FABRI CATI ON PROCESS OF A HYBRI D SEM CONDUCTOR
SUBSTRATE The present invention relates to a
fabrication process of a hybrid sem conductor
substrate, and nore particularly, relates to
si mul t aneous fabrication of hybrid sem conduct or
substrate. A sem conductor device, in which a
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semlconducptmgéay@n, is ewo as s hybrick seqmicondyctar dgyicg. Such a device can be
ctor region 111 forned on the sane bul k
used in rﬁ@ﬁ? ﬁ?&?E 103. The Sed region 113 and the bul k
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requi renents than non-Sed devices that perform

sim|ar tasks, and, hencer'C&?ow de faster sw tchéng .
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within the Sed region and the bul k sem conduct or
region are separated from each other by STI. However,
Devicest bembyibing d Seimn egiuhsc offer d@ﬂbczesadwm'hagaes tdwer more conventional
conventi onal _devi ce ha§ 5 follo f' li
semlconductor devices. For example, SeOl devices may e ow paras ic’ capacitances,
lower power consumption requirements than non-SeOl devices that perform similar tasks,
and, hence provide faster switching times for the resultant circuits. Since the SeQl region
can be provided with an ultra-thin BOX layer, threshold voltage (V) can be controlled by
changing the voltage of the underlying well and hence it enables back gate control with low
bias voltage. This back gate bias is applied through a well contact formed through the BOX
layer, wherein the wells within the SeOl region and the bulk semiconductor region are

separated from each other by STI.

However, the hybrid semiconductor devices such as the conventional device have the

following drawbacks.



2 Unlike the bul k sem conductor region, the body of
the Sed region is usually not connected to a
specific reference potenti @ which may allow minority
charge carriers to accunulate in that region, and,
hence a floating body potential can exist in the Sed
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This object is achieved with a method for manufacturing a hybrid semiconductor substrate
comprising the steps of: (a) providing a hybrid semiconductor substrate comprising a
semiconductor-on-insulator (SeQOl) region, that comprises an insulating layer over a base
substrate and a SeOQl layer over the insulating layer, and a bulk semiconductor region,
wherein the SeOl region and the bulk semiconductor region share the same base substrate;
(b} providing a mask layer over the SeOl region, and (c) forming a first impurity level by
doping the SeQl region and the bulk semiconductor region simultaneously such that the first

impurity level in the SeOl region is contained within the mask layer.



(b) providing a mask | ayer over the Sed region, and
(c) formng a first inpurity level by doping the Sed
regi on and the bul k seni coRductor region

si mul taneously such that the first inpurity level in
the Sed region is contained within the mask | ayer. 3
Wth the afore-nentioned nethod for manufacturing
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achieved onprise the steps of: (g) providing a Sed substrate;

According to a preferred embodiment, the method for manufacturing the hybrid
semiconductor substrate can further comprise the steps of: (g) providing a SeQl substrate;
forming the mask layer on the SeOl substrate; and removing a predetermined area of the
mask, the underlying SeOl layer and the underlying insulating layer to obtain the bulk
semiconductor region. Thus, the bulk semiconductor region and the SeOl region can be
formed starting from the same SeOl substrate. Compared to the prior art technique of the
Epitaxial Layer Overgrowth that can be used to obtain SOI islands within Si bulk starting
from a bulk substrates, the inventive method provides a simpler process and less crystal
defects.



form ng the mask | ayer on the Sed substrate; and
renovi ng a predeterm ned area of the mask, the
underlying Sed |ayer and #he underlying insul ating

| ayer to obtain the bulk sem conductor region. Thus,
t he bul k sem conductor region and the Sed region can
be forned starting fromthe sane Sed substrate.
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Advantageously, the method for manufacturing the hybrid semiconductor substrate can
comprise a step (j) of providing a spacer in an edge region of the SeOQl region adjacent to
the bulk semiconductor region such that the spacer extends at least from the surface of the
base substrate till the SeOl layer. The spacer can protect the SeQl layer and the insulating
layer of the SeOl region from damage while the mask layer is removed from the hybrid
semiconductor substrate, e.g. by etching, during step (i). According to a variant the spacer
can be removed after step (i}, e.g. by a wet etch using phosphoric acid.



Such a mask | ayer is thus easy to obtain and
furthernore suitable to trap the dopants. A deposited
silicon nitride layer or cbnbinati on of deposited
oxide and nitride |ayers can be wused as a mask. A CVD
oxide is, however, the nost practical froma
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Preferably, the method for manufacturing the hybrid semiconductor substrate can further
comprise a step of providing a shallow trench isolation (STI} to separate the SeOl region
and the bulk semiconductor region. By having such a STI, the well regions of the SeOl
region and the bulk semiconductor region can be separated and thus, the back-gate voltage
of each region can be better controlled.

