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METHODS OF MANUFACTURI NG SEM CONDUCTOR STRUCTURES AND
SEM CONDUCTOR STRUCTURES OBTAI NED BY SUCH METHO DS
wo-bdERDVI3 THE | NVENTI ON The present invention PEI/aRES9/044372
to met hods of manufacturing sem conductor devices in a
substrate conprising a sem -conducting superficial

MEIOBY GRMANUF A0 TURINGEEMIC@XDUCPORS PRUMTIGIRES AND

gLfSE%ié‘O&‘iﬁJé OR BFRUGHURESOBTAY HCVEYHODS

substrates manufactured by such net hods. BACKGROUND OF

THE | NVENTI ON M cr rﬁfﬁtdfi“}ﬁz gﬁ%ﬁg(ﬁﬁe typically
manuf act ured on eit 7= or substrates

or Tha paSbntsuzatioatascd B héthads admadnusachatngrsgmidondba@sr devices in a
al so been. proposed o.use copposi te attern

subsiigscopyyising 1°8ndHstig Plkpe&‘?@%}sl%&go da%neaaﬂsm@%teg layer, both
of whidl-are MParRRl B8Rt Pty cdsed I@[ﬁl E(ﬁﬁﬁbt‘ﬁ@ bR r&Qfiors UBKE present

patterned substrates’is generally difficult ecause it
inveneouils@sclfter mtlbsmtesfmamfmturad basudhfmethbdi i ed oxi de

next to bulk areas. In the case of wafer bondi ng

met hods, such | oca d either

on the top waf SAGKGRE S E%§$) R‘g? give rise

t ONBBroR RSl A8y £t pl?craﬂ |n?dﬁ§factdﬂed' BiE RS Bukfsemi-conductor

SI MOX type net hods (Separa ion by Inplanted Oxygen),
subs¢rateh of o &0I1 @ubst;tetea(%asommehtsohtmhl ly hisoalsrelokcinprofioscd to use

| the dif.f ti
comBpith PhasitRlss) snsttvet Snalind RER ol ald SDTRen SR RaeUS patent
6,95819G1. SLIMMNRY¥afdn ditdach PAMENTdIQNbIthaed 1@%@1&&&1@“&&5&’% wesusc it

fabrlcatlon met hods for patterned substrates having
requirgs fosmatienelloeslyaseag|of p hariediaxife poxtambulkecasy bsthe gpgesof wafer
t | t f
bonélﬁg Hgﬁl%éig,tdsgw loc?ﬁ xgcﬁ ]eegs %Iélrglg nfgﬁ%’l eétlrl]l - O C?I{: ﬁu Z&eﬂ \%gfer or the base
wafem andl azhnrggvea@ubsbkatt@i "Ciisiipig” prétderds. SErthe ca3p @6 ISIMOX type
ort, a contlnuous insulating | ayer arranged on the
meﬂt%ié ;S%tnaraélﬁa 3 Tawiantedddaectd suchsigpd oride aataswaf‘yetmmonly formed in
the (ﬁ{ @iq%@ero ttﬂ@dl'ﬂ%?éﬁlt at ﬂﬁ&gnatl Y ns1ot1ro"i1 Fﬁlcgﬁ HJ.(IBQS &é?‘fus silicon gives
erf|C|a l'ayer and the 1nsulat ing layer in at lea
rmeﬁn@mxgb&nted region of the substrate so as to forntan
exposed sem -conducting bul k region of the substrate;
then formng el ectronic deV|ces in or on the exposed
sem - conduct i ng BUMMARY () t SVEDNIIONt e and in or

on-hB&vention provides fabrication methods for patterned substrates having satisfactory

crystalline quality, and the substrates fabricated by the provided methods.

In preferred embodiments, methods of the invention include providing a substrate
comprising a semi-conducting support, a continuous insulating layer arranged on the support
and a semi-conducting superficial layer arranged on the insulating layer; transforming the
superficial layer and the insulating layer in at least one selected region of the substrate so as to
form an exposed semi-conducting bulk region of the substrate; then forming electronic
devices in or on the exposed semi-conducting bulk region of the substrate and in or on the
superficial layer.

Substrates (or semiconductor structures) of the invention include a substrate
comprising a semi-conducting support, an insulating layer disposed on a first face of the semi-

conducting support and a semi-conducting superficial layer disposed on the insulating layer,
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superficial l|ayer. Substrates (or sem conductor
structures) of the invention include a substrate

W@ IPHIZSINg a sem -conducti ng support, an i nSuPEL/USIP09/044372
| ayer disposed on a first face of the sem conducting
support and a sem -conducting superficial |ayer

whefbiis TR B8t dhBe iddsildontibdibhgl saySdrt YWhBp e ah Bdséd §dmi-conducting
face of the sem -conducting support conprises an

bulkagggioBed semi - conducting bul k regi on. BRI EF DESCRI PTI ON
OF THE DRAW NGS O her features and advantages of the

i nvention wi bl heqone -a) “%7 8&@&@%&&{7_@@ ?g 3

-—

deSCrI ptl on ATTU CITe u. ucTu Ul QA
i odsdr T @-c§ ﬁmpéhvraﬁﬂag@s cqfthé e ciRInNORISH R e SRt FHDS the
of the invention; Fig 4 and 5 illustrate further

