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| NVENTI ON The invention relates to a nethod f Qg so
fabr| cating a germaniumon insulator (Ged) type
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wWakhaSd mﬂggm,ayas an interesting material for
sem conduct or devi ces, besides the w dely spread

silicon. Like nore and nore silicon devices are
fabricated on silicon on insulator (SO) type wafers
0 %revent | eakage currents, the sanme trend can be
METHOD FOR FABRICATING A GERMAN IUMVONINSULATOR
The maj or difference between silicon and germaniumis

the fact that, unlikEGeQ@I)sTHPE WAFKER di oxi de, the

native germani um oxide is not stable enough to play
the role of the dielectric in a Ged type wafer. To
overcone this problemit has been proposed in the

PR B QR HE PRESENTISPRNFION. (5. ((To ™ For in o
stance sil | con di oxi de nade from TECS or Si H4
etra-e 03|I|c e TEQS) . or. h tenperature
b?i '(ﬁ‘é@n% afﬂs ngI {Qfeq %ﬁlggsgcae%{gam%ron insulator

@e@mpNﬁe wafqrg:on ni _t ride (Si3N4) or germaniumnitride
as dielectric. These layers are usually

dep03| ted by | ow pressure chem cal vapour deposi- tion

D(prfév ks ﬂbhmel%Faélésﬁoﬁgeéﬁd: ﬂ'olé@%%‘n‘ﬁ\a%?msfs éﬂ Nnteresting

(PECVD) . el ectrics are deposi
n@é&rnﬁlnfqm‘semmﬂnmtmf devicest dmsedesamhe awidelyr speeachrsilicon. Like

d _on _anot
mto% :arnéif"mo&gfshf’c%srﬁéﬁ\\/lggfé% QSﬁgﬁ%dogh %‘ﬁ 150N, AN drsu ator (s0I) type
wafer'sdo_npmrekmtdealmgesmrmmts,htrw samiectrpad cdrhde observed with re-
s BN TEE Sown on germanium. The major difference between silicon

and germanium is the fact that, unlike the stable silicon dioxide, the native
germanium oxide is not stable enough to play the role of the dielectric in a

GeOl type wafer.

To overcome this problem it has been proposed in the prior art to use silicon
dioxide-like layers such as, for example, low temperature oxide (LTO), for in-
stance silicon dioxide made from TEOS or SiH4, tetra-ethyl-ortho-silicate
(TEOS) or high temperature oxides (HTO), or non oxide-like layers such as,
for example, silicon nitride (SisN4) or germanium nitride (GesN,) as dielectric.
These layers are usually deposited by low pressure chemical vapour deposi-
tion (LPCVD) or plasma enhanced chemical vapour deposition (PECVD).
Those dielectrics are deposited on a bulk germanium wafer or, for instance, on
a thin germanium layer which has previously been provided on another type of
wafer such as, for example, silicon or silicon carbide wafers which are cheaper

than germanium wafer.
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deposition of the auxiliary dielectrics does however

have the following problens. First, the deposition of

Etng P &liary layer dielectrics neans that the

d,,n,g&g, gd,j, aNBhabetween Si Q2 | dyers and Ge is not well Soitac
&csoiMant@lsse canwdildosetdt nt er - f ace depends on the surface
preparation that has been done on the Ge prior to
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infertacso aves PetupensSiQ2 layeseand &ip4s awtiwell Iﬁ:@mwllleyl This inter-
50l L SO 555 b o G prir

carry out a po
teudepasition (tfcbiemﬂanmsnlemingmdSenoadl ¢disonedessdtyr tovgarry out a

itpsShheaing T BRGCRY rioroia B sif e anwalbps slectrical prop-

etthes afutrfeadieposited lalyerebonrmrh tthea rd ﬁh@s@l&saéﬁéﬁted layers is
l fact, the typical to obtain a

CSampalor S bREalY aspwrolayers apddherafbbe it becomes neces-
séﬂbﬁd Al ol Eep@tls%ﬂﬁm'owéi( & ImpHA Il §uﬂ’5fsa qeuallty of the de-

substrate conprisin an ep I taxi aP ger mani um
popited tanrd damesied @xi n@urleg t@ﬁdfaqgmat@nenrone@lseot ai GeOl wafer

the(‘;%tﬁﬁSEthglr;ag‘tg%;@héﬂfél@&ﬁ B%g@tér‘?‘ﬁ'ﬂbgﬂaﬁmoﬁeség Hi§ Yifrace is to

ubstrate

be hansgechtmalhanstensobattatend c) transferring of a thin
Ge | ayer together with the dielectric |ayer onto the

handl e substrate by detaching a part of the source
Insfdct| thea ¢ypitabway doi abtalrnyacked ewb@wiet eoniprizds the steps of. a)

prrrpglI ﬁ'gltntg'ug rca srl.&#rtnaﬂ%eﬁlgg%t IggH'anﬁﬁTrl? e?lsdb%t}aqg or a substrate
comprising an epltaX|al germanium layer, with the deposited, annealed and
polished dielectric layer on one main surface, b) attaching this structure to the
handle substrate to form a source-handle-compound and c) transferring of a
thin Ge layer together with the dielectric layer onto the handle substrate by
detaching a part of the source substrate at a previously created predetermined
splitting area, being essentially parallel to the one main surface, from the re-

mainder of the source-handle-compound.

