wo 2010/022969 A1 I 0K 0 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 11NN 0000 1.0 R 0O 0
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
4 March 2010 (04.03.2010) WO 2010/022969 A1l
(51) International Patent Classification: (74) Agent: PFAU, Anton, K.; Griinecker, Kinkeldey, Stock-
HOI1L 21/321 (2006.01) HO11 21/768 (2006.01) mair & Schwanhdusser, Anwaltssozietét, Leopoldstrasse

4, 80802 Miinchen (DE).

(21) International Application Number: ’ inchen (DE)
PCT/EP2009/006257 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
28 August 2009 (28.08.2009) CA. CH, CL, CN, CO, CR, CU, CZ, DK, DM, DO, DZ,

(25) Filing Language: English EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
. HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
10 2008 044 9881 NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,

29 August 2008 (29.08.2008) DE SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ,
12/483,571 12 June 2009 (12.06.2009) US UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): AD- (84) Designated States (unless otherwise indicated, for every
VANCED MICRO DEVICES, INC. [US/US]; One kind of regional protection available): ARIPO (BW, GH,
AMD Place, Mail Stop 68, Sunnyvale, CA 94088-3453 GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(US). ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(72) Inventors; and ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(75) Inventors/Applicants (for US only): WERNER, Thomas MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
[DE/DE]; Gommlichstrasse 10, 01468 Reichenberg - TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Moritzburg (DE). FROHBERG, Kai [DE/DE]; Garten- ML, MR, NE, SN, TD, TG).

strasse 20, 01689 Niederau (DE). FEUSTEL, Frank . )
[DE/DE]; Am Rossthaler Bach 21, 01159 Dresden (DE). ~ Published:
—  with international search report (Art. 21(3))

(54) Title: USING A CAP LAYER IN METALLIZATION SYSTEMS OF SEMICONDUCTOR DEVICES AS A CMP AND
ETCH STOP LAYER

50 e 20
230
/ o }zé
/ xf\ 231
z | g sR
L 21
. \
ey 211 &\\ 210
-
=
~—201
FIG. 2g

(57) Abstract: During the manufacturing of advanced metallization systems, a dielectric cap layer formed on a sensitive dielectric
material may be partially maintained during a CMP process for removing excess metal, thereby avoiding the necessity for deposit-
ing a dedicated etch stop material, as may be required in conventional approaches when substantially completely consuming the
dielectric cap material during the CMP process. Hence, reduced process complexity and/or enhanced flexibility may be accom-
plished in combination with increased integrity of the low-k dielectric material.



WO 2010/022969 PCT/EP2009/006257

USING A CAP LAYER IN METALLIZATION SYSTEMS OF SEMICONDUCTOR
DEVICES AS A CMP AND ETCH STOP LAYER

Field of the present Disclosure

The present disclosure generally relates to the field of fabricating semiconductor devices

and more particularly to metallization systems including low-k dielectric materials.

Description of the Prior Art

Today’s global market forces manufacturers of mass products to offer high
quality products at a low price. It is thus important to improve yield and process
efficiency to minimize production costs. This holds especially true in the field of
semiconductor fabrication, since here, it is essential to combine cutting edge
technology with volume production techniques. One important aspect in realizing
the above strategy is seen in continuously improving device quality with respect
to performance and reliability, while also enhancing the diversity of functions of
semiconductor devices. These advances are typically associated with a
reduction of the dimensions of the individual circuit elements, such as
transistors, and the like. Due to the continuous shrinkage of critical feature
sizes, at least in some stages of the overall manufacturing process frequently
new materials may have to be introduced so as to adapt device characteristics to
the reduced feature sizes. One prominent example in this respect is the
fabrication of sophisticated metallization systems of semiconductor devices in
which advanced metal materials, such as copper, copper alloys and the like, are
used in combination with low-k dielectric materials which are to be understood as
dielectric materials having a dielectric constant of approximately 3.0 and
significantly less, in which case these materials may also be referred to as ultra
low-k dielectrics (ULK). By using highly conductive metals, such as copper, the
reduced cross-sectional area of metal lines and vias may at least partially be
compensated for by the increased conductivity of copper compared to, for
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instance, aluminium which has been the metal of choice over the last decades,

even for sophisticated integrated devices.

On the other hand, the introduction of copper into semiconductor manufacturing
strategies may be associated with a plurality of problems, such as sensitivity of
exposed copper surfaces with respect to reactive components, such as oxygen,
fluorine and the like, the increased diffusion activity of copper in a plurality of
materials typically used in semiconductor devices, such as silicon, silicon
dioxide, a plurality of low-k dielectric materials and the like, copper’s
characteristic of generating substantially no volatile byproducts on the basis of
typically used plasma enhanced etch processes, and the like. For these
reasons, sophisticated inlaid or damascene process techniques have been
developed in which typically the dielectric material may have to be patterned first
in order to create trenches and via openings, which may then be coated by an
appropriate barrier material followed by the deposition of the copper material.
Consequently, a plurality of highly complex processes, such as the deposition of
sophisticated material stacks for forming the interlayer dielectric material
including low-k dielectrics, patterning the dielectric material, providing
appropriate barrier and seed materials, filling in the copper material, removing
any excess material and the like, may be required for forming sophisticated
metallization systems wherein the mutual interactions of these processes may be
difficult to assess, in particular, as material compositions and process strategies
may frequently change in view of further enhancing overall performance of the

semiconductor devices.

For example, the continuous shrinkage of the critical dimensions may also
require reduced dimensions of metal lines and vias formed in the metallization
system of sophisticated semiconductor devices which may lead to closely spaced
metal lines, which in turn may result in increased RC (resistive capactive) time
constants. These parasitic RC time constants may result in significant signal
propagation delay, thereby limiting overall performance of the semiconductor
device, although highly scaled transistor elements may be used in the device
level. For this reason, the parasitic RC time constants may be reduced by using

highly conductive metals, such as copper, in combination with dielectric materials
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of very reduced permittivity, also referred to as ULK materials, as previously
discussed. On the other hand, these materials may exhibit significant reduced
mechanical and chemical stability, for instance when exposed to the various
reactive etch atmospheres and mechanical stress, for instance during etch
processes, resist removal, the removal of excess metal by CMP (chemical

mechanical polishing), and the like.

