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BOND PAD SCHEME FOR COPPER DAMASCENE INTERCONNECTS BACKGROUND OF THE
INVENTION (1) FIELD OF THE INVENTION It is the object of the present
invention to provide processes wherein special A1-Cu bond layers or regions
are placed on top of the underlying copper pad metal. These A1-Cu bond pads
on pure copper (with barrier layer in-between) provide for improved Wire
bond adhesion to the bond pads and prevent peeling during wire bond
adhesion tests. (2) DESCRIPTION OF RELATED ART An important challenge in
the fabrication of wire bond pads is to have good adhesion and
compatibility of the various metal layers in dual damascene processing. The
damascene processing is a "standard" method for fabricating planar copper
interconnects. Damascene wiring interconnects (and/or studs) are formed by
depositing a dielectric layer on a planar surface, patterning it using
photolithography and oxide reactive ion etch (RIE), then filling the
recesses with conductive metal. The excess metal is removed by chemical
mechanical polishing (CMP), while the troughs or channels remain filled
with metal. For example, damascene wiring lines can be used to form bit
lines in DRAM devices, with processing similar to the formation of W studs
in the logic and DRAM devices. In both examples, sputtered Ti/TiN liners,
-1   Q 3 J~~ 2~~~ underlying diffusion barriers, have been coated with
chemical vapor deposited (CW) W metal, then polished back to oxide. In the
dual-damascene process, a monolithic stud/wire structure is formed from the
repeated patterning of a single thick oxide film followed by metal filling
and CMP. First, a relatively thick oxide layer is deposited on a planar
surface. The oxide thickness is slightly larger than the desired final
thickness of the stud and wire, since a small amount of oxide is removed
during CMP. Stud recesses are formed in the oxide using photolithography
and RIE that either partially etches through the oxide or traverses the
oxide and stops on the underlying metal to be contacted. The wire recesses
can then be formed using a separate photolithography step and a timed oxide
etching step. If the former stud RIE option is used, the wire etching
completes the drilling of the stud holes. Next, the stud/wire metallization
is deposited, then planarized using CMP. The resulting interconnects are
produced with fewer process steps than with conventional processing and
with the dual damascene process, two layer of metal are formed as one,
i.e., wiring line and contact stud vias, avoiding an interface between the
layers. -2  



~ 3 ;.iA~~ 200'i Another metal deposition, besides sputtering techniques,
has been adapted as a standard for copper metallization. This  technique is
electrochemical deposition (ECD) of copper. The electrochemical copper
deposition (ECD) still needs, e.g., sputtering techniques, physical vapor
deposition (PVD), to deposit thin underlying diffusion barrier film
(Ta,TaN) and a conductive "seed" layer of copper.. The key points of Prior
Art for copper dual damascene wire bonding, are that poor wire bonding
occurs at the bond when bonding directly to pure copper. Brittle
intermetallic compounds form directing between the lead-tin solder and the
pure copper metal, among others that are possible, e.g., CusSns, CuSn,.
Another reason for difficulty in wire bonding to the pure copper, is that
the copper oxide does not form a passivating oxide and span s or flakes
off. Some metals, e.g., aluminum oxide AlzO,, CrzOs, NiO, CoO, and
insulating Si.Oz, form dense, passivating oxide, while copper oxide has a
Pilling-Bedworth ratio much greater than one and forms oxides that are
non-protecting, making the pure copper surface, easy to oxidize and less
noble than the other materials. Standard wire bond pull -strengths are
reduced to unacceptable levels resulting in spalling, peeling and fracture
of the wire bond at-the'Cu/Pb'-Sn interface, by the pure copper dual
damascene Prior Art methods. As an example of goodness,. needed for good
0 3 ~t~~3 200 results in wire bond tensile strength tests, is that the wire
itself is broken, at tensile force levels approaching the tensile strength
of the appropriate wire, and not at the wire bond itself. Related Prior Art
background patents will now be described in this section. U.S. Pat. No.
5,989,993 entitled "Method for Galvanic Forming of Bonding Pads" granted
Nov. 23, 1999 to Zakel et al. describes a plating process for a bonding
pad. A method for the preparation of electrodeposited or galvanically
deposited bumps for the bonding of integrated circuits is shown. It is
characterized by two subsequent metal depositions, deposited without an
external current source (chemical metal deposition) on a metallization.
U.S. Pat. No. 5,785,236 entitled "Advanced Copper Interconnect System That
Is Compatible With Existing IC Wire Bonding Technology" granted Jul. 28,
1998 to Cheung et al. describes a copper bonding pad process. A process is
provided which enables electrical connection to be formed between gold and
aluminum wires and copper interconnects. Conventional techniques for wire
bonding are ineffective for bonding gold wires or aluminum wires to copper
pads or copper interconnects. The patent describes a process whereby an
aluminum pad is formed over the copper interconnects. Metal -4   g 3 JAA3
2n~~ 



wire is then bonded to the aluminum pad using conventional wire bonding
techniques, U.S. Pat. No. 5,985,765 entitled "Method For Reducing Bonding
Pad Loss Using a Capping Layer When Etching Bonding Pad Passivation
Openings" granted Nov. 16, 1999 to Hsiao et al. teaches a bonding pad with
an overlying capping layer. A method for reducing bonding pad loss is
described using a capping layer when contact openings are etched to the
bonding pads, while concurrently etching much deeper fuse openings to the
substrate. Bonding pads are used on the top surface of integrated circuit
semiconductor chips to provide external electrical connections for I/Os and
power. Fusible links are used in the underlying insulating layers to remove
redundant defective circuit elements, and thereby, repair defective chips.