In view of the abovementioned problem that the native germanium oxide can-
not be used as dielectric on a GeOl type wafer and that therefore other types
of oxides or nitrides need to be deposited, annealed and polished, the state of
the art GeOl wafers suffer from low quality dielectric films, a low through-put in
production and as a further consequence a high cost per wafer.

It is therefore the object of the present invention to provide an improved fabri-
cation process of GeOl type wafers overcoming the abovementioned problems

related to the dielectric.
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mai nder of the source-handl e-compound. In view of the
abovenenti oned problemthat the native gernmani um oxi de
can- not be used as dielectric on a Ged type wafer
and that therefore other types of oxides or nitrides
anneal ed,and polished, the state

be deposited,
Zgﬁ%ﬁﬁ%%fﬁgyltswgﬁg, waf ers suffer 3f romlow quality Soitec
& Gdh@dneaubsen- @nwakskazstat a | ow t hr ough-put in production and
as a further consequence a high cost per wafer. It is

herefore th bj f.Lth rese i,nvention to .
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waf ers overcom ng the abovenenti oned problens related

to the dielectric. 18.11.2004 EP30357RB018jc 3 ]
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twaes 28 o0y and he-gerManiinsinapbic it was farmedegF urthermore
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W th re- spect to surface roughness, nanotopol ogy,

side flatness and particle density and therefore can

I Bopt, et Ehatab erlstes W eTa BN Brdlifaf iffastace nave

prenvicurdipbechavsed v germasiymirasediSMOSrstructures like, for example,
k

ermani u sed CMOS stru es, like, for e | e
DR o N TRekdi et bl B R Bie kit olvine (TboyoLet2, p.605,
19|gé1t Dm& (L):B.Vc_?l .CH&, e?agQHEDMQmoam%gniéhdogi'gést,efpa@e A37, 2003.
) echni.c est, page - .. )
SUBINAY n1g RO UG 18, AT <cABBIB it the Atiashing and
détheninlgt sRlp Bf tihe GeOEWaFBF TabsESINPIprobesand WRfseracilitates the
fabricatin rocess and thus facilitates the overall
ovesal fRRHIF A0 PERGASS AN IMAPR YRS EOBRST WaTerat er
Accordi ng to an advant ageous enbodi nent the net hod can

further conprise _
According to an advantageous embodiment the method can further comprise

the step of creating the predetermined splitting area inside the source sub-
strate between steps b) and c), thus the steps of providing the germanium
oxynitride layer and the attaching of the source substrate to the handle sub-
strate. This has the advantage that the interface between the germanium
oxynitride and the germanium of the source substrate is well defined and has
good electrical characteristics to ensure the well-functioning of the devices
which are going to be constructed on the GeOl wafer. Advantageously atomic
species such as, for example, helium or hydrogen ions, can be implanted into
the source substrate to obtain the predetermined splitting area. Thereby it has
been observed that surprisingly the GeO,Ny layer, through which implantation
occurs, does not loose its advantageous properties.
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the step of creating the predetermned splitting area

i nside the source sub- strate between steps b) and c),

thus the steps of providing the germanium oxynitride

| ayer and the attaching of the source substrate to the

Epﬁgg:}k% strate. This has the advantage that the
Akefd

GruRdcRY, ,yhggcm@n t he germani um oxyn| tride and the Soitec
sFemaratissemAofaltsstretasour ce substrate is well defined and

has good electrical characteristics to ensure the
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advantage of better filmcharacteristics such
g@&ﬁﬁ@lt@ aide npribeadcatriedeutrigufinalineiainsdhe oﬁégble germamum

oA 1ot 54106 g SRl Gy ROGHE B gt
resonance pI asrm oxi dati on or p.I asma anodi ¢ oxi dati on

o e B et BRI BHERES IR 0et Spf F Finmonia, ni-

tragelv?J Hlfglget ﬁ'r oittdgen mﬁdgg ;a'l;r:m’sd el@mnedts dlbow a nitridation in a

itridati f th -
sifaanatnie Wuet ranPReeadess poduetan, chif, Aoty the nitei
datitn Yambbe @wémmgbutntbyoaymatsmadenbaw%huthaatnag feleBnique, using a
apove a nt a QuS ar acter
PIBSRAPER! (o35 2pois mgoduﬂppﬁ off ierisie, oF Bitcgen manoxide.

| east one of ammoni a, -
In a further variant, step b) can comprise the step of creating the germanium
oxynitride layer by rapid thermal nitridation. This consists in placing a heated
germanium substrate, germanium layer or an already oxidize germanium layer
in an ammonia atmosphere during a relative short time.

