Method for manufacturing a semiconductor substrate The invention relates to a method for manufacturing
a semiconductor substrate, in particular, a semiconductor-on-insulator (SOI) substrate. Complex
semiconductor substrates may be manufactured by combining two or more layers. One class of such
engineered substrates are semiconductor-on-insulator substrates, wherein a top semiconductor layer is
formed over a carrier substrate with a dielectric layer in between. For the top semiconductor layer and the
carrier substrate, usually silicon is used and the dielectric layer is usually an oxide layer, typically a silicon
oxide. Especially, "fully depleted’ SOIs (EDS01). often take advantage of doped areas inside the carrier
substrate with a back bias for@t%nqﬁéjﬂﬂre tapéjgﬁotlltjzl”\?cﬂt?iagnc])'fc 88&%%5%8%%%5& %en the top semiconductor
layer. For th%fabrication o{ the do%ed re?aF below thte buried dielectric, ions are usuall tim lanted
through the 0}5 SSRIESAAEIRIER 18y PSP tHE WA S AR PHA R a Ral RS Ahe
drawback thagraieandycipeoirprairdalorQd efikstigipacts the initial doping level of the top semiconductor
layers, thereby altering the device characteristics and generating a random dopant fluctuation (RDF)
which inducé®thplestseldicoithgovsurimbiitgs hnegltemto efeoia el oh @ubpas ttormamimatiyarardndamage of

the channel gpgioprthrenghidnediansdeserrcirs tnnlasiatianailiithapbsan PieRosRd M pkant through

the top semiconduc(tjor layer and fthe béJried dielectric Igg/er dee Igi t(? tt}e c?rrier.s bstrate. This method,
semiconducto |ag{er IS Prme over a carrier supstrate WI}P[ é]ﬁ ec I’{ ayer mLtJetween or
however, requires thermal annéaling steps which are essential to diffuse the dopant upwards towards the

interface betREARE BUEABH UEIBSHANEr aMtFtHREDERTER RIBTHIFES THEILHIEBE 9bi HEEBMAabEvle to

obtain the deséedtdopayrleves far giseudxaimizatiopifuhesmose, dhideactive dopant level at the
interface between the carrier substrate and the buried dielectric layer cannot be very high, typically

smaller thangkBexia L9 any3d ddrgdimitsahe (possihilibfieh usicg dnrianige dpregLptrIRS IRsgrNerate a
buried circuify, 1Ljs ihergfore ihe abied! of e eresenl nysnion Jopiavids an imeioved mefnad for
fabricating a semiconductor substrate, In particular, a semicon Uctor-on-nsdlator substrate. 2 This object

is achieved With"& HREtRBENSEEEHENG @YElaim 1. Accordingly, the method for manufacturing a
semiconductor substrate, in particular, a semiconductor-on-insulator (S01) substrate, comprises the steps
of: a) providingf dhdoiehrisabistrarbthad anednalieasubsioatdh e biwiat it estiterioof 6 wsunlbrénoped
regions in, irp Rakdouldi dagikeshd e hande sebstiaie, angkthandc)pitaching, ini@aticulasjay banging, the

donor and t%e@ﬁ@é“ﬁa%?%‘&?é@e‘r‘? ﬂPetadPa%’é)&P%%%dk%i?%‘%“&%“ﬂﬁ’pmmation profile impacts the
initial doping level of the top semiconductor layers, thereby altering the device charac-
teristics and generating a random dopant fluctuation (RDF) which induces threshold

voltage variability.

In order to avoid such a dopant contamination and damage of the channel region
through the high dose and/or implantation tail, it has been proposed to implant through
the top semiconductor layer and the buried dielectric layer deeply into the carrier sub-
strate. This method, however, requires thermal annealing steps which are essential to
diffuse the dopant upwards towards the interface between the carrier substrate and the
buried dielectric. Thus it does not become possible to obtain the desired dopant level

for circuit optimization.

Furthermore, the active dopant level at the interface between the carrier substrate and
the buried dielectric layer cannot be very high, typically smaller than 1.0 x 10" cm™. This

limits the possibility of using implanted doped patterns to generate a buried circuitry.

It is therefore the object of the present invention to provide an improved method for fab-
ricating a semiconductor substrate, in particular, a semiconductor-on-insulator sub-
strate.



By forming the pattern of one or more doped regions in the handle substrate prior to attaching the donor
and the handle substrate, the creation of tails in otherJayers of the semiconductor substrate can be
suppressed and the formation of doped regions with desired dimensions, dopant level and profiles can be
enabled. Further, the negative effects of so called resist edge ion implantation deflection can be
suppressed or at least reduced to a level which typically does not have any impact on the dopant profiles.
This may he%p in reducing the dimensions of the circuits on the substrate. Each of the donor substrate and
the handle sUBSHARE thi A58 '8 G I8 A BIPLBEPA I B SIRITUIAr, a silicon substrate. Prior to
attaching the donor and the handle substrate, the handle and/or the donor substrate may be prepared for
bonding, e.g\B5PERRHING6r BRISHifbIBANHACE 1RGP SRTRICABEBFRA F YO BPEUVANRAGEI retlisation,
the method swayitoribectoompiisal kiste (Sl Carbad aet ketwaere stemessag@ndfbpyvhiokidmgsisiton forming
one or more aligfiMenhibalks i HARAUSHRNINIAE) RfhagdlesuR Ae Rl BIMENRksIl.allow the

formation of the‘}\;)atte_rn at predetermined locations of the handle substrate such that the doped regions

can be align&® Wit cSHBRPIHEAR R EFor BT BHER 18R B duiNGPate HBEMNLIAT RAREWBhor
substrate or tHEndojiedhsatieras andhibehamtiiée stubstirate. th ahigisen o thatdtencinwdenieans that the
alignment marks are buried, typically in a depth of less than about 10pm, such that the surface of the
handle subsBatensiegsenpatiyromdfdaeted rbyr¢hdopdid negent rinaties hndih entathaten taige tofdvanhing the

alignment mﬁ’j'%k%@rﬂﬁ/ QHd%th@o%@mﬁa&%ﬂﬂ&PQmeéhﬁ Bﬁ@F”ﬁy%'r@%Vﬂ%@ §M@Sﬁd§{c¥9@t the
surface remalrE)s essenﬂaléerunaffected suc F]ha¥ the bond %Uﬁhtg of the rﬁ:\ndle Séjbqstrate_ls better
t ﬁ I It E

compared tos’fhétﬁartﬁ)rcgﬁ. his' '?H{/%Sr‘?’ﬁgna% in ep%rrﬁn aRp o?{t]kaé) (o]¢] IOp Syvi'ech?ﬁ e JtlZ83 W Yemains 3
compatible WiRhatidayRigindovariee ¢anrsyeapbipdethitignabdikedatinecedrats BLFY calirfl aasisartidithography.
In particular iheniprantationadenabigsineantomaiilspressydos Bnemad byuest it plaviationcH nyiidawayethe

alignment m@t@%ﬁ%@jﬂé#? &9%@8569& SEfRce ?Fi%‘ﬁmg@ﬂgﬂﬁ ﬁ%ﬁﬁé}h"q ?ﬁec&mé’r?sﬁ‘é%sti%ft jgnment

