1 Multi-Layer Structures and Process for Fabricating Sem conduct or
Devices Field of Invention The present invention relates to the
manufacture of an internedi ate sem copductor device conprising
mul ti pl e sem conductor and oxi de | ayers of different thicknesses.
Background of the invention Silicon-On-lnsulator (SO) sem conductor
devices are of increasing interest in present and future

sem conduct or manufacturing, for exanple, in the context of the
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1300 Cto 1400 C. In sone applications there is a need for providing
a patterned BOX structure. Usually, ion inplantation is facilitated
by a correspondingly patterned inplantation mask in order to obtained
patterned BOX structures. However, not only defect with a relatively
hi gh denkielg of brnveardionnask edge regi ons but in order to obtain BOX
structures with two or nore BOX t hi cknesses a second inplant using a
second conpl enentary inplantation mask or nore additional
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of different BOX | ayers of different thicknesses fornmed by ion

I npl antati on proves to be a further problem affecting the performnce
of eventually finished sem conductor devices based on SO structures.

Background of the invention

Silicon-On-Insulator (SOI) semiconductor devices are of increasing interest in present
and future semiconductor manufacturing, for example, in the context of the Comple-
mentary Metal Oxide Semiconductor (CMOS) technology. The buried SiO, (BOX)
layer of the SOI structure is conventionally formed by oxygen ion implantation beneath
the surface of a silicon wafer followed by an anneal process at typical anneal tempera-
tures of some 1300 °C fo 1400 °C. In some applications there is a need for providing a
patterned BOX structure. Usually, ion implantation is facilitated by a correspondingly

patterned implantation mask in order to obtained patterned BOX structures.

However, not only defect with a relatively high density form at mask edge regions but
in order to obtain BOX structures with two or more BOX thicknesses a second implant
using a second complementary implantation mask or more additional implantation
processes facilitated by a number of complementary implantation masks are needed
thereby significantly increasing the number of processing steps of the overall manu-
facture. Misalignment of different BOX layers of different thicknesses formed by ion
implantation proves to be a further problem affecting the performance of eventually

finished semiconductor devices based on SO structures.

Thus, despite the recent engineering progress there is still a need for providing meth-

ods for the formation of SOI structures comprising multiple Si and/or BOX layers of



2 different thicknesses that reliably allows for tuning the

t hi cknesses of the |ayers under questions. Description of the

I nvention The present invention addresses the above-nentioned need
and, accordingly, provides a nethod acgording to claim 1 conprising
the steps of providing a Silicon-On-lnsulator, SO, stack conprising
a substrate |layer, a first oxide |layer on the substrate |ayer and a
silicon layer on the first oxide |layer (BOX |layer); formng at |east
one fi r stiffesant driclofesse 0 telmbicddlomist flor tuning theddicsneéssesrof ity wyetsyunder
t her mal lﬁ é)s)ﬁoﬂi zing a part of the silicon layer (thinning at |east a
part of e 'SI'Ti con | ayer by oxidation); and formng at |east one
second region of the SO stack with a thinned first oxide |ayer (BOX
| ayer) by annealing, i.e. the SO stack is subjected to an anneal
process thereby partially dissolving at |east a part of the first

oxi de | apescfiptibh @Ptheivéatioayer) .

The present invention addresses the above-mentioned need and, accordingly, pro-

vides a method according to claim 1 comprising the steps of

providing a Silicon-On-Insulator, SOI, stack comprising a substrate layer, a first oxide

layer on the substrate layer and a silicon layer on the first oxide layer (BOX layer);

forming at least one first region of the SOI stack with a thinned silicon layer by ther-
mally oxidizing a part of the silicon layer (thinning at least a part of the silicon layer by
oxidation); and

forming at least one second region of the SOI stack with a thinned first oxide layer
(BOX layer) by annealing, i.e. the SOI stack is subjected to an anneal process thereby

partially dissolving at least a part of the first oxide layer (silicon oxide layer).

Thus, according to the invention SOI stacks comprising silicon layers as well as oxide
layers (BOX layers) of different thicknesses can be provided. The thicknesses can be
readily fine-tuned by appropriately controlled thermal oxidation and anneal. In particu-
lar, an SOI stack can be provided that includes a silicon layer with three or more re-
gions of different thicknesses and/or including a first oxide layer with three or more

regions of different thicknesses.

The first and second region may at least partially overlap each other. Thus, a particu-
lar portion of the SOI stack may comprise both a thinned silicon layer and a thinned
BOX layer.

Different combinations of relatively thin or thick BOX layers and silicon layers are ap-

propriate for different electronic devices. Thus, an SOI stack obtained by an example



Thus, according to the invention SO stacks conprising silicon |ayers
as well as oxide layers (BOX | ayers) of different thicknesses can be
provi ded. The thicknesses can be readily fine-tuned by appropriately
controll ed thermal oxidation and anneaB. In particular, an SO stack
can be provided that includes a silicon layer with three or nore
regions of different thicknesses and/or including a first oxide |ayer
with three or nore regions of different thicknesses. The first and
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st acks o8l hevieaswithhhigh sahadreand/or hidabower performance, for example, line driv-
ers, /O devices with high supply voltage of more than 1.5V, etc. In the context of high
(power) performance logic devices a relatively thick BOX layer is helpful in reducing

the coupling capacitance with the back gate when provided.

In all these applications the inventive manufacturing process exhibits an advantage
over the prior art in that more headroom for the formation of devices on the provided

SOl stacks on the same chip can be provided.

For instance, a flash memory device can be formed on a part of an SOl stack compris-
ing an thinned BOX layer whereas an FBC can be formed on the same SOl stack in a

region wherein the BOX layer has not been thinned.

