
GrQnecker, Kinkeldey, Stockmair 8 Schwanhausser -
Anwaltssozietat 1  METHOD FOR FABRICATING A GERMANIUM
ON INSULATOR  (GeOI) TYPE WAFER FIELD OF THE PRESENT
INVENTION The invention relates to a method for
fabricating a germanium on insulator  (GeOl) type
wafer. Due to its high mobility for electrons and
holes germanium is an interesting  material for
semiconductor devices, besides the widely spread
silicon. Like  more and more silicon devices are
fabricated on silicon on insulator (SOI) type  wafers
to prevent leakage currents, the same trend can be
observed with re- spect to devices grown 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 (Si3N4) or germanium nitride
(Ge3N4) 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  problems. First, the deposition of
the auxiliary layer dielectrics means that the
interface layer between SiO2 layers and Ge is not well
controlled. This inter- face depends on the surface
preparation that has been done on the Ge prior  to
deposition (for instance cleaning). Second, it is
necessary to carry out a  thermal annealing in order
to improve the structural as well as electrical prop-
erties of the deposited layers,. Third, the roughness
of deposited layers is  higher compared to thermally
grown layers, and therefore it becomes neces- sary to
carry out a polishing in order to improve the surface
quality of the de- posited and annealed oxide. During
the fabrication process of a GeOl wafer  the surface
quality of the dielectric plays an important role as
this surface is to  be bonded to a handle substrate.
In fact, the typical way to obtain a GeOl type wafer
comprises the steps of: a)  providing a source
substrate, like a germanium (Ge) substrate or a
substrate  comprising an epitaxial 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. 18.11.2004 EP30357RB018jc 3
Grtlnecker, Kinkeldey, Stockmair Soitec  & Schwanhi
fusser- Anwaltssozletat This object is solved with the
fabrication method according to claim 1. Providing a
germanium oxynitride (Ge0xNy) layer on or in one main
surface of  the germanium substrate offers the
following advantages. First of all, it pro- vides a
germanium/germanium oxynitride interface which has
very good elec- trical characteristics compared to the
dielectric layers used in the state of the  art GeOl
wafers. Here the germanium oxynitride interface is the
interface be- tween the GeOxNy and the germanium in
which it was formed. Furthermore  the germanium
oxynitride surface meets the wafer bonding criteria
with re- spect to surface roughness, nanotopology,
side flatness and particle density  and therefore can
easily be bonded with the handle substrate. The good
electrical characteristics of the germanium oxynitride
interface have  previously been used in
germanium-based CMOS structures like, for example,
known from T. N. Jackson et al., IEEE Electron Device
letters, Vol. 12, p.605,  1991 and C. 0. Chui et al.,
IEDM 2003 Technical Digest, page 437, 2003.
Surprisingly the GeOxNy layer is also compatible with
the attaching and  detaching step of the GeOl wafer
fabricating process and thus facilitates the  overall
fabrication process and improves cost per wafer.
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 GeOxNy layer, through
which implantation  occurs, does not loose its
advantageous properties. 18.11.2004 E P30357R B018jc 4
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Schwanh&usser- Anwaltssozletat Advantageously step b)
can comprise the steps of oxidizing the germanium
substrate or using the native oxide on the source
substrate and nitridizing the  germanium oxide to
create the germanium oxide nitride layer. In
particular  thermally oxidizing the germanium
substrate can be advantageous as in con- trast to the
deposited layers athermally grown oxide layer has the
advantage  of better film characteristics such as, for
example, an improved surface rough- ness. Besides
thermal oxidation, also alternative techniques can be
employed  to oxidize Ge, like e.g. electron cyclotron
resonance plasma oxidation or  plasma anodic oxidation
both using a plasma atmosphere of oxygen. Com- pared
to thermal oxidation the growth rate can be improved
and/or the growth  temperature be lowered. To
stabilize the obtained dielectric, nitridation of the
germanium oxide is then carried out to finally obtain
the stable germanium  oxynitride layer having the
abovementioned advantageous characteristics.
Preferably step b) can comprise nitridizing using at
least one of ammonia, ni- 



