
1 PROTECTION OF REACTIVE METAL SURFACES OF SEMICONDUCTOR DEVICES DURING
SHIPPING BY PROVIDING AN ADDITIONAL PROTECTION LAYER FIELD OF THE
DISCLOSURE The present disclosure generally relates to the field of
integrated circuits, and more particularly to a back end of line processing
for providing highly conductive contact pads based on copper and the like
in sophisticated metallization structures. BACKGROUND OF THE INVENTION The
manufacturing of integrated circuits involves many complex process steps to
form circuit elements, such as transistors, capacitors, resistors, and the
like in and above an appropriate semiconductor material. In recent years,
enormous advances have been made in increasing integration density and
overall functionality of the integrated circuits. These advances have been
achieved by scaling the individual circuit elements to dimensions in the
deep sub-micrometer range, with currently used critical dimensions, such as
the gate length of a field effect transistor, of 30 nanometers (nm) and
less. Hence, millions of circuit elements may be provided in a die region,
wherein also a complex interconnect fabric may have to be designed, in
which typically each circuit element may electrically be connected to one
or more other circuit elements. These interconnect structures are typically
established in a metallization system comprising one or more wiring levels,
in which appropriate metal features are formed according to the circuit
configuration under consideration in a similar manner as a multi-level
printed circuit board, wherein, however, the dimensions of the metal
features have to adapted to the dimensions of the semiconductor circuit
elements, such as the transistors, and the like. 



Over many decades aluminum has been used as the metal of choice for forming
the metal features in the metallization layers of the semiconductor devices
due to its moderately high thermal and electrical conductivity, its
self-limiting creation of a passivating oxide layer and its compatibility
with other materials and process techniques  2 used for fabricating
integrated devices. With the continuous reduction of the circuit
dimensions, also the dimensions of the metal features have resulted in a
situation, in which the overall signal delay in the devices is no longer
restricted by the performance of the individual semiconductor circuit
elements, such as the switching speed of the transistors, but is
substantially determined by the parasitic time constants in the
metallization system caused by the restricted conductivity of aluminum and
the parasitic capacitance between neighboring metal regions. Therefore, in
modern integrated circuits, highly conductive metals such as copper and
alloys thereof are used to accommodate the high current densities
encountered during the operation of the devices, while the parasitic
capacitance may be reduced by using low-k dielectric materials, which are
to be understood as dielectrics having a dielectric constant of 3.0 or
less.  In an advanced stage of the manufacturing of integrated circuits it
is usually necessary to package a chip and provide leads and terminals for
connecting the chip circuitry with the periphery. In some packaging
techniques, chips, chip packages or other appropriate units may be
connected by means of solder balls, formed from so-called solder bumps,
that are formed on a corresponding layer of at least one of the units, for
instance on a dielectric passivation layer of the microelectronic chip. In
order to connect the microelectronic chip with the corresponding carrier,
the surfaces of two respective units to be connected, i.e. the
microelectronic chip comprising, for instance, a plurality of circuits, and
a corresponding package, have formed thereon adequate pad arrangements to
electrically connect the two units after reflowing the solder bumps
provided at least on one of the units, for instance on the microelectronic
chip. In other techniques solder bumps may have to be formed that are to be
connected to corresponding wires, or the solder bumps may be brought into
contact with corresponding pad areas of another substrate acting as a heat
sink. Consequently, it may be necessary to form a large number of solder
bumps that may be distributed over the entire chip area, thereby providing,
for example, the I/O (input/output) capability as well as the desired
low-capacitance arrangement required for high frequency applications of
modern microelectronic chips that usually include complex circuitry, such
as microprocessors, storage circuits, and the like and/or include a
plurality of integrated circuits forming a complete complex circuit system.
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Another approach for connecting chips with a package includes wire bonding
techniques, which have been successfully developed over many decades on the
basis of aluminum and are still well-established and represent the dominant
technology for connecting the vast majority of semiconductor chips to a
carrier substrate, wherein usually aluminum-based bond pads are provided,
which are contacted by an appropriate wire made of aluminum, copper, gold,
and the like. During the wire bonding process the bond wire is then at end
brought into contact with the bond pad. Upon applying pressure, elevated
temperature and ultrasonic energy the wire, which may have formed thereon a
ball, if required, is welded to the bond pad so as to form an intermetallic
connection. Thereafter, the other end of the bond wire may be bonded to a
lead pin of the package, in which the semiconductor chip is mechanically
fixed during the bond process. However, many advanced semiconductor devices
may have a copper based metallization structure in view of device
performance, integration density and process compatibility in facilities
fabricating a wide variety of different products, wherein, however, the
connection to the carrier substrate or the package is to be established by
wire bonding due to less demanding I/O capabilities as compared to, for
instance, CPUs and other highly complex ICs, and the economic advantages of
the wire bonding techniques over complex bump-based techniques. For
example, sophisticated memory devices may require very complex high
performance metallization systems, while the I/O capacity may readily be
achieved on the basis of wire bonding. In a production environment,
however, the wire bonding on copper bond pads is very difficult to achieve
due to an inhomogeneous self-oxidization of the copper surface in
combination with extensive corrosion, which may result in highly
non-reliable bond connections. That is, the bond pads and the bond wires
connected thereto may suffer from pronounced corrosion in particular when
exposed to sophisticated environmental conditions, as may occur during
normal operation and in particular during test periods performed at
elevated temperatures.  Many types of advanced semiconductor devices,
however, may have a copper-based metallization structure in view of device
performance, integration density and process compatibility in semiconductor
facilities that fabricate a wide variety of different products, wherein
however the connection to the carrier substrate or the package is to be
established by wire bonding due to less demanding I/O capabilities as
compared to, for  4 instance, CPUs and other highly complex integrated
circuits, and due to the economic advantages of the wire bonding techniques
over complex bump based techniques. For example, sophisticated memory
devices may require very complex high performance metallization systems
while the I/O capacity may readily be achieved on the basis of wire
bonding. In a production environment the wire bonding on copper bond pads
may require non-corroded surface areas in order to allow a reliable
inter-metallic connection between the bond wire and the copper-containing
contact surface. Irrespective of whether complex bump structures of wire
bonding techniques are to be applied for connecting the semiconductor chip
with a appropriate carrier material or package, typically different
manufacturing environments are involved in forming the complex
metallization system on the one hand and performing final manufacturing
steps including the dicing and packaging of the semiconductor chips on the
other hand. A corresponding splitting of the manufacturing process, as is
well-established in current semiconductor fabrication infrastructures, may
involve additional problems with respect to complex copper-based
metallization systems, as will be described in more detail with reference
to Figs la - 1d. 