folloevmg)dﬁ:&@@ml@l @ifdthhéppﬁ@ﬂh‘bdl@wam@ substrates of the
t] on; at ‘o
ol LR e SRRl R O SRR RS ryfpion
en’ECg@ll arend 5 dfusgats Whshdr ah@oﬂim&nltmné hethod Eh@BsubStrites dflthe
il lustrate enbodi nents of |ithography steps of the
invepiiQint i on; and Fig. 12 illustrates an enbodi nent of an
et %g‘r@g%&sttﬁfés ?thgreerh%v Eﬁt%ﬁ}’a sﬁﬂ&ra't:é & tP&ﬁw'eMid‘fﬁt rates
ment [ antation step t he
| n¥ant |1kbMBtra@E‘Eﬂd>thE&rﬂE&ﬁbeRHf @]‘sluﬂ%raEREE ERREDON;

EVBQODI NTS. The erred enbodi nents and_particul ar
NE}% (Y ble@eﬁtr%gamﬁgﬁhg}eﬁtssq}gm%r@éw?@ﬁ Oﬁﬁﬂeé&%%lﬁp%sand

of F{€2 $16RR%GtcOhin ERAGHIMERNS éi’lrbthQH% stBRbf @2 ihvellibh;n@dt he

present invention. The scope of the present Invention

shbig. d3 bléusttetee pmricméddivicnhofr af igpdantasionetaphe tied mivergion.
Figure 1 illustrates an exenplary substrate useful for

t obst DELAH SR DESPEN ik dF BRerlrlfbbutiHE M ERs

Seffhe 5&?&%& én%dlﬁﬁ&ﬁs SMPRRitulds ex%%iés r&l‘é%ﬁ)e&l Rstt A0/ be seen as
| ayer 2 arranged on support 1, and sem -conducting

exargplpeofthe s@peIOéyl@rm@etmonamg adt @srilmmml Itlaet pmagenk ayentigh. The scope of

the I{rﬁ%ﬁ %%Efﬁﬂﬁ ﬁ§ﬁ§ br%Eé’{g%S %etgrﬁ]”ld éenﬁ g’reafgalbl gble:e \?\Zen 2

NMEEe 12ﬁld@ffhte§b.‘1@8idcrﬂ11ﬂé@|subs'iﬁé@erus%ﬁﬂQ‘& f@bﬂléﬂtl‘ﬁg @lﬁbslﬁventlon Here,
0 Er efer ablé bet ween nm and 50 nm and nore (gwef erab
c 1

BityseshS QDsubstran ﬁsﬂmnnm ingHatgD RPN Semirephéiciing bg@l supportl

contﬁ%uﬁﬁ? iﬁlﬁﬁelgﬁff'g la%r i) g&é’f@%&‘ off gulgﬂataﬂ (Ané Qetﬂmgn(a[lct}/negr stub&%%mal layer 3

arranged on insulating layer 2. Insulating layer 2 has a thickness preferably less than 25 nm

zs

(nano-meter), and more preferably between 2 nm and 25 nm. Superficial layer 3 has a
thickness preferably between 5 nm and 50 nm, and more preferably between 12 nm and 20 nm
for planar full depletion SOI transistors, or between 20 nm and 50 nm for vertical multiple
gate transistors.

Figure 2 illustrates preferred embodiments of the substrates and methods of the
invention. Here, the illustrated substrate (semi-conductor structure) comprises semi-
conducting support 1, insulating layer 2 disposed on a region of first face 16 of semi-
conducting support 1, and semi-conducting superficial layer 3 disposed on insulating layer 2.
Another region of the first face 16 of semi-conducting support 1 includes exposed semi-

conducting bulk region 12.
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gate transistors. Figure 2 illustrates preferred
enbodi nents of the substrates and nethods of the
WO posenolsen. Here, the illustrated substrate  PCT/US2009/044372
(sem -conductor structure) conprises sem conducti ng
support 1, insulating layer 2 disposed on a region of
fi Mdthd RS thkBe @rﬁb%fﬁenﬁ%ﬁ%ﬁﬁé POvRERPOStbstate dRigure 1, and then
sem -conducting superficial |ayer 3 disposed on
trangforming thargbsteageto rmAxpessd semegingnctoig bk rdgionst2 eibe substrate.
16 _of. sem - canduct ing . t i nel s _exposed . seni
The K08 LeFRRERTR t5e s8R, It RGP E S S BRRBRN & oge or
mor€ RIFPisiosa spinivhhioder sBrustuls teroatte tiaf refogatrof ths "taindfotdiedlayers”. In
transform ng the substrate to form exposed )
partigular, hetsrapetiicky layar k apdpielatinglager 3 s teansforped by repwal in
seletPd %gicﬁlrf@tstilg GiRtate!sS a¥ %c?ﬂ)gqeerxﬁb&dtsgmf-@&ﬁ{ucfig bR region 12 of
resul®t of a process applied to one or nore &%ers gt a
suppeeni. Chhredel tiyors cah bo edrusved cez. @y ,antechipeproenotial hadfs dt kepport 1, and
tr n%forne | ayers™. In zrticular, here su er%'cial
duripgy8ich3CEiRp - icRRICHHEY roa%} qetegd ragion can OF Brrede @y a mask.
r eﬁ%\ﬁ% 3 iR nSBhRGER thdt RRLRONi# d8¥icd e cURSHERL LinSBr @\? etX?osed
form exposed sem -conducti ng bulk region 12 of ‘suppor
semitconfihetseg hudly eagsorc Bhargein(enan)edp@Tigial lycrahofghe kibtstrate of Figure 2.