The object of the invention is also achieved with a hybrid semiconductor substrate
according to claim 14 comprising: a semiconductor-on-insulator (SeQl) region, comprising a
base substrate, an insulating layer over the base substrate, a SeQOl layer over the insulating

layer and a mask layer over the SeQl layer, a bulk semiconductor region provided adjacent



insulating layer is not |less than 10 nm and not nore
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FIG. 1 ShaWs hickdssCatttibRalafdW 8F 8 Gonventional hybrid semiconductor device known
from the prior art;

FIG. 2 shows a cross-sectional view of the hybrid semiconductor substrate according to a

first embodiment;

FIGs. 3a - 3h illustrates a method for manufacturing the hybrid semiconductor substrate
1 of the first embodiment of FIG. 2,

FIGs. 4a — 4h illustrates a method for manufacturing the hybrid semiconductor substrate

1 according to a second embodiment;



Preferably, the hybrid sem conductor substrate can
conprise: athird inpurity region in the Sed region
and the bul k sem conduct or 7regi on wherein the third
impurity region in the Sed region is belowthe
second inpurity region within the base substrate and
further away fromthe insulating |ayer. By having
such an inmpurity region under the insulating | ayer,

threshol d voltage (Vt) fluctuations can be suppressed
FIG. 5 iHusirdies dhe stems oft piov r’(g),lr@mﬂtbéeve& Bresrding to a variant of the first
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cross-sectional view of a conventional hybrid

sem conduct or device known fromthe prior art; FIG 2

FIG.6 mMbstrsted € ERpSofspRividmpla spaer A9 tbeortingrioda variant of the second
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manuf acturing the hybrid sem conductor substrate 1 of
the first enmbodinent of FIG 2; FIGs. 4a - 4h
FIG.7 illustzates arfurher wasienbefl the firskampedimeri-ng t he hybri d

sem conductor substrate 1 according to a second
enbodinent; 7 FIG 5 illustrates the steps of
providing inpurity |evels according to a variant of
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accordingep tive mdehjorewllibegdescribpd imtletailon step; FIG 6

illustrates a step of providing a spacer 29 according
to a variant of the second enbodinment as illustrated

FIG. 2 |Il'uf§tr5trl=;-§a Kb ridadtiniEbielucton dUbstrateat @8cérdiny fohefirst @fibadiment of the

first embodinent. In the foll ow
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© dese in det alre%‘b FIG 2 illustrates a hybrid seni conductor
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The hybh@‘égmééoqﬂuc{gl?%ggé? tbola&%rﬂpnég%.té‘?gsé QFBQFH{E%C\FVHIF & ddificonductor-
ybrid sem con or su rate W |
on-insulator (SeOl) region 13 that comprises an insulating layer 5, a semiconductor layer 7

also called SeOl layer, and a mask layer 9.

The hybrid semiconductor substrate 1 furthermore comprises a bulk semiconductor region

11 adjacent to the SeOl region 13 and which share the same base substrate 3.

tn this embodiment, the base substrate 3 is a Si wafer, the insulating layer 5 is a silicon
oxide layer also called buried oxide layer (BOX), and the SeOl layer 7 is a silicon containing
layer. The material choice is nevertheless not limiting and other suitable materials, lke
germanium, gallium arsenide etc. could find their application for the substrate 3 and the
SeOQl layer 7. Concerning the insulating layer 5, other insulating materials than silicon oxide

can also be used.



be described with respect to FIG 3a to 3d. The hybrid
sem conduct or substrate 1 conprises a base substrate 3
with a seniconductor- on-ifBsulator (Sed) region 13
that conprises an insulating |layer 5 a sem conductor

| ayer 7 also called Sed I|ayer, and a mask | ayer 9.
The hybrid sem conductor substrate 1 furthernore

The thic rdfstﬁ§ @e@“la‘&e??”holﬁ&déﬁlb%lrﬁeﬁﬂ'r%@ a ValrdbRaeriost 20 nm, in
i on ich share the sane base

particulag Lmémlﬁlate@szgomnabqutsﬂbnﬁbm Ayt 20 Htmbabe iggifatincniayes S has a
thlckneséo )3(1: %en?{) % Gy int Ca(%trélgla%l'cﬂﬁe safY hts1@n?48tg %ﬂt 20 nm.

ayer als burie Payer
the Sed layer 7 is a silicon cont a| ni ng Iayer The

noconsf3bSob BT Se PRI SRk A g ver e

SeQl Iay@t q. Th@uhgslglavér Bhiai thisagrmbodiaiantis b o |Id)h&))ﬁﬂl}£bsﬂrl i cantext an
e

oxide deBOSItﬁdrmf ch%fﬁﬁb\taymgr fredian & hrithured: A dErsfsd allco fice tayer
or combi%ﬁéh Bﬁdé&%‘ﬁed BxidENgnd Rit§deRyErLéart &80 %%leédaé@fhdmhék layer 9.

his enbodi ment has a val ue of at nost 20
The ma%ahave&alisas a ghicknesenekat teashrAuB inlraarﬁﬁwab Valﬂbat thigkness from

aboutzogfgﬁ td BEodiHh@t i ng layer 5 has a thickness of at nost
In particular, a thickness fromabout 10 nmto

abo_ut 20 nm  Accor di ng to the invention, the Sed

I t j . .
the ol 4eMed e SR ACH {20 SoBRte, Mot ol P08, 172 n e
SeOl regio 11@amdox fickt .impuoritytiegelcioit iaxthe batk senicdedueposigied1bywherein
the firt RGN BgAYeh {14 HEnT SBGF reaion 48 15 B PaH JUm L IBReL e o

oxi de and nltride | ayers can al so be used as the nmask
mask layer 9 has a thlcknesE of  at

| ayer 9.
FIGs. 3aiothiayali r?’dbdlllﬁt@ﬁ%ﬁ Meios far MARRERELENG 1 ﬁqhwmg@t?o"ductor

substraté‘ I‘F’otf %@m@yémﬁgd%nﬁﬂgtrﬁb@arlh ¢1§epi conductor substrate
her conprises a first inpurity level 17a in the