According to another example, an FBC can be formed on a thinned BOX layer of an

SO0l stack and be provided with a back gate below the BOX layer. In particular, a back



For instance, a flash nmenory device can be fornmed on a part of an SO
stack conprising an thinned BOX | ayer whereas an FBC can be forned on
the same 301 stack in a region wherein the BOX | ayer has not been
thinned. 4 electrode can be inplanted4under the BOX | ayer which

m ght be thinned down to a thickness of sone nanoneters. The thermnal
oxi dation processing can be perforned in an oxygen atnosphere, in
particul ar, conprising 02/H2 or 02/ H2/HCI or 02/HCL without or with
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sired combination to meet the system on the chip requirement can be readily ob-
tained. Depending on the actually used reaction gases it may be preferred to perform
the anneal before the thermal oxidation in the same process chamber, in particular, if
inert gases are used for the anneal treatment. Thereby, contamination of the treated
SOl stack is not significantly enhanced with respect to processing in different process

chambers.

The inventive method may further comprise forming at least one shallow trench isola-
tion in the SOI stack after performing the anneal and/or the oxidation to define a first
and a second device area. Since the shallow trench isolation is performed after the
thermal treatment oxide filling the trench in order to form the shallow trench isolation is

not affected by the oxidation/anneal.

The inventive method according to an example may comprise the steps of



5 form ng a second oxide |ayer on the silicon layer and a first mask
| ayer on the second oxide |ayer; patterning the second oxide |ayer
and the first mask layer to expose a first part of the silicon |ayer;
and thermal |y oxidizing the exposed sificon layer to forma silicon
(di)oxide layer on the previously exposed silicon layer and a first
thinned silicon layer. It is noted that herein a particular part of
an initial layer and a part of the initial layer resulting from

t hi nni ngfonniry & esqmact oxide tdyer pathe silitar lapar andaa dirsteh askdagadorathe second
different | ayers for clarity reasons. Steps of the above nmethod can
be repeatdd®1@flis, the nmethod may al so conprise the steps of forning
(depositing the nmask | ayer and patterning it accordingly) a second
mask | ayer on a part of the silicon oxide |ayer fornmed by the thernal
oxi dat i oﬁatémameHE? ﬁawryﬂ ‘B’fdij%ilazﬁeﬁéng *‘E)%f‘%s" ma%ﬂ@/qritg SXPP§H AnE Pt ofdbe
layer | ogiptffiabengath the part of the silicon oxide layer that is not
covered by the second nmask | ayer thereby form ng another silicon

oxi de layer and a second thinned silicon layer. Alternatively, the
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above enhaslinarat hadhedelita pagscitr parvenah aiti 4 yee tandes paktdh 15 it Nayer
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fine-tunggeRYoRrBRFiEEE4R Y controlled thermal oxidation.
Co-integration of process nodules fromdifferent technol ogi es can be

facilitated.
Steps of the above method can be repeated. Thus, the method may also comprise the

steps of forming (depositing the mask layer and patterning it accordingly) a second
mask layer on a part of the silicon oxide layer formed by the thermal oxidation and
thermally oxidizing a part of the first thinned silicon layer located beneath the part of
the silicon oxide layer that is not covered by the second mask layer thereby forming

another silicon oxide layer and a second thinned silicon layer.

Alternatively, the silicon oxide layer formed by the (first) thermal oxidation may be re-
moved and a second mask layer may be formed on a part of the thus exposed first
thinned silicon layer and a part of the first thinned silicon layer not covered by the sec-
ond mask layer can be thermally oxidized in order fo form the second thinned silicon

layer.

By the above embodiments of the present invention structures with silicon layers serv-
ing as active layers located above a BOX layer can readily be obtained and the thick-
nesses of the silicon layers can be fine-tuned by appropriately conirolled thermal oxi-
dation. Co-integration of process modules from different technologies can be facili-
tated.



6 On a single chip nmultiple device areas for form ng individual

sem conduct or devices, for exanple, FTEs, can be defined wherein the
different device areas conprise active silicon |ayers of different

t hi cknesses. The different device area6 can be then separated from
each other by Shall ow Trench Isolation (STI) fornmed after the thermnal
oxi dation and oxide renoval processing to avoid the oxide renoval in
the STI region (so called Divot) resulted in higher |eakage or yield
| 0ss. ThQs,a singleablop endiislerdelying arephdor ieayingundivisiuat eerpicogéuctor devices,
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conprising the first thinned silicon layer and form ng a second
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process, in particular, at a Lerrperature f 900 Cto 1250 C, 7 .
layer and forming a second shallow trench isolation between the second device area
and a third device area comprising the second thinned silicon layer. Only one ST! can
be formed to separate all the devices after tuning the silicon and BOX thickness to
meet the circuit requirement. One or muiti STl is the option that can be chosen for

simplifying integration or minimizing topology.

By the formation of the STI, deterioration due to damages caused by stress induced in

the transition regions of the different device areas can be avoided.

According to the present invention not only the thicknesses of silicon layers above a
BOX layer can be tuned but, moreover, the BOX layer thickness can be varied. The
above-described method may further comprise the step of removing the silicon oxide
layer from the first thinned silicon layer and subjecting the resuiting structure to an

high-temperature anneal process, in particular, at a temperature of 900 °C to 1250 °C



in an anneal anbient conprising Ar and/or N and/or He2, thereby
partially dissolving the part of the first oxide |ayer beneath the
first thinned silicon layer in order to obtain a first thinned
silicon oxide |ayer. Accordingly, when7two thinned silicon |ayers are
formed according to an enbodi nent descri bed above the steps of

form ng the second mask |ayer on a part of the silicon oxide |ayer
formed by the thermal oxidation and thermally oxidizing the part of
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| ayer fromthe second thinned silicon oxide | ayer and subjecting the
resulting structure to an hi gh-tenperature anneal process, in
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first silicon oxide |layer (BOX layer) on the substrate |layer and a

si i con N@epnesal anebient campyigingeAl anepr Nagthereby partially dissdlving the part of
the first oxide layer beneath the second thinned silicon layer in order to obtain a sec-

ond thinned silicon oxide layer.