rocess, that, halts at su rt. 1, and during,whic .
AdPEEERS! Bl eM e T SRR h s oui o o mine process (@
singRI R @G f Q¥ps, tARSK theRiegiteard il at ihdshmatias" bhat

el ectronic devices 6 can be formed in (or on) exposed

"simyHpicopelsid besabsrgthpin faenragigh skargecamivon piepsorFagigkample, only a single
. ficial | e t.r at i - - .
B 5aSlsh Y5 pdeBloh 18 AURH SN b AHL e i o

betw@on! ieasuthc@odxpgicd sdevcomducan@bi§ rpFio €3 of (ha sabdigkeand the
sequence of steps), that is the devices are forned "at

surfas@f supesligipkiyer s lasp tan thsdeniis plfockeeiz liBogmply cxposure (made

i . F . .
by ah A fo PR B 31 S Rl o AR RKAIR im0 pobofyign. In tha
caseglthe inmegesi fornat dn expgs@inemiicbndivenp bulightgioh fl2 @hd Hetiveges formed
t he SU{faCE&Of exiose se '-conducling buLk.re%ion 12
on syjperfigial lay@sh haye e 3570 e Te R dImagh fesprulion 4d prgysgftable for
forming thel®@$Red han the depth of focus of a lithography
exposure (nmade by an i nage form ng apparatus)

coBnpEpohdihignicoadptiogstiperfitinbldy¢miage cosguisethepamelspmi-

hat case,,the.jlnmages forned.on e ed : .
condydfipe EGRGL O BTN RoPLOTOHCLE AR e me ARG gl fgrgnt semi-
condRatifkl RRtkiakivaikh di#eht SrySRMBe orfentaBasd. ,Elbdfonic devices 6 formed

predet erm ned i mage resol ution and are suitable for

respesivalynig ckpesed sunceandudingplork repiet? ofetht selstaisent aysuperficial
layefs SR& {)é s korjm%}{ i dl%fe?c%@ e TR, Sﬁletﬂ?gfefs‘a%%eseﬁﬁmonducting materials

for support 1 and superficial layer 3 are e.g. silicon, germanium, silicon-germanium, or I11-V-
type semi-conducting materials such as InP, GaN, or GaAs, optionally in a strained state. For
instance, germanium could be chosen for PMOS transistors, and I1I-V-type semi-conducting
materials for NMOS transistors, whereas silicon can be used for input-output-circuits and
analog circuits.

Figure 4 illustrates further preferred embodiments of the substrates and methods of the
invention. Here, the step of transforming superficial layer 3 and insulating layer 2 of a

substrate of Figure 1 comprises in situ dissolution of insulating layer 2 in at least selected
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conducting material, or different sem -conducting
materials, or the sanme or different sem conducting
worediendzahs with different crystalline orientat PORES2009/044372
El ectronic devices 6 forned respectively in exposed
sem -conducting bulk region 12 of the substrate and in
regi&t4p8f fhic %h@dtrateaﬁb%lr% r@Mitelaltus KALNE ? lhyer dinhé @i}%@éd semi-
mat eri al s he preferabl e sem -conducting materials
cond?u@‘rmg mspor 2 thatglp Qoryl_gy@m w@th,a(pr 1h g@ﬁlcgl eomempnigation with, semi-
[ | Si Ly 1 LU
COIl(ﬁlC 1ng Blrﬁk &%}%{%O@P e 1esre|rna S S UCh Ilsggéri} yeéaZT@retler%gismpnses

silic@pbmaa,&hésysluunn af geroxiididldy &tcaties okggeni (DFIPAE Gom insulating layer 2,
ermani um coul d be chosen for PMOS transi stors, and

and flyq toyrhe ipseokeriger Hnidg éqqu}gglonﬁqy@f,,rgqlgthgollayemﬂggthlnner than initial

smcﬁ59ﬁi&§§%583 whereas silicon can be used for
I nput -output-circuits and analog circuits. Figure 4

i | Figsire Silbstratas thaeelegrefiedsvects éndao dic femicsl infortdmg exposed semi-

condle%g%é %‘% %%g 5‘%@%})%‘}?@ %iag&})ﬁslﬁgffr'g%my ? of ngaubstrate of Figure 4. As

in th'e il AholiBXEH:, Be Rlighk SHREDLRLE, O s & e;cposed semi-conducting
nprises in situ disSolution of insulating layer 2 in

bulkatglbe dgof gl sebstede eyl sonfade of supbdicsalibayier Atiepreferatilntess than the
esulting |. Resul ting | ayer 7 has, exposed sem )
der g is PRy NPSGTashY £ ComeoreiFieg ade R R Gimge resolution.
The@'tﬁ’@&é\h@e@'ca& EHINWR IfeA ddAMmUtdnRouste PthatQ@ﬂ'ﬂH&?%‘thE‘ gmhs% &f a single
por In this enbodi nent, insulating
dewm Eﬁ@ntmrycf@@ ipvhisbg ssigle bidagwrhigexpetiuess et medoﬁor flgpaces in
equ%xéi de c%\ﬁ‘auc&?n%u o {éér%%rl A Bd fs%a)%?ﬁmglrlg%er@ns ul'ating

ayer |'0sS 0
I nFiguad 6 dhustraeetinoth@ubiplagy étﬂb}(@ﬁte leefﬁl fohFabniestind@a invention.
initial stack of |ayers 2 and gure 5 illustrates