SeCJ reglon 13 and a first inpurity level 17b in the
FIG. 3a Ml ha&%“é 8 btdr AL A%, (@Q@g%&bsi@&e 1hi TRE SeOl substrate
i mp e regi on

["eve I's contal ned
1a, in thiwie{nlrbcrdlmbet namlprISetyme !mselzdu@stratm; théinsugingdayer 5 over the base

substratéélﬁlﬁzit h%&eﬁ@rlgf%?%érQE% r}%n ﬁtﬁ@tigyérﬁﬁhgesn%%%%g?te 1a can, for
examplei b ubtainé® dy iISmat@JITP? technology, or any other suitable semiconductor-on-
insulator manufacturing method. The SeOl substrate 1a may have any suitable size or form
such as, for example, 200 mm or 300 mm type wafer. The layers 3, 5 and 7 have the
properties concerning material and thickness like already mentioned above with respect to
FIG. 2.

Prior to the following process steps the surface 1b of the SeOl substrate 1a may be cleaned
using for instance a Radio Corporation of America (RCA) cleaning.

Referring to FIG. 3b, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, comprises a step of providing a mask layer 9 over the
surface 1b of the SeQl substrate 1a. The mask layer 9 is an oxide layer, in particular a

silicon oxide layer. In this context, an oxide deposited by chemical vapour deposition is



FIG 3a illustrates a sem conductor-on-insul ator
(Sed ) substrate la. The Sed substrate 1 a, in this
enbodi nent, conprises the Base substrate 3, the
insulating layer 5 over the base substrate 3 and the
Sed l|ayer 7 over the insulating |ayer 5. The Sed
substrate 1 a can, for exanple, be obtained by

preferredSNR defpbHitdd SHEIP e I8eradty cathbiphticit of @Bp6sited oxide and nitride
sem conduct or-on- i nsulator manufacturing nmethod. The

layers C%ééjsoshﬁ)%?‘bﬁé the Mask A9ESARFORIING i Pevasiont The masklayer 9 is
deposﬂeﬁ YRy B sid ceeﬂ§§phrfe Sggg sUB%tf%te g%?rdgg@iggﬁﬁ%\r’@f 8 cheriéal vapor

ayers 3, ave t
depositione(CMD )aprocess. ﬂ'heakaﬁkslsyt'n &baalartbaulyemftatdﬁm Zammen particular,
r [ to the follow ng
with a thi r{\)%sessfzérgfa@%g{?% ﬁ?%bgog(tﬁ ﬂ{of the Sed substrate 1
a may be cl eaned using for instance a Radio

Referringefel 65 ot HoS In(RITP vaeHEth bl aF O RGNING Qe IR Hamiconductor

substratd¥ Din e TREM SAPSWIRTALE, fuﬁHé)fsédrﬁ-plﬁSekabféptcﬁf&ef"ddVﬁfg for example, by
enbodi ment, conprises a step provi di ng a mas

Plasma Geaoar 4 Bsiet STt e o T e S 1he ARG g Setisyer 7 and
the unde'ﬂi?ﬁllg ih&1&f nggla’y§r 8o BiA? al FMIR SemiconBa&tht Féﬂlcﬁ{ 1@ like illustrated in

I Tcon oxid ayer. In this context, an oxid
FIG. 2. a{'bpdggto@doltbt;zr cth@rpntlambmlg‘,gmcqg@pgtgirtrpgpm 151,9thus without material
It i i i ki de
remova!,gfrgﬁ;gg ?e.ggﬁ('\ogﬁgﬁs'?’gﬁ‘?%ﬁfugﬁﬁﬁ iR Fgé 9 ThgééelﬁF%rulk semiconductor
region 14l the Ss@Hregion I16 arestbrrha@estarﬁngaémm thengame &OI substrate 1a.

var.i ant. . The k lLayer 9 is posi t ed ,over e
The dimHipRbf 1 pdERimisit dredyefoyfd PRue 75 pelefhinshe for,cxample, by
the carcuﬁlw&glﬁlTh\é&nGér ofleRQAitiideoof tHeMledecantre. ardheantsk for example,
has a thickness of at least 20 nm in

several Sﬁ’é%‘f? EV'Meter§i t h a t hi ckness from about 20 nmto
about 30 nm Referring to FIG 3c, the inventive

~nmethod for manufacturing the hy br| d sem conduct o
According jps vaiiant of the, fifiemk e@hﬁaﬁjﬁmﬁtlliusﬁr@;qqq@rFlG 3b and FIG. 3¢

can be %?E%Eﬁng%‘as Phiit! &ReCbulk® icBﬂducft?FtﬁQé g} cahyalsgl Bé”FBrmed by

g, a prédetermned area o ['ayer 9,
removing ediér Iayrbnegem@naday@a gf thed underlyinh §eQlylayry 7 rand Htel ugderlylng

msulatm%; "?%Eegrt ) ab& éﬁ@iﬁé% %ygr“b i?:?ﬁetmeﬁ %dfé?ﬁw lﬁc?%?%'aeflﬁy ollénkﬁw SeOl

e region o

region 13.em conductor region 11, thus w thout materi al
renmoval, fornms the Sed region 13, like illustrated in
FIG 2. Thus, the bul k sem conductor region 11 and

A step hglgﬁht Se@g she@han F1@. 3¢ cofl o d0sinatd i70hnh r €N béebs&wed between
ed substrat
the bulk semiconductor reg?on 11 and the SeOl region 13. This is, however, not an issue for

the subsequent process steps, like photolithography.