According to a variant, step b) can comprise the step of implanting N or N,
ions. Hereby implanting can be used to directly create the germanium oxyni-
tride layer or can be used to aiter the stoichiometry of an already formed ger-
manium oxynitride layer. By adapting the dose and energy of the ions various
germanium oxynitrides can be obtained reaching from stoichiometric GeN,O to
non-stoichiometric GeN,Oy, thereby allowing an enhanced freedom in creating
different types of germanium oxynitride layers depending on the requirements
of the final product.
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trogen dioxide or nitrogen nonoxi de. These el enments
allow a nitridation in a sinple manner which further
reduces production costs. Alternatively the nitri-
dation can be carried out by a plasnma anodic

lohdkEALL On technique, using ag plasnma of at |east one
Ggi, ;Lvoey, ststkhdirogen di oxi de or nitrogen nonoxide. In Soitec
&:Fotfmantisesy - Apeatisorivts( step b) can conprise the step of
creating the germanium oxynitride |ayer by rapid
thermal nitridation. This consists in placing a heated
germani um substrate, germanium | ayer or an already

Pmafei*abw StapTid)i ¢an ifasther comprise i@ Nitap abMBRIFMIHG the germanium
rel ati vs short tine._Accordi nﬁct 0 a vari ant,
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ger mani um oxyni layer or can
oaymlémde Hetestagsiectn theneby furthar improsidytheoeleetricaireharacteristics of

Qb%ﬂm o ind61dtBY Wafe Py adapting the dose and

he Tons ' various germani um oxynitrides can
be obt ai ned reaching fromstoichiometric GeN2O to

ABRRERDE £51s RSP EPbgHimh! Friaractaten ¢ ek Suitace layer of the
ggmanmmlmmungfbr(ﬁl?iquéyegggﬁg?Itmfgﬁassftﬁ about 0A to 20A can

t
”e%?wgel@sm%asngetz@a " @Mévw@yma@mm&watlon the surface
ctﬁ?rhiéi oftE 'n||L'."rﬁ5&f r| s a&%?%heﬁé‘tlaf r%foefé‘g[ %w formation

st ep can further co ste eani n
°fg§Vﬁﬁ§BUrﬁhe§ﬂJ¢ﬁb§@nd5 rthgar Gcritl@NﬁblebfpruBDh@OiWﬁted: surfaces when

bélh Ott&cHiid ﬁ%c(rfafc%) to%?q{ﬁlﬁlﬂe@u%sfrﬁg.?ﬂ?% Ip?%%rég Aetivation can be

manl um s nprove
a @ﬂasme aﬁmmm unitridatipm. tThisideads éo faadectemsehef #i®y annealing tem-

I h [
PR bt E ol i S FbrigatBirit e fhalFrodiust: oq
enbodi ment, prior to step c) a surface Iayer of t he
AGYIRGSPUE 1 SakeialioT e HeneBaielinto J8 Anor germanium, sil-
ccﬁﬁtﬂlug??omox@e anpéyﬁgg (ml;neﬁﬁo alﬁlya@rbwa)' chohhéatwdé 2g8llium ar-
| X

ST cteitiade VB MRS P B Saponding fuith (ERc@POAN, laver can be

omamé% Wittngaehi @dﬁ&xhg ERAratPsriffds! wa{é?‘éfnﬁr*é{ r a@ﬁﬁaqjﬂe&f different

bei ng attached (bondéd) to the handl e su
g%mmgp,lnwla wafensecan be obtained by one and the same method

as actually the germanium oxynitride is grown on the germanium wafer or
germanium layer containing source substrate itself.

According to an advantageous embodiment the method can further comprise a
step of providing an additional layer, in particular a deposited silicon dioxide
(SiOz) layer, on the GeO«Ny layer prior to forming the source-handle-
compound. This additional layer can be used to facilitate the attachment step,
in that the surface to be bonded is a more standard surface for bonding tech-

nology.

Preferably a second additional layer, in particular a HfO, or SisNy4 layer, can be
provided on the GeONy layer prior to providing the additional layer. This sec-
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a plasma activated nitridation. This |eads to a
decrease of the annealing tem perature and annealing
time for the fabrication of the final product.

Advant ageously the material of the handle substrate is

£ R0 gher Mani um sili- con, silicon dioxide on

GRhdcker, Rikelaby\GckiFd,l Y grown), sili‘con carbide, gallium Soitec
&abhwarseHseden\mtss@puart z Wth those materials bonding with

the GeOxNy layer can be obtained with good bonding
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oxynitride is grown on the germani um wafer or
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ce to be bonded is a nbre stan d surface for

erSLYo‘F &1Pch- nology. Preferably a second additi onal
layer, in particular a H 02 or Si3N4 |ayer, can be

provided on the GeOXNy | ayer prior to providing the
Ageefidingaa yasjant themaddidiepal lyer camohe rFerERsHRBIABta:fgming the
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chwanhausser tssozl et at
lapenid det suitableciosdbe eleetsicat gualityodf thecb@ied owixf an,erl Removing

BSR40 S BP0 by G36 eiPh Aiompoun s
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t
PG Wy BREoelhiGarE it AaaRlyet (8 AL edb e o can
be used to optim ze the creatlon of the predeterm ned
litt . th f th
T v, 2iReaBPyS chinten to e Gstanimoon DRHIESR (SRON water

fabﬂdaiéwéééoﬂdﬁyg?'to Wab@vémwﬁ&a&! hfdthba, formng the
sour ce- handl e- conpound, in the case where the presence

of a deposited oxide l|ayer is not suitable for the

Adthgb6as HBbHIMeMs Nt inverliveXhfbthdd Shill 5% B EchBed in the

following by referring to the Figures. It is shown in:

Figs. 1a — f a first embodiment of the method for fabricating a germanium on
insulator type wafer according to the invention, and in

Figs. 2a - f a second embodiment of the method for fabricating a germanium
on insulator type wafer according to the invention.