Herg, appos) beampyiice elaféwé &yepltan thﬁéuffé?%fd ? BURPFt 4B )with a density
o AL r SR EAL | RS Bl 1A

apprmlmanely he’/ m%v]inq1ast1®td1:p¢1mmt surfaee ldyer himapiot $lettd for burying
the surface o Xpose nduct
defepy @@“ﬁﬁqq Sttt e B N A gtﬁgw Mo gofects ofa
size lg?éé?e‘% tiinl sppRIXEHAERLIVrh 88 frokdhan § b?crﬁe&trﬁoﬁftheﬁpmjfcng f Epitaxial
a |lithography exposure correspondi ng t
ﬁnﬁpﬁéﬂﬁtéﬂMﬂﬁ@dNWdageﬂmd@uﬁwoﬁ@@ (Hhemxomhem@ewlces can

hen be_f Ita ous| t hat dur.i t he
ol B IR BrPepbE R Ratnciatys dEbE iRoh Pgmathods of the
1nveﬁ!1d5‘[g| Herkl thb Q@sdRR GnfRESAIIRidnE] PSIhOEgRerd 1Or difRsE£ S additional
in exposed sem - conducting surface region 12 and in

seleejehragianc S0f supgrieiablayey fprdeadslitiqnalgamizpoaducimgshpgrticial layer 11
dmp?%@gﬁfﬁéﬁuﬁﬁﬁﬁéﬁﬁs%ﬁ%ﬁgﬁﬁl for fabricating the

t "1 conprises epitaxial |ayer
14 Aosubbthee stithfaddiondl ihdidatBigdpasttl 0and additibna selehsdddycting

superficial layer 11 is preferably manufactured by a SmartCut™. Then the following four

layers are then removed in selected region 4 of the substrate: additional insulating layer 10,

additional semi-conducting superficial layer 11, superficial layer 3 and insulating layer 2. In
region 5 only additional insulating layer 10 and additional semi-conducting superficial layer
11 are removed. No layers are removed from additional selected region 15 so that electronic

devices can be formed therein.
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of crystalline defects of size greater than
approximately 10 nm of preferably | ess than
wappposasnat el y 103/ cnB. I n particul ar, epitaxi BCT/US2009/044372
surface | ayer 14 may be used for burying defects in
the lower part of support 1, that may then have a

deGhéhPfdeClc¥sb ad b ﬁﬁ1§§f3e§ta‘hd0f) cén b f&nﬁﬂ%?tp%ceﬁﬂ'é@@ompnsmg
approxi mately 10 nm of rore than 103/cnB or nore than

a lltmnhmstem stepsitapica br fodewed by en etrhmgrséemeqratﬂpy alwb{gr an
1rnpltah|a SISt st S ‘the su% tratg HPR; oL TR nlc% viges 6 can then formed
Pl PR &b Ps te

Stra fther erred odi'men

in (0% bhﬁéip@&&ﬁseﬁﬁdoﬁ&idﬁ@g %uﬂ:fregﬂ@ﬁ 12 of gt Su@ﬁtratdrﬁ’é@on t4m6and/or in (or
substrate conprises additional insulating |ayer 10
on) pstsia deysh 3t HgRion Shamndes e r €8) a@gﬁl@wl yupegficial layer 11 (region 15).

The JUAEES dafi 'b@lfoﬂn?éﬁesﬁm%iﬁgguﬁgqﬂ gé gg e%p eﬁﬁl ﬁ%' ng

superficial Tayer I SpOse ul ati ng
| a¥eyurd ®illuAtratabs predtrecdnithograpldi zttepambrdlmgtml tht methodaypethe

inveflﬁgorg nlg%ﬁgtg%it ég%glﬁ bf a?@taa?ég Efnt @%ﬁiﬁ@ﬁé 'elgﬁ%?a{tu%%ﬁ{ ﬁ%énges

I e
s UL U YR S8 TR L B0 1

substi@te aad @intstlontat pgeivins oﬁmadimaigawuﬁerfl cial layer 11,

5 Biefept St B S BrmetRen sy @Pe ofGheagat epiflispne bulk

regiGe M o0B dulsstrafthng WRESrfa6é 8f supdRial lakeAB s PRITOMBI- lcd¥@han the
| ayers are renoved from additional selected region 15

depth of favas obh Ethogenhy cxropisceoIEsRPIYELfte epgefletermined image resolution
rnad%?y 11%%@6}3%%@%'8%&& %Vallgne > axgs Z gTherjePorg agssfnglg’ hth%gra%ﬂy exposure

roc ses conp

can bé §utgicaphioeusidep aOIeaﬁft&plﬁreﬂ@tainﬁﬁéd Mlafg@ |ré@1m&td)nmfmsﬂfhneously on
etching step or steps and/or an inplantation step
bothgxppsed Seigp- C?W@C%%@flké?%%ﬂz ef tjl@ﬁébsrrateeanéanrsaﬁﬁr@cwl layer 3.