Referring to FIG. 3d, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step (h) of providing a second
mask 15 with a predetermined pattern over the hybrid semiconductor substrate 1. This
second mask 15 provides the pattern for the doping steps. Indeed, the second mask 15
prevents the formation of an impurity level in the underlying area masked by the second

mask 15.



The di nensions of the predeterm ned area renoved above
is determ ned, for exanple, by the circuit design.
The order of magnitude of the predeternined area can
be, for exanple, several square nicroneters.
According to a variant of the first enbodi nent, the
steps illustrated in FIG 3b and FIG 3c can be

The sec&%@hﬁg.ﬂ ad. do-EELh%t an@ss*&HN%aﬁ)%‘Tb%iﬂ%hﬁHct (WREItRE sdfa&er the bulk
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semicongfctoneeaigit &t apdﬁq;g Sg@d]reglgrygﬁ Ac%mgmg He auadiapt, i gatact less mask
15b can F%%%@ﬁé&gaé mégg cgp&ﬂ‘njaslkhﬁ') %@?IEJ Eﬁié%rln%léa‘? then be

I ndepen over t ion 13. A step
hei ght h, as shown in FIG 3c, of about 40 nmto 70
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the bulk%@ﬁﬁédrﬁfu@tol re |Bnt1hesiﬁ1bft§ﬂiecﬁ@®%§|ﬁ@ﬂiefeﬁaﬁryt lbﬁﬁmpiantatlon The ion

onprises a step (h) providing a second

zmplanta;gpp HGa:srne@Eg)@pggi ,ﬁUﬁbdhapjathp dirst imparity ﬁge!h%ﬁ ingthe Skec%lsreglon 13 is
contalneﬁemtﬁ@n%‘:ﬁﬁsks ?élt At el dﬁéfﬁgslevélgc&%d p))??t%ﬂ% ]&etenmned by the

es t pattern for t opi ng ste deed
standardsé@@rnblomshodes Breferegd slophst spediasiaa Bf BanAs, rrptﬂ}rl ay energles

verucer) Bl Rkl LY 1 OR300 0 2426t per o
The doplrayie cbtb%d)e \itidopingt anck createls at muswrifrmﬂtydévelhéabu lthe SeOI region
se nduct . Sed .
13 and Sl P eveht e Pl B i lelhe 71 wpichgam be used
for suppaés%mgbﬂwme&h@ﬁ idiRgeqUYNdriaBets. 15, as illustrated in
7. Subsequent to providing the second mask 15,

st|II referring to FIG 3d, the inventive method for

Referrin Bule@ti&’é | g hb@ntmébﬁi%&oe%rc%ﬂu%ﬁfnnéuﬂét h@drﬁi %emid’(bnductor

first ‘embodi ment, further conprises a step o

substrate dr, i the rst pmbodimenis furer eomprigema stsmobiprang ahge@cn@ impurity
level 19§?q€lbr Sg & ﬂ'@ tﬂQdSe(Blh%§HJ1 k %’Hdcﬁ{édﬂﬁﬁ(oéeﬁm%%heﬁct% region 11
ST mul t aneous e

using preétera y ion i nplantati on.
simultarieouslyiagpiramiag iconinpdantatiqre fherio implaotativh 46 is performed such that

L npurit 7
e ool HhiuEIELIeh B, kP S8y T8 0l a8 pGRARA Bt 5 anc
within tHeypillk aemjicsreivetorisuedirbte 3.HEhe doping is a so called Groundplane-doping
(GP) and thus, creates an impurity level 19a, 19b that is deeper than the first impurity level
17a in the SeOl region 13 and the first impurity level 17b in the bulk semiconductor region
11.

Referring to FIG. 3f, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step of forming a third impurity
level 21a, 21b by doping the SeOl region 13 and the bulk semiconductor region 11
simultaneously again using ion implantation. The ion implantation is performed such that
the third impurity level 21a in the SeOl region 13 is below the second impurity level 19a
within the base substrate 3 and further away from the insulating layer 5. The doping is a so
called Well-doping and thus, creates a deeper impurity level than the second impurity level



standard technol ogy nodes. Preferred dopant species

are P, B, As, etc., at energies between for exanple

10keV-500keV and with dosekt of e.g. 5 x 1072-5 x 1013

atons per cnR. The doping is called a Vt-doping and

creates a shallow inpurity level 17a in the Sed

region 13 and a shallow inpurity level 17b in the
19a in the!ISe GBLRANY Gharthe &dicBAd JrpihiyClRvERTOD & dieeBulkl é&mlconductor

suppressing the threshold voltage (Vt) variations.
region1Referring to FIG 3e, the inventive method for

manuf acturing the hybrid sem conductor substrate 1,

in the first enbodi ment, further conprises a step of
Accordingdnmiarignta tiesequenicami the ion inplaitatkdesteps Blubtratgddn fdGs. 3d to 3f

can be elferget, R EReRRt2e Hidnh O8efrg s on i il antati on. The

ion inplantation 16 is perforned such that the second
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17b by dbpingRbed&ieQlTggion R ad Bfe bulk semisanduicips rmormdd siroultaneously as
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region 18 anditing balk tskenricbriduptor région I1e\s®humm,ouﬂlyb by dopi ng the
Sed region 13 and the bul k sem conductor region 11
si mul t aneously again using ion inplantation. The ion