In the following the method of fabricating a germanium on insulator type wafer
according to the invention will be described using the Smart Cut technology.
However, other suitable semiconductor on insulator providing manufacturing
methods can also be adapted to the invention,
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the additional |ayer prior to the formation of the
sour ce- handl e- conpound has the advantage that danmages
on the surface which may occur during ion im
plantation will not deteriorate the quality of the

iﬁ,ﬁéﬁgo‘jum The invention furthernore relates to a
E ?pd,, pg)oc;(mul ator (Ged) fer fabricated Soltec
aBe/meihaisssg- Anaatisbi@tsabove nmenti oned net hod. Advant ageous
enbodi nents of the inventive nethod will be described
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scﬁ?ﬁ&@@@@ﬁﬁ’hm aﬁyﬁhéﬁﬁé’f@ret@\?erﬁhgllxl a?s}dahltd{_?ég'iﬂfpse #afer could

germani um ((Ge) substrate 1 or
be sad-Beth the sodrcegHbalate 1ges il @ they bangleosubistiate 5 may

vl 305 115 8 RS 6 ol PR B 500 mm ype

sou
wafarsic fluoric acid (CHF) prior to further
processing. Fig. Ib illustrates a handle substrate 5

whi ch can be, for exanple, a germa- niumwafer, a

Figi liccidlustrates step SD lafdhe inaeativeiniéthadt fmrfﬁbhbatl@g @'\@ermanlum
n_car bi de waf

| di d
o i isfhr b wilin' diststn ol A 6o imanican Skiplrige tayer on

oraingthd maim aus@&edﬁoﬂﬂﬁ@@eﬁmﬁmtméw Erbsébtélrﬂuagfgérrgrg%nlum oxyni-

waf b d. Both th b
trigtlaier 3. SR, eROQTIENt & dabuiah,0eImARILENpxIde 75 thermally
gr%WrF Qple%ﬁ 'oﬁeorofn tfr@l"i‘i‘a%‘%hrf%%e Cf BF tHa @ijﬁbst?% {mw’ oxidizing a
ustrates ste o
SL{FF@Q W@ﬁtqf\laer%@ ﬁyasm?e ﬂaﬂhls:e& ashjexNegdatrmtgmperature of about

580°C in an oxygen-containing atmosphere. Following the growth of the ger-
manium oxide layer which is usually grown up to a thickness in a range of
about 500A to 3000A, in particular with a thickness of about 1500A. Then a
nitridation step is carried out which, for example, happens at a temperature of
about 350°C which, during nitridation, may be raised up to about 600°C in an
ammonia (NH3) containing atmosphere. As a variant also nitrogen dioxide or
nitrogen monoxide (NO, or NO) may be used to achieve the nitridation. Usu-
ally such a process runs from about 10 minutes to a couple of hours depend-
ing on the thickness of the material to treat and for a germanium oxynitride
layer with a thickness of about in a range of about 500A to 3000A, in particular
with a thickness of about 1500A. Under these conditions mainly stoichiometric
GeN:O is obtained, however, also non stoichiometric germanium oxynitrides
can be obtained with the proposed method by varying one or more of the
abovementioned process parameters. With the thermally grown oxide having
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on insulator wafer which consists in providing a
germani um oxynitride layer on or in the main surface
3 of the Ge substrate 1. To obtain a gernani um oxyni -
tride layer (7), in this enbodinment, a natura

|um oxide is thermally ﬁrovvn at least on or in
,Qi%?ﬁbﬁ ;c%g 3 of the Ge substrate 1, by oxidizing .
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0od. su ace characteristics and the nitr
AGRTRINY T 2oFarA, S QP AIUG OBl tear 7f ahHb20A may also
beﬂualtauhréd Iy aoepid mherrrﬁalcmtff@atnm f@&ﬁsﬁs\mm@ iM@gl prackiERither the

achi evefjI I nst ea &g@ql Wb g gerrmnl um oxi de

getrmmﬂm ¢r the 9%"5?%'&”1) %\ ge @dg;q)\gbiqu &R0°kg iAnan ammonia
(Nﬂﬁ%thﬁ&hpﬁé‘rb%%d&w'ﬁﬁlﬁﬁ% DA@&SF@!: _I%QBFHeréﬁePR/aﬁaHt of the in-

pl.asma_anodi ¢ oxidation techniq
VeRHRM hie 9ermaniyraqdoyde ﬁputcb@dﬁq azqms@ of the native oxide (of a

thickness comprised between a few A to a few 10 of A) that resides on the
Germanium wafer surface when it has been exposed to ambient air.