Due to the reduced mechanical stability of low-k dielectric materials in general
and ULK materials in particular, typically a dielectric cap layer may be formed on
the low-k dielectric material, which enhances the overall characteristics of the
dielectric layer stack during the patterning of the low-k dielectric material and in
particular during the process of removing excess material after filling in a
conductive metal, such as copper. However, the provision of a specific dielectric
cap layer may contribute to overall process complexity, as will be described with

reference to Figs 1a and 1b in more detail.

Fig 1a schematically illustrates a cross-sectional view of a semiconductor device
100 in a manufacturing stage in which a metallization system 120 may be formed
above a substrate 101. The substrate 101 may represent any appropriate carrier
material for forming therein and thereabove respective device levels, such as
semiconductor materials for forming therein circuit elements in the form of
transistors, capacitors, resistors and the like. Furthermore, the substrate 101
may also comprise an appropriate contact structure for connecting the circuit
elements, ie. corresponding contact areas, such as drain and source areas, gate
electrodes, capacitor electrodes and the like with the metallization system 120.
For convenience, any such contact structure is not shown in Fig ta. In the
example illustrated in Fig 1a, the metallization system 120 may comprise a first
metallization layer 110 including an appropriate low-k dielectric material 111, in
which a plurality of metal lines 112 may be embedded. The metal lines may
typically comprise a conductive barrier material 112a, such as a tantalum layer, a
tantalum nitride layer, or any combination thereof. Furthermore, a highly
conductive metal 112b in the form of copper, copper alloy and the like may
ensure enhanced electrical performance, as discussed above. Furthermore, an
etch stop layer 113 may be formed on the dielectric material 111 and the metal
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lines 112 and may be comprised of any appropriate material so as to provide the
desired etch stop capabilities, possibly in combination with other characteristics,
such as the confinement of the metal regions 112b, forming an appropriate
interface with the highly conductive metal 112b in order to achieve a specified
electromigration behaviour and the like. For example, a plurality of dielectric
materials, such as silicon nitride, silicon carbide, nitrogen-containing silicon
carbide and the like are frequently used as appropriate materials for the etch
stop layer 113. Due to the etch stop capabilities of the layer 113 the material
contained therein may typically have an increased dielectric constant compared
to the low-k dielectric 111, which is to be understood as a dielectric material
having a relative permittivity of approximately 3.0 and less. For this purpose, a
plurality of well-established low-k dielectric materials are available, such as
materials including silicon, carbon, oxygen, hydrogen or a plurality of polymer

materials.

The metallization system 120 may further comprise a second metallization layer
130 which in the manufacturing stage shown in Fig 1a may comprise a low-k
dielectric material 131, which may be similar to the material 111 or which may
have a different material composition, depending on the overall mechanical and
electrical performance requirements of the metallization system 120.
Furthermore, a dielectric cap layer 135 is formed on the dielectric material 131
so as to enhance overall characteristics of the material 131 during the further
processing, ie. during the patterning of the material 131 and the subsequent
formation of metal-containing regions. For example, the cap layer 135 may be
provided in the form of a silicon dioxide material with a thickness of 20 — 100 nm.

The semiconductor device 100 as shown in Fig 1a may be formed on the basis of
the following conventional process techniques. First, any circuit elements and
other device features may be formed in and above the substrate 101, thereby
using well-established process techniques in accordance with design
requirements of the semiconductor device 100. Next, an appropriate contact
structure (not shown) may be formed, for instance by depositing an appropriate
dielectric material, such as silicon dioxide and the like, and patterning the same

so as to receive openings, which may be filled with a metal-containing material
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such as tungsten and the like. Thereafter, the metallization system 120 may be
formed, for instance by depositing the dielectric material 111 for the metallization
layer 110. For this purpose, any appropriate deposition technique, such as spin-
on techniques, thermally activated CVD (chemical vapour deposition), plasma
enhanced CVD and the like may be used. Next, an appropriate cap material may
be provided when the dielectric material 111 represents a critical material with
respect to mechanical stability and the like, as is explained above. For instance,
a similar material layer as the layer 135 may be formed, for instance by any
appropriate deposition technique such as plasma assisted CVD to provide for
enhanced overall mechanical and chemical characteristics of the dielectric
material 111. Subsequently, the dielectric material 111 may be patterned, for
instance by using the cap material as a hard mask, if desired, and performing
well-established anisotropic etch processes so as to form corresponding
openings for the metal lines 112. Subsequently, the conductive barrier material
112a may be deposited, for instance by sputter deposition and the like, followed
by the electrochemical deposition of the copper material of the regions 112b. As
previously discussed, during the corresponding electrochemical deposition, a
significant amount of excess material may have to be provided so as to ensure a
reliable filling of the various openings for the metal lines 112. Next, the excess
material may be removed by CMP (chemical mechanical polishing) in which the
corresponding cap layer may provide for enhanced mechanical stability. During
the CMP process, the excess metal and the barrier material 112a may be
removed, while also the corresponding cap layer may be consumed so as to
finally obtain the electrically isolated metal regions 112 and a substantially
exposed dielectric material 111. Thereafter, the etch stop layer 113 may be
formed, for instance by plasma enhanced CVD, wherein any appropriate material
or material compositions may be deposited, as may be required for the further
processing of the device 100. For example, the etch stop layer 113 may also act
as a confinement layer for passivating an exposed top surface 112s of the
copper material 112b. For example, silicon nitride, silicon carbide and nitrogen-
containing silicon carbide are appropriate materials, which may efficiently
suppress the migration of copper atoms into the dielectric material 111 and which
may also efficiently suppress the incorporation of reactive components, such as

fluorine, oxygen and the like into the copper regions 112b, which may otherwise
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result in reduced mechanical and electrical performance of the metal lines 112.
Next, the low-k dielectric material 131 of the metallization layer 130 may be
deposited, for instance by spin-on techniques, CVD and the like, as is also
explained with reference to the dielectric material 111. Thereafter, the cap layer
135 may be formed so as to provide for the desired characteristics for the
subsequent patterning of the low-k dielectric material 131, as is also previously

explained with reference to the dielectric material 111.

Fig 1b schematically illustrates the semiconductor device 100 in a further
advanced manufacturing stage in which metal regions 132 in the form of metal
lines 1321 and vias 132v are formed in the dielectric material 131. For this
purpose, similar process techniques may be used, as previously described with
reference to the metallization layer 110. That is, the cap layer 135 and the
dielectric material 131 may be patterned by well-established process techniques
an subsequently a conductive barrier material 132a in combination with highly
conductive copper material may be filled into the corresponding openings with a
subsequent removal of any excess material by a CMP process 102, thereby
forming the metal lines 132| and the vias 132v. During the CMP process 102,
the cap layer 135, which may initially provide for enhanced mechanical stability,
may increasingly be consumed and may finally substantially completely be
removed as illustrated in Fig 1b. Thereafter, a further etch stop layer may be
provided so as to confine the exposed metal regions 132 and provide
corresponding etch stop capabilities for patterning a further dielectric material to

be formed above the metallization layer 130.