The high temperature anneal step to thinning down the BOX and followed by the oxi-
dation step to thinning down the silicon layer can be performed in the same process

cycle and tool.

Thus, intermediate semiconductors on SOI structures comprising both BOX layers of
different thicknesses and active silicon layers of different thicknesses in a desired
combination o meet the system on the chip requirement can be readily obtained.

The inventive method according to an example may comprise the steps of

providing an SOl stack comprising a substrate layer, a first silicon oxide layer (BOX

layer) on the substrate layer and a silicon layer on the first oxide layer;

forming a second oxide layer or a combination of oxide and silicon nitride films on the

silicon layer and a mask layer on the second oxide layer;



patterning the second oxide |layer and the nmask | ayer to expose a
first part of the silicon |layer; and subjecting the resulting
structure to an anneal process, in particular, at a tenperature of
900 Cto 1250 Cin an anneal anbient cBnprising Ar and/or N2 and/ or
He, thereby partially dissolving the part of the first silicon oxide
| ayer beneath the exposed first part of the silicon layer in order to
obtain a first thinned silicon oxide |ayer (thinned BOX | ayer). The
exposed pattarningghe setondhexigde lldaysomnddhe maskyaysr toexpbet elfiystalasbelfdbe sili-
from oxi gg %x{ E%I i,shing or other treatnent. By the anneal processing
of the p aa it gvered by the patterned second oxide |ayer and mask
| ayer partly and locally the first oxide |layer is subject to

di ssolution and oxygen,.can diffuse out of the structure thereb
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nitride layer and anot her” maski ng [ayer on the expose Irst ‘part o
the siliBOX lagnr; patterning the third oxi de or conbination of
oxide/silicon nitride |layer and the other mask | ayer to expose a
second part of the silicon |ayer; and subjecting the resulting
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part of the first thinned silicgn oxide |ayer. be th the expos
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anneal processing.
Particularly, the method may further comprise the steps of

forming a third oxide layer or combination of oxide and silicon nitride layer and another

masking layer on the exposed first part of the silicon layer;

patterning the third oxide or combination of oxide/silicon nitride layer and the other

mask layer to expose a second part of the silicon layer; and

subjecting the resulting structure to another anneal process thereby partially dissolv-
ing the part of the first thinned silicon oxide layer beneath the exposed second part of

the silicon layer in order to obtain a second thinned silicon oxide layer.

According to an embodiment the method also comprises subsequently removing the
patterned second oxide layer and mask layer and subsequently forming a further ox-
ide layer and a nitride layer aver the silicon layer and forming a shallow trench isola-

tion between a first device area comprising the part of the silicon layer that was previ-



9 ously covered by the patterned second oxide | ayer and mask | ayer
and a second device area conprising the previously exposed first part
of the silicon layer and conprising the first thinned silicon oxide

| ayer. As previously described, damage3 between devi ce areas caused
by induced stresses can be avoided by the provision of the STls. The
exanples for a nethod for the formation of 501 structures with
different BOX | ayers of different thicknesses nmay further conprise

t her mal | gustx cavered dytthe p@ﬁpw@édsercbn@ tOX';darlayerfartdheask layeoantl aysacond le-

arti cul r, [

b 021 v perr S En RS e BRRERT SpertRLbrEd! fe SGRReIS 4f it
arr?:)i en:j mgltaetfée?éﬂmtedrﬁlgl@fn 8%18e @%mhﬁigﬁeﬁoustmeieebryb@bt(mn]ng Between
t hi nne ilicon |a e so [ te anneal i n
hernal OR1ith S1eg CEHERY FEPPSS REtIen PR SAE ot b EedTaranb &Y RS TIs
order to sinplify and accel erate t he overall proce55| ng. The
procedure of masking and thermal oxidation_and maski ng and anneal may

be repeaf BY exaBPESOLA HUatAPHEPr do% fghetien of 88! @Hﬁﬁweﬁ Wi BdErEHRCX ﬂﬂye
silicon él%y(ﬁfoﬁﬁé}tenﬂﬂh Jkﬁé@ébts rany th—t}%g ﬁQQ Cr | g'ogudé% lrﬁ-)/é{p%s% first

di fferent thicknesses. exanpl es
mask | ayeaié otéhe gikcomi Iav¢rden p@memlgr in an Mygmatmsr)h@re,|n¢oﬁrt:¢utar,| @pan pris-

| ayer S. gggb /%FCF” ?%gﬂ-lnél W o%ﬁ'h?g.@ﬁ dﬂutl&rnﬂ I\F’ SO OB e{n?gt a

be d ef erence raw n the description,
r ef er encmmmarmd@ot 800 He tatthfianhenreyy obtrimieg atthlaneasrhcaremyeht o]
illustrate preferred enbodi nents of the invention. It is understood
t hat such enbodi ments do not represent the full scope of the

i nvent i OMhe ekegpsr @Sm?mempératdrb@in@aﬁ@ and exerill exeiziideanh rmv%sﬁr'fdrmed in
met hod for the nanufacture of sem conductor devices on an S

st ruct ur B1EcIAMP PEIGRES &BRMPET i5 ordgl i SMpiifvRd agcsiratentne gyseallgyocessing.