In the subsequent step, illustrated in Fig. 1d, a predetermined splitting area 9
being essentially parallel to the main surface 3, which is provided with the
germanium oxynitride layer 7, is created inside the source substrate 1. In the
Smart Cut technology this is achieved by implanting atomic species 8, for in-
stance hydrogen ions, with a predetermined energy and dose into the source
substrate 1. This implantation usually occurs through the previously provided

germanium oxynitride layer 7.

In the following step, illustrated in Fig. 1e, the handle substrate 5 and the
source substrate 1 with the germanium oxynitride layer 7 on top are bonded
together to create the source-handle-compound 11. Bonding occurs between
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of about 80C to 400C, or to obtain a higher oxide
grom h rate of about four tines conpared to thernal
oxidation at simlar gromh tenperatures. It is fur-
thernore possible to additionally inplant N or N2 ions

ger mani um ox- ide or the germani um oxynitride
,5%‘%?”"%1,@ sosg.,2nd energy of the ions is cho- sen
FHaiskeg- AoRisltbsogets t Of Chi onetry one wants to achieve Soitec
and the thickness of the inplanted |ayer. According

riant a errra ﬁ( itrjde layer 7 of about
SR {85 A, SuRECER A RbANG Nandia substiate fANd the surface 15 of
tRetdéraddniam o&gﬁﬁhéé'lagef 7.€.Ak tlﬁ’éﬁséﬂrf%deetqu%ﬁgy Hehe germanium

germani um or t er mani um oxi de
ogaowlderﬁmamﬁrfubﬂlls@ha@oradlngypﬁene with rabpect ﬂo surface rough-

B e BT I8 REARELIERIRNL 85, bAfeldioinave e ratnoss

e gernmani'umo

andt particiei dengibf, bnondlhgcbaBﬂeemCthBr e s Uit ite s @arﬁedé achieved
i des _on the Gernmaniu

f 10 . of
eghev ot bl G na Hial SBersiiiaii 45 et thaeamanim oxynitride
|dyerthe m@wpme@etn@faemamﬂ hdﬁérﬁt@b@dwltﬁ rels ectltcf'thé‘ prior art proc-

redeterm ned splitting area bei ng ess nt|
g%lr"’é'i‘?’@'”t% ligqn W'Hes' Qe(éi@ amldﬁrpqsstqﬂn dhledeanmealed and fi-

is created inside

nhWCMPrﬂmﬁ'h%@ oxynitride |ayer 7,
the source substrate 1. In the Smart Cut technol ogy

this is achieved by inplanting atom c species 8, for

ALBordihg 1672 AR08 bia e adtyaRioh YRR GGG BRFhiHue surface
laiyepicant e icanried waltiby performiridagpligbntahactvsteidonistidation of a sur-

[ i i tri I 7. 1 h
1R Ef Hav B S Mk ES H kg RARIEOAS 1 he handi e
substrfate 5 and the source substrate 1 with the
Fiooth MuEafEs tha eShine5Y Be astAchibel sispouEhLin the Smart Cut
teBnndldm' eonsists [t aewRrhdl Jahr?é%QiﬁgE%QﬁWﬁ?th%@-ﬁar?dle -compound

mﬁcker Ki nkel dey, Stockmair
115¢ W}Qd@%‘@lalmﬁnm 1P§§6§19éﬂbme6rﬁ@|k§hn§ haiemmgn is weakened until

c&#ﬁﬁe@é%tééhﬁ\fen& *b%t%éaﬂ'mesfé?ﬁé{n%‘? of @H%d SGFﬁ?SHLBQ&Ste 21 and

ger mani um ox
thg@qrgwlathntlgsw\atqm\ya&rrhﬁnbemg composed of the handle substrate

5, the germanium oxynitride layer 7 and a germanium layer 19 which both
have been transferred from the original source substrate 10 onto the handle
substrate 5 via the bonding, occurs. The remainder of the original source
substrate 21 is removed and can be re-utilized as source substrate 1 in a sub-
sequent germanium on insulator manufacturing process, after reclaiming it like

during the SOl Smart Cut process.

With the above described inventive process it is therefore possible to provide
cost-effective germanium on insulator wafers 17 which, at the same time, are
of superior quality due to the advantageous characteristics of the germanium
oxynitride layer 7 and its thermal interface towards the germanium wafer of the
source substrate and its bonding interface towards the handle substrate 5.
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oxynitride surface 15 fulfills the bonding criteria
Wi th respect to surface rough- ness (typically bel ow
10A, in particular below 5A), nanotopol ogy, site
flatness and particle density, bonding between the
two substrates can be achieved even w thout

0
Gﬁjgjﬂ‘ng ¥, O 5hi ng the surfad® 15 of the gernani um Sofoc

uMRAHldst el Anwdndyist 7. This represents a mmjor advant age
with respect to the prior art proc- ess wherein
él [ icon | oxi de-1i ke oxi des are deposited, then

frdRg %@dswon%&rmtgpwrﬁcnfr tordaventivemethed, shewn in Fig. 2a
toy k| é‘ﬁtao%rﬂ%ﬁeﬁﬁﬁ%éﬂé NEVIGEd %fetWQSnQEEWIBgr oxynitride layer 7

oxynitride surfa | ayer can be carri
aparther handlessyhteate Ste facititatetherbatadingrbytisimgsbionding surfaces

