WO 2009/106330PCT/EP2009/001382 Method for Fabricating a Semiconductor Substrate The
invention relates to a method for fabricating a semiconductor substrate starting from a silicon on
insulator (SOI) type substrate. In the optoelectronics, special substrates are needed which are for

example useg fpsmagsessensors, which find their application in video or phgtagiaphicseameras. In
these substrates, which are based on 501 type substrates, a buried oxide (BOX) is provided on a base

through which photons can be collected from the backside of the wafer. Alternatively, the image
sensors formed in the device layer of the SOI substrate could be transferred to a final substrate to
expose the backside of the sensors. A thin highly doped p++(or n++) first semiconductor layer is

directly provided on the byrigdRKige il RacadeRicAaduese Taystruddh a lower dopant
concentration (p-/n- layer) is provided on the first semiconductor layer. In the prior art, this kind of

special substrate was prepared using a highly doped substrate as the donor wafer in the conventional
SmartcuTe! resntiofotgjat®hite raatietitbty fic dlyrcetmaris ss meoskdycoflsiidingtadoa drosulastrate, e.g.

a S|I|conw@@{&r@g@m%q}wg@%@ﬁé on the donor substrate and creating a predetermined
splitting area inside the donor substrate, which is achieved by implanting atomic species or ions, like

helium or hydrogen ions, into the donor substrate. In the next step the donor substrate is bonded to a
base sulistiisteypdogleationiner sikcah suabites chalvedded| sthich|aye fas semipléchest fetweage handle

and don%mtr@%mgﬂ%g&c%ﬁwwwﬂ% RRiubsbae ihdrlaehapdtpmihe bonded

donor-base substrate at thel% ermined splitting area owm&a thermal and/or mechanical

treatmert UipBrAIRPArEdetarmNe Y RPIHREIAER. ALANRL MR dRRSh HUAISY B79nRTIZ RBE8OY)
substrat¢himafitaimich ptawesecathbeuselletizdifybiy: thepbaicgsidstrat¢heandésd Attdimafoliywihg problem:

It can be‘rﬂQé@ré’é?%&?@fn?&%ﬁ?aE%W'@?éF%@@@P&%M&@E&@ b‘é!'%ﬁs'?éﬂ@dj%oé‘ﬂhaio

concentration, to another wafer a with a’lower dopant concentration like in the standard

substratESbRIH SV RRRIRCS 518 IRfethPRENSIES 1O dHBaREN hGeRSARE FBIBE ih Bidth the p++
type SOkerafesscantbiigystandiiretly podvidadess. fnealslditcdnyddeingd2 second semiconductor

fayer with a lower dopant concentration (p-/n- layer) is provided on the first semiconductor
layer.

In the prior art, this kind of special substrate was prepared using a highly doped substrate as
the donor wafer in the conventional Smartcut™ technology. This method typically comprises
the steps of providing a donor substrate, e.g. a silicon wafer, providing an insulating layer on
the donor substraie and creating a predetermined splitting area inside the donor substrate,
which is achieved by implanting aiomic species or ions, like helium or hydrogen ions, info
the donor substrate. In the next step the donor substrate is bonded to a base substrate, e.q.
a further silicon wafer, such the insulating layer is sandwiched between handie and donor
substrate. Subsequently, the remainder of the donor substrate is detached from the bonded
donor-base subsirate at the predetermined splitting area following a thermal and/for
mechanical treatment upon the predetermined splitting area. As a result a semiconductor on

insulator {SOI) substrate is obtained.

However, the use of a highly doped substrate can lead to the following problem: it can be
observed that cross-contamination from one donor wafer, e.g. with a high dopant
concentration, to another wafer, e.g. with a lower dopant concenfration like in the standard
SOI substrates, occurs within the production line. This leads to unsatisfying dopant profiles
in both the p++ type SOl wafers and the standard p- SOl wafers. in addition, during



subsequent annealing steps during the SmartCutTM process, a diffusion of dopants out of the highly
doped layer occurs which further deteriorates the substrate. According to an alternative method a
standard SOI substrate with a thin p- (or n-) semiconductor layer was used as starting material over
which a further semiconductor layer with a p++ dopant concentration was provided. Finally, an
additional semiconductor layer with p- concentration was provided to obtain the desired layer structure.
With this method it is, however, not possible to réfach a sufficient high dopant concentration in the p++
layer and furthermore the dopant concentration is not sufficiently flat, meaning that that the dopant
concentration through the layer is not monotonic, but first increasing and then decreasing within the
p++ layesuiSiagtiagt thenetitm, sepbatlirmgntiseoStheriirest nirbvesntiandiaedicto ¢fr dusiana semiconductor
substrat Ny ' [ igh.d ' bstrates of the above
describe%%%%Hgﬁ%ggg%%ig%@#&gn \)Yélfhngﬁt gegg)r%%{gr'?? Z%%g%%%%%%%]ént profile, in particular, in the
highly doped p++ layer. According to a first aspect of the present invention, there is provided a method
for fabrigatigamnge micandiioasubstiatiecgompsiamtatb exte psubEtalpraitdiag wisilisoiopminsulator
(SOD type substrate comprising a e, an. ing |l [ ICOr r, ) doping
the first ggmﬁ%%nr%'&c?gra\g%/?e\fv?g%ﬁsgr%:% %%B&@Sﬁ r%%%%’(le %{rﬂﬂiﬁ%gghggﬂ%c%ﬁg%ég%ﬁ Bt{:%ygﬁ)viding a
second Séiniaomtiuenaal/ epierntiipfenast Riopisiste hinaivrafrreiien B SPnUERMEY First layer
Semicolrh(»m;stgéI dx@)ﬁ@éﬂg@tﬁomﬂgbkbafe@ﬁotbstﬁwdiﬂ%ﬁi?%ﬁﬁ@?@ic@tﬁmmt@rW&Kﬁﬁ%ﬁfﬁiﬁbd@ping, in
particular, iffusion, doping, and growth qf.the second semiconductor layer occur at the same time.
ccordinh [P ASa ol KERRE P e Sl s e o i s Db B
semiconfititemsubshatd ammnipernagrinetistes ot ayiirndinge snrsrnentmsdhabirgpieps®o