trogen dioxide or nitrogen monoxide. These elements
allow a nitridation in a  simple manner which further
reduces production costs. Alternatively the nitri-
dation can be carried out by a plasma anodic
nitridation technique, using a  plasma of at least one
of ammonia, nitrogen dioxide or nitrogen monoxide. 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 N2
ions. Hereby implanting can be used to directly create
the germanium oxyni- tride layer or can be used to
alter 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 GeN2O to
non-stoichiometric GeN,O,,, thereby allowing an
enhanced freedom in creating  different types of
germanium oxynitride layers depending on the
requirements  of the final product. 18.11.2004
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step b) can further comprise the step of cleaning the
germanium  surface, in particular by using cyclic
fluoric acid (CHF). Cleaning the surface  of the
germanium substrate will improve the interface quality
of the germanium  oxynitride interface to thereby
further improve the electrical characteristics of  the
germanium on insulator wafer. According to a preferred
embodiment, prior to step c) a surface layer of the
germanium oxynitride (GeOXNy) layer with a thickness
of about OA to 20A can  be activated by plasma
activation. By applying plasma activation, the surface
chemistry of the germanium oxynitride layer can be
tailored to allow formation  of stronger chemical
bonds than achievable for non-activated surfaces when
being attached (bonded) to the handle substrate. The
plasma activation can be  



a plasma activated nitridation. This leads to a
decrease of the annealing tem- perature and annealing
time for the fabrication of the final product.
Advantageously the material of the handle substrate is
one of germanium, sili- con, silicon dioxide on
silicon (thermally grown), silicon carbide, gallium
ar- senide or quartz With those materials bonding with
the GeOxNy layer can be  obtained with good bonding
characteristics. Therefore a plurality of different
germanium on insulator wafers can 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
(SiO2) layer, on the GeOXNy 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 Hf02 or Si3N4 layer, can be
provided on the GeOXNy layer prior to providing the
additional layer. This sec 18.11.2004 EP30357RB018jc 6
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Schwanhausser - Anwaltssozletat and additional layer
provides an increased resistance of the GeOl wafer, in
particular the resistance against chemical attacks.
The role of the GeOxNy  layer in that structure will
assure good electrical characteristics. Advantageously
the additional layer can be provided prior to
preparing the  predetermined splitting area. This can
be used to optimize the creation of the  predetermined
splitting area, as e.g. the energy of the implanted
ions can be  freely chosen. According to a variant the
additional layer can be removed prior to forming the
source-handle-compound, in the case where the presence
of a deposited oxide  layer is not suitable for the
electrical quality of the buried oxid layer. Removing



the additional layer prior to the formation of the
source-handle-compound has  the advantage that damages
on the surface which may occur during ion im-
plantation will not deteriorate the quality of the
final product. The invention furthermore relates to a
germanium on insulator (GeOl) wafer  fabricated
according to the above mentioned method. Advantageous
embodiments of the inventive method will be described
in the  following by referring to the Figures. It is
shown in: Figs. 1 a - 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. 18.11.2004 EP30357RB018jc 7
GrOnecker, Klnkeldey, Stockmalr Soltec  &
Schwenhausser - Anwaltssozietat Fig. la illustrates a
germanium (Ge) substrate 1 or, as a variant, a
substrate  with an epitaxial germanium layer provided
on one of its main surfaces. The  surface 3 of the
source substrate may be cleaned using for instance a
cyclic  fluoric acid (CHF) prior to further
processing. Fig. lb illustrates a handle substrate 5
which can be, for example, a germa- nium wafer, a
silicon wafer, a silicon wafer with a thermally grown
silicon diox- ide layer, a silicon carbide wafer, a
wafer presenting a silicon germanium front  surface or
a gallium arsenide wafer. Eventually also a quartz
type wafer could  be used. Both the source substrate 1
as well as the handle substrate 5 may  have any
suitable size or form such as, for example, 200 mm or
300 mm type  wafers. Fig. 1c illustrates step b) of
the inventive method for fabricating a germanium  