marks formed by es known in the art. The alignment marks or structures use e prior art
have to be tyBfieARPPIXSaPeARing thick dielectric layers and the material mix could even lead to stress
inside the material. The use of the prior art may also cause formation of voids at the bonding interface.
Thus, whereBaCthef Brrot HI® A& 8BURNAGH & THMLRIOG AR thiy BRRERTBIPRPERCEY Sest@itluctor
layers, the ian paplented akgraestpsatke are compatible with thinner buried dielectric layers, for
example, having a thickness smaller than 200 nm, in particular smaller than 100 nm, as stress can be

prevented apdhiorplanacinatandaenmem esesraiic Im bandiesabslrate sHERE]HB g dn\vemtive
method rema{n better %reparedrgocg pgnginr%i Further %refirred the one or morg Iigmnent tnéarlfs may

a
comprise a r?orr?-goggr\/t s%epcrieé%?in par{lcuC1ar,ri]%/d?o%'eny(l-cl,e %‘ﬁ&mo(H%?,y asrld'o% bir : fiioTine , heon
(Ne) and/or %&iB# (Xe), or a combination of two or more elements. In particular, argon may be used as it
is cheap and commonly used to clean up the beam line of implanters, so that the implementation of the
method can Hecerdig derievedy antroghyarrlisaitaks theunsiasc maliig e opariise alsebe) feiieved

using a diffefeatdechaigee, adpsfapusaas) laser oaakiag privcissead@n MeRMAIMEHEY.marks in, in
particular inside, the handle substrate. Alignment marks will allow the formation of the pattern at
predetermined locations of the handle substrate such that the doped regions can be aligned with
corresponding regions in other layers of the substrate in particular in the donor substrate or other

doped patterns in the handle substrate.

In this context, the term “inside” means that the alignment marks are buried, typically in a depth
of less than about 10um, such that the surface of the handle substrate is essentially unaffected

by the alignment marks.

Further advantage of forming the alignment marks and/or implanting the dopant pat-
terns below the handle substrate surface is that the surface remains essentially unaf-
fected such that the bonding quality of the handle substrate is better compared to the

prior art. This invention is independent of the lithography technique utilized. It remains



According to a preferred embodiment, Step d) may comprise a thermal annealing step. By the thermal
annealing step, the optical contrast between the aligngient marks and surrounding substrate material can
be enhanced, i.e. defects like the growth of nano- or micro-cavities may be induced. The position and the
shape of the alignment marks remain stable. In this way, a predetermined distribution of the nano- or
micro-cavities can be created, locally changing the optical properties of the handle substrate. These can
be observed in an allgqnment tool so that a lithography tool can correctly align the subsequent doped

patterns in tF8RBAUE MG RS AEUARSRY B PY HNoIeSBHSR A VEMETEYUSRY Ytdl b Fmay

comprise at ezt dtt@@ganmplantation step for implanting a dopant, in particular, phosphorous and/or
arsenic and/or boron and/or indium, and/or antimony. Dopant implantation targets the formation of n and

p doped regianmiticthe, thdranele substaigemEhus atesiney tegionsuviiy inramdptrmatype dopaEntay,
concentratiops caghRACHRAL witithe &”@H&U%@w‘ *%ﬁé@ﬁa?@@f%é%@&&%f@%@%%eﬁ?& may be

followed by an annealln ste& In particular, th eannealrﬁste p may be a thermal annealing ste

Annealing cANBREGLAETES M mg%?)ytguﬁﬁjet@l?ﬁé??e AN Rifod 'of AfaRIFARAT NS LS 8hREEHY (for
substrate maipgstéfehalsiydiurthbavsoio b ate planataicdsivdtthekvisiersiepyery and Hpwhthidonsists in

forming a scragRbiglayes, @@d%@ﬁ@t@rma@@m@ma@midﬂeqaém thél'ﬁﬂlﬁ §um$&gﬁé%o&ms‘éimraascreening

layer or sacnﬁmat Iac}{gr |pupea5t|c lar aser aec%n ShaCI’IfICIt%| oxide €, s”%gt't gyngef éec% I chgnnelllng

and substrate SUrface miss- orlenta on Jurlng &lon im aIantat'oon canr%e suppressed. In a further variant,
prior to step ‘Eb‘htﬂ’@‘éﬂi?@@?‘ﬁdﬁéPﬁm’Fé‘i‘ﬁB’vé’t‘y?ﬁszﬁﬁﬁéh'.mﬂlt%‘ﬁféﬁ‘@ﬂ”?ﬁ%ﬂﬁﬁ‘m%e?r%&?fﬁhse a step
f) carried oupbtiilwee stieperd) akd divdtolicdansistsfin tormipe atrradgterticiac splithinag aresaat a depth

hinside the deaoSupSHate-and 85490 %heAiiss F?Mt aftesRiep QNVHéCBrQQQﬂéEPédeﬁE%iHHQr?‘

remainder of the donor substrate from the donor-handle compound wherein detachment occurs at the
predeterminéB SN Neh "E5HEFE N B%?tl@ﬁ‘ﬁp%ﬁHbéqﬁ@(ﬁHgg‘fﬁ e P GY BT FBRAE £ can be
transferred dnéinthesdttandieepatestriaieb@itinthe inventive method, thin layers, in particular with a thickness
of less than 400 nm, more in particular less than 200 nm, can be transferred. As the surface of the handle
substrate remaithe epseietialy, unaffeeted widinet s gnventive ankethody thenpoisding mualitypahthephandle

substrate is peiefcpMmpaies RS REPUR Lhelium (He), argon (Ar), fluorine (F), neon (Ne) and/or
xenon (Xe), or a combination of two or more elements. In particular, argon may be used
as it is cheap and commonly used to clean up the beam line of implanters, so that the

implementation of the method can be easily achieved.

The alignment marks could, according to a variant, also be achieved using a different
technique, e.g. focussed laser melting or focussed ion beam melting.

According to a preferred embodiment, Step d) may comprise a thermal annealing step.
By the thermal annealing step, the optical contrast between the alignment marks and
surrounding substrate material can be enhanced, i.e. defects like the growth of nano- or
micro-cavities may be induced. The position and the shape of the alignment marks re-
main stable. In this way, a predetermined distribution of the nano- or micro-cavities can
be created, locally changing the optical properties of the handle substrate. These can
be observed in an alignment tool so that a lithography tool can correctly align the sub-

sequent doped patterns in the handle and/or transferred layer of the donor substrate.

Advantageously, step b) may comprise at least one ion implantation step for implanting
a dopant, in particular, phosphorous and/or arsenic and/or boron and/or indium, and/or

antimony. Dopant implantation targets the formation of n and p doped regions in the