Acc&%ﬁig‘ﬁggblgfoﬁﬂﬁl l C%Hﬁ%ebﬁiéfﬁg@f)%e i fst%gse regions, it is possible

nduct 1 ng region strate
and @dxagtagao%)e;lthand/cany iont 4 smgle m)hc@mzmbnio‘ ¢xploalre Ioa;oecrar@h)ut

sty 18 B 5A s Anor s g LU Bih e deuen e tmage forming

appa?étﬁy{ﬁe%'ﬁ%g léﬁlt% re@Slutidh RGBHES bethe pRoccseppRyl al ly.
Figure 8 illustrates a preferred |ithography step

ac tierahi nﬁsetta is hesforebllidets thom thhderithotfochool thRadeeed bihography

oo R0 er SR S P R s OB RS R

Spe @R QS EReiSRBfse 0N fiUéficPidMbdthb® Y0P Am 1&r @bretgi€ferably less than 50
substrate and on sel ected portions of superfici al

nm. |Iggeed, whenehigher preeision igneedpd fodismpl ntractiyees yioe nfor Keort gate
lengﬁﬁéﬁlggiggt? of ?3(0918 $& § ﬁe?aml g]gg grégltl) (gbh%gllr gh([: Iggfe? ?%Gz}écri 9@15 preferably
be nb $arperahat @b ldypthes sodubamidaa lower precision is suitable, a height offset of less
than 100 nm might be sufficient.

For example, Figure 2 illustrates an embodiment in which the height offset
corresponds to the combined thicknesses of superficial layer 3 and insulating layer 2. Hence,
when using superficial layer 3 having a thickness of 20 nm or less and insulating layer 2
having a thickness of 25 nm or less, the combined thickness of both layers is 45 nm or less

which is smaller than a preferred depth of focus of 50 nm, which is typical for current

lithography techniques. Figure 4 illustrates an embodiment in which the height offset
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depth of focus of a |ithography exposure correspondi ng

to a predeterm ned i nage resol uti on nmade by i mge
wo erioseFoappar at us 8 al ong an axi s Z. Ther ef or BCT/HS2009/044372

single lithography exposure can be sufficiently

focused to at |east the predeterm ned inmage resol ution
corr&ipBdst tBIROUSneO bEREEn B%ROAMh MLk KRNIV LiRafiaibl Kyer 3 and

region 12 of the substrate and on superficial l|ayer 3.
nmuh@@ghﬂﬁhéagdﬂmdhmkm&nafhamef el ectronic deV|ces in

( o%%l?ga 7 gguﬁls}atg f‘é] ?dlrrnie%r lr% }1 glrsz hg gﬁfc’ 0 se ﬁgr?edsgor}]ds to the

combp@ ficiheNes bOlagars 2yand B, asd ﬁrbéobﬁdl aeigsd (yffsfev\@orresponds to the
| i thographi c exposures. The depth of focus depends_on

comprigd firglgiesyes phlapgrsdfpad 4 u@th@g e@e efrketipaf thege hesghds offsetn or the
sum'of 9 hrh%%hl?xrfget@c ‘t?eclg hQrP@%J ?oHﬁé Gfthe & o{lgftg&e ht%o%gtsaphy tool

pre era ess t e de ocus
whils edlemg mtb dlacbhmgh@mhylrtdamhagwhedo@tioalfon@)rﬂnhtgdha smallust pattern.

r q l ed i mge reso n for formn he spal | est
&ﬁ%&fﬁ ?Ig%h?rwrefjﬁ %ﬁ&hogrfap%ﬁte@ apQr %P%foeﬁhamhods of the
1nveh§§t§ ltnh[ﬁﬂ eﬁ@)gdﬁ]l%nt %ff&@ﬁtetyﬂésecff%[e"égbﬂlc|d%§§est &ﬁirbeﬁgrrﬂéﬂ in exposed

I ndeed, when a hi gher precision is need e for snal
semis¢andotturgstmylk ecegpn, 1% ord is voparfigiat leyéreh@ntislso ti @ddj‘ecpxtalh sferficial

f opUS.i S f bl.y .al hei ght of f

taye BT Fr Rl s ap ey B S Do e s ok Fla sg b dvices

fornfe@ @rSor iV\GRrfRciAl QRS 3pﬂﬁﬁ if§i BtHes typdiof abViss (8.gN@le@ildts formed on
of fset of less than 100 nm nmi ght be sufficient. For

'nelxélmiﬂgéon i nghe@, smallier denth af fosus Foiiveigibiefor hahighdrdmage
reso{ tl%n Ii]ee u%a X't Péc' 8LyiEQh &7 8 y%r @f%ela %{Tgé nlfg{ focus 19b is suitable

ckhesses of sup erf|C|a

for th@LOQ\Fer ?mag'daﬁs‘(ﬂutl(\mhﬁiﬁﬁdsmtﬁgr &J/Mﬁn 6t &l sdnﬁ}(@hd&timg\bluﬂgreglon 12.
a thickness of 20 nmor |ess and |nsulat|ng | aye

Sincg éﬂrgﬁgieatht ofi feryreldd ipfarges tham aid eyeslaps. spall %rdh%m%fofocus 19a, the
hthogg%’?? @J sl 3nli @K ggm é(érpéﬁ)ngl? ? Lith&Siss 8812[ r%eﬁth of focus,