substrate GRS hRAS RB iBselatingiavehandia st SRMicaBsIAEBIRY teb oRingrge first
semiconductor layer t? thereby obtain a modified first semiconductor layer, and c) providing a second

semicon‘HG%P@)mﬁ)Pe?’"vvﬁ%e& different dopant concentration than the modified first semiconductor layer
over, in particular on, the modified first semiconductor layer, wherein step b) and c) are carried out in

the samefabrigatierAe¥iceniPRARIGHAsFARLHIIRRE IR e RMERLINS PrsthrdA8:IMBsAYEStor
semiconductor substratgﬁcan be achieved as, Y}Be dé)g%ant cgﬁcentratlrﬁ? c#;the %1 di{ied f'r%lgI
semicontieXBAIgyERIL ROBIPERTY Stk WUCE AP RIS BRIPAT RSSIPh &Y Se(reaneﬁré%aréad. Thus,
during trebfaleritesivibgst duesssast tec8ieaithsetentintifrapreseihankimgroreb doretiuelidrike in the

standarc,grasgdH R aanHishrayiietsHhekrfere, no cross-contamination from donor wafers with
different dopant concentrations is observed and the dopant profile can not be deteriorated by

annealing steps in the 301 fabrication procedure.
According to a first aspect of the present invention, there is provided a method for

fabricating a semiconductor substrate comprising the steps of: a) providing a silicon on
insulator (SOI1) type substrate comprising a base, an insulating layer and a first
semiconductor layer, b) doping the first semiconductor layer to thereby obtain a modified
first semiconductor layer, and ¢) providing a second semiconductor layer with a different
dopant concentration than the modified first semiconductor layer over, in particular on, the
modified first semiconductor layer wherein doping, in particular, by diffusion doping, and

growth of the second semiconductor layer occur at the same time.

According to a second aspect of the present invention, there is provided a method for
fabricating a semiconductor substrate comprising the steps of: a) providing a silicon on
insulator type (SOl) substrate comprising a base, an insulating layer and a first
semiconductor layer, b) doping the first semiconductor layer to thereby obtain a modified
first semiconductor layer, and c) providing a second semiconductor layer with a different
dopant concentration than the modified first semiconductor layer over, in particular on, the
modified first semiconductor layer, wherein step b) and ¢) are carried out in the same
fabrication device, i.n particular an epi-reactor.



Preferably, the dopant concentration in the modified first semiconductor layer is higher than in the
second semiconductor layer. Like already mentioned this kind of substrate plays an 3 important role,
in particular, in optoelectronic applications and with the improved dopant concentration profile which
can be achieved with the inventive method, improved final products are obtained. Advantageously, the
second semiconductor layer can be epitaxially grgyn over, in particular on, the modified first
semiconductor layer. By doing so, the quality of the substrate can be further improved. Preferably, the
modified first semiconductor layer can be a highly doped n++ or p++ semiconductor layer, thus with a
dopant céfilbethtisativettind e ramge afil 8divietorhsiom Subpitetd 026atemsioina:dT hsisiiwithodstmethod,

the high g&a«amrs@a%@wwaﬁ@@m%%nmﬁy@Ayari@@g{%&%ﬂaermg%% ahised yath an
improved E‘d%o?pant c_onitentratlon profile throu%h the different layers. Preferably, in step c), the second

semicontRiBPIRyEPTE JIBRidSE AL EPACTr P AutniCHHaBCIBP 145 CRopaR S ArdhBnS M the range
of 1 x 10dubstratex ii€El6 o smtamidncaof beawhietsttateth lkeleathateidadert gtween tieechighly doped

first semigandugton larsrRABd tBe ecoRdmemIARILGIONIaYShol WisagaiiiMRrRYEH Siilsirtes can
be achieved. The do |n§,8lg partlﬁular %ﬁdlffusmn doping, and the growth of the second

semiconBRIXTEPIERNST &alR SRERMEE1REL LN RRRNITRIGU'ShEABpRALRE HESGRIFE LY K RaliRded with

the desirgdrsopadhe e Fabrigatigpraressduwn. which has a positive impact on the dopant profile

compared to prior art process in which doping occurs by implantation after the growth of a layer.
Preferably, the dopant concentration in the modified first semiconductor layer is higher than

in the second semiconductor layer. Like aiready mentioned this kind of substrate plays an



Steps b) and c), thus the doping step of the first semiconductor layer and the second layer providing
step, can be carried out in the same fabrication device, in particular an epi-reactor. By doing so, the
special provision of a diffusion chamber, which is usually used to dope semiconductor layers, becomes
obsolete, Using an epi-reactor for both steps, thus facilitates the production line, due to the fact that
one tool, like the diffusion chamber, is no longer part of the production line. In addition, in the
epi-reactor the wafers are treated one by one, whereas in the diffusion chambers about 100 wafers are
treated at a time. WO 2009/106330PCT/EP2009/001382 4 According to a preferable embodiment, the
base can be out of a transparent material. For instance, quartz-type substrates can be employed to
provide tiptiansparienay phitbculkase suhistiaterith epsnestdadhavisinle wavslprgdurapggstwhich is
necessary for lectronic applications, Advantageausly, the (madified) first semiconductor layer can
nave a T2k R e B B S Y R RS B R RS J2n
semicon@(Riefifages ealaiRéde a thickness in a range of up to 8 pm, and/or the insulating layer can
have a thickness of 50 nm to 1500 nm, in particular 100 nm to 400 nm. With the advantageous