Forming the predetermined splitting area may comprise an ion implantation step. The depth h of the
predetermined splitting area may be determined by thg energy of the implanted ions. The implanted ions
for forming the predetermined splitting area may be hydrogen or rare gas ions (He, Ar, ...). The method
may further comprise a step h) carried out between steps a) and c) which consists of forming a dielectric
layer, in particular, an oxide layer, or a combination of stacked layers comprising at least one dielectric
layer on the donor substrate, in particular, wherein the dielectric layer has a thickness of less than 200
nm, in partictAAlEsRIRFod RS, dRiiebye BRI BUb SR MdyRseRAhEaNGRAERIRSS G8Ped re- 5
gions. This $© feuhstratchvathhaandl ¢rsnldithdetric and eventually also a thin top semiconductor layer.
The method according to the invention thus enables to obtain doped regions in the handle substrate and
at the same Tiheeaa leantaméatioimofahiatiansfepredhialye follidhv addoparg dai diden g ceepring partieiprior art

can be prevented, I he dislgaric layer mayehg fmmqlbxrmggimags@a% danAE sHRFEale whigh kan be

achieved by a thermal process. ,?\Iternatively, the dielectric layer can be provided by deposition. In a
variant, a difI8RAESIAVPHE BE S ned on the handle substrate. The pattern of one or more doped
regions may comprise one or more lines and/or one or more islands. A line may particularly be a straight

or curved linENGRFEIRGHY IBAGHIASHYHEYife T8 BIGATTELGIRY FARFEAITaM WPIAIRPBMART L. 91 pattern of
one or morecpea segionNcaTAY Conrse et testspors wall begioitiandieiss leaBironegback gate. Thereby

the desired dapapidaite t%ﬂ%ﬂ%%@?ﬁﬂﬁ@%%@?lam tﬂ%rﬁﬁﬁ‘&ii&‘ﬁéﬁﬁér@ B@ﬂ@ﬂﬁm&@%gﬁ%wrf“e
can be better crr:-ated, wherein d e to the fact _thaft the dopant Eattern IS formg)c(jl J)I‘IO%tO bon%m , any
|

dimensions ¢&h BEacHi \6}83{'%% wersh tHeRREIFRRY Bask gea &0ty %'r];'%'faeps, SdifEn A KNS ling steps

can be inclucRiatealt leaxtasme lindl pagicn kiitate RIS e Isack gatatnaydbetermed usimePtABtaame
mask. This widrsbaplify tagprereess. The method may further comprise a surface treatment step, in
particular, comprising a CMP polishing (chemical-mechanical polishing) of the top semiconductor layer

after the detgchmeamstonrpfihesenicsrpustonsulstiategnayer mslesingnsianiRefere.pad/or after the

polishing step. Advantageously, the surface where the detaching occurred may be treated using an

annealing steRe ity BAHEE R RIHRIMA APASRIING:SIER- A1 WaY nSHIAGE HEgRUIFTIHIRS OIPhRS
smoothed. consists in forming a predetermined splitting area at a depth h inside the donor sub-
strate and a step g) carried out after step ¢) which consists in detaching a remainder of
the donor substrate from the donor-handle compound wherein detachment occurs at the

predetermined splitting area.

Layers, in particular with a thickness in the range of micrometers, can be transferred
onto the handle substrate. With the inventive method, thin layers, in particular with a
thickness of less than 400 nm, more in particular less than 200 nm, can be transferred.
As the surface of the handle substrate remains essentially unaffected with the inventive

method, the bonding quality of the handle substrate is better compared to the prior art.

Forming the predetermined splitting area may comprise an ion implantation step. The
depth h of the predetermined splitting area may be determined by the energy of the im-
planted ions. The implanted ions for forming the predetermined splitting area may be
hydrogen or rare gas ions (He, Ar, ...).

The method may further comprise a step h) carried out between steps a) and c¢) which
consists of forming a dielectric layer, in particular, an oxide layer, or a combination of
stacked layers comprising at least one dielectric layer on the donor substrate, in par-
ticular, wherein the dielectric layer has a thickness of less than 200 nm, in particular
less than 100 nm. Thereby, the SOI substrate may be obtained with buried doped re-



According to another aspect, the object is achieved with a method according to claim 14. Accordingly, the
invention provides a method for manufacturing a semigonductor substrate, in particular, a
semiconductor-on-insulator (S01) substrate, comprises the steps of: a) providing a donor substrate and a
handle substrate, b) forming one or more 6 alignment marks in, in particular inside, the handle substrate,
and then c) attaching, in particular by bonding, the donor and the handle substrate to obtain a
donor-handle compound. Alignment marks will allow the formation of patterns at predetermined locations

of the handl&'80BstFate BRYBLHGIRFAINEA tHE LIBEFHIE DAL I HRO dolidt RIbsFRe. In this

context, the tentutteidayaneans that the alignment marks are buried, typically in a depth of less than
about 10pm, such that the surface of the handle substrate is essentially unaffected by the alignment
marks. By foriméng fieodligocoedih gnaskehin,inv gaiticulau s nside) éhetardisnsdbptrates gienbelowhthe handle

substrate sugfgcae ELEACE FAMRIR eSsRAtAIY UnaliRgirm sHeh dhahhe Hrnding qualinnahthe handle

substrate is better co Mpared to the prior art. This invention is independent of the lithography technique
utilized. It refiPRRS &3 Bﬁ.%‘féwm%’é‘ﬁ?ogf BHEHNIRHSGYEBH techniques like immersion, EUV, and
e-beam lithography. In particular, the alignment marks may be formed such that they essentially do not

alter the surfa% SFiSEHaNANEEBaY A8 A9TEGA PR eRitB dfignHEnt PRAFKS UBFHRIE Wi FRRRGes known
in the art. Thechileyemhdyt andrksral giroctse sAlsedativiiie, pher dietdravie leyse tgoichdypptanideizdy using

thi_Ck dielectrie lRxarsand theamaterial m@%ﬁ@wgﬁ\(‘?ﬁdﬁ’%@ t9rateessHnAdRdhganalsLiahid he use of the
prior art may also cause formation of voids at the bonding interface. Thus, whereas the prior art marks

could not beﬁ%’*ﬂ%ﬂ@ﬁuV&F%H‘e\'%ldlﬁ@%“&%@ﬁe.fé %rﬁem %PE‘&HBF%'%FF‘J %rt%@'ﬂﬂgéeéﬁmr%%@ccord'”g

to the invention are compatible with thinner burled ielectric a}(:ers for example, having a thickness

smaller thanoédﬁ%%'si'ﬁ%@dlﬁﬁg@’ tR3I'9'98" Abead Straigd %%Vﬁfé\)ﬂﬁté@ﬁﬁ%% RIS 2 ation
becomes necttmahyeTihesibaiigiensylstoztet sanfdve widtheoineniivee method remains better prepared for
bonding. The method, in particular the step of forming one or more alignment marks, may comprise one
or more of thehéepétires deseribednadreveo pidter syrendi omfucdrep pso\id ésaat seraiceidagion suldgbrate

comprising & denas '}ﬁ{%dlﬁ‘aEQ”% @EJ”‘?'h‘é/fﬁwrlﬂé”d'&W@d%%H?ﬁ%éY\%Fﬁ MY Yq ?mtt&m.mson@ or more
u

doped regions in the handle substrate. The one or more alignment marks and/or the pattern of one or

more doped 18BiBRE IRTAY HAAGIE %Eﬁ%‘?&erﬁws‘&ﬁﬁpﬂé%a&ﬁecﬁ? H]%Peegfliﬁéegﬁ%%e GELEY L Preatures

ob- to the fact that the dopant pattern is formed prior to bonding, any dimensions can be
achieved. Between the well and back gate formation steps, additional annealing steps

can be included.

At least one well region and at least one back gate may be formed using the same

mask. This will simplify the process.

The method may further comprise a surface treatment step, in particular, comprising a
CMP polishing (chemical-mechanical polishing) of the top semiconductor layer after the
detachment step of the semiconductor substrate and/or a cleaning step before and/or

after the polishing step.

Advantageously, the surface where the detaching occurred may be treated using an
annealing step, in particular, a thermal annealing step. In this way, surface irregularities

may be smoothed.