The procedure of masking and thermal oxidation and masking and anneal may be
repeated thereby providing SOI structures comprising both multipte silicon layers of

different thicknesses and multiple BOX layers of different thicknesses.

In all of the above-described examples the mask layers can be nifride layers, in par-

ticular, silicon nitride layers.

Additional features and advantages of the present invention will be described with ref-
erence {o the drawings. In the description, reference is made to the accompanying
figures that are meant to illustrate preferred embodiments of the invention. It is under-

stood that such embodiments do not represent the full scope of the invention.

Figures 1a - 1f illustrate an example of the inventive method for the manufacture of
semiconductor devices on an SOI structure comprising active Si layers of different

thicknesses.



10 Figures 2a - 2e illustrate another exanple of the present

i nvention wherein an intermedi ate sem conductor device on an 301
structure conprising BOX | ayers of different thicknesses is
illustrated. Figure 3 illustrates anotter exanple of the present

i nvention wherein thermal oxidation follow ng high-tenperature anneal
are subsequently carried out to obtain device areas conprising BOX

| ayers and active |ayers of different thicknesses. In the follow ng,
exanpl esFigiires et Redillfgirate raothen gixaoplg ef e preaeridndedivorwhireincas inder-

I R

respect thickhiegseseis :IIle&atemi if thinning of a silicon |ayer of an 301
stack is described whereas Figures 2a to 2e illustrate thinning of a
BOX layer. It has to be understood, however, that according to the

present Frjues i idistRaddahbtBePEREApe ¢f thkiregemandemtios iMHeP6IA thayesl cdith-
the process _of thinning the BOX | ayer can be perforned for the sane

301 ot achon folaMine NBAISTBETAWE F1Neahare SHeseaHRNiv PRTeHIoH: to gbfaily dgKice

conpri si BehaR dofPRER BOKiIsRs hﬁéf %E:tn?é‘l‘éy@rs&ﬁ%f%?er@t%ﬁkhéés@g a thinned
BOX | ayer may or may not overlap each other. shown in Figure la it

is provided an SO structure conprising a base silicon substrate

| ayer 1, an oxide layer (BOX layer) 2 and a silicon layer 3 that is
intended to formthe active |layer of a finished sem conductor device.
| nst ead of thei folleeing setzstplas ef & raethbd ifarcthe geantdadctura o semisenductr devices

carbon substr may be I’OVI de The oxnde er ma e.formed by
oxygen | R ePriapEaif 8 B Aich rine RPeesdt LivEntiH e desiBed Fith dopEEsto
silicon sigosé nate Figiyert andElimes be 18X Wineespedity FReirgs1 artont tidanad
according . to the fi nalganﬁyl cation. In the shown exa

le, th :
di f f er enP’ a&lice. ayeeq i 4Pk e s@ibeglevyhereas é%‘r%‘-?ngﬁgo 8@\?'{@%3%@5"

C, will bp chFeUB@)X ﬂ;@@r UPh&KRLBS uRblelshDdS 'hbbv%Q& kig @lccdrdiny ﬁ)eﬂh‘éfd@%nt
accordi ng to the thickness of an active Iayer désired for one of

devi ce afwastionshgthdbeipeecass &4 thinning the silies eyer a%mmpraﬁ@sSaofsthmnmrihe

nitride WI:&Q@' génn Eﬁg)reg’lo BPR R sgﬁ'lfgégyvgtagﬁ irk Hﬁ‘le&rn?\‘ég lﬁ]gpt:he ame.

structure Icon |ayer sequent ogr aphi c
phot o- In particular, a region comprising a thinned silicon layer and a region comprising a

thinned BOX layer may or may not overlap each other.

As shown in Figure 1a it is provided an SOI structure comprising a base silicon sub-
strate layer 1, an oxide layer (BOX layer) 2 and a silicon layer 3 that is intended to
form the active layer of a finished semiconductor device. Instead of silicon substrate 1
a silicon germanium or a silicon carbon substrate may be provided. The oxide layer 2
may be formed by oxygen ion implantation as known in the art. Furthermore, the base
silicon substrate layer 1 below the BOX layer 2 may be p+ or n+ doped according to
the final application. in the shown example, three different device areas, device area
A, device area B and device area C, will be formed. The thickness of the silicon layer
3 is selected according to the thickness of an active layer desired for one of the device

areas, say device area A.

A thin oxide layer 4 and a silicon nitride mask layer 5 are deposited or grown on the
provided SOI structure, i.e. on the silicon layer 3. Subsequently, a lithographic photo-

resist mask (not shown) is formed above the silicon nitride mask layer 5 and pat-



resi st mask (not shown) is fornmed above the silicon nitride nmask

| ayer 5 and pat- 11 terned. The parts of the thin oxide |layer 4 and
the silicon nitride nask |ayer 5 that are not covered by the
patterned photoresist nask are etched 1o achi eve the structure shown
in Figure 1 b. Then, the structure shown in Figure Ib is subjected to
thermal oxidation in an anbient conprising 02. For exanple, thernmal
oxi dation nmay be perforned at a tenperature in the range of sone 800
C to lio0®rmed.n harpaaitsmfsbh@rie oxisledayari /hgnd tieHglican Wzidedn &l lager § Hiat@re
wi t hout rvvl 2, Ar_or An__u rt

exposed Vtg{ecfhgqm I aétgm Ig %?to %'S%ﬁix|kd*?liﬁzeegtlgﬁ?fri ﬁé\)g‘;" Cb %geghle grt%f’tc?ﬁe
processi ﬂgawﬁl' huFigutdr@bsThieeothel styueturd sheawpaint Figutehl e dubjestad] tto nigerral