Fig la schematically illustrates a cross-sectional view of a semiconductor
device 100 in a very advanced manufacturing stage. The device 100 comprises
a substrate 101, such as a silicon material, or any other appropriate
carrier material for forming thereon a semiconductor layer 102, in and
above which circuit elements 103 are formed. For example, the circuit
elements 103 may include transistors, capacitors, resistors and the like,
as required for implementing the desired circuit function. Furthermore, a
metallization system 150 is formed above the circuit elements 103 and
typically comprises a plurality of metallization layers 151, ... 154, each
of which comprises at least corresponding metal lines so as to provide for
inner level electrical connections, while also vertical contacts or vias
are provided so as to electrically connect one metallization layer with a
neighbouring metallization layer. For example, the metallization layer 151
comprises an appropriate dielectric material 151a which may include
sophisticated low-k dielectric materials in which are embedded metal lines
or region 151b, which are typically formed on the basis of copper material,
as discussed above. Similarly, the metallization layer 152 may comprise a
dielectric material 152a in combination with metal features 152b, wherein
also a cap layer 152c may be provided so  5 as to reliably cover any metal
features of the metallization layer 151 and also to act as an etch stop
material upon patterning the dielectric material 152a. For example, typical
materials used for a cap layer are silicon nitride, nitrogen enriched
silicon carbide and the like. Similarly, the metallization layer 153 may
comprise a dielectric material 153a and corresponding metal features 153b
followed by a cap layer 154c. The metallization layer 154 represents the
final or very last metallization layer of the system 150 and comprises an
appropriate dielectric material 154a in combination with metal regions
154b, which are also considered as contact regions in order to receive
appropriate bump elements or to receive a bond wire in a later
manufacturing stage. As discussed above, the metal regions 154b may
comprise a copper material and may thus have a copper-containing surface
154s, which is also referred to as contact surface. Moreover, a cap layer
155c is formed of the metallization layer 154 in order to appropriate
confine the metal features 154b and enabling appropriate patterning
processes to be performed on a passivation layer stack 160, which may
comprise a plurality of different material layers, such as layers 161, 162
and the like. Typically, the passivation layer stack 160 may comprise
materials such as silicon dioxide, silicon oxynitride, silicon nitride and
the like. The semiconductor device 100 as shown in Fig la is formed on the
basis of any appropriate process strategy, wherein the substrate 101 is
processed on wafer bases, that is, a plurality of semiconductor die regions
are provided in or on the substrate 101 in order to form a plurality of
substantially identical semiconductor devices. To this end, typically a
semiconductor facility comprises a plurality of process modules such as
lithography modules, etch modules, anneal modules, implantation modules and
the like in which the substrates 101 are processed in accordance with
dedicated process recipes in compliance with the requirements of the
semiconductor device 100. Hence, after completing the semiconductor-based
circuit elements 103 the metallization system 150 is formed by using
sophisticated process techniques which may typically include the deposition
of an appropriate dielectric material and patterning the same so as to form
respective openings therein, which are subsequently filled with a
copper-based material in combination with appropriate barrier materials
(not shown), followed by the removal of any excess material. Hence, layer
after layer the plurality of metallization layers 151, ..., 154 are formed
by applying basically the same process strategy wherein, however, the
corresponding critical dimensions may have to be adapted to the
metallization layer under consideration. Finally, the very last
metallization layer 154 is formed so as to  6 