According to another aspect, the object is achieved with a method according to claim
14. Accordingly, the invention provides a method for manufacturing a semiconductor
substrate, in particular, a semiconductor-on-insulator (SOI) substrate, comprises the
steps of: a) providing a donor substrate and a handle substrate, b) forming one or more



tained during the various process steps. The semiconductor substrate may particularly 7 correspond to a
donor-handle compound as formed in step c) of the agove-described methods. The semiconductor
substrate may further comprise a predetermined splitting area at a depth h inside the donor substrate.
The invention further provides a semiconductor-on-insulator substrate, comprising a substrate layer, a
semiconductor layer and a dielectric layer, in particular, an oxide layer, between the substrate layer and
the semiconductor Ia{er wherein the substrate layer comprises one or more alignment marks and/or a

pattern of orfd'&? e d TeGidRe s HR dRistr it BpaP gy W HEFo AR E BiRidd Bk taYer (BOX).
The one or marécalaynhehbntinks dred/detbe padtehe dfamieos rheteido ped btgivrs teayreompgitse one or
more of the ahRiyRungntioned features obtained during the various process steps. The pattern of one or
more doped regions may be designed and/or arranged such that they do not extend into the

Sem'CO”dUCFQT%ﬁMQHt%Q(@ e &ll&k?ﬂ’i@%ﬁ%&( o3RG HE%%E@%%BW&QMHQ@ BRPRehERIIONS

does not alter the characteristics of a device formed on the semiconductor layer by generating a random
dopant fluctSHASTREREBIE WG FRYEER RENE R BRAGEV AR LIS ¥ 1585 T8%hold voltage variability
observed in the art in turn negatively impacts the parameters of integrated circuits causing threshold
voltage offsdf Al TRMATRIER. DI dT e FReaNR IBRIGR AI9BeRAEIPESBIR 8 Ll ARGt HIORABS in order
to compensatedss thas edrodohdvariaimhtihal khesslojavedhicireghandiastibelete ssesskalivliglimaiiatiteg RDF in
the inventive,syhstipigmansigaiicant surface area gain is enabled for the integrated circuits. This is even
further improved by the reduced resist edge ion implantation deflection effect, described above. Hence,

the Sem'CO”EWcPr%%'ﬂ?é”&‘ﬁ%r%‘é*ﬁ%%ﬂ@ﬁ]y fﬁep%?ﬁgﬁgrﬂH%ﬁjdécecﬁgq{gnrcﬂg@ﬁ’t&&@t% deyiggsnd more

compact and robust circuits Advantageous embodiments will be described in combination with the

enclosed FiglfeR2p9is SHLRSRIR L?éﬁfﬁt%ea HEHE W RS SHFERYAL L HPRTCAeXER IR THethod for
manufacturigrdsentioehjuetdhs uisstdites abetadin toetier ingemdoed to the prior art. This inven-

tion is independent of the lithography technique utilized. It remains compatible with the

most advanced lithography techniques like immersion, EUV, and e-beam lithography.

In particular, the alignment marks may be formed such that they essentially do not alter the sur-
face of the handle substrate as compared to alignment marks formed by filled trenches known in
the art. The alignment marks or structures used in the prior art have to be typically planarized
using thick dielectric layers and the material mix could even lead to stress inside the material.
The use of the prior art may also cause formation of voids at the bonding interface. Thus,
whereas the prior art marks could not be combined with thin dielectric layers or semiconductor
layers, the alignment marks according to the invention are compatible with thinner buried di-
electric layers, for example, having a thickness smaller than 200 nm, in particular less
than 100 nm, as stress can be prevented and no planarization becomes necessary. The

handle substrate surface in the inventive method remains better prepared for bonding.

The method, in particular the step of forming one or more alignment marks, may comprise one

or more of the features described above.

The invention further provides a semiconductor substrate comprising a donor-handle
compound with one or more alignment marks and/or a pattern of one or more doped

regions in the handle substrate.

The one or more alignment marks and/or the pattern of one or more doped regions in
the handle substrate may comprise one or more of the above-described features ob-

tained during the various process steps. The semiconductor substrate may particularly



8 Figs. 2a to 2cillustrate a donor substrate at different steps of an exemplary method for manufacturing a
semiconductor substrate according to the invention; Fjgs. 3a and 3billustrate steps of an exemplary
method for manufacturing a semi- conductor substrate according to the invention; and Figs. 4a and
4billustrate an exemplary silicon-on-insulator substrate with inventive dopant profile In Figs. la to le, the
treatment of a handle substrate 101 according to an exemplary method for manufacturing a
semiconductor substrate is shown. In Fig. la, a handle substrate 101 is provided. The handle substrate

101 may be EHYESRRABIENARABYRE LTS HMBAHILET LPEMEBH Wl PHY ARRARNGRLERHAAHhy also be

a glass or queethagpe substrate. In Fig. Ib, a screening layer 102, in particular, a screening oxide, is
formed on a main surface of the handle substrate 101. Depending on the process, this screening layer
102 might nathleesretessangtdn shestext pragesstate; atignsecatpmeaidke hidad diniate deranedanside the

handle SUbSH@ﬁ%]fp%smﬁﬂé ashisved,by performing an ion implanting through the screening layer 102.
In this embodiment the implanting species is a non-dopant specie, for example, argon or fluorine, which

are species wically. avaiaRlgia.a JaRkisatian U0 DR ERYLANIG SI6P B SPWD R SHIGWEHS: a
substrate layer, a semiconductor layer and a dielectric layer, in particular, an oxide
layer, between the substrate layer and the semiconductor layer, wherein the substrate
layer comprises one or more alignment marks and/or a pattern of one or more doped

regions.

The dielectric layer may correspond to a buried oxide layer (BOX). The one or more
alignment marks and/or the pattern of one or more doped regions may comprise one or

more of the above-mentioned features obtained during the various process steps.

The pattern of one or more doped regions may be designed and/or arranged such that
they do not extend into the semiconductor layer and/or the dielectric layer. In this way,
the pattern of one or more doped regions does not alter the characteristics of a device
formed on the semiconductor layer by generating a random dopant fluctuation (RDF)
which will induce a threshold voltage variability. The threshold voltage variability ob-
served in the art in turn negatively impacts the parameters of integrated circuits causing
threshold voltage offset and mismatch. Typical corrective action is to oversize some
critical circuit modules in order to compensate for this random variability. Thus, by re-
ducing, in particular essentially eliminating RDF in the inventive substrate, a significant
surface area gain is enabled for the integrated circuits. This is even further improved by
the reduced resist edge ion implantation deflection effect, described above. Hence, the
semiconductor-on-insulator substrate may be used to produce more reproducible de-

vices and more compact and robust circuits.

Advantageous embodiments will be described in combination with the enclosed Fig-

ures.