a first thlnned silic | ayer 6. an rtI into a,first silicon
oxi do. | aeRaten In e aB e ARG { e P Bl olhepa Do dation; ey b e
first defongedaiteatehtiithiere 8 m r‘é)'lgéQ:lﬂ%lbt‘rﬁé 800 theost1ooc@in ay tmdsphdré
the initial thickness, accord nprises the first thinned

silicon FRIyBTSBY Shaffz WeOp/Hz/ﬁCIm @Hﬁl ¥haet eraydh diputiqloineNs. Hitort e An
thinned g é’%ér fgrftﬂin Hgﬁ?'e&FBé@d SR ¥%EIheSsiifad |£§§% NRd MG r@%& A dfation

referred ent ayers for clarity reasons. e process
of t hi nnpbregessieg.i Husi tie glicdncleen JiseparBy Byned wstltiog it arfirdighineped silisdn

As iIIus 55{ ?%ngjnﬁﬁptﬂ;rﬁs (?afﬁ‘& (ﬂc(a ngc}eolag%rg? gé@or?]a&é\}lgéjgtaea device

exanpl e, ayer 1s orned rst S|I|con
oxi de | agesa B) adidcerdjtecefitst tlewbéler& {desdie emet\rA)d@:)mm@mg theegilicon layer 3
he conbined silicon n er 8.

Lgﬁ{)?ﬁgdrgﬁ%tl it ickfiess Ao qeniireBabe i ATRBSd sbeh st § fn

devi ce aprafrstsifdth kidlildyed 7aNbty thaethd heTreal papxe @atieomitial RYeSs S iand. the
By the further thermal oxidation processing in the unmasked device

area C t Ren-dyperckrpipare refrradie as W@td'ﬁ%ﬁﬁh@zaer@fpr eBmyIragRaNse s

t hi nned such that it results in a second thinned silicon |ayer 9
formed under the second silicon oxide |layer 10 that forns during the
further Thepmdessyf thinniog heTiniis! sibisondpyeropby axidaiintskdmie sareatnd. datilium
dlfferen s S | d f

thi cknostaEod LR, sCTRPGT. U ST BRI TFLRribiecs bEHFRivise tpyer s
appl i cat fovmes paivei tbatflrmshcdfbmdeﬂayeso?rranétadmhistcr tiensitieon bmnde mask
i nduced

n5|t| n regions at ed. the al f- ti
cont oo s PR B intieDY TetiieT s e RRe inas, Stiger Qunds puSkiBves &bt
st rai nedsimedrehitrtle magk Ryer myot@au&gad@ﬂaﬂeataﬁdmmwlo@l aréas Asidt®during a
deterioration of the finished sem onduc%t or devi C?PHQFN this reason

Shal | ow TEREEIR Rritaion Eepsssitm Y tBe Ty A§QnpIOPEISHRe I the
regi ons ﬁﬁm@sked"ﬂéﬁc@ai@adé %@Exﬁc&@@ 2P &fané ﬂ@tﬁ%&ﬁhc&ﬁlayéﬂ @%thﬁﬁ\%g

in Figure e. After etching t respective trenches an oxide is
deposi t eaU¢h1tftahé reswdisdh @ssecppd ﬂ@amﬁbs'bcorbg@y@m%fﬁrmd ynsleothe ggrond SIllcon

oxide layer 10 that forms during the further thermal oxidation.

Thus, by appropriate masking and oxidation different device areas comprising silicon
layers of different thicknesses can readily be formed on the same chip to meet specific
application specifications. However, some stress/strain can be induced at the transi-
tion regions (indicated by the half-elliptic contours in Figures 1c and 1d) between de-
vice areas A, B and C. These strained material regions may cause damage and may
give rise to deterioration of the finished semiconductor devices. For this reason, Shal-
fow Trench Isolation (STI) shall be formed in the transition regions (e.g., with a width
of some 20 to some 100 nm) as illustrated in Figure 1e. After etching the respective

trenches an oxide is 11 deposited in the trenches, for example, by chemical vapor



deposition (CVD). The STl is planarized with respect to the

t hi cknesses of the respective thicker one of the silicon |layers 3, 6,
9 that are separated by the STls. The depths and wi dths of the STI
are adjusted taking into account dopart2 depth in the different device
areas A, B and Cin order to avoid | eakage between the different
doped silicon regions. This holds for both the base substrate layer 1
| ocated bel ow the BOX | ayer 2 and the silicon layers 3, 6 and 9. It

i s not eddeprsitian&\RIpThg SThys plenaizedariéntespeet télt%/¢ driemesages Pibedesnas-
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transi stor be of different conductivity type and, "accordingly,

t he S|I|§@ﬁeﬁ%ﬁém§fgfeﬁﬂQMQ 9 conprising the channel regions of the
transi stors may be undoped or doped by dopants of different
conductivity types. Mreover, adjacent to the sidewall spacers 14
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oxygen resu n a thinned BOX | ayer 60 cover ed I con ayer

as it isfaqlitfed rbatﬂé%drffﬁrqritéup@e@ﬁeff Abthe (pelve) elieen féugrSs% &rskPween
silicon layer 20 and silicon layer 70). According to the present
exanpl e and as shown in Figure 2c and Figure 2d the nmaski ng oxi de and
nitride Pagther 4gample Fohameesentrinvedtiemis casotibed \Na'imra‘@mrmpetp Fguraada to
anot her |t I .
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area co S|n silicon | r 70, and, BOX | ayer. 60, tively. :
ot 1 onal P aidtitoed BT axBbdRvarAdan s ron B kieamesk 1R F0 e ey i
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Fi gure 2e shows the internediate senlconductor device in a further
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(and t hetyp@nngglaat a tempgratgenin)theranget of 1288, °G u¢e1 %ﬁﬁoﬁcom@m anbiest compris-

ing Ar or N, or He in order to cause some partial dissolution of the silicon dioxide BOX

layer 20. Oxygen from the BOX layer 20 is dissolved and out-diffusion of the dissolved