include the contact regions 154b so as to be appropriately positioned and
having an appropriate lateral size in compliance with the further
processing, ie. with forming solder bumps or providing bond areas for a
wire bond process. After forming the cap layer 155c the layer stack 160 is
deposited on the basis of well-established process techniques wherein
typically a further patterning process may be applied on the basis of
lithography techniques and plasma-based etch recipes. Fig lb schematically
illustrates the device 100 in a further advanced manufacturing stage. As
shown, openings 160a are formed in the passivation layer stack 160 and may
also extend through the cap layer 155c thereby exposing a portion of the
surface 154s. To this end, any appropriate plasma-based etch recipes may be
applied in combination with lithography techniques. As shown, the
processing up to this manufacturing stage may be performed on the basis of
the substrate 101 comprising a plurality of die regions 110. Frequently,
the further processing may be continued in a remote manufacturing facility
in which dedicated process equipment and manufacturing strategies are
implemented so as to finalize the device 100, which typically includes the
formation of an appropriate bump structure or performing wire bonding
processes after dicing the substrate into individual semiconductor chips.
Consequently, as indicated by 140, the substrate 101 may be transported to
a different manufacturing environment which, however, may result in a
certain degree of surface contamination, for instance by oxidation and the
like, by forming a highly irregular surface which may result in
corresponding yield losses upon forming an appropriate bump structure or
performing a wire bond process on the basis of the surface 154s
contaminated during the transport 140.  Consequently, it has been suggested
to transport the devices 100 prior to actually patterning the passivation
layer stack 160 (cf. Fig lb), which however may require significant
additional resources in the remote manufacturing facility since lithography
processes in combination with plasma-based etch processes have to be
carried out. In other approaches, the contact regions 154b may receive a
terminal metal layer (not shown), for instance comprised of aluminium,
which has been a well-established material for forming thereon bump
structure or performing a wire bond process. In this case, however,
significant additional resources have to be provided in the manufacturing
environment in which the metallization system 150 is fabricated.  7 Fig 1d
schematically illustrates a cross-sectional view of the device 100 in a
further advanced manufacturing stage in which a further passivation layer
170, such as a polyamide layer, may be provided wherein solder bumps 171
may be formed so as to connect to the contact surface 154s. To this end,
the material 170 may be applied and may subsequently be patterned by
well-established process techniques for polyamide material followed by the
deposition of conductive materials, such as materials 171b, in order to
provide for appropriate interface characteristics with respect to a further
material 171a, such as a lead-free solder material and the like.
Consequently, if the processing of the device 100 for forming the polyamide
material 170 and the bump structure 171 is performed in the remote
manufacturing site, the deteriorated surface 154s (cf. Fig 1c) may result
in significant yield loss unless significant reworking is performed which,
however, may require additional process tool resources which are typically
not available in any such manufacturing sites. On the other hand, providing
a dedicated terminal metal layer such as aluminium or forming the bump
structure 171 in the same manufacturing facility, in which the
metallization system 150 is formed, may require additional resources, which
is frequently not compatible with the existing equipment and configuration
of semiconductor manufacturing facilities.  In view of the situation
described above, the present disclosure relates to manufacturing strategies
and semiconductor devices in which complex copper-based metallization
systems may be formed up to a manufacturing stage in which the finalizing,
ie. the polyamide processing and the contact processing, may be performed
in a remote manufacturing environment while avoiding, or at least reducing,
the effects of one or more of the problems identified above. 



