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its other interface, a lattice parameter substantially identical to that of the second structure
(the relaxed SiGe layer). Typically, the buffer Iayef is a SiGe layer in which the germanium
content progressively or in steps increases through the thickness. Then, on the relaxed
buffer layert, a thin second layer is grown (typically with a thickness of about 200A) which
‘adapts its lattice constants to the one of the underlying relaxed SiGe layer and becomes a
strained Silicon-layer (sSi). Like in the previous situation, the crystaliine quality of the
strained silicon layer is negatively influenced by the presence of oxygen or oxides on the

surface of the relaxed SiGe layer.

in the prior art, the solution to the above-described problem consists in an HF treatment,

which leads to- a hydrophobic surface state, which avoids a native oxide layer to grow.
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befordride and subsequently renoving the artificial oxide,
superior hydrophobic surfaces were achieved so that
the native oxide |ayer growth can be better suppressed

Surpr%ﬂiﬂ?\?ﬂ?@ag %M B@Fﬁ\aprt?ypﬁ‘éﬁéfbﬁﬁinﬂﬁ@‘ﬁgﬁxé!%% ﬁ‘fﬁo lh artificial oxide

ment applied directly on the natural oxid
‘and sRbsdaueably yemgwe@ ths) artificiabexide, seperenty dseRiPPIq wrfaces were achieved

SO th%ﬁrb r%%t@én@( Jiél_qékéé:# érrog\ﬁftn et enpét rl %p?)?éés'eﬁ%@rﬁp%d to surface

sane ¢ em ca uci n
prepdraticat metitodasising drhidF prelabmentrapptiedh dbectlystvdthematte'mde- :
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concerning the surface preparation can be achi eved.
Preferably, step b) can be a reducing step, in particular a liquid treatment, more in particular

an HF treatment. Thus the same chemically reducing treatment as in the plrior art can be
used to remove the oxide and still the abovementioned improvements concernlng the

surface preparation can be achieved.

As an alternative or in addition, step b) can comprise a gaseous treatment, in particular a
reducing plasma or a thermal treatment in a reducing atmosphere, to get rid off the artificial
oxide. With a dry treatment the oxygen quantity on the surface of the substrate can also be

reduced and improved bonding results have been observed compared to a liquid treatment.

Advantageously, the reducing plasma can comprise a reducing gas plasma and an inert gas
plasma. The addition of an inert gas lead to improved surface roughness qualities compared
to treatments without and thereby the bonding capabilities of the treated substrates can be
further improved. Accordingly, a reducing plasma comprising, for instance, hydrogen and

argon is suitable for realizing the inventive method.
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Prefegélﬁy,ttf?e second semiconductor substrate can also have been treated according to the
inventive method. Thus, with both surfaces being optimized, the bonding energy is further

improved.

Preferred embodiments of the invention are shown in the Figures and will be explained in

detail in the following:
Figures 1a — 1c illustrate a first inventive embodiment according to the invention.

Figures 2a and 2b illustrate a second embodiment dealing with direct silicon bonding, and
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a nodi fied sem conductor substrate 1", as
the result.of step a) according to claim1, according
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the semiconductor base 3 is then covered by the artificial oxide layer 7 instead of the natural

oxide. Step a) is carried out such that at least on the wafer front side (in Figure 1b, the upper

main side of the substrate 1"), is completely turned into the artificial oxide.

The oxidizing step can be realized by a liquid oxidation, for example using ozone (O3), or by
a gaseous oxidation, for example using an oxygen plasma, or a thermal oxidation step. The
oxidizing step is carried out such that the native oxide, the stoechiometry of which is usUaIIy :
unknown, is turned-into an oxide of known stoechiometry. In the case of silicon oxide, the
natural oxide SiO, is turned into SiO,. Following the oxidation step, the artificial oxide layer 7
has a thickness. of less than 1504, in particular less than 100A.