Whereas in the above-descri bed exanpl e, one anneal processing is
carried out to achieve a thinned BOX | ayer 60, the steps of masking
parts of the upper silicon |ayer and annealing thereby thinning parts
of a BOX | ayer covered by the exposediBart of the upper |ayer can be
repeated as desired. For instance, in the above exanple an additional
oxi de layer and an additional nitride mask | ayer may be fornmed partly
on the silicon layer 70 and the resulting structure may be subjected
to high- @H@peﬁ’ewtse'n arihieakd B@ﬁ(éay@ééiamvwegrbytﬂmerlaﬂrﬂ@ amibésallusteaied

::g\slglrted gy ]Jéréb 5}1@%2 OXIgﬁéteé%gﬂﬁ%ﬁﬂ&@S gi rgoggnedrés]h&%%g?m@'ree

di fferent deV| ce ar eas corrprl sing BOX | ayers of different thi cknesses
woul d resul t h houl d be not dthat he di fere 8}
di f f er enf SYHHERAR ee%re(?Bl?ta%?ng %88%?& ghra" F?é"% '%Lf’"

present ingveMidd and aitdide eaferc4d ¥n@|5|09@©d'em01¢édAﬁ‘:daélﬁ(ﬁﬁéryoﬂﬂétlam&fb bhe
exenpl ary rrﬁthod escribed with referepce to Figures_la to if

t he hand@noifgr wrtdﬁqﬁ@reﬂoeﬁr@efOfraeqtﬁgaveee e leyerse30 gpd ¢ do &W&?tEHaMor-

can be Cﬁ%ﬁbrﬁ‘%ﬁah%@lrﬁél‘eﬁy%ém Q@l?é{ro%v%%rﬂrﬁg%Hﬁtr@fngds‘?ﬁﬂo%%yém 4dand
both different BOX | ayers of different thicknesses an f erent

active sBPXdayen %&y@v%a WREONCId e vies aier qoRiRfisnassiiéoon layergdrandcBDRrlayartfd,

process C (

P ocess BrPERAN NopttENE Al ERn (RS, RydhRay (RGP dyeh) BATohEs
advant agaoae the bérige tfyer 8@ tb famlhtdtetlwhthogmpbesmoehanber wi th varying
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and anneRigure BS pRGWS ted ‘y&terﬁ@ﬁh&t@é@rﬂmasctcﬁﬁe\b@e ped flnm@rddaasgihg stage.
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si | i con 1QQ.ekfted pdanarizalian dictbe rdxistecbyniising lcbéleroehmchamﬁalgmheh 2he remain-
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hi gh-t err%/; r’&?ﬁ}‘@é Qg'ﬁég?%ﬂ@%%ﬂﬁ%%é% 8h0 rSf%‘P"%i% ﬁ“a?y%‘?‘“”fdeg"m
t her eby eé;iaéhgﬂlr@ theBEK!. | Siljein Iiagerde‘m eedevmeaarCséhﬁtas activel laped for tfield-
respect t ayer ris in vice ares a
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BOX layer 80 in parts not covered by the additional oxide and nitride mask layers.

thg fm ask-

Thus, three different device areas comprising BOX layers of different thicknesses
would result. It should be noted that the different BOX layers of different thicknesses

obtained according to the example of the present invention are perfectly aligned.



15 by etching and/or polishing. Simlarly, oxide |ayer 40 and nitride
| ayer 50 are renpoved to obtain an internedi ate sem conductor device
that can be used for formng transistors as it is illustrated in
Figure If or other CMOS devices. It sHduld be noted that STls can
preferably be formed in the structure shown in Figure 3 after the

t hi nning processes, i.e. after conpletion of the thermal oxidation
and the anneal. Simlarly, the STIs shown in Figures | e and 2e,
respect i Aelajreadain eyomest ﬂ’@dem maryooeibiods ideacribfedbmitm referencé éo figures 1a
oxi dat i of), Andy, hS-H@,eeﬁd t nge%\é!eQH%l rgé §8L{§ ﬁrﬁ?@@ tHEP MoaRa 2dh be
not i ntended as |n1 atio ut serve es’il'l'ustrating

f eat ur escanbinadvraotdag &s rrmfnufdm@re rmem:ormhuctolr ldemses mtbéaotﬂndéfes&mmx Feat-

I TN Sl s e e B
nesses. In particular, the process of thinning the silicon layer (see Figures 1a to 1f)
and the process of thinning the BOX layer (see Figures 2a to 2e) may advantageously
be performed in the same process chamber with varying process parameters (chemi-
cal composition of the reaction gases, temperature, pressure, etc.) appropriate for the
thermal oxidation and anneal, respectively. Both processes can be performed in the

course of one single continuous processing in the same process chamber.

For instance, consider starting from the structure shown in Figure 1¢ comprising de-
vice area A comprising silicon layer 3 and device area B comprising silicon layer 6
having a thickness lower than that of silicon layer 3. After complete removal of oxide
layer 7 previously formed by thermal oxidation high-temperature anneal can be per-
formed in order to thin the BOX layer 2 beneath the thinned silicon layer 6 as it is de-
scribed with reference to Figure 2b. Similarly, the structure shown in Figure 1d can be
subjected to high-temperature anneal after complete removal of oxide layer 10
thereby obtaining a BOX layer in device area C that is thinned with respect to BOX

layer 2 comprised in device areas A and B.