SUMMARY OF THE DISCLOSURE The present disclosure generally provides
manufacturing techniques and semiconductor devices in which the passivation
layer formed above the final or very last metallization layer may
appropriately be patterned so as to avoid sophisticated plasma-based etch
processes during the further processing, while at the same time the
sensitive copper-containing contact surface of the contact regions in the
last metallization layer may be  8 passivated in order to allow transport
and significant queue times, substantially without surface deterioration.
Hence, the further processing may be continued at a remote manufacturing
facility without requiring additional resources with respect to
plasma-based etch processes. To this end, an appropriate protection layer
may be incorporated so as to enable a reliable passivation of the sensitive
copper-containing contact surface, while a removal of the protection layer
may be accomplished without requiring sophisticated plasma-based etch
strategies.  One illustrative method disclosed herein comprises forming a
final metallization layer of a metallization system of a semiconductor
device in a first manufacturing environment. The metallization system is
formed above a substrate that comprises a plurality of die regions, wherein
the final metallization layer comprises contact regions that have a
copper-containing contact surface. The method further comprises forming a
passivation layer stack above the final metallization layer and patterning
the passivation layer stack so as to form an opening above a portion of the
copper-containing contact surface of each of the contact regions. Moreover,
the method comprises forming a protection layer on at least the portion of
the copper-containing contact surface of each contact region prior to
processing the semiconductor device in a second manufacturing environment
that is remote from the first manufacturing environment. A still further
illustrative method disclosed herein comprises forming a metallization
system of a semiconductor device on the basis of copper in a manufacturing
environment wherein the metallization system comprises a final
metallization layer that comprises a plurality of metal contact regions.
The method further comprises forming a protection layer on the final
metallization layer and forming a passivation layer stack above the
protection layer. Additionally, the method comprises performing an etch
process in the manufacturing environment so as to form an opening in the
passivation layer stack above each of the plurality of metal contact
regions without etching through the protection layer. 



One illustrative semiconductor device disclosed herein comprises a
plurality of die regions formed on a carrier material, wherein each of the
die regions comprises a metallization system, which in turn comprises a
final metallization layer having a copper-based metal region that includes
a copper-containing contact surface. The  9 semiconductor device further
comprises forming a cap layer formed above the final metallization layer.
Moreover, a passivation layer stack is formed above the cap layer and
comprises an opening positioned above and aligned with a portion of the
copper-containing contact surface. Additionally, the semiconductor device
comprises a protection layer formed on the portion of the copper-containing
contact surface. 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 la and lb
schematically illustrate cross-sectional views of a semiconductor device
during various manufacturing stages in forming a complex copper-based
metallization system according to conventional strategies, wherein Fig lb
also illustrates a top view of semiconductor substrates including a
plurality of die regions processed in a specific manufacturing environment;



Fig 1 c schematically illustrates a cross-sectional view of the
semiconductor device after transport to a remote manufacturing facility
according to conventional process strategies; Fig 1 d schematically
illustrates the semiconductor device in a further advanced manufacturing
stage; Figs 2a - 2c schematically illustrate cross-sectional views of a
semiconductor device during various manufacturing stages in forming a
metallization system including a final metallization layer with
copper-based contact regions and a passivation layer stack that may be
patterned in the same manufacturing environment that is used for forming
the metallization system according to illustrative embodiments;  10
superior surface conditions of the copper-containing contact surface
according to illustrative embodiments; and Figs 2e and 2f schematically
illustrate cross-sectional views when patterning a passivation layer stack
and implementing an additional protection layer according to still further
illustrative embodiments. 