As discussed above, forming the metallization layers 110 and 130 may include a
plurality of deposition processes, for instance for forming the etch stop layer 113
and the cap layer 135 in order to provide for the desired etch stop capabilities
and mechanical and chemical characteristics when patterning low-k dielectric
materials of sophisticated metallization systems. Since typically a plurality of
metallization layers may be required, the number of process steps required for
each metallization layer may significantly contribute to the overall cycle time and

thus production costs for sophisticated semiconductor devices.
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In view of the situation described above, the present disclosure relates to
process techniques and semiconductor devices, in which the desired
characteristics with respect to the processing and electrical performance of
metallization layers may be provided with reduced process complexity so as to

avoid or at least reduced one or more of the problems identified above.

Summary of the Disclosure

Generally, the present disclosure relates to techniques and semiconductor devices in
which metallization layers may be formed on the basis of sensitive dielectric materials by
providing a dielectric cap layer for enhancing mechanical and chemical characteristics
during the patterning of the dielectric material, while the number of process steps may be
reduced and/or the degree of flexibility in selecting appropriate materials for the
metallization layer under consideration may be enhanced. For this purpose, the
corresponding cap layer may be used at least during a planarization process for
removing any excess metal, wherein at least a portion thereof may be maintained so as
to act as a material for passivating the sensitive dielectric material during the further
processing. For instance, the remaining portion of the dielectric cap material may be
used as an etch stop material so as to protect the underlying dielectric material during a
further pattering sequence for forming metal lines and vias of a subsequent metallization
layer. Consequently, the deposition of a dedicated etch stop material, as may be used in
conventional approaches, may be avoided, thereby reducing the overall process
complexity. In some illustrative aspects disclosed herein, the dielectric cap layer
provides for enhanced flexibility in passivating the surface area of the metal regions
formed in the sensitive dielectric material, since the sensitive dielectric material may
reliably be covered by the dielectric cap layer, while on the other hand the surface areas
of the metal regions may be exposed due to the preceding CMP process. Thus, in some
illustrative embodiments disclosed herein, a conductive cap layer may be formed on the
exposed metal regions while reliably protecting the sensitive dielectric material without
requiring an additional deposition step for forming an etch stop layer, as is the case in

conventional approaches.
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One illustrative method disclosed herein comprises forming a cap material on a first low-
k dielectric material of a metallization layer of a semiconductor device. The method
further comprises forming an opening in the cap material and the first low-k dielectric
material and filling in a metal in the opening. Furthermore, a portion of the cap material
and excess material of the metal are removed by performing a planarization process so
as to form a metal region. The method further comprises forming a second low-k
dielectric material on a residual layer comprised of a residual of the cap material and
patterning the second low-k dielectric material by using the residual layer as an etch stop

material.

A still further illustrative method disclosed herein comprises forming an opening in a
dielectric layer stack of a metallization layer of a semiconductor device, wherein the
dielectric layer stack comprises a first dielectric material and a dielectric cap layer formed
on the first dielectric material. The method further comprises filling the opening with a
conductive material and removing excess material from above the first dielectric material
to form a metal region by performing a planarization process while maintaining at least a
portion of the dielectric cap material. Finally, the method comprises forming a conductive

cap layer on a top surface of the metal region.

One illustrative semiconductor device disclosed herein comprises a metallization system
formed above a substrate. The metallization system comprises a first metallization layer
comprising a first low-k dielectric material, a first dielectric cap material formed on the
first low-k dielectric material and a metal line formed in the first low-k dielectric material
and in the first dielectric cap material, wherein the first dielectric cap material is laterally
connected to the metal line so as to form a portion of a sidewall of the metal line. The
metallization system further comprises a second metallization layer comprising a second
low-k dielectric material that is formed above the first dielectric cap material and the
metal line, wherein the second metallization layer comprises a via connecting to the

metal line.
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Brief Description of the Drawings

Further embodiments of the present disclosure are defined in the appended claims and
will become more apparent with the following detailed description when taken with

reference to the accompanying drawings, in which:

Figs 1a and 1b schematically illustrate cross-sectional views of a conventional
semiconductor device during various manufacturing stages in forming a metallization
system on the basis of separate etch stop materials and dielectric cap materials of

metallization layers including a low-k dielectric material;

Figs 2a — 2g schematically illustrate cross-sectional views of a semiconductor device
during various manufacturing stages in forming a metallization system by using a
dielectric cap material in combination with a dielectric material, such as a low-k dielectric
material, and maintaining a portion of the dielectric cap material for forming thereon a
further dielectric material of a subsequent metallization layer according to illustrative

embodiments;

Fig 2h schematically depicts a cross-sectional view of the semiconductor device
according to still further illustrative embodiments in which a conductive cap material may
selectively be formed on the basis of a remaining portion of a dielectric cap material,

thereby providing for enhanced passivation of exposed metal regions;

Fig 2i schematically illustrates a cross-sectional view of the semiconductor device during
a CMP process for removing excess metal while maintaining a portion of a dielectric cap
layer, which may exhibit a specific internal compressive stress level so as to enhance
overall mechanical integrity of the lower lying sensitive dielectric material according to

further illustrative embodiments;

Fig 2j schematically illustrates a cross-sectional view of a semiconductor device
according to still further illustrative embodiments in which a dielectric cap layer may be
provided in the form of one or more sub layers so as to appropriately adjust the overall

characteristics during the further processing; and
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Fig 2k schematically illustrates a cross-sectional view of the semiconductor device at a
manufacturing stage in which exposed surface portions of metal regions may be

passivated on the basis of a remaining portion of a dielectric cap layer.

Detailed Description

It is to be noted that although the present disclosure is described with reference to the
embodiments as illustrated in the following detailed description, the detailed description
is not intended to limit the present disclosure to the particular embodiments disclosed
herein, but rather the described embodiments merely exemplify the various aspects of

the present disclosure, the scope of which is defined by the appended claims.

