda mapritpcardershiMjhenitycarriersan eagtbsidé ofthe pnjunstiducanomovet erial s to
formthe channel .. rrier,mobi.Jity is neral ly a nmeasure of the velocity
e whi GoS F gibction RFAY Sh Sl sverte GG ol A1 BE5 Safty BharkeBoti® L

el ect r icenduclditypé thadistlopposilevf Bie filSMdonBuctia ypee Reverdt ldakigel carréntgasur e of

the velocity at which carriers (e.g., electrons and holes) flow through or
acr oss maiepwagunced Ehandedw band gap spimiconducior. beppase forthe saa MAIAIty hi gher

carrier A ' .ertal s that include
Gor oL et R Clab BB RERAMAIAC S BRACTRIEI T Ll ' 07 5650
cn/ Vs eencentdatidh) hd; hieicéadtigher espae leakage/curtshi. dhe pn gurmtions dxigbetweehat t hat

of bulk electron and hole nmobility of Silicon (Si), which are 1500 cnR/ Vsec
and 450 cnR/ Vsec, respectively. [0006] The band gap associated with a

sem conductor material is generally based on the difference !
conduction band edge and the val ence band edge. In general, mm’@m@w"@@w
mobi | ity sem conductor has narrower band gap. In Germanium the | an is
approxi mately 0.67eV, which is relatively small conpared to that “8?5Si|icon
(Si), which is approximately 1.1 eV. BRI EF DESCRI PTI ON OF THE DRAW NGS

F AN/~ - o .. o oy B o o g,




P13753RCT [0008] FIG1 is an illustration of a cross-sectional view of an
PBTBIGTent of a sem conductor substrate with an insulator |ayer forned

thereon. [0009) FIG 2 is an illustration of a cross-sectional view of an
enbodi ment of the structure of FIG 1 with a sem conductor |ayer forned
thereon. [00010) FIG 3 is an illustration of a cross-sectional view of an

-enbodi nent_of the struct f Fl. ith .a gate.f th 00011
1o e sautce/subSicdte fon a6 e difioubiublPufind Coeh ey SFBE ene of
_dopant [ yefivdeR ihOe@ihhite? dFaifRRAnSEREBADEUS L RitichUD SkibmhRd). ﬂ39001ﬁ] FIG 5

t
is an illustration of a cross-sectional "view of an enbodi nent of the
st r uct uasingd SO Euttung, tthere areawdovreisehstraiecr draiw/substrata regiorsnawbthe her eon.

[ 00013] FIG is an illustration.of .a cross-sectional wiew of an

embodi n&H rfwgﬁ%gagp?ﬁbfg?’ézo alﬁf‘é.mcgmf hK %@‘f é”ervg'i*rﬁifaﬁ""{?f’ % portion of
a seed GRARCM S @hinl t8XRinnel RM4EE BudtoSRIHoAB WAHEIrOErobsivEihe RefidEd t 0 an
insulator layer. [00014] FIG 7 is an illustration of a flow chart of an

enbodi niunetionfstill exstshand, this ehannelderkagmiproblensis Wogm(fers narrawer dand gap
i |lustrati. f] : ' to f
appar e iPfitiofe e isoge ooalimBfls BT E R RenfodBUABE | P (07 712"

enmbodi np004)oks Aats®ave, Asalericks a6 imade smallériand amall@l chanh¥ Téigiids DESCRI PTI ON

[00017] A SO apparatus and . its et hﬁ]d %L fabrjcation are d&scr,i bed.
Exenpl ageperalipirgneada itRedyetiong dn theichanneljength eencaalbyregult i ingreased device

config ' j ' [ five si@PRTRE t hat
vari ouggi) C dé%géaste gﬁ?%g{ayfggd{%%%’ m&g{a anq‘auhgb%{/\ﬁ{'fegmr“?n%l ni negﬁvﬁ}ﬁi n the
scope ddrist whtn elpgnacidenptis isaeduced ASukiht negatind side effentsmbayrindiiddeyationg nown