method, }jt js_passible to provide highly doped and lowly dgped semiconductor layers within a wide
range of%}cwji\(’:%]r?% é%%?i}’h %Srﬁ%ﬁ?gég?teé'ﬁ%@gu"%r%‘ Yo (3% t?ﬁﬁ%’ﬁﬁﬂyga%"ﬁ%é) \fggie"r‘ i iggpe'rresence of
a thickerdBwiiiedvpaifiadyasipene sanswigrinyele Syedrdspamt beofikalinovbihe gebsisie tandspants
used caneSresrbsed he use of these dopants limits the impact of diffusion. Even more preferably,
Sh can be used, in order to limit also the impact of a phenomenon called "autodoping”. After doping
the first semiconductor layer to obtain the modified first semiconductor layer and during the growth of

the secoRtPisatboriaactorddips: {ikh seMinvetisientlaviel eapims cortiehlyatdieredimthidentional doping
of the segemrsREaNAYSIOMIRY Qithan dyisRTimcterdiish SERHEQBRYSOr 1ayesidiHE AlnD fom the

backside, iithe SOI substrate , thys from the hase .3, oy from a dopant release from the walls of the
depositio1r§3 gﬁé’r??ﬁecp Wal8'6r (‘th#]erH] p%r%ggmﬁe %g}lﬁﬁe{%ﬁﬂgagfb?gaa@éﬂ}ﬁ|{)€fgg%5§[}5 g’%’éﬁgin
degradafivalidf tirede sienseisphag |&echimigus S ewilicor intorolsgt dotritt atooasrthatiranitiie region of

the profilgdushhebwaendheifyghly doped and lowly doped layer. As a consequence the electrical
device characteristics become negatively affected. Preferably, the first and/or second semiconductor

layer are obtained by a CVD process using chlorine (Cl) containing precursor gases. It has been
observedPiaterdwy mibrestsiflonhetl®l isguevkrisimitingueiurdayayate fithidies satheanegative pmpact of

autodopigigniconductor layer. Dopant concentrations in the range of 1 x 10" to 1 x 10 atoms/cm®
can be achieved with a clear interface between the highly doped first semiconductor layer

and the second semiconducior layer. Thus again, improved substrates can be achieved.

The doping, in particular by diffusion doping, and the growth of the second semiconductor
layer can occur at the same fime. Thus the epitaxial deposition can be achieved with the
desired dopant level in one process run which has a positive impact on the dopant profile
compared to prior art process in which doping occurs by implantation after the growth of a

layer.

Steps b) and c), thus the doping step of the first semiconductor layer and the second layer
providing step, can be carried out in the same fabrication device, in particular an epi-reactor.
By doing so, the special provision of a diffusion chamber, which is usually used to dope
semiconductor layers, becomes obsolete, Using an epi-reactor for both steps, thus
facilitates the production line, due to the fact that one tool, like the diffusion chamber, is no
longer part of the production line. In addition, in the epi-reactor the wafers are treated one by
one, whereas in the diffusion chambers about 100 wafers are freated at a time.



According to a preferred embodiment, the process parameters, in particular growth pressure and/or
growth rate and/or deposition temperature, can be chosen such as to limit the autodoping effect.
Preferably, the growth pressure can be lower than 400torr or further preferred even lower than 100torr.
According tow@sefetiieskyariant, the growth rate can be lower than 2 migrepimimengyen further
preferred lower than 1 micron/min. According to $ another preferred variant, the deposition
temperature can be higher than 1000C or even higher than 1075C. Preferably, step a) can comprise
the steps of: al) providing a donor substrate, a2) providing an insulating layer on the donor substrate,

a3) creatig g ede e RS SR i AREH HloUe dancssubtrio ARKARK ik inatopg; substrate

to the handle substrate, and a5) detaching a remainder of the donor substrate from the bonded donor

handle siS&RSE SHaNR-HRRISHRTHRIES PR G IRIQYES (e RIBYIS NS T BeR SR PLAES\RRF this so
called SreatstetaiEMitechsmdopty thighisjbizl ityaSElnytfeas ga e dh reed sanyl farigitoeietsemice in the
advantag%%ﬁ'ggﬁlagg, even in cases when only a part of the SOI substrate leaving the production line
will be uséd to create the substrates according to this invention. According to a third aspect of the
invention, there is pravided an optoelectronic sensor, in particular an image sensor, comprising the
semiconWtwg@tetﬁak{ﬁﬁ&tﬁdcﬂdﬁ@tdmimﬁdﬂmw&sm&seaorhﬁ\aspebtcwhsalrieazlgan@”mifoned
above, (e, VeI MBI BB SEoHER! 3 g SRS RS I RGN alng igprove the
qualities 0 e fha product, e.g. the Image sensor which uses the substrate. Advantageous

embodinfYe dthisknpseiisraniese dederfbemifRerdisviayaineatenh @rhevei G Sures la -

1c illustrjestharstepssobaiie, ehnetduent coeeidngadn e iNVEMtive abeihadéoutabetating: &
semlcon%%gts%tés (? %trro%%é%r?&\iy doped and lowly doped semiconductor layers within a wide range
of thicknesses. In particular, it is possible to provide a thin highly doped layer in the

presence of a thicker lowly doped layer while keeping the desired dopant profile.