The transformation from the native oxide to the artificial oxide can be verified using standard

analyzing techniques, like XPS (X-Ray Spectrometry).
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The oxide-free surfaces achieved on the semiconductor substrate 1" have superior
hydrophobic properties, thus surfaces preventing a regrowth of an oxide, compared to
semiconductor substrates from which the natural oxide was removed. As a consequence,

using this superior substrate 1", it becomes possible to obtain improved starting substrates

for the subsequent fabrication processes.

Figures 2a and 2b illustrate one inventive application using the improved semiconductor
substrate 1”, namely the direct silicon bonding of a silicon substrate 21 with a (100) surface
and a silicon substrate 23 with a (110) substrate. In this embodiment, both substrates 21
and 23 have been treated like described with respect to Figures 1a — 1c and, therefore

present hydrophobic surfaces 25 and 27, which are essentially oxide-free.
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In the table, the bonding energy is represented fof different reducing plasmas treatments.
The method used to determine the bonding energy is the so-called crack-opening method,
described in detail in Q.-Y. Tong & U. Gésele, "Semiconductor wafer bonding: science and
technology”, page:.25, 1999. The tests were actually carried for each kind of plasma
treatment for a number of different time durations. However, Table 1 only provides the

 experimental results for which the best bonding energy results have been achieved.

As can be seen for Examples 1 — 4, which are examples that were not treated according to
the invention, a bonding energy in the range of 4 — 18 mJ/m? was observed. For examples 5
and 6 treated according to the invention, thus for which first an oxygen treatment was

carried out for 10 seconds to transform the native oxide into an artificial one and then a
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correspRRBs t6af PRSHeAhiMEd Gditice constant at the surface of the buffer layer 33, a

relaxed silicon germanium layer 35 with the germanium content of the buffer layer 33 at the

buffer layer's interface 36 towards the relaxed layer 35 is grown (Figure 3c).

Then, a strained silicon layer 37 is deposited on the relaxed layer 35 (Figure 3d). The
strained silicon layer 37 adapts its lattice constant to the one of the underlying layer relaxed
layer 35. Thus layer 37 has a lattice constant which is different to the one of natural silicon,
which leads to its strained state. The strained silicon layer 37 is typically grown to a
thickness of about 200A.

As illustrated in Figure 3e, a predetermined splitting area 39 is then created inside the
relaxed silicon germanium layer 35. This is achieved by implanting ions (e.g. Hydrogen

and/or Helium ions) through the strained silicon layer 37.
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rel axed |l ayer 35 (Figure 3d). The strained silicon
| ayer 37 adapts its lattice constant to the one of the
Subseklilfhﬂtlkmhe @btayed stredtaveott! isaatach@®.in padisulaapeboddingasiadhe surface

attjce onstat s differen t he
38 of i sraned Ses yemﬁﬂ 3 Gartie’ 1 efle 45 e TguE, B o thereby form
donorThghdid sabdiete ab! ITHeNcdrAagesubifrateScany/bé aay | |kM1d9c§fC§Mbsteream particular
t hi ckness of about 200A. As illustrated jn Figure
a silicgn yyatere terenithre gaxisr pubsiraie 4P €ampyisps ap ﬁéﬁed?i@ét‘goon 1t surface.
i nside the relaxed silicon germanium |l ayer 35. This is
achieved by inplanting ions (e.g. Hydrogen and/or
Subséguentiyn :aodst)aclnmeougtept ise catriedi pletdusingi € gn al Hgsmal or a mechanical
Sub t
vearfy OEHMEEY brodlFy DBRLASLIBNESI I nd plodfomined spiting area
39. Tiis tdads 0 the ttanbfer bi thersttainest sibicont layer 3artogether with a part 49 of the

cos R RS S Bl 3 OGS HAY By B possae o

F.gu}@ 3@ il caHYRGItAE Part 49 pRthki relakad shicsm bemamumfleyer 35. This part 49
re, the carrler substrate 43 conpri ses

s thenawpvadz(%aurra@@ dppiginthesipineg FionyPn Bodac shirdmte 51
step is carried out using e.g. a thermal or a
nmechani cal treatnent or a.m xture thereof, to