The snmUIt‘G‘He@O& be)i@@ i$ o BhEH ad tHelsdid iMipdrity 1dve! 1 8a irtthe SeOl reglon 13
urit evel 2l1a in the Sed region

s under JGk dsulating ST 5 4L whiodie Base sRate %108 SibUoRas & 8 deeper

level doﬁlﬁé’ ahd "tk e orémey afde‘éBéF Wﬁpdrﬁ? 1thval ihag thé‘YPsft uﬁputhbqevel 17a in the
doping is a so called us, creates a
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k' sem conduct regi on
compris@\jusd twh mgpurity lexelsant, t he sequence of the ion
inplantation steps illustrated in FIGS. 3d to 3f can
be exchanged, thus performed in any order. According
The sectad maskribhetherarensoviedciftet e abhovetmentimrdidimpiantafion stepp e.g. by

etching.(d) and (e) can be repl aced

Referring to FIG. 3g, the inventive method for manufacturing the hybrid semiconductor
substrate 1, in the first embodiment, further comprises a step of removing the mask layer 9
from the SeOl region 13. By doing so the first impurity level 17a is removed which is
typically not useful for the formation of the electronic devices in the SeOl region 13. The
mask layer 9 is typically removed by etching. For the oxide mask usually a HF dip and for
nitride for example H3PO,4 can be used. The dopants in the mask layer 9 have the positive
side effect that the efching is achieved faster than in case of an undoped mask layer 9.



by a single doping step so as to forma single deeper
doping level. That is, the inventive nethod for
manuf act uring the hybrid s®ri conductor substrate 1,
according to a variant as shown in FIG 5, can
conprise two doping steps of (1): formng a first
inmpurity level 17a, 17b by doping the Sed region 13

Thus, a ﬁ{lﬁhd dEmiebhducteNEUbRAEICE YchleRal a whichss ) fré’ﬁlﬁﬁldﬁsl foriéd in the
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Implantiﬁﬁ%ﬁmgﬁéa?ﬁte substrate 1, in the first enbodi nent,

er conpri fes a step of renmovi ng the mask | ayer 9
fromthe Sed region 13. By doing so the first
[ enopyv ichis typicall ot ,
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ly a HF
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As the first impurity level 17a, which is not needed for the devices, is contained within the
mask layer 9, it can be removed together with the mask layer 9 after any one of the
implantation steps illustrated in FiGs. 3d, 3e and 3f. Thus, the mask layer 9 may just be

seen as a sacrificial layer.

Furthermore, the implantations conditions can be adjusted such that the deeper impurity
level 18a or 19a in the SeOl region 13 is under the insulating layer 5 and within the base
substrate 3. Such an implant profile helps in suppressing the threshold voltage (Vt)
fluctuations in tiransistors in the SeOl region 13 and, in case the obtained hybrid



isolation (STlI) 23 between the bul k sem conduct or
region 11 and the Sed region 13, in particular
bet ween el ectronic devicesl3orned therein, to prevent
current | eakage between the regions 11 and 13. The
regi ons above the inplanted inpurity levels 19a, 21 a,
17b,19b, 21 b and between the STIs 23 are filled by
semicon@ictoX s thateyy ers REGTIRIOFAM dpyitslRPaShf ‘i%ﬂ;l)_ﬁiv'eb@@AM stability can
oxi de, 2ba b and a nitride 27a, 27b he STI
also be agbipvetli cat i on is at the sane time used as an inplant
activation anneal step. Wth the above descri bed
manuf acturing process, it beconmes possible to obtain a
A seconthghntiodimemtfdos thventive selisid istidustrated ia fdGist 4afid dbt Compared to
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The secenghgmbedisiest worpsises @SPH@Wa@‘I%sﬁ@@eeiPr@Gﬁsoé@?soﬁs in the first

embodln’(i#rﬂnﬁhéi rSford tﬁ&ﬁe?ﬁ'@tloﬁ‘?ﬂ'tﬁ’@ steps | %réﬁ&g ur{ ERESL G 148N 4d — 4f

er type o ansistors iIn .
and 4h isgmitcepeaied mgameutbis 1m¢oronrq1ednlnereavdth by sefgrenees Iclérsents having
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other, angttheir zedpentieb areatheseforeveiot repsatedmgﬂimon uthendesxaiptioe of this

d. As the first | evel 17a, which
embodinfith, Ml e ePGroTed NEowEBY PRGB! ai ned wi thi n ¢ ho

mask layer 9, it can be renpved together with the mask
| ayer 9 after any one of the _inplantation ste