Advantageously, the dopants used can be Sb or As. The use of these dopants limits the
impact of diffusion. Even more preferably, Sb can be used, in order to limit also the impact of
a phenomenon called “autodoping”. After doping the first semiconductor layer to obtain the
modified first semiconductor layer and during the growth of the second semiconductor layer
with its lower intentional doping concentration, an unintentional doping of the second
semiconductor layer can arise from the first semiconductor layer, but also from the backside
of the SOI substrate , thus from the base 3, or from a dopant release from the walis of the
deposition chamber walls or other parts of the chamber. Autodoping actually leads to a
certain degradation of the desired doping level in the semiconductor layers, but also of the
transition region of the profile thus between the highly doped and lowly doped layer. As a

consequence the electrical device characteristics become negatively affected,

Preferably, the first and/or second semiconductor layer are obtained by a CVD process
using chlorine (Cl) containing precursor gases. It has been observed that the more chlorine

Cl is present in the precursor gases, the less the negative impact of autodoping.

According to a preferred embodiment, the process parameters, in particular growth pressure
and/or growth rate and/or deposition temperature, can be chosen such as to limit the
autodoping effect. Preferably, the growth pressure can be lower than 400torr or further
preferred even lower than 100torr. According to a preferred variant, the growth rate can be
lower than 2 micron/min or even further preferred lower than 1 micron/min. According fo



Figures 2a - 2b illustrate a typical dopant concentration profile in a semiconductor substrate fabricated
according to the invention in comparison to one fabricated according to the prior art process.
According to step a) of the inventive method, a SOI type substrate 1 is provided as illustrated in figure
1 a. One way to fabricate such a substrate 1 is the so called SmartCutTM technology. This method
typically comprises the steps of providing a donor substrate, e.g. a silicon wafer or a transparent
substrate like quartz, providing an insulating Iaye5r on the donor and/or on the base substrate and
creating a predetermined splitting area inside the donor substrate, which is achieved by implanting
atomic species or ions, like helium or hydrogen WO 2009/106330PCT/EP2009/001382 6 ions, into the
donor substitate pheftinedestistep e dipositisuistramasronde dtohigbes thsu bR, emgeeefurther
silicon \Aﬁbq{e,sm% thegagulating layer is sandwiched between handle and donor substrate.
Subsequently, the remainder of the donor substrate is detached from the bonded donor-base
substrate at the predetermined splitting area following a thermal and/or mechanical treatment upon the

predetermriniecisplitieg Hrean Asaprasuthassemiodbradyctoviaininsuator 564l stabafppeciddimgained.
With this, el e dating iaver Logs-drelboptuatndhe remicaRiaiap i disasiRrigd from the

donor substrate and the base substrate. This layer then forms the abovementioned buried gxide layer

(BOX). AeAaiRgishelatn fbeRamsitaida ﬁ?BWd%bﬁjir?f@pt%)t%? rdieeRRRI ARG IR @hprises a
base 3, tyitaaibygsHiconaiktbwed ére dependihgicatetfrora pipdi tatidrdaismathendimtetialsaratsbidable, like

for exa”mlsd&r@m@@r&am%“%a kg qua%ywmm fm&' t@@nr @89&&3@”\/\?&9%@'%r%l%d

applications. Onme base 3, or on the donor, an insulating layer 5 is provided, which is typically a
silicon dRRRREHEIOVRREIg kA %%‘f%%uﬁ&ﬂﬁ&afﬁ'éﬁéﬁalé% %Y@Srﬁﬁﬂrmcarcé%&f’%ﬁﬁvers might

also formdhentagekatimgfHagieeSen in cases when only a part of the SOI substrate leaving the
production line will be used to create the substrates according to this invention.

According to a third aspect of the invention, there is provided an optoelectronic sensor, in
particular an image sensor, comprising the semiconductor subsirate fabricated according
to the first or second aspect. As already mentioned above, the inventive methods allows to
create a superior substrate which in turn will also improve the qualities of the final product,

e.g. the image sensor. which uses the subsirate.

Advantageous embodiments of the invention will be described in the following in relation to

the Figures.

Figures 1a - 1c illustrate the steps of one embodiment according to the inventive method for

fabricaling a semiconductor substrate, and

Figures 2a - 2b illustrate a typical dopant concentration profile in a semiconductor
substrate fabricaled according to the invention in comparison to one
fabricated according to the prior art process.

According to step a) of the inventive method, a SOI! type substrate 1 is provided as
illustrated in figure 1a. One way to fabricate such a substrate 1 is the so called SmartCut™
technology. This method typically comprises the steps of providing a donor substrate, e.g. a
silicon wafer or a fransparent substrate like quartz, providing an insulating layer on the donor
and/or on the base substrate and creating a predetermined splitting area inside the donor
subsirate, which is achieved by implanting atomic species or ions, like helium or hydrogen



Over the insulating Igyer 5, a first semiconductor layer 7 is provided, which is typically a silicon layer.
prever,. also fqr this Ifayer, other semiconductor materials like germanium might also be used. The
thickness of the insulating layer is from about 50 nm to 1500 nm, preferably in a range of 100 nm to

400 nm. ThewemieRweisetor layer 7 typically has a thickness of 50 nm ta-89@mmspieierably 55 nm to
200 nm. _According to step b) of claim 1, illustrated in figure Ib, the next step of the inventive method
consists in doping the first semiconductor layer 7 to thereby obtain a modified first semiconductor layer
9. This can for example be carried out in a diffusion chamber 11, thus leading to an in-situ doping.