I t devi ts, i i , t dt i k t
be- sot bt arsasgo iRy Froted spiers af B nBHRIT P b o B endi b upy oot
mtter:chmgﬁéaﬁj G 1 is a cross-sectional illustration of an enbodi nent

of sem conductor substrate 110. Insulator layer 210 ,is formed on
seni corl@0RS] gxnothes ay of increpsing daviep epeedisdaivsehigher cagigr mability ayer 210 may be

formed s%ﬂﬁic%ﬁ GAHMELAL t&féﬁﬁ%&fh%nﬂépci})ﬁeﬁﬂoﬁﬂyiﬁé&?éralgf agepmuw HGRSS, such
as nol ecul ar beam epitaxy, nmetal organic chem cal "vapor deposition, atomc
| ayer depoeity i which chavpdicarder fiywsoinhsemitehfeder pidecan odenalunithedectia

Epi t axi al owh allqws for unit,by unit gro of .the |ayer, thereby

o ovi a i Shng ppsBtor 3pige FarlaFimobiiife Asheire e veldr iy at BHEHAERThe | ayer
to a paell, elécRénsidrd HoRSPHow thtodgh GHHRRMS tHRHevics BRANREITH WK idversioRIayent € 110
may function as a base layer to grow other |ayers, such as, for exanple, an

i nsul atkor examrle, highvo garoier mebidity kastheen faupd in pasEqyy bandrgap aierialsithal nc| udes a
mat er i Ij_'nﬁmi } eqp% L f j 1 ctor
substr 2%1%15%§ atl?]%l i%&)i efer ?ﬂtﬁ% (ttﬁzaﬂaas ﬁgﬁggﬁ{&? ta%g?l' ggtlg(r?%ﬁ?n&%@gy

t hr ee- dimPéviet andil 909eernB¥ser, mspeativalf, which grstnaich highet that that gl taalle at oni ¢

di st anc ft rystal. planes aof. t diff nt2 ot eri.agl.s arg,substantially
cl ose t§ ecﬁ'ﬂ@%h@ﬁéﬁbﬁftﬁgkﬁﬁ?g’? P& Bég@gﬂgl@g cead'd?‘egﬁtcfncél ¥kt ched. For
exanpl gesgebtevely?- pl ane atom ¢ di stance of Germanium (Ge) in a (200) plane is
4.0 A, and the atom c distance of bariumtitanate (BaTi03) in a ( 100)

pl ane 18006 slhe band gap associgted wittasgmisondyctadpaterial s gongrly bpsedeonthy pe

consi defifeeh@lioh6en TR 8o DARLUD il R0REct Bad O Inbeflelal40) P! ane.
The aboves nent 1 onad material s are r presentative exanpl es of Pattice

mat ¢ he dhighet arobiitg seminonductor hed narmowee baahgapdbr @etmaaivim, ithd band gapés scope of

t he subject. matter disclosed herejn in regard.t he..sel eqt.i on. of.

nat er i ﬁ??oxﬂﬁﬁ%sngwghlcﬁ‘dsf ‘Vﬁtytsr'{ﬁﬁllclo"&’@{?gd?\ﬁ’?iofw Orbmrwq‘ﬁ’g'[’éri al' s may
be consjpdgixafattiptiti &¢. matched, and also fall within the scope of the

subj ect matter disclosed herein. For exanple, strontiumtitanate (SrTi03)
and silicon (Si) my be used as lattice nmatched materials. [00020]

| nsul ator | ayer 210, | ' stalline dielectric and
may have a high diel e?@ge%a%?@ngg%ﬁﬁ%ﬁ@éuch as a dielectric
const a7 THeelamee suléct niatter ©XuphRd by way@f egdrgjsit afid notlimikioarniodi ment .
Addi tionall'y, the characteristjcs of insulator |ayer Zligéeg%nv\el | as the
char acttBe figerandaccompanying drawigs.4n whighgelegengegjadisaiesun &8s, 88 mat ch

t he bariﬂvﬁx es to those of the sem conductor 110. For exanple, as discussed
bel ow, The characteristics of insulator layer 210 may work to facilitate
the extraction of mnority carriers. 2lnsulator |ayer 210 may al so serve as
a base layer for growing a sem conductor |ayer above it.