on insulator wafer which consists in providing a
germanium oxynitride layer on  or in the main surface
3 of the Ge substrate 1. To obtain a germanium oxyni-
tride layer (7), in this embodiment, a natural
germanium oxide is thermally  grown at least on or in
the main surface 3 of the Ge substrate 1, by oxidizing
a  surface layer of the Ge substrate 1. This is
achieved at a temperature of about  550C 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 350C which, during
nitridation, may be raised up to about 600C in an
ammonia (NH3) containing atmosphere. As a variant also
nitrogen dioxide or  nitrogen monoxide (NO2 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  GeN2O 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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good surface characteristics and the nitridation
having no or only a limited im- pact on the surface
quality, a good interface for a following bonding step
is  achieved. Instead of growing the germanium oxide
thermally, it is also possible to grow it  using an
electron cyclotron resonance plasma technique or a
plasma anodic  oxidation technique. The oxide growth
can then be carried out at temperatures  



of about 80C to 400C, or to obtain a higher oxide
growth rate of about four  times compared to thermal
oxidation at similar growth temperatures. It is fur-
thermore possible to additionally implant N or N2 ions
into the germanium ox- ide or the germanium oxynitride
layer. The dose and energy of the ions is cho- sen
depending on the stoichiometry one wants to achieve
and the thickness of  the implanted layer. According
to a variant a germanium oxynitride layer 7 of about
100A may also  be obtained by a rapid thermal
nitridation, consisting in e.g. placing either the
germanium or the germanium oxide, heated to about
600C, in an ammonia  (NH3) atmosphere for about 1
minute. According to another variant of the in-
vention, the germanium oxide could also consist 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. 1 d, 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. le, 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 18.11.2004 EP30357RB018jc 9
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surfaces 13 of the handle substrate 5 and the surface
15 of  the germanium oxynitride layer 7. As the
surface quality of the germanium  



oxynitride surface 15 fulfills the bonding criteria
with respect to surface rough- ness (typically below
10A, in particular below 5A), nanotopology, site
flatness  and particle density, bonding between the
two substrates can be achieved  even without
previously polishing the surface 15 of the germanium
oxynitride  layer 7. This represents a major advantage
with respect to the prior art proc- ess wherein
silicon dioxide-like oxides are deposited, then
annealed and fi- nally CMP polished. According to a
variant a plasma activation of the germanium
oxynitride surface  layer can be carried out by
performing a plasma activated nitridation of a sur-
face layer having a thickness of about OA to 20A. Fig.
If illustrates the result of the detachment step which
in the Smart Cut  technology consists of a thermal
annealing of the source-handle-compound  11. During
annealing the predetermined splitting area 9 is
weakened until  complete detachment between the
remainder of the source substrate 21 and  the
germanium on insulator wafer 17, being 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 I
in a sub- sequent germanium on insulator manufacturing
process, after reclaiming it like  during the SOI
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.
18.11.2004 EP30357RB018Jc 10  Gr(Jnecker, Kinkeldey,
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& Schwanhiusser- Anwaltssozietat According to a second
embodiment of the inventive method, shown in Fig. 2a
to 2f, an additional layer is provided between the
germanium oxynitride layer 7  and the handle substrate
5 to facilitate the bonding by using bonding surfaces
which are more standard, for example deposited Si02
surfaces. The second  embodiment comprises the same
process step as the first embodiment, and  therefore
the steps are not repeated again but incorporated
herewith by refer- ence. Elements having the same
reference numeral as the ones in Figs. la to  If and
Figs. 2a to 2f correspond to each other, and their
properties are there- fore not repeated again but
incorporated by reference. According to the second
embodiment, illustrated in Fig. 2a, a layer of Si02 23
is deposited on the GeO,N,, layer 7, prior to the
process step illustrated in Fig.  1d. The layer 23 is
for example deposited by PECVD based on TEOS or SiH4
at a temperature which is compatible with the
germanium, which is typically  less than 700C. This
layer 23 may have a thickness in a range of about a
few  nanometers to a few hundreds of nanometers. In
this case the source-handle- compound 11', shown in
Fig. 2b, comprises the layer 23 in addition to those
of  the source-handle-compound 11 shown in Fig. 1 e.
The interface between germanium and oxide remains a
GeOXN,,/Ge interface  which, as previously explained,
has very good electrical characteristics. The
interface between the GeOxN,, layer 7 and the
deposited Si02 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 Hf02 or Si3N4, is deposited on the GeOxNy
layer 7 prior to provid- ing the Si02 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. 18.11.2004 EP30357R8018Jc 11 
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Schwanhdusser - Anwaltssozietot In fact, deposited
Si02 has different properties than the generally used
thermal  SiO2. In particular, deposited SiO2 has low
resistance to chemical attacks, for  example by
fluoric acid HF. This can become a problem during the
later fabri- cation of devices in the transferred
germanium layer 19 where the deposited  S102 layer 23
will form the final buried oxide interface of the GeOl
substrate  17. The additional Hf02 or Si3N4 layer 25
may increase this resistance. According to a second
variant of the second embodiment the additional layer
23, e.g. Si02 layer, is deposited on the GeOxNy layer
7 before the ion implan- tation step illustrated in
Fig. 1d. It may be necessary to remove this layer be-
fore the bonding step, illustrated in Fig. le,
particularly if only a thermal oxide  is required to
form the buried oxide of the GeOl substrate 17 to
improve the  quality of the buried oxide. In this
case, it can be advantageous to deposit a  second
additional layer 25 of Hf02 or Si3N4 layer on the
GeOxNy layer 7 prior  to deposit the SiO2 layer 23.
The thickness of this layer could be from a few
nanometers to a few hundreds of nanometers. This
enables to remove the  deposited SiO2 layer after the
implantation step, illustrated in Fig. 1d, by
chemical attack, for example using HF. The resulting
structure  (Ge/GeOxNy/HfO2 for example), illustrated
in Fig 2e, is then bonded directly to  the handle
substrate 5, which may or not comprise thermal SiO2 on
its surface  13, to form a source-handle-compound 11
"', illustrated in Fig. 2f. In all the abovementioned
variants, the interface between germanium and the
GeOl dielectric is always a germanium/GeOxNy
interface. This guarantees the  electrical quality of
the thin germanium layer 7. 18.11.2004 EP30357RB018jc
12  GrOnecker, Kinkeldey, Sfockmalr Soitec  &
Schwanhausser- Anwaltssozietdt 