It is desirable (cost effective) to etch the contact openings in the
passivation layer to the bonding pads near the top surface on the chip and
to concurrently etch the much deeper fuse openings in the thick underlying
insulating layers over the fuses. However, because of the difference in
etch depth of the two types of openings, the bonding pads composed of A1/Cu
are generally overetched causing bond-pad reliability problems. This
invention describes a process in which a capping layer, having a low etch
rate, is formed on -5   Q 3 ~A~3 26~ the bonding pads to prevent
overetching, while the fuse openings are etched to the desired depth in the
thicker insulating layers. U.S. Pat. No. 5,923,955 entitled "Fine Flip Chip
Interconnection" granted Jul. 13, 1999 to Wong shows a multi-layed bonding
pad. There is disclosed a process for creating a flip chip bonded
combination for a first integrated circuit and a second integrated circuit.
Creating a first connection means on each bonding pad of a first integrated
circuit within a first wall structure and a second connection means on each
bonding pad of a second integrated circuit within a second wall structure.
Removing the second wall structure and partially placing each second
connection means within the first wall structure over a respective
connection means of the first integrated circuit. SUMMARY OF THE INVENTION
It is the object of the present invention to provide processes wherein
special A1-Cu bond layers or regions are placed on top of the underlying
copper pad metal. These A1-Cu bond pads on pure copper (with barrier layer
in-between) provide for improved wire bond adhesion to the bond pads and
prevent peeling during wire bond adhesion tests. -6   ~ 3 J~~ 2~~~ The
first embodiment of the present invention is now summarized, the first
method of formation for an A1-Cu alloy top bond pad region for subsequent
wire bonding. Provided is a dual copper damascene processing scheme and
structure in intermetal dielectric (IMD) layers, with copper metallurgy
within and wiring underneath, on a provided semiconductor substrate. Excess
copper is polished back by chemical mechanical polishing (CMP), using a
passivating cap layer, e.g., silicon nitride, as a CMP stop layer.
Selective wet etching of the top layer of copper is performed by a
DMSO/CC1, solution. This wet etching step yields a recessed top metal
copper layer. A hydrogen or ammonia plasma is performed to remove any
copper oxide on the top copper layer. Next, a barrier layer is deposited by
either a physical vapor deposition (PVD) method or a chemical vapor
deposition (CVD). A blanket layer of AlCu alloy metal is deposited by
physical vapor deposition (PVD) sputtering the AlCu film. Patterning of the
A1-Cu film and barrier layer is performed, wherein, the A1-Cu and barrier
layer is reactive ion etched back (RIE) using C12/BC1, chemistry, stopping
on the silicon nitride cap. Alternately, the A1-Cu and barrier layer, TiN,
is polished back using chemical mechanical polishing (CMP), stopping on the
silicon nitride cap. The end result of the first embodiment of this
invention is an A1-Cu bond pad on top of the entire dual damascene copper
(barrier layer in between), interconnect trench and via. The top A1-Cu bond
pad layer can now be soldered Without the need for further passivation. _7_
0 3 ,9~~ 200 The second embodiment of the present invention is now
summarized, the first method of formation for an A1-Cu alloy top bond pad
region for subsequent wire bonding. Provided is a dual copper damascene
processing scheme and 



structure in intermetal dielectric (IMD) layers, with copper metallurgy
within and wiring underneath, on a provided semiconductor substrate. Excess
copper is polished back by chemical mechanical polishing (CMP), using a
passivating cap layer, e.g., silicon nitride, as a CMP stop layer. A
lithography step patterns photoresist and the top copper is wet etched by
DMSO/CC14 to form a patterned recessed copper layer. The photoresist is
stripped using an oxygen plasma ash step or using a solvent stripper. Next,
an optional hydrogen i or ammonia gas plasma treatment is used to remove
any copper j oxide on the surface. Barrier metal is deposited using
chemical vapor deposition (CVD) or physical vapor deposition (PVD).
Following the barrier metal deposition, a layer of A1-Cu alloy metal is
deposited. Patterning of the A1-Cu film and barrier layer is performed,
wherein the A1-Cu and barrier layer is reactive ion etched back (RIE) using
ClZ/BC13 chemistry, stopping on the silicon nitride cap. Alternately, the
A1-Cu and barrier layer is polished back using chemical mechanical
polishing (CMP), stopping on the silicon nitride cap. The end result of the
second embodiment of this invention is an A1-Cu bond pad centrally located
over the dual damascene copper (barrier layer in between), interconnect
trench and contact via. The top A1-Cu bond pad _8_   0 3 . ~A~~ 20~1~ layer
can now be soldered without the need for further passivation: The third
embodiment of the present invention is now summarized, the first method of
formation for an A1-Cu i alloy top bond pad region for subsequent
wire-bonding. Provided is a dual copper damascene processing scheme and
structure in intermetal dielectric (IMD) layers, with copper metallurgy
within and wiring underneath; on a provided semiconductor substrate. Excess
copper is polished back by chemical' mechanical polishing (CMP), stopping
on an intermetal dielectric (IPA) layer. A passivating layer of silicon
nitride is blanket deposited over the substrate and covers the top surface
of copper and intermetal dielectric (Ihm). Next, a lithography step
patterns photoresist, which patterns the silicon nitride passivating layer.
The passivating nitride is reactive ion etched (RIE). In addition, the top
copper is patterned, wherein the top copper is reactive ion etched (RIE),
or wet etched,.to form a patterned recessed copper layer: Next, the
photoresist is stripped using an oxygen plasma ash step or using a solvent
stripper. A hydrogen`or ammonia gas plasma is used to remove any copper
oxide_on the copper surface. Barrier.metal is deposited using chemical
vapor deposition (CVD) or physical vapor deposition (PVD). Following the
barrier metal deposition, a layer of Al-Cu alloy metal is deposited,
forming the start of an A1-Cu bonding pad region. Patterning   -9   p 3
~~~~ 200 of the Al-Cu film and-barrier layer is performed; wherein is the
A1-Cu and-barrier layer is reactive ion etched back (RIE)  using C12/BC13
chemistry, stopping on the silicon W tride ~passivating layer. Alternately,
the A1-Cu and barrier layer is polished back using chemical mechanical
polishing (CMP), i stopping on the silicon nitride passivating layer: The
end result of the third embodiment of this invention is an A1-Cu bond pad,
planar and centrally located planar over the dual damascene copper
(barrier.layer in between), interconnect trench ahd contact via. The top
Al-Cu bond pad layer can now be soldered without the need for further
passivation. 