In-an enbodi ment, a suitable high k dielectric wll have a | arge enough
P138piPCJap to serve as an insul ator between the gate and the substrate

channel regions, and will have a higher dielectric constant (e.g., greater

than 7.5) to provide equival ence gate oxi de capacitance at a thicker

physi cal gate oxide thickness. The thicker physical thickness(e.g., greater

-than 10 i enbodj t) | requi red to aveid chani cal

t unnel i@&“@wé& %ﬂb’ggﬂf‘)&féﬁ AH 'Sfﬁtltopgl Y&y 896% @H%J}%ngrgor%and to reduce the
gate oxdefficaighast substkAOVRA ah ifsufatordayes fodmed Gfeteonection il lustration of an
enmbodi nrent of the structure of FIG 1, with senm conductor |ayer 310 forned

t her eon[0009] B 2dsrbv tllusization ofta cresssectignal view oBamgpbydipentof the sructure

sem con l.ayer 310 .s lattice ched to at | east a portion of

i nsul at%@é&‘%ﬁm‘m‘m 5?5%?5 retfcmﬁl%?salﬁ?rg?%r |l ayer 210 may include, barium
titanatodfyTi 03)FIERSiiseh AlubtratR)of BlopiRE-sectivflalSgsw opAtlembstimbmythe310 may

i ncl ude germani um (Ge) having a (200) plane, as these two materials are
| atti cestmatuechefF1G. 2 with egate firmedther¢aisul at or | ayer 210 serves as a base

| ayer L1 ows i,cond [,. | r | for Li.axé al growt h
ne’a | om0t S HO B Bhion S Borot S B B ftodilibhe™®t 2 20
i npr ovedbpanti bélngintiodudediing azesd sepliconduytet substratyer, and as having a | ower

degree of defects or hei ng def ect-free. [0,00212], Se 'congcgqctor I%%/er 310 may
be madd08012ari o HGrden Blugtrationnf a crass-geqtignaslyviews ofan embodimgatafthe, ¢ o m
sem co I ksl Lhpsul ator |ayer 210 are
latti ce@%g@g{]%ﬂﬁ Xéény‘% (‘:o%%%gtsgr?%%tégg%ﬁ%%yﬁogg&ggﬁéggi ally grown on

i nsul at[00013}yer XFIG. 6\is aailfusttionat heoss-seatiohaldiiew ofarmembodimyntrof ¢ t axy,

nol ecul ar bea ' , Jretal organi.c chem cal vapor. deposi{ion, atom c
ayer CHRARES Kb SIPHIWHE i reBoHa Ot fEPREST AR PUERORRY leecls.

sem COH@M&%D& senR¥Sidustb 1ayeybdd@ed! it dndhdtlatof layered. Additionally, the

t hi ckness of sem conduct or | ayer 310 may be controlled. In an enbodi nent,

the thil0A0es of HEni7dpaiillustortionof aflosichartwf apsmbedimest olaimethodita hi ckness
rangi ng. from gl%grt_axi mately 10A to 3000 A. More particularly, in an

embodi meHE 2 YR EHduct or | ayer 310 may be fornmed with a thickness on the
order q0001330A OrFIIG:8ds ad filustrtion@if aloly chattiodeds embedinent ofseniethad tb

sem conductor |ayer 310 is bonded to sem conductor substrate 110 according
to the i9FNER 2BRAAHBt hods, it nmay be difficult to make uniform seni conduct or
| ayer ﬁ'bﬁoﬂﬂt h a g, 9k &S Suskratl AT atHIA AR AN eMBHEMERL of 4 fnethBY tde
difficult to control the thickness of sem conductor |ayer 310, and

seni corektractoninbriy@ar®19® wi || not have a uniformthickness. 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 sizeDETAIDED DESCRIPTIOBuUI at or | ayer [00023] By
growing relatively thin sem conductor | rr. 310 on,insul.ator layer 210, it
may not[08@17decess’§§91f‘1€i’am}‘%a‘@d\tz§rf?e"§6‘i P’g%g'a?at@f‘@??‘l?ﬁ eggﬁ*mﬁ‘&ct or |ayer
310. W Jdﬂh&ﬁ% 8 deQMBed WithGfRNEER sphdifi SorRedtdhS Y TRUsE bf 6rdidary 0 contr ol
t he thickness of a sem conductor |ayer to an acceptabl e degree. |