Figs. lato le illustrate a handle substrate at different steps of an exemplary
method for manufacturing a semiconductor substrate according to
the invention;



The alignment marks 103a and 103b are formed from a non-dopant specie, i.e. the alignment marks 103a
and 103b do not dope the substrate 101. Furthermore; due to the ion implantation process, the alignment
marks 103a and 103b do not alter the surface of the handle substrate 101. In other words, the alignment
marks 103a and 103b correspond to alignment marks which are buried in the handle substrate 101.
Furthermore, the alignment marks 103a and 103b, which relate to defects in the handle substrate, do not
diffuse thereby generating stable alignment marks in size and position. By the ion implantation process, it

is possible t6'§8néatR fine and'PEE&Hy MifiAnQT rEURSHEA M pTAnTATITT P gibiRS WhetB MitfimRiAdature
corresponds to the smallest ge@thegyftianeanfbetdaied seithcangvetvlithogstiptsy daechribiagyoand
reproducible and 9 reliable aligragntemasks which are compatible with standard lithography but also with
immersion and EUV (extreme ultraviolet) lithography requirements. Indeed, the alignment marks are

preferably defiiedshy,Hging a Maskformed an 4pR OfG SALee MG 86 L AznRE-MARE RIayer may e.g.

be patterned by lithography techniques. The implantation step can then be carried out by a full wafer area
implantation apparatus. As a v&‘?&%%@h?é’%ﬂf SURTEAT GhE LR BRI &L to form the alignment
marks inside the handle substrate could be applied, e.g. focussed laser or focussed ion beam techniques.
Modern lithogi&py? tiots*Ere edlHBPEHE vAbh SXRIMPREMt SHGRNRAr R RN BHP YR IQiY MMM FREYRS, like
infra red (IR) alignment lasers whizmapesiueed for identifying the buried alignment marks in the handle
wafer with nanometric precision. In Fig. 1d, additionally, a pattern of doped regions 104a, 104b, 104c and
104d is showmnFigkisipastes) vkdepedatginahdttia doudthas tmeactormeas tsing anepddrnare o

implantationg§ieps, [he AeRgdreginns Mk e epianiedhdifferen depis.Papedygaipnstdda and
104d, for example, are implanted at different depths, while doped regions 104b and 104c are partly

overlapping.pf‘Wédagrped regions can correspond to n- and/or p-wells and/or n- and/or p- back gates. The
doped region 104a may correspond to an n-well comprising phosphorous as a dopant. The concentration
of the dopanthfdiPeBirEe 11 e MaPE0aY GWiallg hepsligrausslaiey B i Rrticstichadetioped
region, for examipdediaplastatio mand difiesiaafiisrtheuintotipe hiand@esubstrate but also upwards towards
its surface by an annealing step.

In Fig. 1b, a screening layer 102, in particular, a screening oxide, is formed on a main surface

of the handle substrate 101. Depending on the process, this screening layer 102 might not be

necessary.

In the next process step, alignment marks 103a, 103b are formed inside the handle
substrate 101. This is achieved by performing an ion implanting through the screening
layer 102. In this embodiment the implanting species is a non-dopant specie, for example,

argon or fluorine, which are species typically available in a fabrication line.
The result of this step is shown in Figure 1c.

The alignment marks 103a and 103b are formed from a non-dopant specie, i.e. the
alignment marks 103a and 103b do not dope the substrate 101. Furthermore, due to the
ion implantation process, the alignment marks 103a and 103b do not alter the surface
of the handle substrate 101. In other words, the alignment marks 103a and 103b corre-
spond to alignment marks which are buried in the handle substrate 101. Furthermore,
the alignment marks 103a and 103b, which relate to defects in the handle substrate, do

not diffuse thereby generating stable alignment marks in size and position.

By the ion implantation process, it is possible to generate fine and possibly minimal
feature implantation regions, where minimal feature corresponds to the smallest ge-
ometry that can be defined with a given lithography technology and reproducible and



Doped region 104b may correspond to a p-well comprising boron as a dopant specie. The concentration
of the dopant may lie between 5.0 x 1016 and 5.0 x 1§18 cm-3. There are several options to form such a
doped region, for example implantation and diffusion further into the handle substrate but also upwards
towards its surface by an annealing step. Doped region 104c may correspond to an NI4- gate, particularly
comprising arsenic, and doped region 104d may correspond to a P4- gate, in particular, comprising
boron. Typical process conditions for gate regions are for the N-gate: As doping with an energy in the
range of 5 - EJRBY A9UBERE BatliaRiER 1Y FAM B4R %0 %&%T&HH%@W@V&%@OT@% doping
with an energynietfienrange ai'8 (68tkewewittr doskes) Détwesp byx ldidmmentnd g e01 BEVeDoped

regions 104a,and AQA sy prsresm @ éavell sediens Lypisak nEReRss songiionser dheugligegions
are energies1 in tp%? of 50,- 10 and doses be 1 C and 1x101g cmézi.mAfter the

. . _laye n?r? maskin %keety ay e.q. a‘i e(?en %)Jé/ |t]h2 rrg_% pechnl es. -
implantation sYeps of the %urlecli( aﬁgn%en@rﬁ’ark% 534 anopfg andofheppé(ttern oquoped regions 104a to
d, a next step'2AERESSHERGROWITG GESIABIHAP @B Er&8hir) Pxdieal0P RO AR FRPRIRISubstrate 101.
The processed handle substrate without the screening oxide 102 is shown in Fig. 1e. In Fig. le, the
pattern of dojped nagianis a0l tenthofl Pignl.dobzey Isedalecvesssdassingamedingstenest Imahks way,

diffusion furtherdatmtheahandiesubstsase 10 b uppiseiUpWaNds fever tissiks surfcedesibesrashieved

The pattern Jclﬁilgure le is only for illustrative purposes. Of course, any other arrangement of the various

. ues. . .- .
regions can be achieved depending on process conditions. In Figs. 2a to 2c, a treatment of a donor

substrate aclc\:ﬂoréjlp |t|0han exggw(gg}l method for man facturin a semi onductar subfstr te gccording to

the invention 18 $HBWH FEEP Y JOR3rEGpstiate %E\‘)V IS parlc') G fn“?—?g. KHRE SSHEP S IBePER"205 can

be a semicomfiitttesthdikaténtia peeticBlaplsieneint tisesilbieISie £ YilRebiP cidpitidyiasheoPugermanium,

a gallium nitridea0ig Argefmaniven s uhstiaiel AvHede ol layemzébdspiersiprovided on the donor substrate
205 (see Fig. 2b). The dielectric layer 206 may be formed either by a thermal process or by deposition.
For examplethaflielgctiigdrpahRPo Mpykerieashenereyloatsiicon dipxide; silicamaitiisiey sdicon
oxynitride or AIZ0 £t 61 g complnaiion of siackedayers, comprisig ol leash one layer 41 least one out
of silicon dioxié’e, silicon pnl{rlcfe, Silicon oxyﬂl fide or Al2d , 8ic ATLOn ing toa Varian , the sefep as
illustrated inMB@FRERIOMFAGPSISA b BPRivedS@igNInea%LBf iMien Kiicah HERRAY JaMHBE Aed’~ening

dielectric layeigions 104a and 104d, for example, are implanted at different depths, while doped
regions 104b and 104c are partly overlapping.

The doped regions can correspond to n- and/or p-wells and/or n- and/or p- back gates.

The doped region 104a may correspond to an n-well comprising phosphorous as a
dopant. The concentration of the dopant may be between 10'® and 10*® cm™. There are
several options to form such a doped region, for example implantation and diffusion
further into the handle substrate but also upwards towards its surface by an annealing

step.

Doped region 104b may correspond to a p-well comprising boron as a dopant specie.
The concentration of the dopant may lie between 5.0 x 10'® and 5.0 x 10*® cm™. There
are several options to form such a doped region, for example implantation and diffusion
further into the handle substrate but also upwards towards its surface by an annealing

step.