CLAIMS 1. Method for fabricating a germanium on
insulator (GeOl) type wafer com- prising the steps of:
a) providing a germanium (Ge) substrate or a substrate
comprising an epi- taxial Ge layer as a source
substrate (1), b) providing a germanium oxynitride
(GeOxNy) layer (7) on or in one main  surface (3) of
the source substrate (1), c) attaching the source
substrate (1) to a handle substrate (5) to form a
source-handle-compound (11), and d) detaching the
source substrate (21) at a predetermined splitting
area  (9), provided inside the source substrate (1)
and being essentially paral- lel to the main surface
(3), from 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 GeOxNy
layer (7). 18.11.2004 EP30357RB018jc 13  Gronecker,
Kinkeldey, Sfockmalr Soltec  & Schwanhausser -
Anwaltssozletat 4. Method according to claim 3,
wherein step b2) comprises nitridizing us- ing at
least one of ammonia (NH3), NO2 and NO. 5. Method
according to claim 1 or 2, wherein step b) comprises
the step  b1) of providing the GeOxNy layer (7) by
rapid thermal nitridation. 6. Method according to one
of claims 1 to 5, wherein step b) comprises the  



step of implanting N and/or N2 ions. 7. Method
according to one of claims 3 to 6, further comprising
prior to  step b1) the step of cleaning the main
surface (3), in particular by using  cyclic fluoric
acid (CHF). 8. Method according to one of claims I 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 I to 9, further comprising
providing  an additional layer (23), in particular a
deposited silicon dioxide (SiO2)  layer, on the GeOxNy
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 Hf02 or Si3N4 layer, on the GeOxNy
layer (7) prior to providing the additional layer
(23). 18.11.2004 EP30357RB018Jc  GrOnecker, Kinkeldey,
Stockmair & Schwanhausser- Anwaltssozletdf 14 Soltec
12. Method according to claim 10 or 11, wherein the
additional layer (23) is  provided prior to preparing
the predetermined splitting area (9). 13. Method
according to claim 12, wherein the additional layer
(23) is re- moved prior to forming the
source-handle-compound (11). 14. Germanium on
insulator (GeOl) wafer fabricated with the method ac-
cording to one of the claims 1 to 13. 18.11.2004 