Accor di skgl in théarg iwild aprreciatie that yewious chandes and mpdificpjonsarayeietmasieavhileechni ques
(e.g., palish C m ght.introdu Ch§.qks dey] i cated, such
as non-%ﬁ’iafnb?g;m ymoh}')fle ?cﬁ?% %t?algtsap g?ndz;ég Icgd$%§' I\}ma%lh?{’]aqg g?ﬂﬁfg‘% ({/\f&%@r on a single
devi ce, krdvwnl dl@nenig ldevicésp compaiendEirngits gpedess eepdemil tlsliketmay it B 5&PCT

(00024] I n_.an enbodi ment, sem conductqr. | gyer. 310 may under go processes
such asfopdiin éﬂﬁ%g\,oréﬂéaﬁ.vwg,obﬁqwgsﬁ&ﬁﬁ&ﬁgﬁu‘aﬁﬁé%ﬁﬁeﬁg. Those skilled in the
art w L@gb?ﬂ;gm 77 13L 2 RRIS-SEiDRal ihsBRRONGE ard dridSddiEert D sGhicaRRA g, 1 f
per f or , y be perforneé In various different manners and sequences,

whi ch napstrate | Lt elnadldtookayert B Oas firmed 98 eemicomductorisubstratet Idi0n Impng hese

rocesses, and may .al sp inglude .other processes, practiced.Lp,.the art.
Rddi ti oﬁ’é‘i"?@f‘e’?tnm\é‘ﬁa@ﬁg‘éf%ri%ﬁ??y @m%ﬁ%m?’ong&& s@fgatﬁ‘&w BE3sed as a
base | ayfifaxtaPe@Witibrlodéss GEh howBlctulal RRAAPEIitaAS, rbdtall s fanddehéenicd] Wapdt

enbodi nent, sem conductor layer 310 includes a material that is lattice
mat cheddepesitioniiatdaicdayer denositionigrawhiner byrpthes ugthadspraciiged inthgart, n an

el sorpitreh rovEallbEERARRG B Sl BRI Bt BRI, B e

semi conductor substrate 110, insulaté |ayer 210 and semni conductor |ayer
310 may each include different types of material that are lattice matched.
Additionally, in an enbodinent, at |east a portion of sem conductor | ayer
310 and at least a portion of insulator layer 210 are |lattice matched, but
sem conductor substrate 110 and insulator layer 210 may or may not be

| atti ce matched. [00026] Those skilled in the art will recognize that the

. N M e

o
2]




[ 00029]. As di scussed above, if sem conductor seed |ayer 310 and insul ator

P13458FCT210 i ncl ude materials with substantially aligned conduction band
edges, mnority carriers nmay be extracted through source region term nal
335. In this regard, whether the mnority 7 P13753PCT carriers are holes
or electrons wll depend on the type of the device. The biasing can be

Subst  dlegteedt Rialiey iR omiiging iy RS Rest! R i ol SO Ct O
enbodi N@RficondRAsUEbiteile PRNHapifcOsn 2462 1RIBE RiyBiotd Greh BiIRE [a§érs Sdutle &s, T8ty

“facilitate the extraction of" mnority carriers, as discussed above. [00030]
Addi t i caxample, an insulatoeldyondi ment, a | arge val ence barrier height is created

bet trate 110 i | | 21 bet. the.i | ator 210
o SorloBRT.« 2 in At emBOmsE Wetatds LBy 2o Pl mBRHARER N Ml o, e o
carri ergatbhiedid b nférig fdundih Seiceiudtes bibistrate 1301 Ratticd ddlers b wgh i nsul at or

| ayer 210 and into well-active region 320. The barrier is illustrated in an
embodi rasiengemenhaf ftpms ifbthreedimensional peniqiearraycofpgaystiah (fdhy ingplang nsul at or

| ayer yTe ' t j . . e val ue
for ba%}oglr’%c{h? Jtt%ggtg g%%%%‘@g %@&&@g&eﬂgﬁgeﬁg a%(/a “gﬁg@‘@%g“g&ge val ue