DETAILED DESCRIPTION While the present disclosure is described with
reference to the embodiments as illustrated in the following detailed
description as well as in the drawings, it should be understood that the
following detailed description as well as the drawings are not intended to
limit the present disclosure to the particular illustrative embodiments
disclosed, but rather the described illustrative embodiments merely
exemplify the various aspects of the present disclosure, the scope of which
is defined by the appended claims.  The present disclosure provides
manufacturing techniques and semiconductor devices in which basically a
desired separation of manufacturing flows may be accomplished after forming
a complex copper-based metallization system and a passivation layer stack
on the one hand and the further processing including the provision of
appropriate contact regimes including the dicing and packaging of the
semiconductor substrates on the other hand. To this end, the patterning of
the passivation layer stack may be accomplished within the same
manufacturing environment, which is also used for forming the metallization
system wherein, however, in order to provide superior surface
characteristics of a copper-containing contact surface an additional
protection layer may be implemented, which provides for sufficient
integrity of the sensitive contact surface while at the same time enabling
an efficient and fast removal at the remote manufacturing site without
requiring plasma-based etch strategies. For example, in some illustrative
embodiments, an appropriate protective material, such as a silicon and
oxygen-containing dielectric material, for instance in the form of silicon
oxynitride and the like, may be formed on the exposed contact surface,
thereby ensuring integrity of the contact surface while enabling an
efficient removal on the basis of wet chemical etch chemistries, for
instance using hydrofluoric acid (HF) and the like. The protection layer
11 may be incorporated at any appropriate manufacturing stage, for instance
in some illustrative embodiments prior to forming a dielectric cap layer
and depositing the passivation layer stack, wherein the protection layer
may then be used as an efficient etch stop or etch control layer upon
patterning the passivation layer stack and opening the dielectric cap
layer. In other illustrative embodiments, the protection layer may be
formed after the patterning of the passivation layer stack and the
dielectric cap layer when exposing a portion of the sensitive contact
surface so that the protection layer may be formed on any exposed surface
areas, which may thus enable an efficient removal in the remote
manufacturing site on the basis of wet chemical etch chemistry without
unduly affecting any underlying dielectric materials, such as the material
of the passivation layer stack and the like. In still other illustrative
embodiments, the protection layer may be formed selectively on the exposed
contact surface after the patterning of the passivation layer stack and of
the dielectric cap layer. To this end, a uniform oxide layer, such as a
copper oxide, may be provided, for instance on the basis of an oxidation
process wherein, due to the uniform characteristics of the resulting oxide
layer, an efficient and reliable removal in the remote manufacturing site
may be accomplished on the basis of a non-masked wet chemical etch process.
With reference to Figs 2a - 2f further illustrative embodiments will now be
described in more detail wherein also reference is made to Figs 1 a -1d, if
required. 



Fig 2a schematically illustrates a cross-sectional view of a semiconductor
device 200 in an advanced manufacturing stage. The device 200 may comprise
any appropriate carrier material 201, such as a semiconductor material and
the like, in and above which may be provided appropriate semiconductor
materials in order to form semiconductor-based circuit elements, as is for
instance also explained with reference to the device 100 in Fig la. For
convenience, any such circuit elements are not shown in Fig 2a.
Furthermore, the device 200 may comprise a metallization system 250, which
typically comprises a plurality of metallization layers, as is for instance
shown in Fig la when referring to the metallization system 150 of the
device 100. For convenience, any such metallization layers are not
illustrated in Fig 2a. Moreover, the metallization system 250 may comprise
a final metallization layer 254, which may comprise appropriate contact
regions 254b, which are appropriate positioned and may have an appropriate
lateral size so as to enable the formation of an appropriate contact regime
or to perform appropriate  12  wire bond processes, as is also discussed
above. It should be appreciated that the metallization system 250 may be
formed on the basis of copper and, at least in some metallization layers,
on the basis of a low-k dielectric material, as is also discussed above.
Consequently, also the metal regions 254b may comprise copper, possibly in
combination with appropriate barrier materials, such as tantalum nitride,
tantalum and the like which, for convenience, are not shown in Fig 2a.
Thus, the regions 254b comprise a copper-containing contact surface 254s,
at least a portion of which will be exposed in a later manufacturing stage
so as to be compatible with the desired contact regime still to be formed.
Moreover, in the embodiment shown, the device 200 may comprise a protection
layer 220, which may be formed on a dielectric material 254a of the
metallization layer 254 and on the contact surface 254s of each of the
regions 254b. In some illustrative embodiments the protection layer 220 may
represent a silicon and oxygen-containing dielectric material, such as a
silicon oxynitride, or any other appropriate dielectric material, which may
be removed on the basis of wet chemical etch recipes in a reliable manner
without causing significant material erosion in other dielectric materials
and, in particular, within the contact regions 254b. For example, a
plurality of materials may efficiently be removed on the basis of
hydrofluoric acid, which may provide for fast removal rates of silicon
oxide-based materials while not unduly affecting other dielectric
materials, such as silicon nitride and the like, and in particular the
region 254b may not unduly be affected by the wet chemical etch chemistry.
The protection layer 220 may be provided with a thickness approximately 10
- 50 nm, thereby providing for sufficient etch stop capabilities during the
further processes when patterning the passivation layer stack, while it
should be appreciated that any other thickness values may be selected in
accordance with the further processing.  The semiconductor device 200 as
shown in Fig 2a may be formed within a specific manufacturing environment
290 in order to form semiconductor-based circuit elements and a plurality
of metallization layers, such as the metallization layers as previously
described with reference to the semiconductor device 100. Moreover, at a
final phase of the manufacturing process, the metallization layer 254 may
be formed by depositing the dielectric material 254a and patterning the
same in order to form appropriate openings, which may subsequently be
filled by a barrier material in combination with a copper material, wherein
any excess material may be removed by CMP (chemical mechanical polishing)
and the like. Thereafter, the protection layer 220 may be deposited, for
13 