The processes of the present invention fabricate A1-Cu wire bonding pads
that have good adhesion properties (no metal interface separation/peel
failures or interface fracture failures)'. Since there are a large
statistical number of these structures, failure rates are very low and show
a high reliability, as tested by gold wire bond pull tests. Temperature,
and humidity cycling tests also indicate the robustness of the processes of
this invention, free from stress-crack corrosion,, peeling, interface
failure, adhesion Failures. In summary, for all three main embodiments of
the present invention, he top Al-Cu bond-pad layer can be soldered without
the need for further passivation. At the  r -10   0 3 J~~~ ~QO~ aluminum
copper alloy. interface is protected from the pure copper below by the
barrier layer This invention has been summarized above and described with
reference to the preferred embodiments. Some processing details have been
omitted and are understood by those skilled in the art. More details of
this invention are stated in the DESCRIPTION OF THE PREFERRED EMBODIMENTS"
section. BRIEF DESCRIPTION OF THE DRAWINGS The object and other advantages
of this invention ire best described in the preferred embodiments with
reference to the attached, drawings that include: i Figs. lA - lE, which in
cross-sectional representation illustrate a Prior Art method. of
fabrication. Figs. 2A - 2B, which in cross-sectional representation
illustrate another Prior Art method. Figs. 3A - 3D, which in
cross-sectional representation, illustrate the method of the first
embodiment of the present a invention, the formation of an A1-Cu top bond
pad region for subsequent wire bonding. Figs. 4A - 4D, which in
cross-sectional representation, illustrate the method of the second
embodiment of the present    



0 3 JA~~ 2~~ invention, the formation of an Al-Cu top bond pad region for
subsequent wire bonding. ' Figs. 5A - 5D, which in cross-sectional
representation, illustrate the method of the third embodiment of the
present invention, the formation of an A1-Cu top bond-pad region for
subsequent wire bonding. DESCRIPTION OE THE PREFERRED EMBODIMENTS This
invention relates to various methods of fabrication used for semiconductor
integrated circuit devices, and more specifically to the formation of A1-Cu
alloy top pad metal layers are described which improve adhesion among the ,
wire bond, top A1-Cu and the underlying copper pad metallurgy. It is the
object of the present invention to provide processes wherein a special
A1-Cu bond layer or region is placed on top of the underlying copper pad
metal. This A1-Cu bond pad on pure copper provides for improved wire bond
adhesion-to the bond pad and prevents peeling during . wire bond adhesion
Cests. Referring to Figs. la - le, which in cross-sectional representation
illustrate a Prior Art method of fabrication. More specifically, referring
to Fig. la, illustrated in cross-sectional drawing;. provided is a
conventional process scheme to fabricate AlCu alloy metallurgy bond pads
with AlCu   0 3 ~d~d 200 alloy wiring underneath. Provided in Fig..la is a
semiconductor substrate 1. The substrate is preferably composed of
mono-crystalline silicon with semiconductor device structures, such as,
gate electrodes, source and drain regions, metal interconnects, contact
holes and vias (not shown in Figs::) and materials, such as, insulators and
metals, formed on or in the semiconductor substrate. An AlCu metal alloy
interconnect 9 is deposited over a formed Ti/TiN layer 2, followed bya
conductive TiN anti-reflective coating (ARC),layer.$.,The Ti/TiN/AlCu/TiN
ARC "stack", is then patterned. In addition, an insulating layer of:
dielectric 3, is blanket deposited over the substrate and over the TiN
anti-reflective coating (ARC) layer 5. Referring to Fig. lb, illustrated in
cross-sectional drawing, is a continuation of the Prior Art method of
fabrication.. As shown in Fig. ib, the insulating layer of dielectric layer
3, or dielectric layer 3, is planarization by chemical mechanical polishing
(CMP), followed by W plug formation, wherein patterned conductive tungsten
plugs 6 are formed. Referring to Fig. 1c, illustrated in cross-sectional
drawing, is a continuation of the Prior Art method of fabrication. As shown
in Fig. lc,. interconnect/bond pads are fabricated, which consist of the
addition of patterned layers of a Ti/TiN layer 7 over the W plugs 6, an
AlCu layer 24 over r 



-)3   0 3 JAi~ 2Q~~ the Ti/TiN layer 7, and a TiN anti-reflective coating
(ARC) layer 28 over the AlCu:layer 24. Referring to Fig. ld, illustrated in
cross-sectional drawing, is a continuation of the Prior Art method of
fabrication. As shown in Fig. ld, two layers of insulator are blanket
deposited over the substrate for passivation. First, a blanket layer of
silicon oxide or silicon dioxide 8 is deposited over the substrate and the
TiN ARC layer. 28. Next, a blanket layer of silicon nitride or SiN.l1 is
deposited over the substrate and the silicon dioxide layer 8. Referring to
Fig. le, illustrated in cross-sectional drawing, is a continuation of the
Prior Art method of fabrication. As shown in Fig. le, patterning and
etching of a bond pad opening is depicted. Etching takes place through the
two layers of insulator and the TiN ARC layer 28, to open the bond pad
region; for subsequent bonding to the AlCu layer 24. (Referring to Fig.-2a,
which in cross-sectional representation illustrates another method of Prior
Art. More specifically, referring to Fig. 2a; illustrated in
cross,-sectional drawing, provided is a conventional copper damascene
scheme to fabricate copper metallurgy bond pads with copper metallurgy,
wiring underneath. Provided in Fig. 2a is a semiconductor substrate 1,
preferably composed of mono-crystalline silicon with semiconductor device
-14 r    p 3 3A~~ Zp~ structures, such as, gate electrodes, source
and'drain regions, metal interconnects, damascene interconnects:, contact
holes and vias (not shown) may be formed in and on the semiconductor