A T T N SO
embdmmeﬁrwdmﬁtises ttiee hsrthe Qyrocessi tep é’é tﬁetﬂ%{ "Bthbodiment, and

ann of the source- handle conpound 11. During
”};ﬁ{ﬁg%( $iePspRreRPLreRGAIRd sﬁﬂamthu&gnaewrgte% herewith by refer-

M@é‘kElé?ﬁerst hbvrn@%@' %ﬁe%?@r‘é'ﬁ'&%’@aﬂﬁ%h%ﬁ&%‘h@%nes in Figs. 1a to

r emai nder of source substrate

1béf‘ﬁa'ﬁ9§rr2§ri0| ersmrae&pom@ft@reaph otherngnddhpirsprdpeirtie@re there-

fd?ég{Htere ??}E‘%‘f ghrsinaé"étr ﬁ‘%grgﬁrd’fﬁﬁ“bg%?ééﬁg\? rrb ggnl ayer 7

transferred fromthe original source substrate 10 onto

Aoy AR ikl BRI SHE 445 98 o 50, 2

Fena
rsrdm:m/satédaod theere,Nﬁayerl'l Vi (0 o] (215)) ﬂwpﬁdhés\sbabb&ﬂ@sﬂrated in Fig.

14, 'pRe 38Ver, 2535 TPt eREMHIe aRoen Dy RRGWR kavedon TEOS o SiHa

atSﬁBtl’efmrQﬁatWeOW@w Mdolan;séleorabmtﬁ M%SQéhﬁgﬁrdnﬁ‘VW?ﬁéN‘?s typically
ces refore possible to provi

'eg%g a'éf 3@@3@%2@ hhavea Hll@lrn%ﬁ ¥y 8 rangarafabout a few

na’ﬁorﬁbﬁar%&ﬁ% FéWehuridreds Of ﬁéHRﬁhéfUrs AHRIHiE Yo detHeP sbtie-handie-

advant agleous char acteristics of ﬁer mani um
C%&%vw de m%a iy Figd2by §°mlﬁélrsﬁﬁlthﬁ ayer 23dntasgition to those of

strate and its
th% Eé'T?d?‘Id-I'é“ ur&f 12@1%e m;m zfégubstrate 5.

ng |nterfac t owar
18. 11. 2004 EP30357RB018Jc 10 G (Jnecker, Kinkel dey,

The RHEMRCe 59%Wéeh germanium and oxide remains a GeO\N,/Ge interface
which, as previously explained, has very good electrical characteristics. The
interface between the GeO,Ny layer 7 and the deposited SiO2 layer 23 has
lower quality. However, since this interface is relatively far from the germa-
nium layer 19, it does not damage the electrical properties of this layer 19.

According to a variant of the second embodiment a second additional layer 25,
for example HfO, or SisNg, is deposited on the GeOxNy layer 7 prior to provid-
ing the SiO, layer 23, as illustrated in Fig. 2c. After bonding the source-
handle-compound 11", shown in Fig. 2d, is obtained, which in comparison with
the source-handle-compound 11’ comprises one more layer, the second addi-

tional layer 25.
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& Schwanhi usser- Anwal t ssozi etat According to a second
enbodi nrent of the inventive nethod, shown in Fig. 2a
to 2f, an additional |ayer is provided between the
germanl umoxynitride layer 7 and the handle substrate
to facilitate the bonding by using bonding surfaces

RB

tandard for eﬂ&rrpl e deposited Si02 )
G%’ %ﬁ%” ;{%@cf il embodi ment conpri ses the sane Seitec
process step as the f| rst enbodi nent, and therefore

he steps are not repeated again but incorporated
lméaewdlelﬁogyeﬁ &fiOe hasndidferentpropestinadhag the geseneally used thermal

f
SIS} BSRIUSE " Wpdindd 910 ss By el § ol atacks, for
epaopethyeBuerie achkHF~. This €ambecemeas gadobpan using the later fabri-

cBfIAAEY S5 55! HEFrocLBBPMILI R,bEe3FAERS sho stepostes
Si®; da}bexSQBaﬂlllomrtrhmﬂlﬁaNburieWlede imérfatetst theeGeOl substrate
1for heatlichaldnidh o6 89} leperaBimaudnerearedbloresi tance.

at a tenperature V\/nl ch is conpatible with the

germani um which is typically less than 700C. This
Aregrding3ormpesand variantcfntes second remmlg@dlc:ﬁeratthat additional layer

2423 0 SRS 3 oo 8 B WRSSRCED, TP 50 M o implan

taftiog. stHp, illustrated iy Fige1d altenag e neadslsanyoto temobeghis Iayer be-

o3h R SRR MEY, 14 SRR, o frormal oxice

|sCt‘$®2(N:ed (& fom ethéamnemm o&&hér@émuﬁlb&@t@' Bf #¢dmprove the
char act.eri st| CS.