instance by plasma enhanced CVD (chemical vapour deposition) and the like.
It should be appreciated that the processing within the manufacturing
environment 290 is performed on a "wafer basis" wherein a plurality of die
regions are simultaneously processed, as for instance also described above
with reference to the device 100 when referring to the plurality of die
regions 110. Fig 2b schematically illustrates the device 200 in a further
advanced manufacturing stage within the manufacturing environment 290. As
shown, a dielectric cap layer 255c such as a silicon nitride material, a
nitrogen-enriched silicon carbide material and the like may be formed above
or, in some illustrative embodiments, on the protection layer 220 with any
appropriate thickness so as to comply with the overall device requirements.
Furthermore, a passivation layer stack 260 is formed on the cap layer 255c
and may comprise one or more layers, such as layers 261, 262, 263 as
required, For example, frequently silicon nitride, silicon dioxide, silicon
oxynitride may be provided. It should be appreciated that in some
illustrative embodiments at least an outermost layer 263 may have a
different material composition compared to the protection layer 220, if
corresponding material erosion during the further processing may be
considered inappropriate. In other cases, the thickness of the layer stack
260 may be selected such that specific material erosion upon removing a
portion of the protection layer 220 in a later manufacturing stage may be
taken into consideration. The layer 255c and the stack 260 may be formed on
the basis of any appropriate and well-established process strategy. Fig 2c
schematically illustrates the device 200 in a further advanced
manufacturing stage within the manufacturing environment 290. In this
manufacturing stage, an etch process 295 may be applied on the basis of an
appropriate etch mask 294, such as a resist mask, in order to form openings
260a in the passivation layer stack 260 and in the dielectric cap layer
255c. To this end, appropriate plasma-based etch recipes may be applied in
order to etch through the stack 260, possibly using the layer 255c as an
etch stop material, wherein subsequently a further etch step may be applied
so as to etch through the layer 255c, while using the protection layer 220
as an etch stop material or as an etch control material. For example, a
plurality of well-established plasma assisted etch recipes are available
for etching through a silicon nitride-based material of the layer 255c with
a high degree of selectivity with respect to a silicon oxide-based
material, such  14 as silicon dioxide, silicon oxynitride and the like. In
this manner, the etch process 295 may reliably be stopped on or within the
protection layer 220 without exposing the contact surface 254s. Hence, the
sensitive surface areas 254s remain reliably covered by the protection
layer 220. Consequently, after the etch process 295 and the removal of the
etch mask 294 the device 200 is appropriately passivated with respect to
any further transport activities and waiting times before continuing the
processing by forming contact elements, such as bump structures, or
preparing the device for wire bond process strategies and the like.
Consequently, in some illustrative embodiments as indicated by 240 the
device 200 may be transported to a remote manufacturing environment.  Fig
2d schematically illustrates the device 200 in a manufacturing environment
280, which may be appropriately equipped so as to enable the further
processing of the device 200. In some illustrative embodiments, an etch
process 281 may be performed within the environment 280 in order to remove
any exposed portions of the protection layer 220, thereby re-exposing the
contact surface areas 254s, or at least a portion thereof as defined by the
passivation layer stack 260. To this end, in some illustrative embodiments,
the etch process 281 may be performed as a wet chemical etch process
without requiring any plasma assisted process atmospheres. To this end,
appropriate wet chemical etch chemistries, such as HF, may be applied in
order to remove exposed portions of the protection layer 220 without unduly
affecting the regions 254b. It should be appreciated that due to the
reduced thickness of the protection layer 220 a certain degree of erosion,
as indicated by 260r, may not negatively affect the further processing and
the finally obtained device characteristics wherein, if required, any such
material erosion may readily be taken into consideration upon selecting the
initial thickness of the layer stack 260 and selecting a reduced initial
thickness of the openings 260a. Consequently, the surface areas 254s may be
exposed on the basis of a non-masked etch process, ie. without requiring a
dedicated patterned resist material, wherein a moderately high etch rate
may result in an efficient overall process flow. On the basis of the
exposed surface areas 254s the further processing may be continued, for
instance by forming an appropriate bump structure, as for instance shown
and explained with reference to Fig 1d when referring to the semiconductor
device 100. In this case, the corresponding dielectric material, for
instance in the form of polyamide, may be provided and an appropriate
process sequence may be applied for forming barrier materials and the bump
material, which may subsequently be patterned on the basis of any well- 