Furthermore, a manufacture processing sequence may comprise the principal step of
high-temperature anneal for thinning a BOX layer followed by the principal step of
thermal oxidation for thinning an active silicon layer as will described with reference to

Figure 3.

The starting point is the structure comprising a BOX layer 20 covered by silicon layer
30, thin oxide layer 40 and silicon nitride mask layer 50 as well as BOX layer 60 that is
thinned with respect to BOX layer 20 and covered by silicon layer 70 as shown in Fig-
ure 2b. Silicon layer 70 can now be thinned with respect to silicon layer 30 by thermal
oxidation at a temperature of some 800 °C in an ambient Ox/H, or O,/H,/HCI or
0,/HCI without or with dilution in a N> or Ar or He ambient, for example. Afier the ther-

mal oxidation the thinned layer 70’ is covered by a silicon oxide layer that is removed



providing a Silicon-On-Insulator, SO, stack conprising a substrate

| ayer, a first oxide |layer on the substrate |ayer and a silicon |ayer
on the first oxide |ayer (BOX layer); formng at |east one first

regi on of the SO stack wherein the sil1acon layer is thinned by
thermally oxidizing a part of the silicon layer; and formng at | east
one second region of the SO stack wherein the first oxide |ayer (BOX
llayer) is thinned by annealin 2. The nethod according to claim1,

wher ei n bretabingoandier pelisbinici S iatty, pxde taer 3R m]dzmlhgiee{a}serp%}ﬂ@rrﬂﬁwved
th
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oxi dizing are n-a Si
cont i nuotess ps ddedlassatep imAigues hf dreheoid@s devicesof t he at m)sphere in
t he process chanber and the tenperature are nodified according to
anneal and oxidation conditions. 4. The method according to one of
the precgdhogiddendted (eSS Bah Peefatablyensior®RE ih tHeStriddeeYhoidn tﬁ@
at | east _one second region at |least partially overl ap each other

The met hdd"iee diF HiiPRNE Freprsses. 'teh@ff&r seEisligh Qf dhardhermal opigiation and the
conpri si Bend4r SiMigrigt thbe@ﬂg sraeﬁzmsmﬂ d,[meé Heehod, jg%iﬁ%drt]@@]g @e&hfe RPhed

stack after performn t he anneal and/or the oxi ine a
first andfter costdaliprdeiiadie the tharma@ orftiatipeenddhasareali ng to one of the
preceding clains, further conprising:

All previously discussed embodiments are not intended as limitations but serve as
examples illustrating features and advantages of the invention. It is to be understood
that some or all of the above described features can also be combined in different

ways.



17 formng a second oxide |ayer on the silicon layer and a first mask
| ayer on the second oxide |ayer; patterning the second oxide |ayer
and the first mask layer to expose a first part of the silicon |ayer;
and thermal |y oxidizing the exposed sil6 con |ayer to forma silicon
oxi de layer on the previously exposed silicon layer and a first
thinned silicon layer. 7. The nmethod according to claim®6, further
conprising formng a second nask |l ayer on a part of the silicon oxide
| ayer an@laims mal |y oxidizing a part of the first thinned silicon

| ayer | ocated beneath the part of the silicon oxide |ayer that is not
covered by the second nmask | ayer thereby form ng another silicon

oxi de | ayer ameétdseenidingtheiebwing seps: | ayer. 8. The net hod
according to claim6, further conprising subsequently formng a
shal l ow trench isol ati on between a first device area conprising the

part of the S‘Jﬂoklﬁd%é@l%bnf@{ lr@D%YérOB@D’stQ&P@&ﬁﬁrlé?b{g b@@b@@étb%mda first
second oxide | ayer and first mask Iayer and a second device area

conpri sing t h@X'W rayer o theestbstrpie el apera siicommipyemennibe fisglcoxide fayer
to claim?7, ?' orrprl sing subsequently forming a first shallow
trench isol at on gtwéen a first device area conprising the part of
the silicon |ayer not previ ously exposed by the patterned second

oxi de | ayer S r._an devi ce ar r|S|n
Che Tiret o ol g3 She i el &, F S R i fe SIIBh it

i sol ati on bet threredttyetheecalyhxitixing @ pariest taadilison lyerd af@vi ce ar ea
conprising the second thinned silicon |ayer.

forming at least one second region of the SOI stack wherein the first oxide

layer (BOX layer) is thinned by annealing.

2, The method according to claim 1, wherein the steps of annealing and thermal

oxidizing are performed in the same process chamber.

3. The method according to claim 2, wherein the annealing and thermal oxidizing
are performed in a single continuous process step wherein the composition of
the atmosphere in the process chamber and the temperature are modified ac-

cording to anneal and oxidation conditions.

4, The method according to one of the preceding claims, wherein the at least one
first region and the at least one second region at least partially overlap each

other.
5. The method according to one of the preceding claims, further comprising form-
ing at least one shallow trench isolation in the SOI stack after performing the

anneal and/or the oxidation to define a first and a second device area.