Typically, doping iscagbiest QUBLYHRD ARt HRROSAIPIRYIBIINS UBPRIRIN bR @14y Baskinds of
doping in a flow of hydrogen with temperatures of aﬁgu,t 900 - 1200C, preferg&%hllo - 1160C and for
UG

a time dGHRRIRISF SoPsct et 4SHRRN O SYREal AT BRI Y B Sof70 OEYS o a p++
semicongatin Bybtonihsatsopeaat Sorcentsatiprite Eiidnoendibe\domy/sniBiaid indsisehefin-

semicondyclor, V,2009/400330RC URRRIROIL0NIER Llaisrarysmme ancbiastolagy 1o an

layer with a dopant concentration of 1017 or more Atoms/cm3. The n(Fx,t steg) accordin% to the

| h
inventiori@fé}é’b@ﬂ&éif?ﬁﬂ%ﬂ%’iéf%qmvm% the AEBIRIaNNES RRILIB? A& 13 Ritfr s Hiferent
dopant cgagridrationthanitielane (Sthe substifies Brebtainidonittctiridayet®dT e srsuiaingically
carried oL & eRifeapionde AL EGSYILIN Aesand ReRURARAY RIS imecadd AchigyaiL iy gpitaxial
growth on thie maodified first semiconductor layer 9. For a silicon layer, the used precursor gases can
be TCS, thebass sikft@tand W B&Sﬁ'iﬁ@efhf?fﬁ&?e‘i’?ea@%‘?ﬁ%?ﬂﬁo(gﬁﬁﬁ’&é'ﬁﬂc??ﬁﬂ% 'ﬁ%p@g ~type dopants

are used. The growth typically takes place at a temperature of 1000- 1200C and a layer with a

thickness of up.to 8 pm be actbigv .ah 9i9 ] C Tolg¥i ;

1 B0aRa M Al s e REIRIOL e AQL4 to 1 X
1016 atoﬁ\%%%@.glgr%%;‘%%?ﬁ ‘Eﬁestﬁoﬁff?{g"’.s g?rleggo’utg urir%1 ghe %rcr)"\?vthtbf tkrlﬁeéseg%d semiconductor
layer by ia-bitsedbpirmicaius besedHavaraisrPeRsiigyon the appication also other materials are

suitable, like for example transparent materials, like quartz, which find their application in

optoelectronic applications.

On the base 3, or on the donor, an insulating layer 5 is provided, which is typically a silicon
dioxide. However, again other insulating materials fike silicon nitride or a stack of layers

might also form the insulating layer 5.

Over the insulating layer 5, a first semiconductor layer 7 is provided, which is typically a

silicon layer. However, also for this layer, other semiconductor materials like germanium

might also be used.

The thickness of the insulating layer is from about 50 nm to 1500 nm, preferably in a range
of 100 nm to 400 nm. The semiconductor layer 7 typically has a thickness of 50 nm to 800

nm, preferably 55 nm to 200 nm.

According to step b) of claim 1, ilustrated in figure 1b, the next step of the inventive method
consists in doping the first semiconductor layer 7 1o thereby obtain a modified first
semiconductor layer 9. This can for example be carried out in a diffusion chamber 11, thus
leading to an in-situ doping. Typically, doping is carried out with boron or phosphorous
atoms to obtain n-type or p-type kinds of doping in a flow of hydrogen with temperatures of
about 900 - 1200°C, preferably 1100 - 1160°C and for a time duration of 30 seconds — 4
minutes. This treatment will turn a p- semiconductor layer into a p++ semiconductor layer

with a dopant concentration of 10" or more Atoms/em® and in case of n- semiconductor



Figures 2a and 2b illustrate dopant concentration profiles of a semiconductor substrate fabricated
according to the first embodiment (Figure 2a) and a substrate fabricated according to the prior art
method described further above (Figure 2b). Figure 2a illustrates the dopant concentration on the y
axis versus axasesemseciion of the substrate on the x axis. Region | of thegppaniicangentration
corresponds to the second semiconductor layer I3 with a fairly constant dopant concentration of about
4 x 1014 atoms/cm3. The second Region Il corresponds to the modified first semiconductor layer 9
with a dopant concentration going up to 8 x 1018 atoms/cm3. The highly doped layer 13 has actually a
dopant profilewhich) copiiRKEI, ROBPIRNIFAININGIBRSAM AN ORARMBE HRSE]IRbIoYRATds the
subsequent buried oxide layer (BOX). This layer has’a thickness of 200 nm. Then, the buried oxide
insulatin§'A§ &8 fbresented in Region 11l In the shown example, which was fabricated according
to the invention, the base substrate 3 was a silicon wafer. In contrast thereto, Figure 2b illustrates a

copant prgfe et AR IS DU GTAIOH I & AU AR P et tin

p- (or n-) semiconductor layeris used as starting material over which a further semiconductor layer
with a p-SeieRPHBEsaES e Wit AT BV RRRENL kPRGNS 1hatetiie P%IabihadaahiBeadwly doped
semiconfiigetostayeidviiitigapant Thisastsp asiayppiddiecanded aful i 10 bpiatamsicns3astibsiequently,
in Region ll, the highly.do layer.has a n ratj [ t .
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semicon8eiBiep 1dyetoa RSy pledich BBIRARdYRIFHAY SO RIPSWARS GRF8Sg8RA PE. [8y8r & thus
positionegifiiwaeidhedprgians Hyanddhsihubeth axgadayrrgionite Rie teshftusiantstheslowly
doped thin semiconductor, layer in, Region IV has seen its dop nc jon increasing,..so that, in
the ond, SHE ORI AL e BB B Lo o = T A LTI | e
then dectdlhiskoessamh woviafisthedsubreacdhisiedaybe ERmpamgantaios Frefike ardppelatsithe for the

desired qptoqiegtionittapplisaians, therdteaile ilusdeyiag i8 Eigtse datisuisierablgoftcarding to a
second inventic}/e embodi eni the ste';?s .illu trateqﬂn Figur slbandl cglre carried out in the same
e et YA R