f or geroimahothern, thedndiaials thay be dorfsideredriatéce matchéd: nBer elsamplecthgén-plaheie may
result in a | arge | e barrier hei , JWhi.ch prevents mnoLity carriers in
subst r emig fistance @P 86%@11&1’} G ip ﬁi@&i}&é@? if 4.9 ene the o dbigee phs ul at or
layer ZLHufNHadafd @aTR0]) 405 AL00) Plant B0 G A. ANKKR! Gérfranfie(Gig e rel ative
conduction and val ence”band edge positions, carriers having a first type of
char ge (266) planeundyrbemonsidéred tattiasrmateched to barban titdnpted Batbinca(l00kr s are
prevented fromflow ng.in,the .0opposi Lrection. ] l,at or | ayer
210 maﬁ Cy ﬁB@gﬁ@gﬂergkonﬁd B@ﬁe 7 ga“? rﬁi’%? né%wefeé‘%nglc‘;%\g?%g%]gé]&rﬁq%%ﬁduct or seed
substr &hz&er?al% ahd aﬁﬁnoﬁfﬂlsbchd 'ogﬁaéred holimitthgahb sdpsefthe gdlgpanﬁaties disﬂbf]mducgd
into sem ¢conduct Qr seed substrate, 312 prior.tqQ honding. FIG 4 shows dopant
317 i ntheme@egmaf%@éﬁfemam%@i% be.gpledn the %\Bﬁmcweﬁ’a%} be

| ntr odyged nhYerb R thaHSe RN larftiRaRBed, A alS APk Rhin 'tl%cb;?@&ﬁﬂé ation,

di ffusion, or other nethods. In one enbodinent, ion inplantation using
speci esubjectmatter Hisclosegidiergini) Forrexamplge strqriinni titanate (SFek) aridsibiven (Six hose
skilled ir}%the art will tregockni ZF that other inplant species nmay be used.
Li kewi S84 betsedasattice mptched praterials © ' | "1 ecogni ze that ot her met hods of

i nt r odygeo2®] dopamisuldiéilayts 21@®iA6hé @Bodimeht)Maibt a\ttystalldlesticlb@rietddect i ve,

and fall within the scqope of the sugi'}ect mat t er, .di scl osed herein, [00032]

FI G 5 may have pbigh didestrie popstant (e lugh Ko sudrasarflidrge rorstant op theipsdernp| ant ed
si de ofofl {iLeSRMPIC Aot lterS ffShe SibHInAnE  RAditibRalR0BEHatabteAstRALET €T _
substrate 110. "Sem conductor seed substrate 312 can be bonded by a various
pr oces dasilatenlayer 240, as ovellas agtharactenistigseof dlebdntiaess o, whele, snaydetselsetadii ng

t hrough_a dr ophi i nd he, f I hj i pent,
hydr opﬁlolalS E(}/'g ﬁtrc Q?:eebsa%ggg esé@&g%e §§<¢1§t§§'{“§%§{cm§? (lab'r géruesgrlg%%ogg P13753PCT at
| east aligusied bElews thigicharactetistivs of firdlatu heer 200emayl Rork totfhedlitaterthe er substrate
bondi ng surface. .In this enmbodinent, a_ deposited oxi d% I%ef)yer 210, which

i ncl udexEagionol Minerity carishin Inyulaordavar &40 mlay alsgrservade abasedpyrr &9 on the
carrier I hdudtsd hydrophilic surface for the wafer bonding.
[00033]gr%§%§%§m¥;§%rosgzegél():(%‘inglhal dllustration of an enbodi nent of the

st r uct Unen embpdi@ent aghitable high &rdi¢lentriowilk havieadatge chowghdapd gapitestervt e 312 has

! meul ot Ry forsPhiBeR T SO Y S E oot bl 2 SRR ARG oy e

r enovedidlyctMetomtint @D oeeRETharBUS togRovitlOeqiieal @ith @dieRide, capdvitanaelat C| eavage.
Those skilled in the art wi |l recognize that, other processes, such as, for

exanpl e thickenphysiea gateeaxidg thiskpess eHis thigker thSlF@Fﬂai&bneaS(s&, {EFe3Her dpan

sem co ct . : axﬁllfmn ?ﬁf@é{ pend on

t he tygg)%dﬁlp{mrrp adrgitnlg?li){t gir’? rﬁ%@rgd -[Eg‘r,&gggrrp efﬁﬁ%@g?ﬁ%}%sg%§ |rr(r)gFant ation,
t her malthoughatheqidtra thirgdte oxide,aid té-mducexthg gate OK)deidefdctsnt at i on, etch back is
often used. [00034] Ln an enbodi t, aft a portion sem conduct or seed
substra@@o@iz ha Ibe@ﬁsﬁ"é‘iﬁ’%%e&flogﬁ S@ﬁ?@ﬁé‘"&ﬁ%’é“%ﬂ'ﬁ%ﬁ?ﬁb‘%r"?i on of
Sem COrgf¢L 0 itﬁ%&ﬂicﬁhmﬁcfrﬁ&rﬁr 310 5&mea%e?éo§9 I BRESHR REHE 3BREstaUCh as

