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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 muiti-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



Over many decades al um num has been used as the netal of choice for formng
the nmetal features in the netallization |ayers of the sem conductor devices
due to its noderately high thermal and el ectrical conductivity, its
self-limting creation of a passivating oxide layer and its conpatibility
with other materials and process techniques 2 used for fabricating

i ntegrated devices. Wth the continuous reduction of the circuit
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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 /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.



Anot her approach for connecting chips with a package includes w re bonding
t echni ques, whi ch have been successfully devel oped over nany decades on the
basis of alum numand are still well gestablished and represent the dom nant
technol ogy for connecting the vast majority of sem conductor chips to a
carrier substrate, wherein usually alum num based bond pads are provided,
whi ch are contacted by an appropriate wire made of alum num copper, gold,
and the like. During the wire bonding process the bond wire is then at end
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Fig la schematically illustrates a cross-sectional view of a sem conductor
device 100 in a very advanced nmanufacturing stage. The device 100 conpri ses
a substrate 101, such as a silicon material, or any other appropriate
carrier material for form ng thereon a sem conductor |ayer 102, in and
above which circuit elenments 103 are fornmed. For exanple, the circuit

el ements 103 may include transistors, capacitors, resistors and the |ike,
as required for inplenenting the desired circuit function. Furthernore, a
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i nclude the contact regions 154b so as to be appropriately positioned and
having an appropriate lateral size in conpliance with the further
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SUMVARY OF THE DI SCLOSURE The present disclosure generally provides

manuf acturing techni qgues and sem conductor devices in which the passivation
| ayer forned above the final or verygl ast netallization |ayer may
appropriately be patterned so as to avoid sophisticated plasna-based etch
processes during the further processing, while at the sane tine the
sensitive copper-containing contact surface of the contact regions in the

| ast netallization |ayer may be 8 passivated in order to allow transport
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formed above a substrate that conprises a plurality of die regions, wherein
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regions wi thout etching through e protection |
however, may result in a certain degree of surface contammat:on 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 180 (cf. Fig 1b), 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.



One illustrative sem conductor device disclosed herein conprises a
plurality of die regions formed on a carrier material, wherein each of the
die regions conprises a nmetallization system which in turn conprises a
final netallization |ayer having a copper-based netal region that includes
a copper-containing contact surface. The 9 semi conductor device further
conprises formng a cap |ayer forned above the final netallization |ayer.
Mor eover, a passivation |ayer stack is forned above the cap |ayer and
conpri ses an opening positioned above and aligned with a portion of the
copper-containi ng contact surface. Additionally, the sem conductor device
conpr i 585! % sphespaiqally dllysyptas f ovpesasenionnkvigwr oi 8¢ geviend Ooisperfuglestt ai ni ng
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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



Fig 1 ¢ schematically illustrates a cross-sectional view of the _

sem conduct or device after transport to a renote manufacturing facility
according to conventional process stigategies; Fig 1 d schematically
illustrates the sem conductor device in a further advanced nmanufacturing
stage; Figs 2a - 2c schematically illustrate cross-sectional views of a
sem conduct or devi ce during various manufacturing stages in formng a
nmetal lization systemincluding a final netallization |ayer with

copperpammcbdcmrmaet td eveRangPstt anpasgiifitaht glelayfles SE@tattRal WRBuPe
patterned in,the same manufacturing environment that 1s used for formng
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according to ilTustrative enbodi nents; and Figs 2e and schenatical |y
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illustrative enbo
while a removal of the protection layer may be accomplished without requiring

sophisticated plasma-based etch strategies.