substrate. The semiconductor substrate may also contain dielectric and
insulating layers (not shown), such.as,; silicon nitride and silicon
dioxide.- A copper metal interconnect 4 is deposited and patterned embedded
within a provided insulating layer (not shown in Figs.). In addition, two
insulating layers of dielectric, a first intermetal dielectric (II4D) 14,
and'a second intermetal dielectric (It~) 16, are deposited and patterned
into a.trench (gap)`and via openings for copper bond pad and interconnect
20 and connect via 19, in Fig. 2a. Also in Fig. 2a for completeness,
provided are following layers: patterned passivation layer 12, a patterned
etch stop (process option) layer 15, patterned conductive first metal
barrier layer 13, which is a trench and via liner, and a patterned top
layer of photoresist 18. Provided in Fig. 2A is a dual damascene structure,
via 19 and intercpnnect 20. The typical insulating dielectric material is
silicon oxide type compounds. Deposited and patterned into the first 14 and
second , insulating layer 16, intermetal dielectrics (Ihm),'.is a ` ,
copper bond metal 20, top bond pad metal, and connect via f9, excess copper
metal polished back by chemical mechanical r polishing (CMP). A passivating
blanket layer 17, e.g., silicon nitride, is provided and covers the top
layer of 



0 3 J~~l Z00 copper metal and is underneath the top layer of photoresist
18, in Fig. 2a. Referring to Fig. 2b, illustrated in cross-sectional
drawing, provided is a continuation of the processing described above in
Fig. 2a, that is, a conventional copper damascene scheme to fabricate
copper metallurgy bond pads with copper wiring underneath. The elements are
the same and labeled the same, with the following exceptions and extension
of the Prior Art methods. The passivating blanket layer 17, e.g., silicon
nitride, is patterned and subsequently etched 17, shown in Fig. 2b, by the
photoresist 18, previously shown in Fig. 2a. The photoresist is stripped
off near and around the bond pad area. In Fig. 2b, gold wire 22, with
lead-tin I alloy solder ball 21, is wire bonded 23 to the copper bond pad
area, copper interconnect 20 and via 19. The key points of Prior Art copper
wire bonding are that poor wire bonding occurs at the bond 23, in Fig. 2b,
with brittle intermetallic compounds forming directing between the lead-tin
solder and the pure copper metal; among others that are possible, e.g.,
Cu3Sns, CuSn3. Another reason for difficulty in wire bonding to the pure
copper, is that the copper oxide does not form a passivating oxide and
spans or flakes off. Some metals, e.g., aluminum oxide A1z03, Crz03, NiO,
CoO, and insulating SiOz, form dense, passivating oxide, while copper oxide
has a Pilling-Bedworth ratio much greater -16   than one and forms oxides
that are non-protecting, making the pure copper surface easy to oxidize and
less noble than the other materials. Standard wire bond pull strengths are
reduced to unacceptable levels resulting in spalling, peeling and fracture
of the wire bond at the Cu/Pb-Sn interface, by i the pure copper dual
damascene Prior Art method. As an example of goodness, needed for good
results in wire bond tensile strength tests, is that the wire itself is
broken, at tensile force levels approaching the tensile strength of the i 



appropriate wire, and not at the wire bond itself. Referring to Figs. 3a -
3d, which in cross-sectional representation illustrates the first
embodiment of the present invention. More specifically, referring to Fig.
3a, illustrated in cross-sectional drawing, provided is the start of a
copper damascene scheme with copper metallurgy, wiring underneath. Provided
in Fig. 3a is a semiconductor substrate 1, preferably composed of
mono-crystalline silicon with semiconductor device structures, such as,
gate electrodes, source and drain regions, metal interconnects, damascene
interconnects, contact holes and vias (not shown) may be formed in and on
the semiconductor substrate. The semiconductor substrate may also contain
dielectric and insulating layers (not shown), such as, silicon nitride and
silicon dioxide. A copper interconnect 4 is deposited and patterned
embedded within a provided insulating layer (not shown in Figs.). Although
a single copper layer is depicted -17    p 3 JAS! 2000 in Fig. 3a, it
should be understood by those skilled in the art that the copper layer
could be a dual damascene copper interconnect or a single damascene copper
interconnect. In addition, two insulating layers of dielectric, a first
intermetal dielectric (IMD) 14, and a second intermetal dielectric (IMD)
16, are deposited and patterned into a I trench.(gap) and via openings for
copper bond pad and i interconnect 20 and connect via 19. As shown in Fig.
3a, interposed between the first level of wiring 4 and first i intermetal
level dielectric 14, is a deposited and patterned passivation layer 12. In
addition, interposed between first i intermetal dielectric (IMD) 14 layer
and the second intermetal dielectric (IMD) 16 layer, is a deposited and
patterned etch stop (process option) layer 15. Also in Fig. i 3a for
completeness, provided are following layers: patterned passivation layer
12, a patterned etch stop (process option) layer 15, first conductive metal
barrier layer 13, which is a trench and via liner, and a cap layer 17. The
typical insulating dielectric material consists of, but is not restricted
to, doped and undoped silicon oxide type compounds or low dielectric
constant organic polymers. After the deposition of the first barrier metal
layer 13 and ,' copper into the trench 20 and via 19, the excess copper and
barrier metal are polished back by chemical mechanical polishing (CMP)
stopping on the cap layer 17. The cap layer (17) includes, but is not
restricted to, silicon nitride, silicon oxynitride, silicon carbide and
boron nitride, but is -18   ~ 3 J~~~ 20~~  preferably composed of silicon
nitride and is of a thickness from about 500 to 6000 Angstroms. 