According o, e sed; AmBpegIEnt dhe veatiue methof] for manufagkying the hybrid
semlconhﬁé‘t’éf sShdtB¥e J1Ucfotrn;@H’sessée Qﬁ p'a‘oﬁ@i?ug'af §5AcRr Q%M%n edge region of

ernDre t he I anta i ons conditions can
the SeOhcqgum waéla@ﬁnmathe bHik seseigerdyatgyueniop 11, éh@tratﬁ@an&lG 4c. The

spacer ?99 @xﬂeﬂgg g fﬁfrﬁ Qh% %ugﬁcé Sf ;{H% Hask h.ﬁlb'ﬁﬂé%' g:]tlllgl%e interface 31

strate
betweemthpl%@l Iamemf?arei thelrpask layenppr essi ng the threshol d
voltage (Vt) fluctuations in transistors in the Sed
region 13 and, in case the obtained hybrid 13
The spasen?@ pnstectsthe SHGIt lapére7 JanidsthesiﬁﬂjlétmgSEM 5 of the SeOl region 13

from dargg&e Ig«?,@% &hoenr%’ase?ayrle%rlg \rlgnqm?e rom tﬁg Ihly ncy sgr?wpconghcs:’t%r g&bstrate 1,

e.g. by etching, during the step (i) illustrated in FIG. 3g and FIG. 4g.

According to this embodiment, the spacer 29 is a nitride. A nitride is one example of a
suitable material fo protect the insulating layer 5 during etching of the mask layer 9, as it
has different etching properties compared to the oxide used for the mask layer 9 and the
insulating layer 5. This effect is thus achieved for any material choice for the spacer 29 and
the mask layer 9 showing different etching properties.

According to a variant of the second embodiment, illustrated in FIG. 6, the spacer 29
extends at least from the surface of the base substrate 3 till the upper surface 33 of the

mask layer 9.



A second enbodi nent of the inventive nethod is
illustrated in FIGs. 4a to 4h. Conpared to the first
enbodi nent, an additional %tpacer 29 is provided in an
edge region of the Sed region 13 adjacent to the
bul k sem conductor region 11. The additional spacer 29
extends at |east fromthe surface of the bulk

sem conductor substrate 3 till the Sed layer 7. The
second enbodi ment conprises essentially the sane

Like illugbiatecfisFK3.ofts the spacermed iS5 removeshigdtibyeawet figh using phosphoric
i I i ' trated i
eid a1 B e85 PR 15 e isgPgid VoL 20, I

but is incorporated herewith by reference. El enents

The seclf gty oAl SRETA LR By (R ndth has e
additiondl heivantzigep evdti 5 uadercuting affahe inilatieplyted aghite SeOl layer 7

. the description of. this enbodinent, but are
during e?CHE‘Qr?fé?%F%&kﬁ@feé\% a0 hsyPre¥eRieEnce. According to the
second enbodi nent the inventive nethod for
manuf acturing the hybrid sem conductor substrate 1

Thus, wigpHsr akave disdeessl embpriganis Agd yaspalec the manuiactarpgprocess of
e yorSBctdd satls (50t 25 4 AeVbplti process tra
is cheapgpaioecarpp cuktaenfts daping:af tboth gagiche anly faneemaskt He needs to be

. r.at e ' t ' t ] -
prowdecgﬁﬁhﬁﬁczr% 1€|Is aaﬁ gh% hé%ﬁatgrge Pg%/sglglfegg %?ﬁtldstgg gigr‘c?%l Iaﬁaractenstlcs
of the devicedomnsed be tHseliybrideseenicdnduntortdubstrateul.at i ng | ayer 5

of the Sed region 13 from damage whil e the mask

| ayer 9 is renoved fromthe hybrid sem conduct or
substrate 1, e.g. by etching, during the step (i)
illustrated in FIG 3g and FIG 4g. According to this
enbodi ment, the spacer 29 is a nitride. Anitride is
one exanple of a suitable material to protect the
insulating layer 5 during etching of the mask |ayer 9,
as it has different etching properties conpared to
the oxide used for the mask |ayer 9 and the
insulating layer 5. This effect is thus achieved for
any material choice for the spacer 29 and the mask

| ayer 9 showi ng different etching properties.
According to a variant of the second enbodi nent,
illustrated in FIG 6, the spacer 29 extends at | east
fromthe surface of the base substrate 3 till the
upper surface 33 of the nask [ayer 9. 14



Like illustrated in FIG 4g, the spacer 29 is renoved,
e.g. by a wet etch using phosphoric acid after the
removal of the second mask!d5 and the mask | ayer 9.
The second enbodi nent of the manufacturing process
according to the invention has the additiona
advant age, that an undercutting of the insulating
| ayer 5 and the Sed | ayeraifsduring etching of the
mask | ayer 9 can be prevented. Thus, with the above
di scl osed enbodi nents and variants of the

A Rl B8 A TG TR0 eI SyBSTMERRINTIRD the steps of
process that 1is cheaper to carry out as for doping of

2 L B - Ry BB 9 Bnd B finuctoon

t hms&lla&:crt(SIeCH) regficar () ethias conprised anhinsWeating yef (ﬂi)rm.dar a hase