‘han a preferr ocus of
deptiMoif ﬁh:uls 3% ypthe sdmd time asl thedtthogrhpﬂyugragp by st@chcbblaes .3 is within

.. Fi ur 4 i lustrat odi nent in which the hei ght
1mr%?$ téﬁBﬁ@ng&f? ff erence between the
co P@f &@ﬂl & nféﬁ‘ftﬁ? 6%ic&f ca WREH & ilsup @Wehl Byd! yj(and possibly in
|nsulat|ng ‘l'ayer” 2 and the thickness of |ayer 7

addifiprpl sepcrficipl lagerrldtindigme @nisodiogendeviices whni bhfoamed pssemi-
orres t he ,combi ned t hj

con%gliﬁgblélggggég%% 03 ¢6 easeiy S]&Jggway ﬂeéw%eﬁtar ‘ﬁcypgcéllly smael?er%ﬁan logic

devie& @ FOQARSi fier lifldg | inRde tRbLRKBE SERY00t dedivey. SThkQentre of
and 11; elther one o bot h of these heights of fsets,

focug pf thediteagiandty imeen faeinhapperatusds drop arclbebyeakustadn the lovel
Whe%etgg EmgllesE g&géeggg%l{lll'ﬁ?%ﬁl%lhg%ﬁgtﬁglggé pe%gfuﬁggé% 8%!6 fg\@#édee g. to
supdirf¢inf lagerBh eEvenaf thesthepivtibalk region 12), is sornewhat beyond the depth of
focus (depth of focus 19a) corresponding to the smaller devices, one single lithography
exposure can still be used if the other level (bulk region 12) is within a depth of focus (depth
of focus 19b) corresponding to a lower image resolution sufficient for the larger devices.

This approach is not limited to the particular stacks of layers 1, 2, 3 and can also be
implemented with any other substrates having several different levels, and in which electronic

devices should be formed. This is for instance the case with a bulk substrate having two or

more different surface levels.
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Figure 9 illustrates another preferred |ithography
step according to the nethods of the invention. In

wao ki1s/oeasodi nent, different types of el ectroni BCHES1009644372
can be formed in exposed sem -conducting bul k region
12 and in superficial layer 3 (and also in additional
SUP@iefraib @, @AY mdrd MistihBElith&SOpIL dtePY caf B b @Sk nBdI&dpecially
be higher tor one type of devices (e.g., devices

when beightiofist B(Fignrespeterget ithan thagenth af fochaef the imegedormeing
lithofg}e[ag)i%g:ggp§?1%¥dﬁﬁ %‘?ﬁu(rgsﬁ& e}ned(rjlelv'llelgl?ﬁat% ?urcggag l?gn%fglrame%ng Pllfglulée 10 illustrates

a fir&Uitlhicphhyfs@dp fdrfdried e lexpordscmhesalduttigbulle egisret. f Bigure 11
.. the devices in or on layer 3, while_larger depth of
illusraienia sacmpd lighogganhaistee peeformedsion swrer figindarer Selsen Fignsn -

SUEEDC : . ' T ‘
LRS00 { oSS, Lol SR EORIUALL Aty
furtheh aompased oav er mapsstelan@kteps ardidptdne of nfooe irspld@atiorn $teps. In
| i t hography i e on sem -conducting bulk region 12 is .
prequ%fﬁbq%e@%ﬂ@%stﬁwna Si5Ph 3319 x e lin Bt b, efricd out
simtﬂfan@&%lysﬁfrlgotlh'egﬁoség sthiRcdddubBRY GRkYe iéwgfa&f‘su&elhﬁcgtl layer 3. In

superficial layer iswthinits re%evant dept
pref¢romusnbadepeitts,che fngagati@asteBSons shoamdiyearrave i myFiderei I3esre also

BB B R Sl 30 B35 Bl B

layet @i ¢ devi ces can be formed in sem conducting bul k
rﬁg{on‘lz, or conversely. Menory devices are typically
sl pasticylpta thel agfileg aloraew aatadionstpns pee Mpigrdty carried out
simdlfah?oqgfyaigry botiIRIEs 4 ﬁgi’g liﬁgtuka%ﬂ tlgl afl lhgsgil ﬁll%%\éksclgsc's thE-lrI{] %5 nm
centre-o ocus or Yhe I oggaﬁhy image form ng
(moRefablsbdtecéhZ Ampmd 28 mal| ayid @d¢mbadchrefrdbiebdteréed 5 nm and 15
where the snul |l est devices requiring the highest inage
nm), @Weoyhars gcHidaliaypd hpgp tigkness @r.efqr%ﬂx {fse tep o0 aim (magrs preferably

bet e A b2 A e e POl SRR ombnd B pric
litho}Bphy ceps espocidiably dle tdmacbowlsireultalemistewheothe aboviginentioned of

i t.hography .exposure_.can still be used if the other
deptl‘@%grc%é6@‘?%@%@%%@5?& s within a depth of focus

( d‘ﬁP&ﬂHePémE&ﬁ&l@m&ﬁﬁéﬁn‘é%tmﬁg ARAbPGistifRot anp RN SRSECan be carried
resolution sufficient for the |arger devices. This

out fap praehbilk regon 17 and &od stperfitiel lpgert3. dolstl odteacibodifnents, the