Referring to Fig. 3b, illustrated in cross-sectional drawing, provided is a
continuation of the processing described above in Fig. 3a, describing the
first embodiment of the present invention. Selective wet etching of the top
layer of copper 20 is performed by a DMSO/CC1, solution, dimethylsulfoxide,
carbon tetrachloride. This wet etching step yields a recessed top metal
copper layer 24. Some of the process details and specifications for this
etching step, are as follows. The etch solutions is DMSO/CC14 solution,
dimethylsulfoxide, carbon tetrachloride, in a temperature range between 20
to 150 C, for an etch rate range between 5 to 100 Angstroms per minute, in
an etch time of between 1 to 60 minutes, for a copper removal between about
100 to 8000 Angstroms. Other chemical solutions for this wet etching step
include one or more of the following group, consisting of hydrofluoric acid
(HF), acetic acid (CH3COOH), ammonium fluoride (NHaF), tetramethylammonium
hydroxide (TMAH), tetraethylammonium hydroxide (TEAR), tetrapropylammonium
hydroxide (TPAH), benzotriazole, surfactant and water. The preferred etch
solution mixtures include: NHQF/CH;COOH, HF/NHqF/HZO,
HF/NH4F/HZO/surfactant, and TMAH/H20. -19   0 3 JA~3 2000 Referring to Fig.
3c, illustrated in cross-sectional drawing, provided is a continuation of
the processing described above in Fig. 3b, describing the first embodiment
of the present invention. Firstly, a hydrogen or ammonia plasma is
performed to remove any copper oxide on the top copper layer 20. This
plasma treatment can be performed in a separate piece of equipment or
in-situ within the barrier metal deposition system, prior to the deposition
of the barrier metal. Next, a second barrier layer 25 is deposited by
either a physical vapor deposition (PVD) method or a chemical vapor
deposition (CVD) to a thickness from about 20 to 5000 Angstroms. The
barrier metal includes, but is not limited to, the following materials:
tantalum (Ta), tantalum nitride (TaN), titanium nitride (TiN), and tungsten
nitride (WN). A blanket layer of AlCu alloy metal is deposited by physical
vapor deposition (PVD) sputtering the AlCu film 26 for a film thickness
from about 2,000 to 20,000 Angstroms. Referring to Fig. 3d, illustrated in
cross-sectional drawing, provided is a continuation of the processing
described above in Fig. 3c, describing the first embodiment of the present
invention. Patterning of the A1-Cu film 26 and barrier layer, TiN, is
performed, wherein the A1-Cu and barrier layer, TiN, is reactive ion etched
back (RIE) using C12/BC13 chemistry stopping on the silicon nitride cap 17.
Alternately, the A1-Cu and barrier layer, TiN, is polished back using
them-mechanical polishing (CMP); stopping on the -20   



l.~~O~J~ _';; silicon nitride cap 17. The end result of the first ~ 3 JAS
200 embodiment of this invention is an A1-Cu bond pad 27, shown in Fig. 3d.
The top A1-Cu bond pad layer 27 can now be soldered without the need for
further passivation. Referring to Figs. 4a - 4d, which in cross-sectional
representation illustrates the second embodiment of the present invention.
More specifically, referring to Fig..4a, illustrated in cross-sectional
drawing, provided is the start of a copper damascene scheme with copper
metallurgy, wiring underneath. Provided in Fig. 4a is a semiconductor
substrate 1, preferably composed of mono-crystalline silicon with
semiconductor device structures, such as, gate electrodes, source and drain
regions, metal interconnects, damascene interconnects, contact holes and
vias (not shown) may be formed in and on the semiconductor substrate. The
semiconductor substrate may also contain dielectric and insulating layers
(not shown), such as, silicon nitride and silicon dioxide. A copper
interconnect 4 is deposited and patterned embedded within a provided
insulating layer (not shown in Figs.). Although a single copper layer is
depicted in Fig. 4a, it should be understood by those skilled in the ' art
that the copper interconnect (4) could be part of a dual damascene or a
single damascene interconnect scheme. In addition, two insulating layers of
dielectric, a first intermetal dielectric (IMD) 14, and a second intermetal
dielectric (IMD) 16, are.deposited and patterned into a -21   p 3 JAMB 200
trench (gap) and via openings for copper bond pad and interconnect 20 and
connect via 19. As shown in Fig. 4a, interposed between the first level of
Wiring 9 and first intermetal level dielectric 14, is a deposited and
patterned passivation layer 12. In addition, interposed between first
intermetal dielectric (III) 14 layer and the second intermetal dielectric
(It9~) 16 layer, is a deposited and patterned etch stop (process.option)
layer 15. Also-in Fig. 4a for completeness, provided are following layers:
patterned passivation layer 12, a patterned etch stop (process option)
layer 15, first conductive metal barrier layer 13, which is a trench and
via liner, and a cap layer 17. The typical insulating dielectric material
consists of, but is not restricted to, doped and undoped silicon oxide type
compounds, or low dielectric constant organic polymers. After the
deposition of both the first barrier metal layer 13 and copper into the
trench 20 and via 19 regions, the excess copper and barrier metal are
polished back by chemical mechanical polishing (CMP), stopping on the cap
layer 17. The cap layer (17) includes, but is not restricted to, silicon
nitride, silicon oxynitride, silicon carbide and boron nitride, but is
preferably composed of silicon nitride and is of a thickness from about 500
to 6000 Angstroms. Referring to Fig. 4b, illustrated in cross-sectional
drawing, provided is a continuation of the processing described above in
Fig. 4a, describing the second embodiment -22   p 3 JAS 200 



of the present invention. A lithography step patterns photoresist 30 and
the top copper 20 is wet etched by using one or more of the following
chemicals, to form a patterned recessed copper layer 32: dimethylsulfoxide
(DMSO), carbon tetrachloride (CC14), hydrochloric acid (HC1), hydrofluoric
acid (HF), acetic acid (CH3COOH), ammonium fluoride (NHaF),
tetramethylammonium hydroxide (TMAH), tetraethylammonium hydroxide (TEAR),
tetrapropylammonium hydroxide. (TPAH), benzotriazole, surfactant and water.