6. The method according to one of the preceding claims, further comprising:



10. The method according to claim®6, further conprising renoving the
silicon oxide layer fromthe first thinned silicon |ayer and
subjecting the resulting structure to an anneal process, in
particular, in an anneal anbient conpri‘sing Ar and/or N2, 18 thereby
partially dissolving the part of the first oxide |ayer beneath the
first thinned silicon layer in order to obtain a first thinned
silicon oxide layer. 11. The nethod according to claim7, further
conprising r ef%m?/ﬂﬁlga sheorst trdde dvier oorthe siliden layee antl reofinst mask éay@ndn the
thinned silic [ I and subjecting the resulting structure to
an anneal pro%%%gé(ﬁﬁkﬂg%%?cular, I n an anneal anbient conprising Ar
and/or N2, thereby partially dissolving the part of the first oxide

| ayer beneath the second thinne ilicon |layer in order to obtain a
sevond ¢t nneRRTTTEANE Sxrae Py Bver S5 e SE rindh Haiet & crhipers ghear
of the cl ai meoflthé@iligon fayet;heid conprising: formng a second oxlde

| ayer on the silicon |ayer and a nask | ayer on the second oxide

| ayer; patterning the second oxide |layer and the mask |ayer to expose
a first part glrhlf SlikizH8Mhé 8¥S6sed®ifbon layer to form a silicon oxide layer on the

previously exposed silicon layer and a first thinned silicon layer.

7. The method according to claim 6, further comprising forming a second mask
layer on a part of the silicon oxide layer and thermally oxidizing a part of the
first thinned silicon layer located beneath the part of the silicon oxide layer that
is not covered by the second mask layer thereby forming another silicon oxide

layer and a second thinned silicon layer.

8. The method according to claim 6, further comprising subsequently forming a
shallow trench isolation between a first device area comprising the part of the
silicon layer not previously exposed by the patterned second oxide layer and
first mask layer and a second device area comprising the first thinned silicon

layer.

9. The method according to claim 7, further comprising subsequently forming a
first shallow trench isolation between a first device area comprising the part of
the silicon layer not previously exposed by the patterned second oxide layer
and first mask layer and a second device area comprising the first thinned sili-
con layer and forming a second shallow trench isolation between the second
device area and a third device area comprising the second thinned silicon

layer.

10.  The method according to claim 6, further comprising removing the silicon oxide
layer from the first thinned silicon layer and subjecting the resulting structure to

an anneal process, in particular, in an anneal ambient comprising Ar and/or Na,



subjecting the resulting structure to an anneal process thereby
partially dissolving the part of the first silicon oxide |ayer
beneath the exposed first part of the silicon |layer in order to
obtain a first thinned silicon oxide It@yer. 13. The nethod according
to claim12, further conprising formng a third oxide |ayer and

anot her mask |ayer on the exposed first part of the silicon |ayer;
patterning the third oxide | ayer and the other mask | ayer to expose a
second part ofherdhy paitinbonlidsaiving thendart X9 tbedusidoyde tlaysdr haneadh ithe dirst

I [ dey,. ' hi .Sk s ' X :
et od BB a7 d DbNEH WA L5l
renovi ng the patterned second oxide | ayer and mask | ayer and

subsequently form further oxide layer and a nitride |ayer over

the il i dbn | Kemeliief REraRg ta Al SHANG SREIPTELEIaTouRosBe R Siicon
first device gkiga | SIS Y sédhdPBirinedfsiliddn Gidd ReBr hAY /Ubjebatg WrSre-
previously covered by the patterned second oxide | ayer and mask | ayer

and a second 8¢UNEalraFiere ARHANENGrAIeES ph SFF Ay INeXpBRaR! AMPRNt FarT
f; te fe silicopidiRy aF aARMHrFQTRIred N SartiBfy bisESkinghOBEH Fithd BRD ok Wyer
yer- beneath the second thinned silicon layer in order to obtain a second thinned sil-

icon oxide layer.
12.  The method according to one of the claims 1 to 6, further comprising:

forming a second oxide layer on the silicon layer and a mask layer on the sec-

ond oxide layer;

patterning the second oxide layer and the mask layer to expose a first part of

the silicon layer; and

subjecting the resulting structure to an anneal process thereby partially dissolv-
ing the part of the first silicon oxide layer beneath the exposed first part of the
silicon layer in order to obtain a first thinned silicon oxide layer.

13.  The method according to claim 12, further comprising

forming a third oxide layer and another mask layer on the exposed first part of

the silicon layer;

patterning the third oxide layer and the other mask layer to expose a second

part of the silicon layer; and

subjecting the resulting structure to another anneal process thereby partially

dissolving the part of the first thinned silicon oxide layer beneath the exposed



15. The met hod according to claim 12, 13 or 14, further conprising
thermal Iy oxidizing the exposed first part of the silicon layer, in

particul ar,
or 02/ H2/ HCI

I n an oxygen atnosphere, in particular, conprising 02/ H2
or 02/HCI without or witH®ilution in N2 or Ar or He

anbient at a tenperature of 800 C to 1100 C, thereby obtaining a
thinned silicon |ayer.

14.

15.

second part of the silicon layer in order to obtain a second thinned silicon oxide

layer.

The method according to claim 12, further comprising subsequently removing
the patterned second oxide layer and mask layer and subsequently forming a
further oxide layer and a nitride layer over the silicon layer and forming a shal-
low trench isolation between a first device area comprising the part of the sili-
con layer that was previously covered by the patterned second oxide layer and
mask layer and a second device area comprising the previously exposed first

part of the silicon layer and comprising the first thinned silicon oxide layer.

The method according to claim 12, 13 or 14, further comprising thermally oxi-
dizing the exposed first part of the silicon layer, in particular, in an oxygen at-
mosphere, in particular, comprising O./H, or Ou/H/HCI or O,/HCI without or
with dilution in Nz or Ar or He ambient at a temperature of 800 °C to 1100 °C,

thereby obtaining a thinned silicon layer.