Doped region 104c may correspond to an N* gate, particularly comprising arsenic, and doped
region 104d may correspond to a P* gate, in particular, comprising boron. Typical proc-
ess conditions for gate regions are for the N-gate: As doping with an energy in the

range of 5 - 50 keV and doses between 5x10**cm™ and 5 x10*°cm™ and for the P-gate:



In Fig. 2c, illustrates the result of the next process step consisting in forming a prede- termined splitting
area 207 inside the donor substrate 205. The predetegnined splitting area 207 is formed by an ion
implantation step, during which ions like hydrogen or rare 11 gas ions (helium, argon, etc.) are implanted
into the donor substrate 205. The depth h of the predetermined splitting area can be determined by the
energy of the implanted ions. In Figs. 3a and 3b, further steps of the exemplary method for manufacturing
a semiconductor substrate according to the invention are shown. Fig. 3a shows a dongy-handle

compound 398 SN R ERRENT! IRHHH8EIAF By BBAGHY fHéj%?ﬁ)Pg%%‘?Pa?exé& 4hd ﬂﬂéjhandle

substrate 304 xkPpantiéular, the donor-handle compound 308 of Fig. 3a may be formed by attaching a
handle substrate from Fig. le and a donor substrate from Fig. 2c. Upon a mechanical and/or thermal
treatment, a Digtadhreginh of18) $eramcbnddictoralayer rdipdod ether ity bsiriegpitiel qoisicekayeo 309 occurs at

the predEterﬂBH§%$RHE'%I@F%@QJ 52 hathiedwodRy Rl e dansieed apionthgdiaadie grestrate 301

to obtain the_silicpn-on-insulator structure as shown in Fig. 3b with buried alignment marks 303a, 303b
and doped rééi‘&ns%4§?8 3544, ARually, during a thermal treatment carried out during the detachment
step microcavities resulting in the formation of microsplittings or microcracks are not only achieved at the

predetermin&H HetBe ARRIAD AR SRR Q6iIYs tBUHRACHHPIRES IO KR MERR RICalds hand B A3t the
alignment meeis.oT b pbdnggd osystdiagraphie prexeries ikotivss regrenseary thersbip @xglatied to

observe the ?él%’émﬁgt&@@l@(% gy rthQwﬁlt'Pé%rE |&“9§F§Fg‘iéﬁb%'9%§@%%dﬁ$aﬁﬂl@'Eﬁ!ﬁ@t‘i’é(fé each ion
implantation st%%utrl%be fol Iowed b dlca ed therr'pal anneallng In Figure 4a the exemplary

semiconductdF O inStIRtErElBePAlR 'S:?bcfgvﬁéaln Ihokun. A semiconductor layer 410 is provided
over a handle substrate 401 with a burled dielectric Iaésr 409 in between. In the handle substrate 401

buried aligndfeRtImitk<"FoRYISHH3Y SRESL UL 48442b 1844 B SREGN PIR TS b U iirespective
dopant concemtestimg priefile iniltbstrated astiseolidriirer 41t0. thedrmbe e shrateheOmdxitmalee of the

dopant concgpifatianoard aateuiegienisnrantheritasiace of the handle substrate 401 and the buried
dielectric layer 409. Thanks to implanting prior to bonding, the semiconductor layer 410 is not affected by

the high doping coRCERIRYG R the ﬂa&ﬁlﬁfﬁwﬂﬁ}éﬂt&n\% Jﬂ%&%&%‘? £R9iQR 2Rgcand ragianywith a lower

dopant concentration, e.g. a well region, can be observe
ment of the various regions can be achieved depending on process conditions.
In Figs. 2a to 2c, a treatment of a donor substrate according to an exemplary method
for manufacturing a semiconductor substrate according to the invention is shown. First,
a donor substrate 205 is provided in Fig. 2a. The donor substrate 205 can be a semi-
conductor substrate, in particular one out of a silicon (Si), a silicon carbide, a silicon

germanium, a gallium nitride or a germanium substrate.

A dielectric layer 206 is then provided on the donor substrate 205 (see Fig. 2b). The
dielectric layer 206 may be formed either by a thermal process or by deposition. For
example, the dielectric layer 206 may be at least one out of silicon dioxide, silicon ni-
tride, silicon oxynitride or Al,O3, etc. or a combination of stacked layers comprising at
least one layer at least one out of silicon dioxide, silicon nitride, silicon oxynitride or
Al,O3, etc.

According to a variant, the step as illustrated in Figure 2b, may also be omitted, e.g. in

case of direct silicon bonding without intervening dielectric layer.

In Fig. 2c, illustrates the result of the next process step consisting in forming a prede-
termined splitting area 207 inside the donor substrate 205. The predetermined splitting
area 207 is formed by an ion implantation step, during which ions like hydrogen or rare



12 For comparison, a typical dopant profile according to the prior art is shown as a dashed line 412. It can
be seen that in the profile according to the prior art algp a dopant concentration is present in the
semiconductor layer 410. This non-zero concentration in the semiconductor layer 410 stems from the
implantation tail caused by the implanting through the top semiconductor layer and subsequent anneal
steps. At the same time, the maximum dopant concentration at the interface between handle substrate
401 and the buried dielectric layer 409 is reduced compared to the concentration which can be achieved

by the invenfi#d IRRTHOE " BAbVitg, PradBeit iR s a8 SRt RES RRNtORSWIR B8 Bescribed.
According tooé firstrerdeatplenisedapistigedresfoam beiriedeaigmedery tharks éngy lvhndéeisutbantate. The
energy for thgden implantation step is between 50 and 250 key with a dose range of 1 x10'4 to 5 x1015
Orrr2. The ion implantation is performed through a sacrificial oxide, which is removed after implantation of

all the requirﬁdﬂwlggtﬁn@‘rgg%%p@r uetlary advanLagagHs Astda F&]%QrﬂﬁgcﬁY%'?l&'%éﬂﬁegHSt”a'

implanters. According to a second example, fluorine is used for the buried alignment marks. The energy
range may b%uﬁﬁb\f‘é&"?tﬁ%t%ﬁacféﬁ%?a% HYEE AR GEST 11015 to 1 X1016 MI 2. Boron trifluoride
(BF3) gas may be used to obtain atomic boron for doping purposes. According to a 3rd to 5th example,

fluorine, neoR®r BB Wiag KK 1Bl theyrpRyatloPPef FRGHEENPIMAHRSNiPRs dR AH T el the same
level and mdrpidiltagytiod stonotusabdaaiaggnasaimdthieechgsddé srngutraffe3@tanmplerflogianetheaydie

implanted at{60. Ked AR SaRRmaf B 11EI¢M2 RIPWRBMHR ey mARRNRAUINESigR WiThs(AQC for one

hour and a 1100C spike ancpgac].oAfter l[?e en?ratiolp ofzthe buried alignment marks, a P-well and an

N-well may be fornte ﬁsa}Hg ioh |?1%I%¥1 atl F]eurs?rr{b f@lov&ing generic recipes. P-Well: - For example Boron

implantation and anneal. The p well formation can be achieved with just one single implant plus diffusion.

p
But if neces$H9 hRyMERBANLRHBRHRY HRNPR H6858HHd TnASRHANGR eHeRgred e Becifi ¢ followed
by an annealihg stegptte fomhtire puved rBgiectric 3aliggh3@9e ngy unspntsenpukifieedogesi asuditimglantation
energies can R uiiized fRHOWRRY Al &RNERlIRERP LR form the RamelLregdiRirate 301 to obtain

the silicon-on-insulator structure as shown in Fig. 3b with buried alignment marks 303a,
303b and doped regions 304a to 304d.

Actually, during a thermal treatment carried out during the detachment step microcavi-
ties resulting in the formation of microsplittings or microcracks are not only achieved at
the predetermined detachment area 307 leading to the complete detachment but also in
the area of the alignment marks. The changed crystallographic properties in these re-
gions can then be exploited to observe the alignment marks during subsequent lithog-
raphy fabrication steps. As an alternative each ion implantation step may be followed

by a dedicated thermal annealing.