oplnapé?%e first semiconductor
layer 7 in an additional diffusion chamber 11, doping is carried out in the epi-reactor 15. This has the

advantagggthat onlyAReldeqingerds Woperrevidediaatpag efibuosHriwnpsnauths euekikiabrication
process ‘;s easier to carry out as Ft §(§)|-re}facior, ope@_vafer %ft r thanother |%tr éateigﬁl){vg?erifas in the
diffusion RRAGAIGS P55 xithd é’ly o WRrSRErE a8 FattHe Tiné ti?Hg. @3 in“particurar,

providingitherdiegite théapmn it vetibbthdesedber foghtcabove(bidaget 43 at the same time as the layer

is grown, the desired abrupt change over from high to low doped regions is achieved. This abrupt

change like illustrated in Figure 1 cannot be achieved wijth doping using implantation. With the
g A | e 198 Ml own

describe@ VAR AYRERH RSB TR SeHaR &0 daR BEXE Wit FE8 58ELT
methodssimbtteateriar e ¥\athisre Srgiotol the theodeparfocdabeivaiing aoresontutidheestrade which

starts frofp a3 FURSHERIE Wit @i iRy tOrstsamispasu i yriishe qressat ivenyipn brings
the advantage that dopant cross-contamination risk between Iowlg/ cfgped and hi hl%/ doped SOI wafers

within orfdaRsfifactlRGHFRNEReILRINFRIRP AT A thermarlicd b s 'Yt BYETirst
semicondithtarday@rscorinentraten dopmgsted = taffbatnmastendbpding pigifile drared &pehiévers which is

indepen%@%ﬂ{rtg%%ﬁm%%m%ﬁr&htmuousiy, monotonically, increases and becomes rather
flat towards the subseguent buried oxide layer (BOX). This layer has a thickness of 200 nm.
Then, the buried oxide insulating layer 5 is represented in Region lil. In the shown example,

which was fabricated according fo the invention, the base substrate 3 was a silicon wafer.

in contrast thereto, Figure 2b iilustrates a dopant profile that is achieved with the prior art
method in which a standard SOI substrate with a thin p- (or n-) semiconductor layer is used
as starting material over which a further semiconductor layer with a p++ (n++) dopant
concentration is provided. Like in Figure 1, Region [ iliustrates the iowly doped
semiconductor layer with its dopant concentration of the order of 7 x 10™ atoms/cm’.
Subseguently, in Region il, the highly doped layer has a dopant concentration going up to 7



With respect to the method in which the starting material is a standard SOI substrate with a p-
semiconductor layer over which a p++/n++ first semiconductor layer is epitaxially grown and over
which in turn the p-/n- second layer will be grown is that, with the inventive method, a higher doping

concentratiomwgamig aabieved inside the p++/n++ modified first semicongugtendayes; &and, in
addition, the concentration profile in the p++/n++ $ayer 9 can WO 20091106330PCT/EP2009/001382

9 be kept essentially flat or at least evolves monotonically over its thickness (see figure 2a), whereas it
decreases and then increases within the p++/n++ layer with prior art technique (see figure 2b). Thus,

with the inygritiye MethedT AP &SIBRLSARUGRRALGN kel GRMLBR Aelisvabanpich did their

applicatign in optoele Jro ics, in particular in image sensors. With the inventive method it is
furthermdte HBBTBIST AR AR BHBRAYS HRdavPIHS SPHis P OBRALREHER MBS RS aiton do
not depearmﬁdhdmswrwyésmysuwgteuanme tradéfﬁ_aitm;mmadevﬂp_pdngelemks,smicbrmamt depend
on the byllcdpaieral ayapables ée‘éW‘i{g”H&EHH&ec%ﬂB%ﬂﬂ‘éHSHtinf&%:ﬁﬁdHPQéo%(&%i PEHIRAY the

concentrafion Proflle by reducing the impact of a phenomenon ca ‘autodoping”. After doping the
first semRARTR ARG r thad igBtiAPRANRYG Y RRAYR MiESH AR (8587 FARIRRH Y irSrowth of
the secotitsestoamdscigsilayavalsvitidn blg ivetidet eryeon dothamiriggCiecantiabais A appsientional
doping of.the, d |GO : ise f, irs ican todoping
iy s e i (e Lo S, PATRATHIRS, TRET S AR YR 2 opant
release PERPIARSvalls of the deposition chamber walls or other parts of the chamber. Autodoping
actually leads to a certain degradation of the desired doping level in the layers 9 and 13, but also of

the ransiion sgion of e Riof. s Bepesn dhe ot oRed S a0y dengdiays: sand which
as an impact ort the electrical device characteristics.

carried out in the same device, namely in the epi-reactor 15, so that, in Figure 1b instead of

doping of the first semiconductor layer 7 in an additional diffusion chamber 11, doping is

carried out in the epi-reactor 15. This has the advantage that only one tool needs to be

provided instead of two. Furthermore, the overall fabrication process is easier to carry out as

in the epi-reactor, one wafer after the other is treated, whereas in the diffusion chamber 11,

approximately 100 wafers are treated at the same time. By, in particular, providing the

desired dopant level of the second semiconductor layer 13 at the same time as the layeris

grown, the desired abrupt change over from high to low doped regions is achieved. This

abrupt change [ike illustrated in Figure 1 cannot be achieved with doping using implantation.

With the described inventive method, the following advantages can be achieved with respect
to the k‘nown methods in the prior art. With respect to the process for fabricating a
semiconductor substrate which starts from a SOl substrate with a p++ or n++ first
semiconductor layer, the present invention brings the advantage that dopant cross-
contamination risk beiween lowly doped and highly doped 30! wafers within one
manufacturing line can be eliminated and furthermore, due to the doping of the first
semiconductor layers 7 in an own doping step, a tailor-made dopant profile can be achieved
which is independent of the starting SOI material.