2 SHESAE (5 S e e (0 Ry I DsiatER dageiots), and a bulk

sugéwcah@ucﬁ@mgﬁﬂnnm1)hewﬁé@m$ 0k Se@) regioni dizygaad the bulk
hybri d sem conduct or substrate conpri si

seffBigradeater region (14 aharedhe samg Baﬁee‘?gibégaf@l@ =, t hat
conprises an insulating |layer (5) over a base
substrate (3) and a Sed l|ayer (7) over the insulating
(b)| aprovidirg) @ mask layesPkoverdne 6@62! uegion (tHgaph (11),
wherein the Sed region (13) and the bul k
sem conductor region (11) share the sanme base
(c)suﬁm;mlrm a fits)impably lprelvidant7la) bydépihgtee S(&ml regien (flBpand the

oGk Ebhdybr 38R {11} ey subna (4, e impurty tevel

t het 7a§) il theSy0Ioegidaqt By isfeeatamed Withingthawdskngwrgdy
such that the first inpurity level (17a) in the Sed
region (13) is contained within the mask layer (9). 2.
Thd Wi’etﬁB& b NifaBRIRH %Cﬁyﬂrid%rﬁlcbb{@!dt& Mr@@aw&@mg to claim 1
substrate according to claiml1 further conprising a
furtheg porgprising @ $teR Af:ng a second inpurity |evel (19a,
19b) by doping the Sed region (13) and the bulk
sem conductor region (11) sinultaneously such that the

(d)sefosming aspoend impeitellevel §t9a,i 19b) iy wing thegbe@! (ewdyn (13) and
'Sthlén%%fk s%ﬁlém ﬁ)tr' Fé%iériay(?ﬁ) (sg?l)nuﬂ%jeously such that the second

impurity level (19a) in the SeOl region (13} is under the insulating layer (5) and

within the base substrate (3).

The method for manufacturing a hybrid semiconductor substrate according to claim 2

further comprising a step of:

(e) forming a third impurity level (21a, 21b) by doping the SeQl region (13) and the
bulk semiconductor region (11) simultaneously such that the third impurity level
(21a) in the SeOl region (13) is below the second impurity level (19a) within the
base substrate (3) and further away from the insulating layer (5).

The method for manufacturing a hybrid semiconductor substrate according to one of

claims 1 to 3 further comprising the steps of,



wi thin the base substrate (3). 3. The nethod for

manuf acturing a hybrid sem conduct or substrate
according to claim2 furth@®r conprising a step of:

(e) forming a third inpurity level (21 a, 21 b) by
doping the Sed region (13) and the bulk

sem conduct or region (11) sinmultaneously such that the
third inmpurity level (21 a) in the Sed region (13)

(@) Spr#l égé?ﬁ%gﬂgto'r ﬁédl tok ?ﬁ&bl)@%.ﬁat@"ﬁ‘igﬁ' n the

base substra urt er awa romt

a TR S R of é%T§?¢JFE5§%é%?L%>2§'WEaSLEr of -
o %‘e'vm%n'%ﬁfdi“%%%#ﬁﬁﬂ%ﬁ@?%%‘g e Ff [ Sherlraeting SHot ayer

suftarat ¢he Lindgclyihg rinsulgtinid) éayem SB) Itayabtaif fheobulk leemiconductor
SeO suPisllﬁTrate (1 a); and renoving a predeterm ned
e mask layer (9), the underlying Sed |ayer
(7) and the underlying insulati ng Iayer (5) to obtain
the bul k sem conduct or ion 5. The net hod_ for
Thenginad deorr ﬁ“ﬁ@UféCWBBﬁjhE*é’ﬂﬁg §%'ﬁd?t96t56ﬁ5t°§ gHkstraie @ccording to one of

cla?‘ﬁf?rtgzln Jfﬂﬁﬂ&ﬁ&a%fte .clainms 1 to 4, conprising a step:

provi g a second mask (15) with a predetern ned
pattern over the hybrid sem conductor substrate to
(h)pr prositing laeséenaatriask (36) avithi anmetietprﬂn&m@l patternhevesirtbe hybrid

b o Ll e
hy hrraisked byrtteosetontdonasiufs) tatieg at:!eastkimegoit siemne), dj and e).

claims 1 to 5 conprising a step of (i) renoving the
mask | ayer (9) fromthe Sed region (13) after step

Thé))metihod Themantietiringra v aeiidonBdcter BMbstrdle according to one of
sem conduct or . substrate according to one of clains 1

clajrgs 8 to prrormprising steR¥ | ayer (9) and/or the insulating
| ayer (5) is made of an oxide. 8. The nethod for

ma ihd i adk VB 19 rRATHPSEE Fifiors 4B bitdt & :
M accm}ﬁ%\:an%{t 0 gnen%/? tgﬁ eGorPt1dy ep ©)

The method for manufacturing a hybrid semiconductor substrate according to one of
claims 1 to 6, wherein the mask layer (9) and/or the insulating layer (5) is made of an

oxide.

The method for manufacturing a hybrid semiconductor substrate according to one of

claims 1 to 7 further comprising a step of:

(i) providing a spacer (29) in an edge region of the SeOl region (13) adjacent to
the bulk semiconductor region (11) such that the spacer (29) extends at least
from the surface of the base substrate (3) till the SeQl layer (7).

The method for manufacturing a hybrid semiconductor substrate according to claim 8
further comprising a step of removing the spacer (29), in particular after step (j).



10.

11.

12.

13.