In Figure 4a the exemplary semiconductor-on-insulator substrate of Fig. 3b is again
shown. A semiconductor layer 410 is provided over a handle substrate 401 with a bur-
ied dielectric layer 409 in between. In the handle substrate 401 buried alignment marks
403a, 403b and doped regions 404a to 404d are shown.

In Fig. 4b, the respective dopant concentration profile is illustrated as the solid line 411.
It can be seen that the maximum of the dopant concentration, e.g. a gate region is near
the interface of the handle substrate 401 and the buried dielectric layer 409. Thanks to
implanting prior to bonding, the semiconductor layer 410 is not affected by the high
doping concentration in the handle substrate. Below the gate region a second region

with a lower dopant concentration, e.g. a well region, can be observed.



Buried gates may be formed using the following generic recipes. N-gate: Arsenic or phosphorus, followed
by an activation anneal. P-gate: Boron or Indium, follgwed by an activation anneal. A possible process
flow of an exemplary method for manufacturing a semiconductor substrate according to the invention may
thus comprise the following subsequent steps: 1) Oxidation or deposition of a screening oxide on handle
substrate; 2) Implantation and formation of alignment marks; 3) Implantation of a deep n-well
(concentration 1 016 - 1 018 at/cm-3) dopant specie e.g. phosphorus; 4) Anneal; 5) Implantation of a

p-well (concERrSABIN B - 1Rl CRAEHRE) WD BAAY'SPREIS &G BitbAt &) HIELRS A faifiaftation of
the N+ gate liogy4tizh Brsamics 8)ehnthealin denppdéittstinooinba P th g ateo eagtveite Borepabtd)olnneal;
centration is present in the semiconductor layer 410. This non-zero concentration in the
semiconductor layer 410 stems from the implantation tail caused by the implanting
through the top semiconductor layer and subsequent anneal steps. At the same time,
the maximum dopant concentration at the interface between handle substrate 401 and
the buried dielectric layer 409 is reduced compared to the concentration which can be

achieved by the inventive method.
In the following, practical examples according to the invention will be described.

According to a first example, argon is used to form buried alignment marks in a handle
substrate. The energy for the ion implantation step is between 50 and 250 keV with a
dose range of 1 x10™ to 5 x10% cm™. The ion implantation is performed through a sac-
rificial oxide, which is removed after implantation of all the required implants. Argon is

particularly advantageous as it is cheap and available in industrial implanters.

According to a second example, fluorine is used for the buried alignment marks. The
energy range may be between 25 and 150 keV at a dose range of 1 x10*° to 1 x10%® cm’

2. Boron trifluoride (BF3) gas may be used to obtain atomic boron for doping purposes.

According to a 3rd to 5th example, fluorine, neon or xenon may be used for the genera-
tion of alignment marks. It is desired to keep the same level and morphology of struc-
tural damage as in the case of argon. For example, fluorine may be implanted at 60 keV
and a dose of 1 x10' cm™ followed by a thermal annealing step with 700° C for one

hour and a 1100°C spike anneal.

After the generation of the buried alignment marks, a P-well and an N-well may be

formed using ion implantation using following generic recipes.

P-Well: - For example Boron implantation and anneal. The p well formation can be
achieved with just one single implant plus diffusion. But if necessary high energy im-
plants multiple doses and implantation energies can be utilized followed by an anneal-

ing step to form the p well region.

N-Well: - for example Phosphorus and/or arsenic, implantation and anneal. The n well
formation can be achieved with just one single implant plus diffusion. But if necessary



11) Strip the screening oxide; and 12) Prepare for bonding with donor substrate. Alternatively, the well
and the respective gate implant both can be done togggher using the same 14 By providing alignment
marks and dopant regions prior to bonding inside the handle substrate, dopant concentration tails inside
the transferred layer 310 and thus in device layers can be prevented and the dopant profiles can be
tailored as necessary. In the above described embodiments and examples, alternatively, only the
alignment marks may be provided in the handle substrate. In other waords, the pattern of one or more
doped regioR¥h $HE"ALAGR WUSHUIPIH AP BESoMTLBP PALRLRY FREIIATaTRE Aty BIETRLY'RYedignment
purposes dupingrsabsegjirent iprote $3rsteps affedtireyibe transferred semiconductor and buried dielectric
layer. By forming the alignment marks in, in particular inside, the handle substrate, i.e. below the handle
substrate suBaced i st nagebrefoairs] essentisd yolinafierpehstichdbakthe bonding quality of the handle
substrate is better compared to the prior art. Although the previously discussed embodiments and

examples ofNhgapseaesdrinventnbshaveuser desenlyeshseparatelyairisdp be understood that some or all
of the above-described features can also be combined in different ways. The discussed embodiments are

not intendedragdimitagiRsduhsrime eadcwamples ilugiaino dsatdies and advantages of the invention.
15 Claims 1.Method for manufacturing a semiconductor substrate, in particular a semiconductor-on-

A possible process flow of an exemplary method for manufacturing a semiconductor sub-
strate according to the invention may thus comprise the following subsequent steps:

1) Oxidation or deposition of a screening oxide on handle substrate;
2) Implantation and formation of alignment marks;

3) Implantation of a deep n-well (concentration 10'° — 10*® at/cm™), dopant specie e.g.
phosphorus;

4) Anneal,;

5) Implantation of a p-well (concentration 5x10'® — 5x10*® at/cm™), dopant specie e.g.

boron;

6) Anneal;

7) Implantation of the N+ gate, e.g. with arsenic;
8) Anneal;

9) Implantation of the P+ gate, e.g. with boron;
10) Anneal;

11) Strip the screening oxide; and

12) Prepare for bonding with donor substrate.

Alternatively, the well and the respective gate implant both can be done together using the same

mask.



insulator substrate, comprising the steps of: a) providing a donor substrate (205; 305) and a handle
substrate (101; 201; 301; 401); b) forming a pattern gf,one or more doped regions (104a-d; 304a-d;
404a-d) in, in particular inside, the handle substrate (101; 201; 301; 401); and then c) attaching, in
particular by bonding, the donor (205; 305) and the handle (101 201; 301; 401) substrate to obtain a
donor-handle compound (308). 2.Method according to claim 1, further comprising a step d) carried out
between steps a) and b) which consists in forming one or more alignment marks (103a-b; 303a-b 403a-b)
in, in particu%}f QYN A PRI b A E FREE AL RIS 1A (9 P NN E LB IARY IS WSIAS, wherein
the one or nimeaaligemo@ritatvar kal$ indBle-tha 03aster403ayd) e dodrties bydeviceripjartatormedoMethod

according toglain 2,a ¥dpareidhesans st R @lignmertanarks (103a-b; 303a-b; 403a-b) comprise a
non-dopant species, in particular, H, He, Ar, F, Ne and/or Xe. 5.Method according to one of the claims 2 -

4, wherein Stﬁ%@aﬁ@@éﬁf&@ﬁb@&@ﬁ%hﬁéﬁt@ﬁﬁg%ga'fﬁ‘ﬁ%s, alternatively, only the alignment marks may
be provided in the handle substrate. In other words, the pattern of one or more doped regions in
the handle substrate may be omitted. The alignment marks may be used for alignment purposes
during subsequent process steps affecting the transferred semiconductor and buried dielectric
layer. By forming the alignment marks in, in particular inside, the handle substrate, i.e.
below the handle substrate surface, the surface remains essentially unaffected such

that the bonding quality of the handle substrate is better compared to the prior art.