One lllustrative 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 metaliization 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
metaliization system, which in turn comprises a final metallization layer having a copper-

based metal region that includes a copper-containing contact surface. The



DETAI LED DESCRI PTI ON Whil e the present disclosure is described with
reference to the enbodinents as illustrated in the follow ng detail ed
description as well as in the drawings, it should be understood that the
followi ng detail ed description as well as the drawings are not intended to
limt the present disclosure to the particular illustrative enbodi nents

di scl osed, but rather the described illustrative enbodi nents nerely
exenplify the various aspects of the present disclosure, the scope of which
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manuf acturing environnent, which is also used for formng the netallization
system wherein, however, in order to provide superior surface
characteristics of a copper-containing contact surface an additi onal
protection layer may BRIEFDESERIFEIONDF M DRYIVARES or suffici ent
integrity of the sensitive contact surface while at the sane tinme enabling
an efficient and fast removal at the rempte manufacturing site w thout
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may be patterned in the same manufacturing environment that is used for forming the

metallization system according to illustrative embodiments;

Fig 2d schematically illustrates the device 200 in a further advanced manufacturing stage

wherein the device may be processed in a remote manufacturing facility on the basis of



Fig 2a schematically illustrates a cross-sectional view of a sem conductor
devi ce 200 in an advanced manufacturing stage. The device 200 may conpri se
any appropriate carrier material 201,gsuch as a sem conductor material and
the like, in and above which may be provi ded appropriate sem conduct or
materials in order to form sem conductor-based circuit elenents, as is for
i nstance al so explained with reference to the device 100 in Fig la. For
conveni ence, any such circuit elenments are not shown in Fig 2a.
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on the basis of a lowk dielectric material, as is al so discussed above.
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tantalum and the |ike which, for conveni ence, are not shown in Fig 2a.
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13 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



i nstance by plasma enhanced CVD (chem cal vapour deposition) and the |iKke.
It should be appreciated that the processing within the manufacturing
environment 290 is perforned on a "wafer basis" wherein a plurality of die
regions are sinultaneously processed, as for instance al so 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 nmanufacturing environnment 290. As
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t hi ckness of the openings 260a. Consequently, the surface areas 254s may be



15 established process strategy. In other cases, the surface areas 254s may
represent bond areas for performng a wre bond process in a |later

manuf acturing stage. In this case, the etch process 281 may be perforned 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
sem conduct or device 200 according to further illustrative enbodi nents. It
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dedi cated wet chem chem
may not unduly be affected by the wet chemical etch chem:stry The protecﬁon Iayer 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-hased 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



wel | -establ i shed conductive barrier materials, such as tantalum titanium
bi nary or ternary alloys including tungsten, cobalt, phosphorous and the
i ke, may efficiently be formed on thg basis of electroless plating

techni ques. These materials may al so be renoved on the basis of an
appropriate etch chem stry, which may also result in renoval of any netal
resi dues forned on the passivation |ayer stack 260. In other cases, the
selective formation of the protection |ayer 220 may be acconplished on the
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inappropriate. ?ri 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 255¢ and the stack
260 may be formed on the basis of any appropriate and well-established process

strategy.

Fig 2¢ 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 255¢. To this end, appropriate plasma-based etch recipes may be
applied in order to etch through the stack 260, possibly using the layer 255¢ as an etch
stop material, wherein subsequently a further etch step may be applied so as to etch
through the layer 255¢, 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



formng a final nmetallization layer of a netallization systemof a

sem conduct or device in a first manufacturing environnent, said .
nmetal i zati on system being fornmed abgye a substrate conprising a plurality
of die regions, said final netallization [ayer conprising contact regions
having a copper-containing contact surface; formng a passivation |ayer
stack above said final netallization |ayer; patterning said passivation

| ayer stack so as to form an opening above a portion of said

copperagsitit@i dioﬂgiep@mf:@tbxﬁrwrﬂ‘déceﬁwldoﬂchetaa&h igfthéarzﬂﬁnﬁé}”ﬂ%cétch%b% Ay
formn ion |layer on at |east said portion of said
copper'%%rfg[ﬁ%h’&’& EORPEL tONs GF Yt die daetrctnn &aved POnwibeutr eIsNY Piei or to
Pr 0Ces&nigtt Saics 98kE Opduet Oﬂhedﬁe\fatsﬁﬁe lsirfdcs %F&&dz%%%% P%l?ﬁg v%éLerdO””E“t

that is renote fromsaid first manufacturing environnent od of
cl ai mY, thmselertprsiayer %&Cbt@@msamen@sy@rﬁer Hefeempbopss 895 pod tor renmyasal d

passi igbiQh H\%X@@Qﬁttﬁé:Eewg’e 56@ lﬁf}&%ﬂﬂ ely Aa%'srna?ed \)mﬂeliees'précpt%tén%’rfﬂrtﬁg' sai d