14.

clainms 1 to 7 further conprising a step of: (j)
provi ding a spacer (29) in an edge region of the Sed
region (13) adjacent to the bul k sem conductor region
(11) such that the spacer (29) extends at |east from
the surface of the base substrate (3) till the Sed
layer (7). 9. The nethod for manufacturing a hybrid
Thé ﬁfﬂtﬁéﬁ‘?ﬂ%%ﬁﬁu@%ﬁh? 3 ﬁyW@érﬁlcﬁﬁdﬁ&oﬁé@dﬁa@e absorting to one of

rirsing a ste renoving the spacer (

clam& ik, ay qemethegqupeQZQ) i¥ mam oﬁmglﬁ%@n{daa)meaal than the mask
Iayac fl@‘b‘éﬁfdu%‘ |Qa|?1Yt Héd sem conduct or substrate

to one of claims 8 or 9, wherein the spacer
(29) is made of a different material than the mask

| a , N cuI i nitri
g Bt i ape Gy RtyHaS ) B sSnfobiinit adbsuplt BpEFAG o one of
clamclrtdi ng, Wﬁeﬂsﬁe thé nl't(@élﬁlave][ 191 had & thﬂe'ro e85 roft diteleamisRO nm, in

has a thjckness o east nm ,.i.n

Pa'ﬁﬁ‘t"ﬁ 66# hickness ?Th thewmaslk f%@rﬁhle%%tk'eﬁ%mn ?é)"m anggot more
thah&®snrhhan 20 nm and not nore than 30 nm 12. The

nmet hod for manufacturing a hybrid sem conduct or

substrate according to one of clainms 1 to 11, wherein

Thé rFl’?eztﬁ‘@cpforj A ﬁufaé&%mﬁ%h@( d“jséljﬁollﬁﬁéwﬁf)r &4 sﬁ}%ﬁé a%@orﬁmg to one of

art cu ness e Se ayer
clamm 1| s 41t whereio thenSefdl layer §0x bas mathickngesamf ainmp@fr 20 nm, in

pa%@gﬁéﬁe hﬂﬁ(neﬁg %Z?I’{ %9? %}ég,l’ %7&?9? tﬂa}éisﬁtgtgg'ﬁmﬁ%ﬁdq{ot fHore than

20 hngwndiorng | ayer (5) is not |ess than 10 nm and not
nore than 20 nm 13. The nethod for manufacturi ng a

brid se ucto bstrate accqr
whglbiy e FSHIAIER [BHIS) HARcH SRRSISEY BrDgsica g i particular, the
tmcsdﬁa.bé. @Wh@r;ﬁaﬂatmgsmya:t 052% fStiéss tha)10tim apamt idde thHh 20 nm.
region (13) and e bul k sem conductor region

(11) 14. A hybrid sem conductor substrate conpri sing:
Th\é}\‘ﬂ?&ﬂb@%%@%ﬁ:@ﬂn Hgﬁbﬁ& %én‘ﬁéﬁl@uﬁto? e@b&ité Ja%é:ordmg to claims 1

eln the Se nprises a bas
to $2bkirthet eonpyisingra ﬁmofapﬁqvgilmgaye&ha@ig\)v tegngh rﬁﬁ@t!@@ésﬂ) (23) to
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A hybrid semiconductor substrate comprising:

a semiconductor-on-insulator (SeOl) region (13), wherein the SeOl region (13)
comprises a base substrate (3), an insulating layer (5) over the base substrate (3), a
SeOl layer (7) over the insulating layer (5) and a mask layer (9) over the SeOl layer

(7);
a bulk semiconductor region (11) provided adjacent to the SeOl region (13); and
a first impurity region (17a, 17b) in the SeOl region (13) and the bulk semiconductor

region (11) wherein the first impurity region (17a) in the SeOl region (13) is contained
within the mask layer (9).



15.

16.

17.

(7); a bulk sem conductor region (11) provided
adj acent to the Sed region (13); and a first inpurity
region (17a, 17b) in the SE& region (13) and the bul k
sem conductor region (11) wherein the first inpurity
region (17a) in the Sed region (13) is contained
within the nmask layer (9). 18 15. The hybrid
Thé ﬁ%ﬁ@@%?&oﬁﬂu&k&%ﬁﬁﬁﬁa@e Qéé‘d?ﬂﬁlllgrtg da‘imc‘i@WHe?‘éin iR $&0I region
region bul k seni conduct or
(1 Bﬂ @Qﬁ dhe pglk)segh@mmcgg rggmﬁ (bb)sﬁé'aé%ﬁﬁ same bpsg subsgrate(d.
hybri d sem conductor device according to claim 15,
further conprising a second inpurity region (19a,
Thé Sybrid setticonSeclor deyiceracchBling tal claine 15y flkther comprising a second

. ' d 11) wh
3G SRTEH LAY 157 P 800 i ) RS TR FBHELL Y region
(1yngherain the ééi‘;\oﬁg iﬁ'gn).lrlqnfégiwﬁ m%)tlh&hlesmgﬁir{jata |? ;nder the
rid sem co evi ce accordin
msg]a@p%laj}@r (@)andheithip dhg bass ﬁé)sgra?eh 33 inpurity r egl on
(21 a, 21b) in the Sed region (13) and the bul k

sem conductor region (11) wherein the third inmpurity
The dybod gemispndyctemeedegaceaigingntq elsjmi 15, furtber pﬂ@pnsmg a third

t ha&@ts
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(11) wherein the third impurity region (21a) in the SeQl region (13) is below the
second impurity region (19a) within the base substrate (3) and further away from the
insulating layer (5).