Although the previously discussed embodiments and examples of the present invention have
been described separately, it is to be understood that some or all of the above-described fea-
tures can also be combined in different ways. The discussed embodiments are not intended as

limitations but serve as examples illustrating features and advantages of the invention.



6.Method according to one of the preceding claims, wherein step b) comprises at least one ion
implantation step for implanting a dopant, in particulaggphosphorus and/or arsenic and/or boron. 7.Method
according to claim 6, wherein the at least one ion implantation step is followed by an annealing step.
8.Method according to one of the preceding claims, further comprising a step e) carried out between
steps a) and b) which consists in forming a screening layer (102), in particular a screening oxide, on the
handle substrate (101; 201; 301; 401). 16 9.Method according to one of the preceding claims, further
comprising a step f) carried out between steps a) aeplaic which consists in forming a predetermined
splitting area (207; 307) at a depth h inside the donor dUbstrate (205; 305) and a step g) carried out after
step c) which consists in detachinc\g a remainder of the donor substrate (205; 305) from the donor-handle
compound, WhereiX S84t hBAN JRE G A RS PIROGEHEIRN AP LR AP B G S4B 7 e Mod
according to one ohthéaioresidiraieciimdoaities epsmiising a step h) carried out between steps a) and c)
which consists in forming a dielectric layer (206; 306), in particular an oxide layer, or a combination of
stacked layers conaprisinigiag kedst@relditdc(A0H23e5) andlachaoiie s sudstia @2 @01 388, 4a1particular,
wherein the dielectric layer (206; 306) has a thickness of less than 200 nm, in particular less than 100 nm.
b) forming a pattern of one or more doped regions (104a-d; 304a-d; 404a-d) in, in particu-

lar inside, the handle substrate (101; 201; 301; 401); and then

¢) attaching, in particular by bonding, the donor (205; 305) and the handle (101; 201;
301; 401) substrate to obtain a donor-handle compound (308).

2. Method according to claim 1, further comprising a step d) carried out between steps a)
and b) which consists in forming one or more alignment marks (103a-b; 303a-b; 403a-b)
in, in particular inside, the handle substrate (101; 201; 301; 401).

3. Method according to claim 2, wherein the one or more alignment marks (103a-b; 303a-b;

403a-b) are formed by ion implantation.

4, Method according to claim 2 or 3, wherein the one or more alignment marks (103a-b;
303a-b; 403a-b) comprise a non-dopant species, in particular, H, He, Ar, F, Ne and/or

Xe.

5. Method according to one of the claims 2 — 4, wherein step d) comprises a thermal an-
nealing step.

6. Method according to one of the preceding claims, wherein step b) comprises at least one

ion implantation step for implanting a dopant, in particular, phosphorus and/or arsenic
and/or boron.

7. Method according to claim 6, wherein the at least one ion implantation step is followed by

an annealing step.

8. Method according to one of the preceding claims, further comprising a step e) carried out
between steps a) and b) which consists in forming a screening layer (102), in particular a
screening oxide, on the handle substrate (101; 201; 301; 401).



11.Method according to one of the preceding claims, wherein the pattern of one or more doped regions
(104a-d; 304a-d; 404a-d) comprises one or more linegzand/or one or more islands. 12.Method according
to one of the preceding claims, wherein the pattern of one or more doped regions (104a-d; 304a-d;
404a-d) comprises at least one well region and/or at least one back gate. 13.Method according to claim
12, wherein at least one well region and at least one back gate are formed using the same mask.
14.Method for manufacturing a semiconductor substrate, in particular, a semicon- ductor-on-insulator

(S01) substrate, cONGPIRSECTRELR R B o)l RTINS HBIGT SUBG SRRHHY AR STHEARE! b)
forming one or moketalignmtents madkd i6), ihipartimsistsinsiden e ¢ aradieesatistraselitingl abeen(20)7attaching,
in particular by bongingathesdpmos #RAdhBdande sirstateis obtsinadorRphandRiceBRQUMRE.
15.Semiconductor gUbiale ¢OmBRUSINS 390N ANdIRSBPSHAY (308) WIS BbEMIER,) from

the donor-handle compound, wherein detachment occurs at the predetermined splitting

area (207; 307).

10. Method according to one of the preceding claims, further comprising a step h) carried out
between steps a) and c) which consists in forming a dielectric layer (206; 306), in particu-
lar an oxide layer, or a combination of stacked layers comprising at least one di-
electric layer on the donor substrate (205; 305), in particular, wherein the dielectric layer
(206; 306) has a thickness of less than 200 nm, in particular less than 100 nm.

11. Method according to one of the preceding claims, wherein the pattern of one or more
doped regions (104a-d; 304a-d; 404a-d) comprises one or more lines and/or one or more

islands.

12. Method according to one of the preceding claims, wherein the pattern of one or more
doped regions (104a-d; 304a-d; 404a-d) comprises at least one well region and/or at

least one back gate.

13. Method according to claim 12, wherein at least one well region and at least one back

gate are formed using the same mask.

14. Method for manufacturing a semiconductor substrate, in particular, a semicon-

ductor-on-insulator (SOI) substrate, comprises the steps of:
a) providing a donor substrate and a handle substrate;

b) forming one or more alignment marks in, in particular inside, the handle sub-

strate; and then

¢) attaching, in particular by bonding, the donor and the handle substrate to ob-

tain a donor-handle compound.

15. Semiconductor substrate comprising a donor-handle compound (308) with one or more
alignment marks (103a-b; 303a-b; 403a-b) and/or a pattern of one or more doped regions
(104a-d; 304a-d; 404a-d) in the handle substrate (101; 201; 301; 401).



alignment marks (103a-b; 303a-b; 403a-b) and/or a pattern of one or more doped regions (104a-d;
304a-d; 404a-d) in the handle substrate (101; 201; 34%; 401). 17 16. Semiconductor substrate according
to claim 15, further comprising a predetermined splitting area (207; 307) at a depth h inside the donor
substrate (205; 305). 17. Semiconductor-on-insulator substrate, comprising a substrate layer (301; 401), a
semiconductor layer (310; 410) and a dielectric layer (309; 409), in particular an oxide layer, between the

substrate layer (301; 401) and the semiconductor layer (310; 410), wherein the substrate layer (301; 401)

comprises on® or METECANGHHRETHASHAR F8ER5AMS BORITh T 2HBF SR RRER 8 PIEISISHYPELHPEd regions
(304a-d; 404a-d). 189 Seai@ondittpaterdantukatosidrthst dueonsdordatey(89<I&H) .17, wherein the pattern of
one or more doped regions (304a-d; 404a-d) does not extend into the semiconductor layer (310; 410)
and/or the diefectrisdayemB@&ir409hsulator substrate, comprising a substrate layer (301; 401), a semi-

conductor layer (310; 410) and a dielectric layer (309; 409), in particular an oxide layer,
between the substrate layer (301; 401) and the semiconductor layer (310; 410), wherein
the substrate layer (301; 401) comprises one or more alignment marks (303a-b; 403a-b)
and/or a pattern of one or more doped regions (304a-d; 404a-d).

18. Semiconductor-on-insulator substrate according to claim 17, wherein the pattern of one
or more doped regions (304a-d; 404a-d) does not extend into the semiconductor layer
(310; 410) and/or the dielectric layer (309; 409).