Generally, the present disclosure relates to semiconductor devices and techniques for
forming the same, in which enhanced flexibility and/or reduced overall process
complexity may be accomplished due to the fabrication of sophisticated metallization
systems by using a dielectric cap material for enhancing mechanical and other
characteristics of a sensitive dielectric material, in particular during a CMP process,
wherein a portion of the dielectric cap material may not be removed during the CMP
process and may be used during the further processing, for instance in the form of an
etch stop material and the like. Consequently, enhanced overall integrity of the sensitive
dielectric material, which may be provided in the form of a low-k dielectric material or
even a ULK (ultra low-k) dielectric material having a dielectric constant of 2.7 or less may
be achieved, since the sensitive dielectric material may not be exposed during and after
a corresponding planarization process which is performed so as to remove any excess
material of a previously deposited metal-containing material. Moreover, the deposition of
a further etch stop material, as is typically provided in conventional approaches, may be
avoided, thereby contributing to enhanced overall process efficiency. In some illustrative
embodiments, the maintained portion of the dielectric cap layer may be used as a
protective material during an appropriate passivation of exposed surface areas of the
metal regions formed in the sensitive dielectric material and the remaining portion of the
cap layer. For example, a selective electrochemical deposition process may be
performed, substantially without affecting the sensitive dielectric material due to the

presence of the dielectric cap material. In other cases, non-selective electrochemical
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deposition processes, or any other deposition processes, may be used possibly in
combination with a corresponding lithographical patterning step in order to form a
corresponding passivation layer on the exposed metal regions, while the remaining
portion of the cap material may act as an efficient etch stop or protection material.
Consequently, an increased degree of flexibility in appropriately “designing” the
electromigration characteristics of a top surface of the metal regions may be achieved
without degrading the characteristics of the sensitive dielectric material. In still other
illustrative embodiments the dielectric cap material may be provided as a compressively
stressed material, thereby even further enhancing the overall mechanical integrity of the
underlying dielectric material, in particular during the corresponding CMP process. In still
other illustrative embodiments, the dielectric cap layer may be provided in the form of two
or more sub layers so as to appropriately adjust the overall characteristics with respect to
the behaviour during the CMP process, the etch process, the lithographical patterning
and the like.

With reference to Figs 2a — 2k further illustrative embodiments will now be described in

more detail, wherein also reference may be made to Figs 1a and 1b if appropriate.

Fig 2a schematically illustrates a cross-sectional view of a semiconductor device 200 in a
manufacturing stage in which a metallization system 220 is to be formed above a
substrate 201. It should be appreciated that the substrate 201 is to represent any
appropriate carrier material for forming therein and thereabove circuit elements, contact
elements and the like, which may be required for obtaining the desired configuration and
performance of the semiconductor device 200. For convenience, any such further device
levels are not shown in Fig 2a. The substrate 201 may comprise an appropriate carrier
material in combination with one or more semiconductor layers in and above which
circuit elements may be formed, such as transistors, capacitors, resistors and the like, as
may also be described with reference to the semiconductor device 100. In sophisticated
applications, critical dimensions of corresponding circuit elements, such as a gate length
of field effect transistors, may be approximately 50 nm and less, thereby typically
requiring advanced metallization layers in the metallization system 220, which may
typically be accomplished by using sensitive dielectric materials, such as low-k dielectrics
in combination with highly conductive metals, such as copper, copper alloys, silver and
the like, as is also previously discussed. As is also previously described with reference
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to the semiconductor device 100, the substrate 201 may also include an appropriate
contact structure for connecting corresponding circuit elements with the metallization
system 220. In other cases a corresponding contact structure may represent a portion of
the metallization system 220. In the manufacturing stage shown, the metallization
system 220 may comprise a first metallization layer 210 in an early manufacturing stage.
That is, the metallization layer 210 may comprise a dielectric material, which may
represent a low-k dielectric material having a reduced mechanical integrity, as is
explained above. For instance, the dielectric constant of the material 211 may
approximately be 3.0 and less, for instance 2.0 and less, if ULK materials are
considered. For this purpose, a plurality of well-established low-k materials are
available, which may have a more or less pronounced porous state, which may typically
result in an even further reduced mechanical stability. Furthermore, a dielectric cap
material 235 may be formed on the dielectric material 211 and may have any appropriate
material composition so as to enhance the overall integrity of the material 211 during the
further processing and which may also provide for the desired behaviour during a pattern
process for forming a further metallization layer above the layer 210, as will be described
later on in more detail. The dielectric cap layer 235 may thus be provided with any
appropriate material composition and layer thickness such that at least a portion thereof
may be maintained during a CMP process for removing any excess metal in a later
manufacturing stage. For instance, the dielectric cap layer 235 may be comprised of
silicon dioxide, silicon nitride, silicon carbide, nitrogen-containing silicon carbide, silicon
oxynitride, or any combination with a thickness of approximately 10 — 100 nm, depending

on the overall process requirements.

The semiconductor device 200 as shown in Fig 2a may be formed on the basis of the
following processes. After forming respective circuit elements and other features, such
as contact elements and the like, in and above the substrate 201, as is also discussed
with reference to the semiconductor device 100, the dielectric material 211 of the
metallization layer 210 may be deposited. For this purpose, any appropriate deposition
technique may be used, as is also discussed above. Next, the dielectric cap layer 235
may be formed by depositing one or more materials with the desired configuration and
thickness as desired. For example, in some illustrative embodiments, the dielectric cap
layer 215 may also be used as a hard mask for the subsequent pattering of the dielectric
material 211. In this case, the layer 215 may be formed such that at least a surface
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portion thereof may provide for the desired etch stop capabilities during a subsequent
anisotropic etch process for patterning the dielectric material 211. In other cases, the
layer 215 or at least an upper portion thereof may act as an ARC (antireflective coating)
material during a lithography process so that the corresponding optical characteristics,
such as index of refraction, extinction coefficient and the like may appropriately be
selected by using any appropriate material composition. For instance, the optical
characteristics of silicon dioxide may be appropriately adjusted by varying a degree of
nitrogen incorporated therein so as to form a silicon oxynitride material having the
desired optical response with respect to a corresponding exposure wavelength used for
lithographically forming a resist mask. In other cases, respective optical relevant
interfaces may be defined in the dielectric cap layer 215 by providing different material
compositions so as to adjust reflection and absorption characteristics of the layer 235.
For this purpose, well-established plasma assisted deposition techniques are available

and may be used.