pol i shing, cleaning, rinsirng and/ or annealing to form sem conductor |ayer
310. Those skilled in the art will rdcognize that polishing, cleaning,
rinsing and/or annealing, if performed, nmay be perforned in various
different manners and sequences, which may include all of these processes,
may omt certain processes, and may al so i nclude other processes practiced
in the art. [00035] In an enbodinent, for a PMOS arrangenent, when a device
is formed on top (as viewed) of the enbodinent illustrated in FIG 6, such
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P13753PCT CLAI M5 What is clainmed is: An apparatus conprising: a
PEERRINnduct or substrate conprising a first material; and an insul ator |ayer
formed on the sem conductor substrate, wherein the insulator |ayer
conprises a second material, the second material lattice-matched with the
first material. 2. The apparatus of claim1, wherein the first material and

et eqt cRPmonh EmadhShit o iflelic B FRARS 1T E6RRn PR hFOLRLIBR
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claim1, wherein a sem conductor_|ayer is fornmed on the insulator |ayer,
the senil8@ plans; and semyieonduetaplayeyi 31§ raaydnelpde grsmanipsy (Gedhavingp (H0) a third
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defect-free.
[00022] Semiconductor layer 310 may be made of various materials.
Representatively, a material used to form semiconductor layer 310 and a material used to
form insulator layef 210 are lattice matched. Semiconductor layer 310 may be epitaxially
grown on insulator layer 210 by various methods, including atomic layer epitaxy,
molecular beam epitaxy, metal organic chemical vapor deposition, atomic layer chemical
deposition, or other methods. Using such methods, semiconductor layer 310 may be
uniformly formed. Additionally, the thickness of semiconductor layer 310 may be
controlled. In an embodiment, the thickness of semiconductor layer 310 may be controlled
to a thickness ranging from approximately 10A to 3000 A. More particulaﬂy, in an
embodiment, semiconductor layer 310 may be formed with a thickness on the order of 10-
30A or less. If such growth methods are not used, and semiconductor layer 310 is bonded
to semiconductor substrate 110 according to the prior art methods, it may be difficult to
make uniform semiconductor layer 310 with a thickness of less than 2000A. Moreover, it
may be difficult to control the thickness of semiconductor layer 310, and semiconductor
layer 310 will not have a uniform thickness. Additionally, in regard to certain materials, it
is difficult to obtain wafers of certain sizes, and, therefore, it would be difficult to obtain a
wafer(seed substrate) of suitable size to bond to the insulator layer
[00023] By growing relatively thin semiconductor layer 310 on insulator layer 210,
it may not be necessary to thin down, polish or etch back semiconductor layer 310. When
thinning down is performed, it is generally difficult to control the thickness of a
semiconductor layer to an acceptable degree. Accordingly, having to thin down a device
layer by conventional techniques (e.g., polish, etch) might introduce defects into devices
fabricated, such as non-uniformity of thickness of a layer within a single wafer on a single

device, or from wafer to wafer among separate devices.



wherein an internediate insulator layer is forned between each
P13€%aP&8nduct or | ayer, and wherein at |east one of the internediate insulator
| ayers is lattice matched with at | east one of the sem conductor |ayers
adjacent to the at |east one of the internediate insulator |layers. 6. The
apparatus of claim3, wherein at |east one device is forned on the
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reduce a thickness of the sem conductor |ayer. 9. The_ apparatus of claim?7,
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The nmethod of clalm 10, wherein the first pateri gl ar&d tri)e second nmateri al
euseaas a

const i tAdditienally,igan gmbediment, semispductor layer 310 may ase layer 1o
grow further layers. '
[00025] As stated above, in an embodiment, semiconductor layer 310 includes a