Some of the preferred etch solution mixtures include: DMSO/CC19, TMAH/H20,
NH4F/CH3COOH, HF/NHQF/H20, dilute HF, arid HF/NH4F/H20/surfactant. The
amount of copper that is removed is about 100 to 8000 Angstroms. Referring
to Fig. 4c, illustrated in cross-sectional drawing, provided is a
continuation of the processing described above in Fig. 4b, describing the
second embodiment of the present invention. The photoresist is stripped
using an oxygen plasma ash step or using a solvent stripper. Next, a
hydrogen or ammonia gas plasma is used to remove any copper oxide on the
surface. Barrier metal 33 or second barrier metal layer, is deposited using
pl (PVD), sputtering, or by chemical a thickness from about 20 to 5000
barrier metal deposition, a layer deposited to a thickness of 2,000 second
barrier metal 33 includes, zysical vapor deposition vapor deposition (CVD),
to Angstroms. Following the of A1-Cu alloy metal 34 is to 20,000 Angstroms.
The but is not restricted to: -23   0 3 JAS 200 tantalum (Ta), tantalum
nitride (TaN), titanium nitride (TiN), and tungsten nitride (WNJ. Referring
to Fig. 4d, illustrated in cross-sectional drawing, provided is a
continuation of the processing described above in Fig. 9c, describing the
second embodiment of the present invention. Patterning of the A1-Cu film 34
and second barrier layer 33 is performed, wherein the A1-Cu and barrier
layer is reactive ion etched back (RIE) using C12/BC1, chemistry, stopping
on the silicon nitride cap 17. Alternately, both the Al-Cu and barrier
layer are polished back by chemical mechanical polishing (CMP), stopping on
the silicon nitride cap 17. The end result of the second embodiment of this
invention is an A1-Cu bond pad 38, shown in Fig. 4d. The top Al-Cu bond pad
layer 38, centrally located, can now be soldered without the need for
further passivation. Referring to Figs. 5a - 5d, which in cross-sectional
representation illustrates the third embodiment of the present invention.
More specifically, referring to Fig. 5a, illustrated in cross-sectional
drawing, provided is the start of a copper damascene scheme with copper
metallurgy, wiring underneath. Provided in Fig. 5a is a semiconductor
substrate 1, preferably composed of mono-crystalline silicon with 



. semiconductor device structures, such as, gate electrodes, source and
drain regions, metal interconnects, damascene -24   0 3 J~~1 200
interconnects, contact holes and vias (not shown) may be formed in and on
the semiconductor substrate. The semiconductor substrate may also contain
dielectric and insulating layers (not shown), such as, silicon nitride and
silicon dioxide. A copper interconnect 4 is deposited and patterned
embedded within a provided insulating layer (not shown in Figs.). Although
a single copper layer is depicted in Fig. 5a, it should be understood by
those skilled in the art that the copper interconnect (4) could be part of
a dual damascene or a single damascene interconnect scheme. In addition,
two insulating layers of dielectric, a first intermetal dielectric (II4D)
19, and a second intermetal dielectric (IDS) 16, are deposited and
patterned into a trench (gap) and via openings for copper bond pad and
interconnect 20 and connect via 19. As shown in Fig. 5a, interposed between
the first level of wiring 4 and first intermetal level dielectric 14, is a
deposited and patterned passivation layer 12. In addition, interposed
between first intermetal dielectric (IPA) 14 layer and the second -
intermetal dielectric (Ihm) 16 layer, is a deposited and patterned etch
stop (process option) layer 15. Also in Fig. 5a for completeness, provided
are following layers: ', patterned passivation layer 12, a patterned etch
stop (process option) layer 15, first conductive metal barrier layer 13,
which is a trench and via liner, and a top passivating layer 29. The top
passivating layer 29 includes, but is not restricted to, silicon nitride,
silicon -25   6 3 JAS 20~~ oxynitride, silicon carbide and boron nitride;
but is preferably silicon nitride with a thickness from about 500 to 6000
Angstroms. The typical insulating dielectric material consists of, but is
not restricted to, doped and undoped silicon oxide type compounds, or low
dielectric constant organic polymers. After the deposition of both the
first barrier metal layer 13 and copper into the trench 20 and via 19
regions, the excess copper and barrier. metal are polished back by chemical
mechanical polishing (CMP), stopping on the top of the second intermetal
dielectric (IMD) layer 16. Next, as shown in Fig. 5a, the top passivating
layer 29, preferably i silicon nitride, is blanket deposited over the
substrate and i over the inlaid copper 20 and second intermetal dielectric
(IMD) 16. Referring to Fig. 5b, illustrated in cross-sectional 



drawing, provided is a continuation of the processing described above in
Fig. 5a, describing the third embodiment of the present invention. A
lithography step patterns photoresist 30 and the top passivating layer 29,
silicon nitride, is reactive ion etched (RIE). In addition, the top copper