|
vty e Bl ad aithe Mtesrcass, df cany srﬁpmsageous to deposit
smlaﬂﬁﬂloﬁaﬁ)ia}é}y% AHITS or SIS lagyé?'?ﬁr ghrr?t B #Tg'er 7 prior

since this interface is relatively

tondeRPsisyle SiQ:2 layendss Tha thiskages ofidhis hayte:rucml ‘be from a few
naidrRetdrse af fewintindr¥8s olrgnarﬂ%@fé’rb”gﬁ?s fén‘é%rééé‘gﬁ dnove the

t he second enbodi nent a second additional l|ayer
depasitachiiCe IHWGQ tersitteuimplantasisss istep) dtuatra;ed;eumg 1d, by
7 t r ng S| I
cHeiiftal T PAEK, ol Wlnplb?d usfify SO, | MR Theufthg  structure

(Gl BNy OTisd) for Qxamples)hdmua’(ea‘-ug Flgdze iis tbendiaretgd directly to
tngfrie bERHRRS o5 Hhieh ey BP fof RS ier g STERLRR s surtace

13, ageform&'a saarmhaﬁdm-mpﬁﬁﬂ%ﬂlmmu?.trated in Fig. 2f.

In all the abovementioned variants, the interface between germanium and the
GeOl dielectric is always a germanium/GeOxN, interface. This guarantees the
electrical quality of the thin germanium layer 7.
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Granecker, Kinkel dey, Stockmalr Soitec &
Schwanhdusser - Anwal tssozietot In fact, deposited
Si 02 has different properties than the generally used
thermal SiO2. In particular, deposited SiOQ2 has | ow

ce to chem cal attacks,,for exanple by
gﬂ?ﬁ%ﬁij}%iﬁﬁﬁ” Thi s can becone a problemduring the Soitec
& lsaivemakabrhwateatstson of devices in the transferred
germani um | ayer 19 where the deposited S102 |ayer 23
will formthe final buried oxide interface of the Ged
substrate 17. The additional Hf 02 or Si3N | ayer 25
CEMM®cCrease this resistance. According to a second
variant of the second enbodi ment the additional I|ayer
23, e.g. Si02 |layer, is deposited on the GeOxNy | ayer
7 before the ion inplan- tation step illustrated in
Fig. 1d. It may be necessary to renove this |ayer be-
f.oMethbd foorfabrigatingm dermaniumat el inaukatgr (GeOl) type wafer com-

par.t.i rly, df only a thermal oxide is required to

fopﬁhsﬁtaeﬁ}ﬁjgﬁegg cgfni(i de of the Ged substrate 17 to

i mprove the quality of the buried oxide. In this

casge, it can be advanta us to deposit second . . .

a8l Profiding aEarmaniin [ epsuhstcienar A ghstEale GRmPrising an epi-

CeOxPdkidlaBBayePhs ¥ solrRetasitidtet(Rg, Sl O2 | ayer 23.

The thickness of this layer could be froma few

nanoneters to a few hundreds of nanoneters. This

en « oo r : i t h: .

i rrlrszl gﬁotcvé{hiﬂgnssq ep,érﬁ]ﬁpugtﬁffgﬁé%égn@%yb %férbg) & dr'ff one main

chens¢daca(dhokihe spueeasyhsiratsi (1g, HF. The resul ting

structure (Ge/ GeOxNy/Hf O2 for exanple), illustrated

in Fig 2e, is then bonded directly to the handle

su@sattatieing, thehisobremsubstrata (¢pnpra dmndbe reukistrate5yrto form a

its surface 3, to for 0 e- handl e- conpound 11

ne ??‘I’W&?%‘P%‘&"i’?{nppaf’@é?ﬁil#ﬁtgl | the abovenenti oned

variants, the interface between germani um and the

CGe dielectrjc is always ,a gerpni unf Ge . et

ke EbMrihS sdluPanunreRo 2D Bl pEsPOlIIReY Spiitting area

the (g)i pr&aEEBhSIde! mesodrcels%bblrazeglr) Fﬁaoﬁﬁﬁamrmany paral-
0l

12 G Onecker, Kinkel dey, Sfockmalr ec d&
Sch\,\;ghﬂgl}ggemam‘m@g%ég),e(rem the source-handle-compound (11) to

thereby create the GeOl type wafer.

2. Method according to claim 1, further comprising the step of creating the
predetermined splitting area (9) inside the source substrate (1) between
steps b) and c).