material that is lattice matched to a different material found in insulator layer 210. In an
embodiment, the lattice-matched material found in semiconductor layer 310 is also found
in semiconductor substrate 110. However, in an embodiment, semiconductor substrate
110, insulator layer 210 and semiconductor layer 310 may each include different types of
material that are lattice matched. Additionally, in an embodiment, at least a portion of
semiconductor layer 310 and at least a portion of insulator layer 210 are lattice matched,
but semiconductor substrate 110 and insulator layer 210 may or may not be lattice
matched.
[00026]) Those skilled in the art will recognize that the principles stated above may
be used to form an apparatus having multiple 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



material pair, wherein the first material/second material pair is selected
P¥3763RCH group consisting of silicon (Si)/strontiumtitanate (SrTi03) and
um (Ge)/bariumtitanate (BaTi03). 12. The nethod of claim 10,

ger mani
further

conprising: formng a sem conductor |ayer on the insulator

| ayer,

t he sem conductor |ayer conprising one of the first material and a third
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the conduction band edges across the semiconductor310 /insulator 210 and the insulator
210/semiconductor 110 interfaces are substantially aligned. At the mean time, the minority
carrier in the substrate 110 can’t flow into the well region of semiconductor 310, due to the
large valence band barriers at the interfaces. By extracting minority carriers, the junction
leakage will be reduced. For example, in an embodiment, a mechanism for extracting
minority carriers can be established by forming an insulator layer 210 including barium
titanate (BaTi03) on semiconductor substrate 110 including germanium (Ge). In this
example, an electron affinity for the conduction band edge of barium titanate (BaTi03) is
4.15¢V and an electron affinity of the conduction band edge for germanium (Ge) is 4.18
eV. While the valence band edge of BaTiO; and Ge are located at 7.46eV and 4.5¢V,
respectively. The conduction band edges of these materials may be considered
substantially aligned, and a very low conduction band barrier exists across insulator layer
210, while, at the same time, the valence bend barrier is much higher (e.g., a difference of
approximately 3eV, given the respective values of 7.46eV and 4.5eV). The particular bend
edge alignment between BaTiO; and Ge allow the extraction of minority carriers of the Ge
well region in semiconductor seed layer 310, when the device is properly biased. This
example provides a representative selection of materials having substantially aligned
conduction band edge, and should not be considered as limiting which materials may be
considered substantially aligned, or which range of conduction band edge values may be
considered substantially aligned. The minority carrier extraction can also be applied in a
case where the valence band are substantially aligned and there is a large conduction band
barrier across semiconductor seed layer 310 and insulator layer 210.

[00029] As discussed above, if semiconductor seed layer 310 and insulator layer
210 include materials with substantially aligned conduction band edges, minority carriers
may be extracted through source region terminal 335. In this regard, whether the minority

7
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polishing the sem conductor |ayer; and cl eaning the sem conductor | ayer.
P1B793FP&T apparatus conprising: a sem conductor substrate conprising a first
material; an insulator |layer formed on the substrate, the insulator |ayer
conprising a second material having a conduction band and a val ence band,
wherein the second material is lattice matched to the first material; a
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PL3753 Pﬁ%Tm semiconductor substrate 110 through insulator layer 210 and into well-active region
320. The barrier is illustrated in an embodiment in which substrate 110 includes
germanium (Ge) and insulator layer 210 includes barium titanate (BaTiO;). The valence
band edge value for barium titanate (BaTiO;) is 7.46eV , and the valence band edge value
for germanium is 4.5¢V. This difference in valence band edge value may result in a large
hole barrier height, which prevents minority carriers in substrate 110, e.g., holes, in this
case, from flowing through insulator layer 210 and into semiconductor layer 310.
Therefore, due to the relative conduction and valence band edge positions, catriers having
a first type of charge may flow in one direction, but oppositely charged carriers are
prevented from flowing in the opposite direction.

[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
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20. The apparatus of claim 17, wherein the first material is germani um (Ce)
P13mMBPChe second material is bariumtitanate (BaTi 03). 21. The apparatus of
claim17, wherein the second material is bariumtitanate (BaTi 03) and the
one of the first material and a third material is germanium (Ge). 22. The
apparatus of claim17, further conprising: a plurality of sem conductor