20 is reactive ion etched (RIE) or wet etched, to form a patterned recessed
copper layer 40. The chemicals that are used for wet etching are, one or
more of the following chemicals, to form a patterned recessed copper layer
(40): dimethylsulfoxide (DMSO), carbon tetrachloride (CC1,), hydrochloric
acid (HC1), hydrofluoric acid (HF), acetic acid -26   0 3 J~~d 200e
(CH,COOH), ammonium fluoride (NH,F), tetramethylammonium hydroxide (TMAH),
tetraethylammonium hydroxide (TEAR); tetrapropylammonium hydroxide (TPAH),
benzotriazole, i surfactant and water. Some of the preferred etch solution
mixtures include: DMSO/CC14, TMAH/HzO, NH4F/CH3COOH, I HF/NH,F/H20, dilute
HF, and HF/NH4F/HZO/surfactant. The amount of copper that is removed is
ranges from about 100 to 8000 Angstroms.. i Referring to Fig. 5c,
illustrated in cross-sectional drawing, provided is a continuation of the
processing i described above in Fig. 5b, describing the third embodiment of
the present invention. The photoresist is stripped using an oxygen plasma
ash step or using a solvent stripper. Next, a hydrogen or ammonia gas
plasma is used to remove any copper oxide on the surface. Barrier metal 41,
or second barrier layer, is deposited using physical vapor deposition
(PVD), sputtering or chemical vapor deposition (CVD), to a thickness from
about 20 to 5000 Angstroms. The second barrier metal layer (41) is composed
of one or more of the following materials: tantalum (Ta), tantalum nitride
(TaN), titanium nitride (TiN), and tungsten nitride (WN). Following the
barrier metal deposition, a layer of A1-Cu alloy metal 34 is deposited to a
thickness of from about 2,000 to 20,000 Angstroms, forming the start of an
A1-Cu bonding pad region 42. -27   0 3 JAS! 20~~ Referring to Fig. 5d,
illustrated in cross-sectional drawing, provided is a continuation of the
processing described above in Fig. 5c, describing the third embodiment of
the present invention. Patterning of the A1-Cu film 34 and second barrier
layer 41 is performed, wherein the Al-Cu and second barrier layer (41) is
reactive ion etched back (RIE) using C12/BCls chemistry stopping on the
silicon nitride passivation layer 29. Alternately, the A1-Cu and barrier
layer are polished back using chemical mechanical polishing . ..i (CMP),
stopping on the silicon nitride passivation layer 29. The end result of the
third embodiment of this invention is an A1-Cu bond pad 44, shown in Fig.
5d. The top A1-Cu bond I . i pad layer 44, centrally located, can now be
soldered without p the need for further passivation. A summary of some of
the processing details and 



specifications for A1-Cu alloy metal, that forms the A1-Cu bond pad layer,
follow, and these process details apply to a11 the embodiments of the
present invention, described earlier. For deposition of the A1-Cu or A1-Cu
alloy metal by physical vapor deposition (PVD), the following sputtering
conditions are: DC Magnetron sputtering with argon gas at pressures between
about 0.1 to 10,000 mTOrr, DC power from about l00 to 10,000 Watts, wafer
temperature from about 25 to 500 C, argon gas flows from about 0.1 to 100
scem. Following -28   the Al-Cu deposition, an annealing step follows to
enhance A1-Cu alloy formation. The annealing process details follow: gas
ambient is a mixture of nitrogen and hydrogen gas or forming gas,
temperature between about 200 to 500 C at i I 1 anneal times from about 20
to 60 minutes, and-pressures between about 400 to 760 xorr (atmosphere). .
Note, for good bond pad metallurgy: in dual copper damascene prdaessing,
both pure metals, ahiminum and copper, i . have the same face centered
cubic (fec) crystal structure and, are close in atomic metallic radii size
(coordination 12); for.good, solid-solid solubility. Also, good electrical
conductivity is good for both Cu and A1 , Cu = 0.94 and Al = 0.50
(micro-Ohms)-1~ respectively, with almost a 2x factor better conductivity
for pure copper than for pure aluminum. Therefore, copper rich alloys are
better than aluminum rich alloys for conductivity. All equilibrium and
non-equilibrium crystal structure phases in the aluminum copper phase
diagram , are possible from 0 to 100 weight percent (0 to 100 atomic;
percent) in the A1-Cu alloy layer, depending on the , composition and
temperature treatments, for good solid-solid fate solution formation. i
0 3 3,~~3 ~~~~ The compositions for the Al-Cu alloy metal, that form the
A1-Cu bond pad layer, follow and these compositions apply to all the
embodiments of the present invention, described earlier. The A1-Cu alloy
metal compositions Which are aluminum rich (on the extreme right side, A1
side, of an Cu-A1 phase diagram), given in Weight percent are: Al ranges
from 99.99 to 90.00 wt percent and for Cu ranges from 0.01 to 10.00 wt
percent: Typical Al-Cu bond pad layer dimensions follow: bond pad width and
length both in he range of approximately 1 micron to approximately 1000
microns. Note, the metal barrier layer underneath the A1-Cu prevents Al and
Cu deleterious inter-diffusion between the bond pad and copper underneath. 