With respect o the method in which the starting material is a standard SOI subsirate with a
p- semiconductor layer over which a p++/n++ first semiconductor layer is epitaxially grown
and over which in furn the p-/n- second layer will be grown is that, with the inventive method,
a higher doping concentration can be achieved inside the p++/n++ modified first

semiconductor layer 8 and, in addition, the concentration profile in the p++/n++.layer 9 can



The autodoping proceeds through a two steps mechanism: out-diffusion of the dopants from the
material into the chamber and then re-incorporation of the dopants during the subsequent growth of
the second semiconductor layer 13. According to the third embodiment invention out-diffusion can be
reduced by optimizingdize deposition parameters of the first and/or secondsermicondaesor layer, e.g.
the bake pressure, the bake temperature, the bake time, in situ etch, the deposition pressure, the
deposition temperature or the surface gas velocity. WO 2009/106330PCT/EP2009/001382 10
deposition temperature higher than 1000C or even higher than 1075C the autodoping effect can be

reducedpingigad idnafidifiantae mrthadresordinadaican thive-ambadimasn! eesigpinizpd
depositiorllgrecur,sors and/or doi nts..Instead of | slig%goron giphose’phq{ﬁ)us.atom as dogants, the

method SCESFRN G AEHERFREM BN ANS R ATEE LR S AR S Ve R YGHIER REACISSARIRGRy Sb, for
which a feelifigdreimdoping phenomenon has been observed which is attributed to a reduced
out-diffusion. On the precursor side, it is preferred to use silicon precursor molecules containing

chlorine ClI instead of usinl% silane. The more ClI atomsd'n the moIecufJIe the I‘ower the impact. of

autodopiPEHSTAIE 8718 MR EvEmeiAdS WReRRE SRIERNAUCHRT RV BRRIES AR &'ﬁvﬁﬂ“\i%%"@worse
than S1Hifdheiricippigaiiivis warstedleatidBiGidinFialigylahienitrge ssinedrsophith v invedtiheping

profile in fg.fitstaRd perandseTHSQISlECIOriaver 2 Angel 3BERRCNIRMRI suhRRAYEIHRgradation

can be prevented or at least kept lower by optimizing the subsequent thermal treatments. On the one
side this SETBE ARV ERIY HRRHR eRREN themts SIRTHRY iR Thse BRI AL IGr B P IRG the
above meiaterdgicgpers SihizhAs rathiapiivahdd tirePbwitimtiieraloweiatiffusion coefficient.

A third inventive embodiment, further improves the dopant concentration profile by reducing

the impact of a phenomenon called “autodoping”.

After doping the first semiconductor layer 7 to obtain the modified first semiconductor layer 9
and during the growth of the second semiconductor layer 13 with its lower intentional doping
concentration, an unintentional doping of the second semiconductor layer 13 can arise from
the first semiconductor layer. Autodoping may also arise from the backside of the SOI
substrate 1, thus from the base 3, but also from a dopant release from the walls of the
deposition chamber walls or other paris of the chamber. Autodoping actually leads fo a
certain degradation of the desired doping level in the layers 9 and 13, but aiso of the
transition region of the profile thus between the highly doped © and lowly doped layer 11 and

which has an impact on the electrical device characteristics.

The autodoping proceéds through a two steps mechanism: out-diffusion of the dopants from
the material into the chamber and then re-incorporation of the dopants during the
subseguent growth of the second semiconductor layer 13.

According to the third embodiment invention out-diffusion can be reduced by optimizing the
deposition parameters of the first and/or second semiconductor layer, e.g. the bake
pressure, the bake temperature, the bake time, in situ etch, the deposition pressure, the

deposition temperature or the surface gas velocity.

For instance with a growth pressure of lower than 400torr or even lower than 100torr, a
growth rate lower than 2 micron/min or even further preferred lower than 1 micron/min and a



1_1_ CIaims_l.Method for fabricating a 'semiconductor substrate comprising the steps of: a) providing a
S|I|cqn on insulator type (S01) substrate comprising a base, an insulating layer and a first
semiconductor layer, b) doping the first semiconductor layer to thereby obtain a modified first

semicondu_ctqrdgy@r/i@@g)c) providing a second semiconductor layer with@rgdifiaient dapant
concentration than the modified first semiconductor layer over, in particular on, the modified first

semiconductor layer, wherein doping, in particular by diffusion doping, and growth of the second
semiconductor layer occur at the same time.

deposition temperature higher than 1000°C or even higher than 1075°C the autodoping
effect can be reduced.

instead or in addition, the method according to the third embodiment uses optimized
deposition precursors and/or dopants. Instead of using boron or phosphorous atoms as
dopants, the method according to the third embodiment uses arsenic As or even further
preferred antimony Sb, for which a reduced autodoping phenomenon has been observed
which is attributed to a reduced out-diffusion. On the precursor side, it is preferred to use
silicon precursor molecules containing chiorine C! instead of using silane. The more Cl
atoms in the molecule the lower the impact of autodoping. Thus SiH4 is worse than SiH3C!
which in turn is worse than SiH2CI2 which is worse than SiHCI3 which again is worse than
SiCi.

Finally, when the desired doping level and doping profile in the first and second
semiconductor layer 9 and 13 are achieved, a subsequent degradation can be prevented or
at least kept lower by optimizing the subsequent thermal treatments. On the one side this
can be achieved by limiting the total thermal budget in time or temperature or to use the
above mentioned dopants Sb or As rather than B or P with their lower diffusion coefficient.