Fig 2b schematically illustrates the semiconductor device 200 in a further advanced
manufacturing stage in which the dielectric cap layer 215 may be patterned so as to
provide an etch mask for the subsequent etching of the dielectric material 211. For this
purpose, a resist material may be patterned by lithography in accordance with well-
established process techniques. Thereafter, the layer 215 may be patterned on the
basis of the corresponding resist mask, which may be removed prior to actually reaching
the dielectric material 211. In other illustrative embodiments the layer 215 and the
dielectric material 211 may be etched in a common etch process on the basis of a
corresponding etch mask (not shown). Thereafter, a dielectric material 211 may be
etched on the basis of well-established anisotropic etch techniques so as to form
corresponding openings, such as trenches and the like, as may be required for
corresponding metal regions in the metallization layer 210. It should be appreciated that
an appropriate material may be provided above the substrate 201 so as to appropriately

control the corresponding etch process.

Fig 2c schematically illustrates the semiconductor device 200 in a further advanced
manufacturing stage. That is, metal regions 212, for instance in the form of metal lines,
may be formed in the dielectric material 211 and the dielectric cap material 215 wherein

the metal regions 212 may comprise a conductive barrier layer 212a and a highly
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conductive metal 212b, such as copper, copper alloys, silver, aluminium and the like,
depending on the overall requirements with respect to conductivity and electromigration
performance. In the manufacturing stage shown, the highly conductive metal 212b may
be provided with a certain amount of excess thickness so as to reliably fill the
corresponding openings 2110 in the dielectric material 211. As previously explained, the
openings 2110 may be formed on the basis of an appropriate etch mask, such as the
patterned dielectric cap layer 215 (cf. Fig 2b) or any other appropriate etch mask.
Thereafter, the conductive barrier material 212a may be formed, for instance by sputter
deposition, electrochemical deposition, CVD (chemical vapour deposition), self-limiting
CVD techniques and the like, depending on the overall configuration of the
semiconductor device 200. For instance, tantalum and tantalum nitride may frequently
be used as barrier materials for copper-based metals. Thereafter, the highly conductive
metal 212b may be filled in by, for instance, electrochemical deposition techniques, such
as electroplating, electroless plating and the like. Thereafter, the excess material of the
highly conductive metal 212b and of the barrier material 212a may be removed by a

planarization process, which may typically comprise a CMP process.

Fig 2d schematically illustrates the semiconductor device 200 at a final phase of a
corresponding CMP process 202. As illustrated, any excess material of the highly
conductive metal 212b may be removed and also the barrier layer 212a may be removed
from horizontal device portions, thereby providing the metal regions 212 as electrically
isolated metal regions. Furthermore, during the CMP process 202 also material of the
layer 215 may be removed wherein, however, due to the initially selected layer thickness
and/or material composition a portion of the layer 215 may be maintained, thereby
forming a residual layer 215r having an appropriate thickness 215p, which may be
appropriate for the further processing of the device 200, for instance for acting as an etch
stop or protection layer of the material 211 during the formation of a further metallization
level. For instance, the layer thickness 215t may be in the range of approximately 10 -
50 nm, depending on the material composition of the initial layer 215 and the initial fayer
thickness. Consequently, the sensitive dielectric material 211 may not be removed
during the CMP process 202 and may also maintain reliable coverage during the
subsequent processing of the device 200. It should be appreciated that exposure to any
reactive ambients, such as wet chemical cleaning processes and the like, may result in a

severe damage of sensitive dielectric materials, such as ULK materials, which may even
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require removal of a damaged surface zone of these materials in sophisticated
applications. Consequently, by maintaining the residual layer 215r enhanced overall
integrity of the sensitive dielectric material 211 may be accomplished. It should be
appreciated that in some illustrative embodiments exposed surface portions 212s of the
metal regions 212 may be passivated prior to performing further manufacturing steps, as

may also be explained in more detail later on.

Fig 2e schematically illustrates the semiconductor device 200 in a further advanced
manufacturing stage, in which the dielectric material 231 and a corresponding cap
material 235 of a further metallization layer 230 may be provided. To this end, the
dielectric material 231 may be deposited in the form of a low-k dielectric material on the
residual layer 215r and on the metal regions 212, which may have formed thereon an
appropriate passivation layer or cap layer (not shown) if a direct contact of the dielectric
material 231 may be considered inappropriate. It should be appreciated that the
dielectric material 231 may include two or more different material compositions,
depending on the overall characteristics of the material 231. For example, one or more
transition layers may be provided within the layer 231 so as to enhance overall adhesion
of a ULK material to the residual layer 215r and the metal regions 212. In other cases a
low-k dielectric material may directly be deposited on the layer 215r. Next, the dielectric
cap layer 235 may be formed, for instance on the basis of similar material compositions
and techniques as is also described with reference to the cap layer 215 (cf. Figs 2a and
2b). It should be appreciated that also the dielectric cap layer 235 may be provided with
an appropriate initial layer thickness and material composition so as to enhance overali
integrity of the material 231, while nevertheless enabling to preserve a portion of the
material 235 for the further processing, ie. for the formation of a further metallization

level.

Fig 2f schematically illustrates the semiconductor device 200 in a further advanced
manufacturing stage in which a plurality of openings 2310 are formed in the dielectric
material 231 and the dielectric cap layer 235. The openings 2350 may be provided in
any appropriate form, wherein at least a portion of the openings 2350 may extend to one
or more of the metal regions 212. For example, the openings 2350 may represent
trenches and via openings of the metallization layer 230. The openings 2350 may be

formed on the basis of any appropriate patterning regime, such as dual damascene
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techniques and the like, wherein the cap layer 235 may be patterned so as to act as a
hot mask layer, as previously explained, while in other cases the materials 235 and 231
may be patterned in a common etch process. During a corresponding anisotropic etch
process, which may be performed on the basis of well-established etch chemistries, the
residual layer 215r may act as an etch stop material in device regions in which the
openings 2350, or portions thereof, may not extend to underlying metal regions 212. For
instance, critical areas 215¢c may be created by certain imperfections of the alignment
procedure when lithographically defining the openings 2350. Moreover, during the
anisotropic etch processes, a certain degree of reduced etch fidelity may result in a
“misalignment” of the openings 2350 with respect to the metal regions 212. In this case,
the residual layer 215r may reliably stop the corresponding etch process, thereby
maintaining integrity of the underlying material 211. On the other hand, the etch process
may be stopped on or in the metal regions 212, which may comprise respective
passivation materials or conductive cap layers, if required, as will also be described later
on in more detail. Thus, the dielectric material 231 and the cap layer 235 may reliably be
patterned on the basis of the residual layer 215r. Thereafter, the further processing may
be continued, for instance by depositing a conductive barrier material and filling in a
conductive metal, such as copper and the like. Next, any excess material may be
removed, as is also previously explained with reference to Fig 2d when referring to the
CMP process 202.