ob
For cgdeaiacipmiications, theestpainatesiiean layer §6|\I\1It{\tlt$ﬁ@l0§f\@%§ g@about 200A is not
sufflc-gﬁlt Sanhgggé%&rﬁe% tﬁ@cégs% ft(?rpré\fldé %g ét#cﬁtﬁiﬁg??ter |'2)E(g C@fton layer on the
stramsedlsuln:on layer Bﬂrho obtdnrag @reaﬂér thtccb(nem afi the stratnedilayad.
silicon on insulator substrate 5 1 (Figure 3g) still
carrying the part 49 of the relaxed silicon gernmani um
To athiges a3%hickeri strained sionslayeB3r eitbve dufficiegir @ygaline oquality, it is
obtain the strained silicon

b
neceSTAEHR IRV S5 BHEPHE 10 SUGGPTEE DA R oo laver 37. To

do sd B¥ahvehfividinhdthbd %stdéséhmﬁntﬁfre@d&vto Q@Qa‘bs $a. D»OIC the description of
sufficient and it beconmes necessary provi de

whicha idnet igraatest 3gaim oyt 1aoTRYAEIR FebieneReIEarHEh UL First the native
ox:d e's&ﬁ’tn Jlu WGEtury 5t1 Qs qmn%bnmf‘b g effifial tdHeC k&S isPthehN@moved. By

rarned ["ayer. To achieve a thicker strained silicon
domg auyean isproyachhydrepiidhic serace isyaeatedianeayerad i wich ¢an then serve as

the starting level for thickening the strained silicon layer to obtain the final substrate 51" with

a thicker strained silicon layer 53.



necessary to renove any silicon oxide fromthe surface
of the strained silicon layer 37. To do so the
wo moemdisye nmet hod as described with respect topdE/mH20@R00141
da - 1lc, the description of9 which is not repeated
agai n but incorporated by reference, is carried out.
First the native oxide present on structure 5 1 is .
turned into an artificial one, which is then renoved.
By doing so, an inproved htﬁﬁgﬂﬂobic surface is
created on |l ayer 37 which can then serve as the
starting level for thickening the strained silicon

VRl g ' UFabl B s IEatr diratt o i sops of

preparing a surface of a sem conductor substrate

She @B o, svdace S e sefbiodrt ol sty (1 fo, Refgpiranstorm the
the mRbtal Skidexs)deto(dM artifiéial @Mea(ﬁ)lénd:l al oxide (7),
and b) renmoving the artificial oxi

Blar (PEIANNG Vs SHlGiAnOKHe (7)o RaTiesIah b pbiain a8 pfide. feg substrate
”sd’t‘fa‘cgdﬁﬂ'ﬁ/ﬂH(é R UBINRSHBsAe MM Sy 8 re§Eksd BEs Fssma and an

l'asma and ah 1 nert gas plasma, and c)” attachinhg, in
partlh@fmlgas Plggoading, the sem conductor substrate

06 "ol b ] SRS SLREP AR wits s v
accdreb supstrateosigfacke (25)as|des tdasecénd sdmeicendudtdresubstrate (23).

sem conduct or substrate (1) is a Si ( 1 10) or a Si
(100) substrate or a Si substrate with a Si Ge buffer

Meyteid #4tdrding & Shéef ciginexeto bawRErel the seiniedritiR@tor substrate (1) is a

S1 69025 » & o Sueelcaie R ersisubHEARAY 4 AR bfen g Anlor a SiGe

tetar@da8yeH S RdtFditedifdon 14yerVBt hod according to claim
9, wherein the second sem conductor substrate (23) has

al so been treated according to steps a) and b).
Method according to claim 6, wherein step a) is carried such that the artificial oxide (7)

is stoechiomet{ric SiO,.

Method acco}rding to claim 9, wherein the second semiconductor substrate (23) has

also been treated according to steps a) and b).