.. layers 1.. 2, and can .al so .be inpl enent ed wit.h any
ithog PRy it o8 MG AL SR FETLHD TolbAPy R geparat
and URtiMNIoE BinRllQAEFRRIcHs B \ekpERd SBALLLShdEtiADBUTR degidh 1 B ahBsuperficial
for instance the case with a bul k substrate having two
layepd. nore different surface levels. Alternatively, two of
nore distinct |ithography steps can be perforned,
especially when height offset 9 (Figure 9) is larger
than the depth of focus of the inage formng
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l'i thographic apparatus. Figures 10 and 11 illustrate
such an enbodinent. Figure 10 illustrates a first
wo pathogpsephy step perfornmed for exposed seni - cCRCUSI0091QH4372
bul k region 12. Figure 11 illustrates a second
l'i thography step perforned for superficial |ayer 3
(see Figure 11). Fol | ow nggtdiealnig hogr aphy step or
steps, formation of electronic devices typically
‘W%wiﬁ@ﬁ@wdebnprlses one or nore etching steps and/or one
or nore inplantation steps. In preferred enbodi nents,
the etching steps, as shown by arrow 17 in Figure 12,
ar ¢, car A eethedibf mbnutbétaneo sérificoaduchatdeviex pempdsing:
sem -conducting bul k region 12 and superficial |ayer
3. PTOEYKB?%P évbsgateéﬁmmlﬁ%m%mwﬁ@ucm Eﬁlﬂ(eﬂlpléﬂft gtc@puinuous

1nsuﬁﬁn§ Iﬂagl\ép 5 bR \leelfug‘b Fa!n% W €mi-don cﬁr&?%@on Cﬁ{l:ltrl%l}ﬁeg arranged on

sPrul ously bot h exposed se
ﬂmlbmﬂMn@ﬁgyﬂn 12 and superf|C|aI | ayer 3. In particular,
the etchi.ng and/or. i npl antatjon steps are preferably
caPPRERFTYOE 1 WS BT 3p the BisBlgtinisspesalgadp gxposc  seleotod
reglér{‘éﬂ{hékéﬁgcdnﬂﬁ@cfng@a Ohhéls;d(ness less than 25 nm
(rmore preferably 2 nm and 25 nm and even nore

pr erﬁmﬂ‘rabd:(ylsb'ébvmmg e&ctrmua rigviess mmr ondindlexploerdercgion of the support
d erf C|alj%%¥§ has a thickness preferably |ess
an ﬁmé C AR A%t ef erably between 5 nm and 50 nm
and even nore preferably between 10 nm and 40 nm.
Prior |ithography steps are preferably also carried
ou. si mihe methedif ylaphdrivhdieindbosiep aleifatsnangofongupehremoving

the Gheb BRI B BN AL ARIARE SR 1She SllocrldbeBldler

i npl antation steps can be carrled out for exposed bul k
rﬁglon 12 and for su erficial layer 3. In stil| other
odi néhe gicthodefic a@tﬁdg\?%ﬁyt %méwa%g ayefcpogprises silicon oxide,

e
and {)vmeﬂmll@rsfeﬁ 3>f g’a‘ﬁsfgr%nﬁg rc&lnglqseg \issbiiBR Y H2R %P%?lg PP fn the

Separate a trnct~or Sinultaneous ste

scle@xgpregath. sem - conducting bul k region 12 and superfici al
| ayer 3. THE CLAIMS What is clained is: 1. A nethod of
manuf acturing a seni conductor device conprising:

pr Vi di fge getidaCRAIR lcxg’l'f@i’élhsth@ﬁeﬁo§ﬁ%11%%ﬁ{f)?ffsésnegllthography
bul k support, a continuous insulating layer arranged

step dnringwhsbipplsrted partbna of ticxpesed yemi-penduaieg bulk iredion and of the
sup elrﬁé/iglrlagerr bl gla?ergi ‘tgyhaen 1|n{1a%g lfo‘rjlrtn{llrl]é:1 appa}/a%usf

5. The method of claim 4 wherein the image forming apparatus has a depth of
focus along an axis perpendicular to the substrate that corresponds to a predetermined image
resolution, and wherein a height offset between the exposed semi-conducting bulk region and

the superficial layer is less than the depth of focus.
6. The method of claim 5 wherein the height offset is less than 50 nm.

7. The method of claim 5 wherein the height offset corresponds to a combined

thickness of the superficial layer and the insulating layer.
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transform ng the superficial |ayer and the insulating

| ayer so as to expose a selected region of the
wa@ermAoesnduct i ng bul k support; and si nul t aneouRCTHUS2009/044372

form ng electronic devices in or on the exposed region

of the support and in or on the superficial |ayer. 2.