Fig 2g schematically illustrates the semiconductor device 200 after the above-described
process sequence. That is, the metallization layer 230 may comprise metal regions 232
including a conductive barrier material 232a and a highly conductive metal 232b.
Furthermore, a remaining portion of the dielectric cap layer 235, now indicated as 235r,
may be formed so as to cover the dielectric material 231. In a similar manner to the
residual layer 215r also the residual layer 235r may laterally connect to the
corresponding metal regions 232, thereby forming a portion of the sidewalls 232w
thereof. The corresponding height of the respective portion of the sidewall 232w defined
by the layer 235r is determined by a thickness 235t of the residual layer 235r. As
previously explained, the thickness 235t in combination with the corresponding material
composition of the layer 235r may be selected such that enhanced integrity during the
further processing may be obtained, for instance by forming a further dielectric material
on the residual layer 235r and the metal regions 232, as is also described with reference
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to the layer 215r. Consequently, undue exposure of the sensitive dielectric material 231
after the deposition of the layer 235 may be avoided while also not requiring the
deposition of a further etch stop material, as may typically be used in conventional

approaches substantially completely consuming the corresponding cap material.

Fig 2h schematically illustrates the semiconductor device 200 according to further
illustrative embodiments in which a conductive cap layer 212c may be formed on the
exposed surface portions 212s of the conductive material 212b. To this end, in one
illustrative embodiment, a selective electrochemical deposition process 203 may be
performed so as to deposit an appropriate cap material, such as an alloy including
cobalt, tungsten, phosphorous, an alloy including cobalt, tungsten, boron, an alloy
including nickel, molybdenum, boron and the like, may be formed. During the
electrochemical deposition process 203, the exposed surface portion 212s may act as a
catalysing material, thereby initiating the deposition of the corresponding metal species,
while substantially avoiding a significant deposition on the residual layer 215r.
Consequently, during the process 203 undue contact of the dielectric material 211 with
the deposition ambient of the process 203 may reliably be avoided. Furthermore, prior to
the deposition process 203 any appropriate cleaning processes, such as wet chemical
cleaning techniques based on hydrofluoric acid, APM (ammonium hydrogen peroxide
mixture) may be performed substantially without negatively affecting the dielectric
material 211.  Consequently, by means of the conductive cap layer 212c the
electromigration behaviour and the confinement of the metal 212b may be adjusted at
the top surface 212s, while also providing for enhanced integrity of the conductive metal
212b during the further processing, for instance during the deposition of a dielectric
material, such as the material 231 (cf. Fig 2e). Moreover, the conductive cap layer 212c
may act as an etch stop material during the patterning of the corresponding dielectric

material when forming respective openings therein, such as the openings 2350 (cf. Fig

2f).

Fig 2i schematically illustrates the semiconductor device 200 during a final phase of the
CMP process 202 when removing excess material of the metailization layer 210, as is
also previously discussed with reference to Fig 2d. During the CMP process 202
typically corresponding micro cracks 215¢ may be created, which may propagate into the
dielectric material 211, thereby unduly reducing the overall mechanical stability thereof.
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In some illustrative embodiments, the dielectric cap layer 215 may be provided with a
moderately high internal compressive stress level, as indicated by 215s, which may
result in an appropriate “counter force” so as to suppress a widening and increasing of
the micro cracks 215c, thereby also suppressing or at least reducing a propagation into
the sensitive dielectric material 211. For instance, the dielectric cap layer 215 may be
formed with an internal stress level of approximately 200 MPa to several hundred MPa or
even higher, depending on the overall process and device requirements. For example,
silicon dioxide, silicon nitride, nitrogen-containing silicon carbide and the like may
efficiently be deposited on the basis of plasma enhanced CVD techniques with a high
internal stress level by appropriately selecting process parameters, such as ion
bombardment during the deposition, gas flow rates, temperatures, pressure and the like.
Corresponding process recipes are well-established in the art for forming compressively
stressed dielectric materials and may be used for forming the layer 215. After the CMP
process 202 a desired thickness of the layer 215 may be maintained, as is also

discussed above.

Fig 2j schematically illustrates the semiconductor device 200 according to further
illustrative embodiments in which the dielectric cap layer 215 may be provided in the
form of two or more sub layers 215a, 215b and 215d in order to appropriately adjust the
overall characteristics, for instance with respect to the CMP behaviour, the etch stop
capabilities, the ARC characteristics and the like. In the embodiment shown the first sub
layer 215a may be deposited on the sensitive dielectric material 211 so as to provide for
the desired integrity of the material 211, when the sub layer 215a may substantially
represent the remaining portion of the layer 215. Thereafter, one or more further sub
layers, such as the layers 215b, 215d, may be formed. For example, the layer 215b may
be deposited, for instance during an in situ deposition process, by appropriately adjusting
the process parameters such as the gas flow rates of precursor materials and the like.
Thereafter, the layer 215d may be formed, for instance by deposition, surface treatment
and the like, according to the desired overall material characteristics. For example, the
layers 215a, 215b may be provided with a different material composition so as to enable
enhanced control of a corresponding CMP process, which may result in enhanced
process uniformity in maintaining a desired remaining layer of the initial material 215.
For instance, the sub layer 215a may be provided in the form of a silicon dioxide

material, while the layer 215b may be provided as a silicon oxynitride material, a silicon
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nitride material, a silicon carbide material and the like. If, for instance, a direct contact of
the layer 215b with a subsequent deposited resist material may have to be suppressed,
the layer 215d may be provided, for instance in the form of a silicon dioxide material, or
any other type of material, which may enable a direct contact with sensitive resist
material. For example, if a contact of nitrogen with resist material or with a subsequent
electric material is to be avoided, a corresponding nitrogen-containing material may be
used for the layer 215b, which may be enclosed by the layers 215a, 215d, thereby
suppressing undue exposure of sensitive material to a nitrogen species. It should be
appreciated, however, that the material composition of the layer 215 may be selected in
accordance with any other appropriate criteria, depending on the overall process and
device requirements. After forming the layer 215 an appropriate patterning process may
be performed so as to define respective openings in the layers 215 and 211, as is also
previously explained. During the lithography process, if desired, a direct contact of resist
material with nitrogen may be suppressed, even if one of the sub layers of the layer 215
may include a nitrogen species. Thereafter, the further processing may be continued as
previously described and finally a CMP process, such as the process 202 (cf. Figs 2d
and 2i) may be performed, thereby removing the layers 215d, 215b, wherein the
difference in material composition of the layers 215b and 215a may provide for enhanced
overall process control, thereby enabling a reliable adjustment of the remaining thickness
within a specified value range. Thereafter, the further processing may be continued, as
is also described above, wherein enhanced overall process uniformity may be
accomplished. For example, a low-k dielectric material may be deposited, wherein also
a direct contact to a nitrogen species may be avoided if the remaining portion of the layer

215 is substantially free of a nitrogen species.