passi vation | ayer stac
transport activities and Waltmg 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. 1t 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 resuit 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-



perform ng an etch process and stopping said etch process w thout exposing
said portion of said copper-containing contact surface. The nethod of claim
1, wherein patterning said passivatigg |ayer stack conprises exposing said
portion of said copper-containing contact surface. 5.The nethod of claim 4,
wherein said protection |ayer is fornmed on said passivation |ayer stack and
on said exposed portion of said copper-containing contact surface. 18 6The
met hod of claim4, wherein said protection layer is forned selectively on

sai d 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 255¢, 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 eich 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 255¢c 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
llustrative embodiments.  As shown, the openings 260a may be provided in the
passivation layer stack 260 and in the cap layer 255¢, 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 piurality of



exposed portion of said copper-containing contact surface. The method of
claim6, wherein said protection layer is fornmed as a copper oxide |ayer.
The nethod of claim 1, wherein formng said protection |ayer conprises
form ng a silicon and oxygen containing material layer. The nethod of claim
1, further conprising renoving said protection |ayer at least fromsaid
portion of said copper-containing contact surface in said second
manuf act uri ng environment by performing a wet chem cal etch process. 10.
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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 o 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 matier disclosed herein. It is to be
understood that the forms shown and described herein are to be taken as the presently

preferred embodiments.



the basis of hydrofluoric acid (HF). 12. A method conprising: formng a
metal i zation systemof a sem conductor device on the basis of copper in a
manuf acturing environment, said netalflyi zati on system conprising a fina
nmetal i zation layer conprising a plurality of netal contact regions;

form ng a protection layer on said final netallization |ayer; formng a
passivation layer stack above said protection layer; and performng an etch
process in said nanufacturing environment so as to forman opening in said
passivation |ayer stack above each ofcisaimiplurality of nmetal contact
regions without etching through said protection |ayer.

1. 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.

2. The method of claim 1, wherein said protection layer is formed prior to forming

said passivation layer stack.

3. The method of claim 2, wherein pattering said passivation layer stack comprises
performing an etch process and stopping said etch process without exposing said

portion of said copper-containing contact surface.

4, 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.



19 13. The nethod of claim 12, further conprising transporting said

sem conduct or device to a second manufacturing environnment and renoving
said protection layer wthin each of 1gai d openings by performng a wet
chemi cal etch process. 14. The nethod of claim 13, wherein performng said
wet chem cal etch process conprises perform ng a non-nmasked etch process.
15. The nethod of claim 13, wherein said wet chem cal etch process is
performed on the basis of hydrofluoric acid (HF). 16. The method of claim
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prior to form ng said passivation |ayer stack,” wherein performng said etch
process cor\ed‘ﬂ°i°§%§p%‘t“@ﬁioﬁﬁa‘ﬁrﬁo%@%c%?fﬂméaﬁﬁ’”tafﬁé#rf@ﬁﬁzl using said protection
| ayer as an etch control layer. 17. The nethod of claim 16, wherein said
protection |ayer is formed so as to act as an etch stop layer in said etch
procesk. 18Themmethestdicthinr 6, ovimrainisaid prodeddion Iaydrds firgledctsr a coptrenxical i s
formed as ara;?ér! i con and oxygen containing material .

8. The method of claim 1, wherein forming said protection layer comprises forming a

silicon and oxygen containing material layer.
9. 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. A sem conductor device conprising: a plurality of die regions fornmed on
a carrier material, each of said die regions conprising a netallization
system said netallization systemconprising a final metallization |ayer
havi ng a copper-based netal region including a copper-containing contact
surface; a cap layer fornmed above said final netallization |layer; a

passi vation | ayer stack formed above said cap | ayer and conprising an
openi ng positioned above and aligned with a portion of said

copper t&ont Ricingtho@ndfacihins urd aetheBRImpaBing PAKREAIORaldaYEMichAETEE: ON
said portion of said copper-containing contact surface. . _
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 (HF).

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. The semi conductor device of claim19, wherein said protection |ayer is
formed bel ow said cap |layer and differs in material conposition fromsaid

cap | ayer. 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.