15 established process strategy. In other cases, the surface areas 254s may
represent bond areas for performing a wire bond process in a later
manufacturing stage. In this case, the etch process 281 may be performed at
any appropriate phase prior to the actual wire bond process, thereby
ensuring integrity of the contact surface areas 254s and thus enabling a
direct connection with a bond wire. Fig 2e schematically illustrates the
semiconductor device 200 according to further illustrative embodiments. It
should be appreciated that the device 200 may be processed in the
manufacturing environment 290, as shown in Figs 2a - 2c. As illustrated,
the passivation layer stack 260 and the dielectric cap layer 255c, which
may now be formed directly on the dielectric material 254a and the contact
surface 254s, may be patterned so as to form the openings 260a, which may
thus expose a portion of the contact surface 254s. In this manufacturing
stage, the protection liner 220 may be deposited on the basis of any
appropriate deposition technique, wherein also the material composition may
be selected so as to allow a fast and efficient removal of the protection
layer 220 on the basis of a wet chemical etch chemistry, as is discussed
above. For example, silicon dioxide, silicon oxynitride, amorphous carbon
and the like may be used as long as these materials ensure sufficient
integrity of the surface 254s during any extended waiting times and
transport activities. Consequently, in the state as shown in Fig 2e, the
device 200 may be transported to a manufacturing environment 280 (cf. Fig
2d) and the corresponding etch process may be applied, thereby efficiently
removing the protection layer 220. In this case, undue exposure of the
passivation layer stack 260 and the cap layer 255c may be avoided since
these components may be exposed to the reactive etch ambient in a final
phase only, ie. in a certain over-etch period, which may allow to reliably
expose the surface 254s. Thereafter, the further processing may be
continued, as already discussed above. Fig 2f schematically illustrates the
semiconductor device 200 according to still further illustrative
embodiments. As shown, the openings 260a may be provided in the passivation
layer stack 260 and in the cap layer 255c, thereby initially exposing a
portion of the surface 254s. Thereafter, the protection layer 220 may be
formed in a highly selective manner, for instance by performing an
electrochemical deposition process in order to form the layer 220 as a
conductive cap material, which may have a desired high removal rate in a
dedicated wet chemical etch chemistry. For example, a plurality of  16 



well-established conductive barrier materials, such as tantalum, titanium,
binary or ternary alloys including tungsten, cobalt, phosphorous and the
like, may efficiently be formed on the basis of electroless plating
techniques. These materials may also be removed on the basis of an
appropriate etch chemistry, which may also result in removal of any metal
residues formed on the passivation layer stack 260. In other cases, the
selective formation of the protection layer 220 may be accomplished on the
basis of an oxidation process 205, in which the copper material may be
oxidized on the basis of highly controllable process conditions, thereby
forming the layer 220 with uniform and predictable and reproducible
material characteristics in terms of layer thickness and material
composition. In this manner, the actual contact surface 254s may thus be
formed by the interface between the layer 220 and the remaining region
254b. The layer 220 may hence passivate the region 254b and may thus
provide for the required integrity of the region 254b upon transporting the
device 200 to the remote manufacturing environment. Thereafter, an
appropriate wet chemical etch process may be applied so as to efficiently
remove the highly uniform protection layer 220 and the further processing
may be continued, as described above. As a result, the present disclosure
provides manufacturing techniques and semiconductor devices in which a
passivation layer stack may be patterned, however without jeopardizing
integrity of a copper-containing contact surface. To this end, an
appropriate protection material is incorporated so as to cover at least a
portion of the contact surface that has to be exposed during the further
processing in a remote manufacturing site, which may be accomplished on the
basis of an efficient wet chemical etch process without requiring plasma
assisted etch recipes and any lithography masks. Further modifications and
variations of the present disclosure will be apparent to those skilled in
the art in view of the description. Accordingly, this 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 subject matter
disclosed herein. It is to be understood that the forms shown and described
herein are to be taken as the presently preferred embodiments.  17 CLAIMS A
method comprising: 