The. et rgd nRthodl ofticMivh 46k hd 8 & RPmMAg fLFtBaHRIHIsEY

conprises renoving the superficial |ayer and the

i nsighagioh¢hd expesed samitgendysting bely regign and the sumirEcirklabierd and

of . claim 1 rein t Lnsul.ating layer co [ SeSs ¢ ..

o1 TR RORE Sbell o PR Bt P PR i aver
conprises dissolution of the insulating layer in the
selected region. 4. The nmethod of claim 1 wherein the

st 8p of Thopiethed of slappilswlerein|the seayrogpayctige dylkatupperg comprises an
e I ! o o
e R PR 051 Bl BUROR S s SEAGRIH o s
thani I0F &di’at ed by an i mage form ng apparatus. 5. The
nmet hod of claim4 wherein the image form ng apparatus
has a depth of focus along an axis perpendicular to

t hgosubghE aletholiRL1GAN $RRONIS: LibsRatP FEURY @51‘31)1%%@ an additional

nr

i mage resol ution, and]Mhereln a hei ght offset between
insutahieg &ypodispbsse o acoraecaifithgsupatficial dgicoro antd doler an additional

uperfici | ayer s |less.th t he, . %,th of foqys. 6. .

soleGHE RS ne AL ph s SRR PR Hev HEs Py Pyt ipther region of
the JubBse 6B sBferfdThl [dyer ARG alBY d186h 0 K erfil-adnduSih@ipeifitidl g er
~ height offset corresponds to a conbined thickness of
dispesed osuthepdditongl insulpting lyer-t he i nsul ating | ayer.8. The

nmet hod of claim4 wherein the step of formng further

conprises: etching of the exposed sem -conducting bul k

region ahenichwdafphihilOiviticrdiay&iiin@Agthepdrapridel Gorhtifi@®electronic

the exposed seni-conducting bul k regi on and t he ]
deviggpsampltanegysly gyeiyon the e}m@e&&wnéﬂc tgduk negiie thejsyperficial

I - L support conprises an

1“mégﬁ?g%??ﬁﬁgﬁgﬁgﬁgﬁﬁgggl Vith a density of crystalline

defects of a size greater than 10 nmof |ess than

10@écn8. 10.. The methqod of claim 1l wherein the

subst r at SMIFHBFOLS STl STUH UL APMNTSHE i nsul ati ng

| ay gemAbsRNeEd; Ak upetf ace of the superficial layer

so as to cover an additional selected region of the

supf gselathg tdyer dispesed pe b alirfaceyod thaeintiecohdenting dpukxqpipperti so as to
coved rglostef%gtred Eeeg%ﬁ) OF t%]; surface of the semi-conducting bulk support while leaving
exposed another region of the surface of the semi-conducting bulk support; and

a semi-conducting superficial layer disposed on the insulating layer.

13.  The semiconductor structure of claim 12 further comprising electronic devices

formed in the superficial layer and in the exposed region of the semi-conducting bulk support.

14.  The semiconductor structure of claim 12 further comprising;:
an additional insulating layer disposed on a surface of the superficial layer so as to
cover an additional selected region of the surface of the superficial layer while leaving

exposed another region of the surface of the superficial layer; and
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the surface of the superficial |ayer and an additi onal
sem -conducting superficial |ayer disposed on the
w@oddovozsnal insulating layer. 11. The net hod oPCT/IUSI009/044372
10 wherein formng further conprises form ng
el ectroni c devices sinmultaneously in or on the exposed
Sefh a§ansHie %érﬁgcchﬂhgtlﬂgeﬁl?@mmaﬂ nges &‘1@1%5%&1 6h @ﬁe dRIMRInal insulating
and the additional superficial layer. .
layeseni conduct or a substrate structure conpr|S|ng a
sem - conducting bul k support; an insulating |ayer
di sposed on a surface of the sem -conducting bul k

suppor t ThO s@sichde i sfrudualfetlind 4rfagharcoafprisihg clectronic devices
surface of the sem-conducting bul k support while

formed 4y theqpdéitippalepariisiah &yer. sy therrupgrfickblayers pat e the cxnpsed region of
1 support; and a sem -conducting
ﬂwE%ﬁg@?ﬁ@gggggpgggpﬂﬁ¥sposed on the insulating | ayer.
13 The sem conductor structure of claim 12 further

ris el ectroni c devices for
Egm @F%Pemla CloR qrigfue Céﬁklﬁol? vghqrga.a&ﬁﬂ@fne@ﬁ@ckness of the
supﬁﬁ&hﬂﬁﬁﬁ%ﬂ&HkﬂﬁmﬁMh%%ﬁ?ﬁQQ&%sS@ﬂm,The sem conduct or
structure claim rther conprising: an
addi ti onal |nsulat|ng | ayer dlsposed on a surface of

th sup f|C|aI as .t ddi ti.on
ol dot odne SGBrUEE hetSuoss i SR K S0 5 yoptifRducting support

cornbﬁye@ fan\WPith:Qall Rty @XPIES L Qer@ﬁ?bh BfystaffcQRfREs df&ize greater than

surface of the superficial layer; andan additiona
10 ngeof lessgheutQ /ey - super fi ci al | ayer di sposed on the

addi tional insulating |ayer. 15. The sem conduct or

structure of claim14 further conprising electronic

devices forned in the additional superficial layer, in

the superficial layer, and in the exposed regi on of

t he sem -conducting bul k support. 16. The

sem conductor structure of claim 12 wherein a conbi ned

t hi ckness of the superficial layer and the insulating

| ayer is less 50 nm 17. The sem conductor structure

of claim 12 wherein the sem -conducti ng support

conprises an epitaxial surface layer with a density of

crystalline defects of a size greater than 10 nm of

| ess than 103/ cnB.

-10 -