Fig 2k schematically illustrates the semiconductor device 200 according to further
illustrative embodiments in which the residual layer 215r may efficiently be used as an
etch stop or protection layer for forming a passivation layer or cap layer 212¢, at least on
the exposed surface portions 212s. For example, a non-selective process 204 may be
performed so as to provide the cap layer 212c, for instance by depositing an appropriate
material, wherein in some cases also material 212d may be deposited on the residual
layer 215r. For this purpose, any appropriate physical or chemical vapour deposition
techniques, electroplating processes and the like may be used. Thereafter, the
undesired portion 212d may, at least partially, be removed by providing an appropriate
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mask (not shown) so as to cover at least the metal regions 212 while exposing the
portions 212d. For this purpose, the same lithography mask may be used as is also
employed for defining metal regions 212 within the dielectric material 211, however on
the basis of a negative resist wherein the corresponding alignment accuracy may be less
critical as long as a conductive path between neighbouring metal regions 212 may be
disconnected by a subsequent etch process for removing exposed portions of the
material 212d. During the corresponding etch process the residual layer 215r may act as
a reliable etch stop material, thereby maintaining integrity of the dielectric material 211.

In other illustrative embodiments, the process 204 may include a surface treatment for
forming the cap layer 212c¢, for instance in the form of a passivation layer and the like,
while integrity of the material 211 may be maintained by the residual layer 215r. For
example, a thin passivation layer may be formed on exposed copper surface areas by
means of appropriate wet chemical etch chemistries, which may include corrosion
inhibitors and the like, which may result in a thin substantially self-limiting passivation
layer, which may protect the metal regions 212 during the further processing, for instance

during the deposition of a further dielectric material.

As a result, the present disclosure provides techniques and semiconductor devices in
which a dielectric cap layer may be maintained partially during a planarization process
for removing excess material of metal and barrier material, thereby forming a portion of
an upper sidewall area of the corresponding metal regions. The remaining dielectric cap
layer may further ensure integrity of the sensitive dielectric material during the further
processing, for instance during the deposition of a further low-k dielectric material for a
subsequent metallization layer, thereby reducing overall process complexity, since a
dedicated etch stop material may not be required, as is the case in conventional
approaches. Furthermore, when selectively forming a conductive cap layer the residual
dielectric cap layer may provide for integrity of the underlying dielectric material, thereby

providing for enhanced overall process flexibility.

Further modifications and variations of the present disclosure will be apparent to those
skilled in the art in view of this description. Accordingly, the description is to be
construed as illustrative only and is for the purpose of teaching those skilled in the art the

general manner of carrying out the principles disclosed herein. It is to be understood that
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the forms shown and described herein are to be taken as the presently preferred
embodiments.
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CLAIMS

A method comprising:

forming a cap material on a first low-k dielectric material of a metallization layer of

a semiconductor device;

forming an opening in said cap material and said first low-k dielectric material;

filling said opening with a metal ;

removing a portion of said cap material and excess material of said metal by

performing a planarization process so as to form a metal region;

forming a second low-k dielectric material on a residual layer comprised of a

residual of said cap material; and

patterning said second low-k dielectric material by using said residual layer of said

cap material as an etch stop material.

The method of claim 1, further comprising selectively forming a conductive cap
layer on a top surface of said metal region prior to forming said second low-k

dielectric material.

The method of claim 2, wherein selectively forming said conductive cap layer on a
top surface of said metal region comprises performing an electro-chemical

deposition process.

The method of claim 1, wherein said cap material is formed with an internal

compressive stress level.

The method of claim 4, wherein said cap material is formed with an internal

compressive stress level of approximately 200 Mega Pascal or higher.
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The method of claim 1, wherein forming said cap layer comprises depositing a

silicon dioxide material.

The method of claim 1, wherein forming said cap layer comprises depositing a

silicon and nitrogen containing material.

The method of claim 7, wherein said silicon and nitrogen containing material

additionally comprises carbon.

The method of claim 1, wherein forming said cap layer comprises depositing a
first sub-layer and a second sub-layer and wherein said first and second sub-

layers differ in material composition.

The method of claim 1, wherein forming said opening in said first low-k dielectric
material comprises patterning said cap material and using said cap material as a
hard mask when forming said opening in the first low-k dielectric material.

The method of claim 1, further comprising forming a further cap material on said
second low-k dielectric material, patterning said further cap material so as to form
a second opening in said further cap material and said second low-k dielectric
material, filling said second opening with a metal containing material and
removing material of said further cap material and said metal containing material

so as to form a further residual layer and a second metal region.

A method comprising:

forming an opening in a dielectric layer stack of a metallization layer of a
semiconductor device, said dielectric layer stack comprising a first dielectric

material and a dielectric cap layer formed on said first dielectric material:

filling said opening with a conductive material:
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removing excess material from above said first dielectric material to form an
electrically conductive region by performing a planarization process while

maintaining at least a portion of said dielectric cap material; and

forming a conductive cap layer on a top surface of said electrically conductive

region.

The method of claim 12, wherein said conductive cap layer is formed by

performing a selective electro-chemical deposition process.

The method of claim 12, further comprising forming a second dielectric material

above said maintained portion of said dielectric cap material.

The method of claim 14, further comprising patterning said second dielectric
material by using said conductive cap layer and said maintained portion of said

dielectric cap material as an etch stop material.

The method of claim 15, further comprising forming a second dielectric cap
material on said second dielectric material prior to patterning said second

dielectric cap material.

The method of claim 16, wherein patterning said second dielectric material
comprises forming a mask from said second dielectric cap material and using said

mask as an etch mask for etching said second dielectric material.