3. Method according to claim 1 or 2, wherein step b) comprises the steps

b1) oxidizing the source substrate (1) or using the native oxide on the
source substrate (1),

b2) nitridizing the Ge-oxide to create the GeOsN, layer (7).
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CLAIMS 1. Method for fabricating a gernmani um on
insulator (Ged) type wafer com prising the steps of:
a) providing a germanium (CGe) substrate or a substrate
conprising an epi- taxial Ge layer as a source

rate (1), b) providing a germani umoxynitride
fﬁ%ﬁiﬁ l:,‘}e;\gg wmby/) ON or in one'dmin surface (3) of _
&QWaSkBtHsOGA;@biéﬁfld’rﬁte (1), c) attaching the source Soitec
substrate (1) to a handle substrate (5) to forma

- | e- d (11), and d) detaching th
SO eDRRE nE s TR 15 b, hsrel) svn 520 setobtices nircizing us-
ar ea jngAt. leREOYHE A dnﬁ}%bﬂg? Wﬁgﬁ oSS n@“ﬁg‘- rate (1)

and berng essentially par n surface
(3), fromthe source-handl e-conmpound (11) to thereby

creat ; er . od according to

ol & ighieRs SEordhafo BRIR 1 ofiz. Ehela 3t bhiePhpriaes the step
predeterm ned splitting area (9) inside the source

substr.at 1). bet ywee teps b nd c). 3. Method
agcoh}sr?g 9582’@3%9 %ﬁaﬁaé\fvpmg} é?hbw)eaidotﬁeéwrﬂitsi@@tion.

the steps bl) oxidizing the source substrate (1) or

usj nﬁﬂthe native oxide on the source substrate (1),

b .

¢thodi 36qa5dingetacane,af wdaims rteh evhersiGs@pyp) comprises the
| ayelstdg bf i ?é(),qﬂagﬁﬁ 7RBP18j ¢ 13 G onecker,
Ki nkel cgy, Ifé?l()é('jr It So taggpz |@ggchwanhausser -
Anwal t ssozl etat 4. Method according to claim 3,
r @4 e : ri ni,Lridizing, us-,ing at . .
| S MANBRe AU T8 QPE R Wplsh, 5 RGBT mprising prior to
aﬁcostﬁmgﬂ ahel ftemof qbeaﬁing\whmrh 'g?'& wﬁlacb)(”,?g)magﬁéﬁlar by using
t he . . Idi ng the ayer y
rapi §§'@E°efr'ﬁé€'c%cf$[(géfi‘;'on. 6. Method according to one
of clains 1 to 5 wherein step b) conprises the
8. Method according to one of claims 1 to 7, wherein prior to step c) a sur-
face layer (15) of the germanium oxynitride (GeOxNy) layer (7) with a
thickness of about OA to 20A is activated by plasma activation.

9. Method according to one of claims 1 to 8, wherein the material of the
handle substrate (5) is one of germanium (Ge), silicon (Si), thermally
grown silicon dioxide on silicon (Si), silicon carbide (SiC), gallium ar-
senide (GaAs) or quartz.

10.Method according to one of claims 1 to 9, further comprising providing
an additional layer (23), in particular a deposited silicon dioxide (Si0,)

layer, on the GeO,N, layer (7) prior to forming the source-handle-
compound (11).

11.Method according to claim 10, further comprising providing a second

additional layer (25), in particular a HfO, or Si;N, layer, on the GeON,
layer (7) prior to providing the additional layer (23).
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step of inplanting N and/or N2 ions. 7. Method

according to one of clains 3 to 6, further conprising

prior to step bl) the step of cleaning the nain

surface (3), in particular by using cyclic fluoric

;:?&'5 gofgdF) - 8. Method accordingsto one of claims I to

ﬁﬁkemdy sedm@¥ to step c) a sur- face layer (15) of Soitec

&scrwng@ﬁsmﬁlv\ﬂ@m‘@/x'ynltrl de (GeOxNy) layer (7) with a

t hi ckness of about OA to 20A is activated by pl asma

agty hAR- h fing! t

352, K88 9o bR SR €h |, i ng iRl ver 201
i s opeovifled @ricartoprepehg thiel predetgrininedtspdittimg layea (9).

grown silicon dioxide on silicon (Si), silicon carbide

(SiC, galliumar- senide (GaAs) or quartz. 10. Method

aq@ONMEtREd t&cco8irnd 1¢|chaife 112, twhéreif uhbhéﬁdm@ﬁar l&yer9(23) is re-
providing an additional | ayer 23) particul ar a

depoBiaved .oy oferming tiue scores: aﬂdé%fépmﬁﬁpﬂ%é Be OxNy

| ayer (7) prior to formng the source-handl e- conpound

(11). 11. Method accordin o claim 10, further
cdﬁpaamiwnoondnngladosé%@W) wakert fabmigated ywith (the) method ac-

in PE5 i L ar . yer, on the GeOxNy

I aye? %d*ﬁ&é?lo(g@ %_E)t?%r%arg%ﬁ% #1‘2 addi tional | ayer
(23). 18.11.2004 EP30357RB018Jc G Onecker, Kinkel dey,
St ockmai r & Schwanhausser- Anwal t ssozl etdf 14 Soltec
12. Method according to claim10 or 11, wherein the
additional layer (23) is provided prior to preparing
the predetermned splitting area (9). 13. Method
according to claim 12, wherein the additional |ayer
(23) is re- noved prior to formng the

sour ce- handl e-conmpound (11). 14. Gernmani um on
insulator (Ged) wafer fabricated with the nethod ac-
cording to one of the clainms 1 to 13. 18.11.2004
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