- f d he i. | | ' N ' '
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sem condyct o ayer. i.s bonded to the insulator |ayer. 24. The apparatus of
claim ﬁ‘,&lﬁwfefhﬂeﬁ“&“ﬁ’8f@f‘%n of the semiconductor layer is renoved to reduce
a thi ckpegss]of t IAGS6N £&0skHeAonal Alstration s af Rbagipnabithe sfructhreiofh 17,

further _conprising: a second insulator |ayer formed on the sem conductor
| ayer ; FI6d Safigna portion pfsemieondhetos seed substrate 312 has beeayremovede ff e conpri si ng

i A R
type, Womicdhdudtbrasesdstibe@aiel3t2 may beymiovied byl epeshisanocessesyauch s imomour ce
regron e(I)r]:botdir;gent, thermal cleavage. Those skilled in the art will recognize that other
processes, such as, for example, etch back, may also be employed to remove a portion of
semiconductor seed layer 312. The type of process employed may depend on the type of
implantation used. For example, for hydrogen (H) implantation, thermal cleavage is often
used. For oxygen (O) implantation, etch back is often used.
[00034] In an embodiment, after a portion of semiconductor seed substrate 312 has
been removed, the surface of the remaining portion of semiconductor seed substrate 312
may also undergo processes such as polishing, cleaning, rinsing and/or annealing to form
semiconductor layer 310. Those skilled in the art will recognize that polishing, cleaning,
rinsing and/or annealing, if performed, may be performed in various different manners and
sequences, which may include all of these processes, may omit certain processes, and may
also include other processes practiced in the art.
[00035] In an embodiment, for a PMOS arrangement, when a device is formed on
top (as viewed) of the embodiment illustrated in FIG. 6, such embodiment may function
similar to the embodiment illustrated in FIG. 3. That is, in one embodiment, matching
conduction bands are formed across the interfaces between insulator layer 210, and
semiconductor layer 310 and semiconductor substrate 110, where minority carriers can be
extracted from well-active region 320 through the source contact (335). For NMOS
arrangements, a matching valence band is formed, and facilitates the well region minority
carrier(electrons, in this NMOS case) extraction. In this 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
9



second conductive type, a drain region of the second conductive type, and a
P18&p3PCdct i ve region of the first conduction type, the source region
conprising a contact and the drain region conprising a contact, wherein a
portion of the well active region between the source region and the drain
regi on defines a channel region extending fromthe source region to the
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mat er i girpcesnblock 660, in an embodiment. Process blocks 670, 680 and 690 relate,

respectively, to polishing, cleaning and anneaiing the portion of the seed semiconductor

substrate remaining on the insulator layer, which may also be performed in an

embodiment. Those skilled in the art will recoénize that, if performed, polishing, cleaning,

rinsing and/or annealing may be performed in various different manners and sequences,

which may include all of these processes, may omit certain processes, and also may

include other processes practiced in the art.

[00038] FIG. 9 is a flow chart illustrating an embodiment of a method to reduce pn

junction leakage in a high mobility semiconductor having high minority carrier

concentration. In this method, at process block 700, minority carriers are extracted from a

well active region through a source region terminal. Additionally, in an embodiment, at

process block 720, carriers having the same conductive type are prevented from passing

from the semiconductor substrate through the insulator layer into the well active region.
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extracting mnority carriers froma well active region in the sem conductor
P13§3RCTt hr ough a source contact. 29. The nethod of claim28, further

conprising: substantially blocking mnority carriers from passing fromthe

sem conductor substrate into the well active region. 30. The nethod of

claim 28, wherein form ng a sem conductor |ayer on the insulator |ayer
.conpri ses bonding a sem conduct or Aﬁé&%to the insulator layer. 15
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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;3)/silicon (Si)

and barium titanate (BaTiO3)/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.
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wherein a portion of the semiconductor layer is removed to reduce a thickness of

the semiconductor layer.

9. The apparatus of claim 7,

wherein the semiconductor layer is doped.

10. A method comprising:

forming an insulator layer on a semiconductor substrate, the semiconductor
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 (SrTiO3) and germanium (Ge)/barium titanate (BaTiO3).

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
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16.  The method of claim 15, further comprising:
removing a portion of the semiconductor layer;
annealing the semiconductor layer;
polishing the semiconductor layer; and

cleaning the semiconductor layer.

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.
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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.

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,
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wherem the level of minority carrier concentration in the doped semiconductor

substrate is greater than the level of minority carrier concentration in the semiconductor
layer due to the minority carrier extraction from the well region of the semiconductor

layer.

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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