The method of claim 12, wherein said dielectric cap material is formed with an

internal compressive stress level.
A semiconductor device comprising:

a metallization system formed above a substrate, said metallization system
comprising

a first metallization layer comprising a first low-k dielectric material, a first
dielectric cap material formed on said first low-k dielectric material and a metal
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line formed in said first low-k dielectric material and said first dielectric cap
material, said first dielectric cap material laterally connecting to said metal line so
as to form a portion of a sidewall of said metal line, and

a second metallization layer comprising a second low-k dielectric material formed
above said first dielectric cap material and said metal line, said second

metallization layer comprising a via connecting to said metal line.

The semiconductor device of claim 19, further comprising a conductive cap layer

formed on a top surface of said metal line.

The semiconductor device of claim 20, wherein said first dielectric cap material

has an internal compressive stress level.

The semiconductor device of claim 19, further comprising a second dielectric cap
material formed on said second low-k dielectric material, wherein said second
dielectric cap material forms a portion of a sidewall of a second metal line formed

in said second low-k dielectric material and said second dielectric cap material.

The semiconductor device of claim 19, wherein a dielectric constant of said first
low-k dielectric material is less than a dielectric constant of said first dielectric cap

material.



WO 2010/022969 PCT/EP2009/006257
1/6
/ 100
rd
N N 135
>
130
31
112S 120
= =_113
N8 [
/,\1128 < 112A /\\ T 110
/ / e
~—101

FIG. 1a (prior art)

132V

EfA 102
/' lﬁ\/m \ \
NN\ ,

v 1

/|

: : =113
/ 1128\761]2/\/ \ 111
127
/ } ~
~101

FIG. 1b (prior art)



WO 2010/022969 PCT/EP2009/006257

2/6

|
|

~201

2110

212B™

NN




WO 2010/022969 PCT/EP2009/006257

3/6
—T 4
21‘25R 21? 21l5T | 212 '312
f e
e /ﬂ \ / 210
/ \ / P /
~—201
FIG. 2d
200
rd
235
230
231
=-215R
Z - 211 2 Z/ 19
N\ £

~201




WO 2010/022969

PCT/EP2009/006257

4/8 200
235 ~
7 7 % 230
/ 2350 2350 /
231 /
215C 215C
i -l 215R
/ 211 \ 212 //210
~—201
FIG. 2f
258 232 232A 235T })o
‘ ! 230
S -
/ 2328
/ \\ 231 ﬁ
/1L A /
=-215R

NN




WO 2010/022969 PCT/EP2009/006257

5/6
/200
\ A l / /
215R 212C 212C
£, 2128 Wl o

~—201
FIG. 2h
200
\2-%2_/ rd
215 215S 212 215C 212
( F /[ ¢

—»\ | e

AN
\

7
N
\5




WO 2010/022969 PCT/EP2009/006257

6/6
200
rd
215
/215D
=—2158
- -215A
211 210
~—201
M i i I e e N N N W
FIG. 2;
200
R A 2
215R 212C 212D 212C 212S
= o = Al _
) 2128 212 212 :
e AN
£ NN 25\ et
SN
~—201




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2009/006257

INV.

A. CLASSIFICATION OF SUBJECT MATTER
HO1L21/321 HO1L21/768

According to international Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOI1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Cnatibn of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 153 935 A (EDELSTEIN DANIEL C [US] ET 1-3,6,7,
AL) 28 November 2000 (2000-11-28) 10-17,
19,20,
22,23
Y the whole document 4,5,8,
18,21
X DE 10 2008 008085 Al (SAMSUNG ELECTRONICS 1-3,7,8,
CO LTD [KR]) 28 August 2008 (2008-08-28) 10,
12-15,
19,20,23
Y the whole document 4,5,18,
21
Y US 2007/205507 A1 (CHANG HUI-LIN [TW] ET 4,5,8,
AL) 6 September 2007 (2007-09-06) 18,21
paragraph [0024]
-/

Further documents are listed in the continuation of Box C.

E ‘See palent family annex.

"A® document defining the general state of the art which is not
considered to be of particular relevance invention
*E*® earlier document but published on or afterthe international e
filing date
'L* document which may throw doubts on priority claim(s) or
which is cited to eslablish the publication date of another *Y* document of particular refevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-

citation or other special reason (as specified)
*O" document referring to an oral disclosure, use, exhibition or

* Special categories of cited documents :

"T* later document published after the international filing dale

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention

cannot be considered novel or cannot be considered to

involve an inventive step when the document is taken alone

other means ments, such combination being obvious to a person skilled
*P" document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family

Date of the actual completion of the international search

19 November 2009

Date of maiiing of the intemational search report

26/11/2009

Name and mailing address of the ISA/

Tel. (+31-70) 340-2040,

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Authorized officer

Fax: (+31-70) 3403016 Ploner, Guido

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

AL) 2 February 2006 (2006-02-02)
the whole document

PCT/EP2009/006257
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citalion of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2005/242414 A1l (ANGYAL MATTHEW [US] ET 4,5,18,
AL ANGYAL MATTHEW [US] ET AL) 21
3 November 2005 (2005-11-03)
the whole document
X US 2006/049056 Al (WANG HUI [US] ET AL) 1,6,7,
9 March 2006 (2006-03-09) 9-11,19,
22,23
paragraphs [0085] - [0096]; figures 19,20
P,X US 2008/258303 Al (YEH MING-SHIH [TW] ET 1,2,6,7,
AL) 23 October 2008 (2008-10-23) 10-12,
14-16,
19,20,
22,23
the whole document
A US 2006/024955 A1 (FROHBERG KAI [DE] ET 1-23

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent tamily members

International application No

PCT/EP2009/006257
Patent document Publicqtion Patent family Publication
cited in search report date member(s) date
US 6153935 A 28-11-2000 KR 20010030437 A 16-04-2001
us 6358832 Bl 19-03-2002
DE 102008008085 Al 28-08-2008 CN 101330072 A 24-12-2008
KR 20080070995 A 01-08-2008
US 2009166868 Al 02-07-2009
Us 2007205507 Al 06-09-2007 CN 101030566 A 05-09-2007
US 2005242414 Al 03-11-2005 NONE
US 2006049056 Al  09-03-2006  NONE
US 2008258303 Al 23-10-2008 NONE
US 2006024955 Al 02-02-2006 DE 102004036753 Al 23-03-2006

Form PCT/ISA/210 {patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