forming a final metallization layer of a metallization system of a
semiconductor device in a first manufacturing environment, said
metallization system being formed above a substrate comprising a plurality
of die regions, said final metallization layer comprising contact regions
having a copper-containing contact surface; forming a passivation layer
stack above said final metallization layer; patterning said passivation
layer stack so as to form an opening above a portion of said
copper-containing contact surface of each of said contact regions and
forming a protection layer on at least said portion of said
copper-containing contact surface of each of said contact regions prior to
processing said semiconductor device in a second manufacturing environment
that is remote from said first manufacturing environment. 2The method of
claim 1, wherein said protection layer is formed prior to forming said
passivation layer stack. 3,The method of claim 2, wherein patterning said
passivation layer stack comprises 



performing an etch process and stopping said etch process without exposing
said portion of said copper-containing contact surface. The method of claim
1, wherein patterning said passivation layer stack comprises exposing said
portion of said copper-containing contact surface. 5.The method of claim 4,
wherein said protection layer is formed on said passivation layer stack and
on said exposed portion of said copper-containing contact surface.  18 6The
method of claim 4, wherein said protection layer is formed selectively on
said 



exposed portion of said copper-containing contact surface. The method of
claim 6, wherein said protection layer is formed as a copper oxide layer.
The method of claim 1, wherein forming said protection layer comprises
forming a silicon and oxygen containing material layer. The method of claim
1, further comprising removing said protection layer at least from said
portion of said copper-containing contact surface in said second
manufacturing environment by performing a wet chemical etch process. 10.
The method of claim 9, wherein said wet chemical etch process is performed
as a non-masked etch process. 11. The method of claim 9, wherein said wet
chemical etch process is performed on 



the basis of hydrofluoric acid (HF). 12. A method comprising: forming a
metallization system of a semiconductor device on the basis of copper in a
manufacturing environment, said metallization system comprising a final
metallization layer comprising a plurality of metal contact regions;
forming a protection layer on said final metallization layer; forming a
passivation layer stack above said protection layer; and performing an etch
process in said manufacturing environment so as to form an opening in said
passivation layer stack above each of said plurality of metal contact
regions without etching through said protection layer.  



19 13. The method of claim 12, further comprising transporting said
semiconductor device to a second manufacturing environment and removing
said protection layer within each of said openings by performing a wet
chemical etch process. 14. The method of claim 13, wherein performing said
wet chemical etch process comprises performing a non-masked etch process.
15. The method of claim 13, wherein said wet chemical etch process is
performed on the basis of hydrofluoric acid (H F). 16. The method of claim
12, further comprising forming a cap layer above said protection layer
prior to forming said passivation layer stack, wherein performing said etch
process comprises etching through said cap layer and using said protection
layer as an etch control layer. 17. The method of claim 16, wherein said
protection layer is formed so as to act as an etch stop layer in said etch
process. 18. The method of claim 17, wherein said dielectric material is
formed as a silicon and oxygen containing material. 



19. A semiconductor device comprising: a plurality of die regions formed on
a carrier material, each of said die regions comprising a metallization
system, said metallization system comprising a final metallization layer
having a copper-based metal region including a copper-containing contact
surface; a cap layer formed above said final metallization layer; a
passivation layer stack formed above said cap layer and comprising an
opening positioned above and aligned with a portion of said
copper-containing contact surface; and  20 a protection layer formed on
said portion of said copper-containing contact surface. 



20.The semiconductor device of claim 19, wherein said protection layer is
formed below said cap layer and differs in material composition from said
cap layer. 