2.Method for fabricating a semiconductor substrate comprising the steps of: a) providing a silicon on
insulator type (S01) substrate comprising a base, an insulating layer and a first semiconductor layer, b)
doping the first semiconductor layer to thereby obtﬂn a modified first semiconductor layer, and c)
providing a second semiconductor layer with a different dopant concentration than the modified first
semiconductor layer over, in particular on, the modified first semiconductor layer, wherein step b) and
c) are carried out in the same fabrication deviceGlaipticular an epi-reactor. 3.Method according to
claim 1 or 2, wherein the dopant concentration in the modified first semiconductor layer is higher than

in the second semiconductor layer. 4.Method according to one of claims 1 to 3, wherein the second
semicondudtor Method for fabricating a semiconductor substrate comprising the steps of:

a) providing a silicon on insulator type (SOI1) substrate comprising a base,
an insulating layer and a first semiconductor layer,

b) doping the first semiconductor layer to thereby obtain a modified first
semiconductor layer, and

c) providing a second semiconductor layer with a different dopant
concentration than the modified first semiconductor layer over, in
particular on, the modified first semiconductor layer,

wherein doping, in particular by diffusion doping, and growth of the second

semiconductor layer occur at the same time.

2. Method for fabricating a semiconductor substrate comprising the steps of:

a) providing a silicon on insulator type (SOI1) substrate comprising a base,
an insulating layer and a first semiconductor layer,

b) doping the first semiconductor layer to thereby obtain a modified first
semiconductor layer, and

¢) providing a second semiconductor layer with a different dopant
concentration than the modified first semiconductor layer over, in
particular on, the modified first semiconductor layer,

wherein step b) and c) are carried out in the same fabrication device, in

particular an epi-reactor.

3. Method according to claim 1 or 2, wherein the dopant concentration in the
modified first semiconductor layer is higher than in the second semiconductor

layer.

4. Method according to one of claims 1 to 3, wherein the second semiconductor
layer is epitaxially grown over, in particular on, the modified first

semiconductor layer.

5. Method according to one of claims 1 to 4, wherein after doping, the modified

first semiconductor layer is a highly doped n++ or p++ semiconductor layer.



layer is epitaxially grown over, in particular on, the modified first semiconductor layer. 5.Method

according to one of claims 1 to 4, wherein after doping, the modified first semiconductor layer is a

highly doped n++ or p++ semiconductor layer. 11a 6.Method according to one of claims 1 to 5,

wherein in step c) the second semiconductor layer S provided as a n- or p- semiconductor layer.
6. Method according to one of claims 1 fo 5, wherein in step ¢) the second

semiconductor layer is provided as a n- or p- semiconductor layer.



12 7. Method according to one of claims 1 to 6, wherein the base is out of a transparent material. 8.
Method according to one of claims 1 to 7, wherein the modified first semiconductor layer has a
thickness in a range of 50nm to 800nm, preferably, 55 nm to 200 nm, and/or the second semiconductor
layer has a thickness in a range of up to 8pm, and}or the insulating layer has a thickness of 50nm to
1500nm, in particular 200nm to 400nm. 9. Method according to one of claims 1 to 8, wherein the

dopants usgd arg, 3,01 A8.40Melhod acegrdinglo one of claiime.A (9% whereln (g frstand/or
second semiconductor layer are dbtained by a process using chlorine containing precursor
gases. 11. Methbtdrsmpoating&besiaé of claims 1 to 10, wherein the growth pressure is lower than
400torr, in particular lower than 100torr, and/or the growth rate is lower than 2 micron/min, in particular

lower than 1 micron/min, and/or the deposition temperature is higher than 1000C, in particular higher

than 1075C8-12. eEtesd aeedding {6 opeeofHRENB td 110 whekdiergiap Weconasifissk: sy providing a
donor substrate saZ)asAvising Ay EIMAtNGIaNREQN e RRRr SURNMR Woakaseerhaikate.

55 nm to 200 nm, and/or the second semiconductor layer has a thickness in a
range of up to 8um, and/or the insulating layer has a thickness of 50nm fo

1500nm, in particular 100nm to 400nm.

9. Method according to one of claims 1 to 8, wherein the dopants used are Sb

or As.

10. Method according to one of claims 1 to 9, wherein the first and/or second
semiconductor layer are obtained by a CVD process using chlorine

containing precursor gases.

11. Method according to one of claims 1 to 10, wherein the growth pressure is
fower than 400torr, in particular lower than 100torr, and/or the growth rate is
lower than 2 micron/min, in particular lower than 1 micron/min, and/or the
deposition temperature is higher than 1000°C, in particular higher than
1075°C.

12. Method according to one of claims 1 to 11, wherein step a) comprises:

a1) providing a donor substrate,

a2) providing an insulating layer on the donor substrate or a base
substrate,

a3} creating a predetermined splitting area inside the donor substrate,

a4) bonding the donor substrate to the base substrate, and

a5) detaching a remainder of the donor substrate from the bonded donor-
base substrate at the predetermined splitting area to thereby transfer a
layer of the donor substrate including the insulating layer onto the base

substrate to form the SO! substrate.



a3) creating a predetermined splitting area inside the donor substrate, a4) bonding the donor substrate
to the base substrate, and a5) detaching a remainder of the donor substrate from the bonded
donor-base substrate at the predetermined splittin%area to thereby transfer a layer of the donor
substrate including the insulating layer onto the base substrate to form the SO! substrate. 13 13.
Opto-electrodBic syrises|dotpaitcutanispageisensartjacanprisiagdhesserucondusiprisingstritie fabricated

according to onesg&(!:clz L 593111%strate fabricated according to one of claims 1 to 12.