The processes of the present invention fabricate A1-Cu wire bonding pads
that have good adhesion properties (no metal interface separation/peel
failures or interface fracture failures). Since there are a large
statistical number of these structures, failure rates must be very low and
reliability very high, as tested by gold Wire bond pull tests. Temperature
and humidity cycling tests indicate the robustness of the process and
structure from stress-crack corrosion, peeling, interface failure, adhesion
failures., e.' r    0 3 JAi~ 2~~~  A "standard" gold wire bond pull test
structure. was used to evaluate the present invention's robust pad
structures. For a standard pull test of metal adhesion strength (referred
to as a manufacturing use test). An end portion gold wire with a Bb-S.n
solder ball is bonded to the surface of the Al-Cu metal pad and tension
applied thereto, at an angle of 90 degrees to the surface (to prevent
shear). The diameter of the wire determines a standardized adhesion
strength if the ,wire is broken first, at the tensile strength of the:
wire, before the pad is pulled away or peeled from the underlying
structure'. If the wire breaks (wire necking), it leaves a  i . bonded
portion called a nugget attached to the pad. It isconsidered that
sufficient bonding has been achieved to develop adhesion that can withstand
repeated thermal, humidity (T&H) and/or mechanical stress. of the degree
encountered during the testing and manufacturing. However, if a failure
occurs between the metal and any interface in the structure (by peeling,
fracture, interface failure) at a force less than that required to break
the wire, adhesion is considered.to be of a significantly low value:. which
it will be deleterious to the reliability of the product..Wire bond) pull
tests were conducted to a large numbers of pads, to be . statistically
significant, to prove the robustness of the invention's processes to form
A1-Cu bond pads for good adhesion properties. -31   



0 3 JA~3 200 In summary, for all three main embodiments of the present
inventions the top Al-Cu bond pad layer can be soldered without the need
for further passivation. At the aluminum copper alloy interface is
protected from the pure copper below by the barrier layer. While the
invention has been particularly shown and described with reference to the
preferred embodiments ,thereof., it will be understood by those skilled in
the art that various changes in form and details maybe made without.
departing from the spirit and scope of the invention. ` What is claimed is:
r     0 3 JA~3 Z00 1. A method for fabricating wire bond pads for
applications in MOSFET and CMOS semiconductor devices' using copper dual
damascene, a method comprising: providing a substrate, wafer or substrate
module; providing a first level of conducting wiring being  defined and
over said substrate;, depositing a passivating layer over the first level
of conducting wiring; depositing a first: insulating layer of dielectric,,
forming a first intermetal dielectric layer (IMD); overI the passivating
layer; depositing a second insulating layer of dielectric, forming a second
intermetal dielectric layer (IMD), over the first insulating layer of
dielectric (IMO); patterning and etching the intermetal dielectric i layers
(IMD), and said passivating layer, forming a dual damascene trench/via
opening, exposing regions of the first level of conducting wiring;
depositing and patterning a cap layer over the second intermetal dielectric
layer (IMD);:' depositing'a first blanket conductive metal barrier layer E
or first barrier layer, over the patterned cap layer, 



and into the trench/via openings, and over said exposed regions of the fast
level of- conducting :airing; depositing a blanket copper layer over the
first barrier layer, and filling the trench/via opening;    0 3 JA~d 2000
polishing back by chemical mechanical polishing ' (CMP) the excess copper
and first barrier layer material, stopping on the cap layer, forming a dual
damascene inlaid copper i.n the trench/via; etching back selectively by wet
etching the a top portion of the inlaid copper within the trench/via,
forming a recessed copper within the'trench/via and partially recessed
trench/via opening,; etching hopper oxide on the top surface of: the
recessed` copper within the trench/via, that may be present, by hydrogen or
ammonia plasma gas treatment; depositing a second blanket conductive metal
barrier layer or second barrier layer, over the recessed copper Within the
trench/.via, and over the patterned cap layer; depositing a blanket layer
of A1-Cu alloy over the second barrier layer, and filling the. partially
recessed trench/via opening; annealing thermally with forming gas the layer
of Al-Cu alloy, enhancing alloy formation;. polishing back by chemical
mechanical polishing (CMP) the A1-Cu alloy and second barrier layer
material, stopping tin the cap layer, forming a region of I inlaid A1-Cu
alloy bond pad, over a copper dual  r  



D 3 JAPE ZQO~ damascene interconnect trench/via, suitable for wire bonding
and soldering without further passivation. 2. The method of claim l,
wherein said substrate is a semiconductor or ap IC module, with the
semiconductor substrate composed of mono-crystalline silicon with
semiconductor device structures, selected from the group consisting of,
gate electrodes; source , and drain regions, metal interconnects; damascene
interconnects', contact holes and W as, formed in and on the semiconductor
substrate. 3. The method of claim 1, wherein both first and second
insulating layers of dielectric, intermetal dielectric layers (ILK), for
dual damascene trench/via are selected from the group consisting of doped
and undoped silicon dioxide , silicon oxide, low dielectric constant
organic polymers. 4. 'The method of claim 1, wherein he Al-Cu alloy bond
pad is over a dual damascene interconnect trench/via, that is filled with
copper and lined with a '_ diffusion barrier liner. r _35_   ~ 3 JA~d 205 _
5. The method of-claim 1, further comprising ' forming an etch stop layer
on the first insulating layer Of dielectric (IMD), for the purpose of
forming a dual i damascene trench/via opening. 6. The method of claim 1,
Wherein the passivating cap layer or cap layer is selected from the group
consisting of; silicon nitride, silicon oxynitride, . silicon, carbide and
boron nitride, with a thickness from approximately 500 to 6,000.Angstroms.
7. The method of claim 1, wherein the top portion of copper within the
trench/via, forming recessed copper Within the trench/via, i.s etched back
selectively by Wet etch using DMSO/CCl4 solution, dimethylsulfoxide/carbon
tetrachloride,.in a temperature range from 20 to 150 C, for an 



etch rate range thickness between 5 to 100 Angstroms per minute, in an etch
time of between 1 to 60 minutes, for a copper removal between about 100 to
8000 Angstroms. 8. The method of claim l; wherein the top portion of:
copper within the trench/via, forming recessed copper within the
trench/via, is etched back selectively by a web etch using an etchant,
'selected from the: group consisting of, hydrofluoric acid (HF); acetic
acid (CH3COOH), ammonium fluoride (NHQF), tetramethylammonium , hydroxide
(TMAH), tetraethylammonium hydroxide (TEAR), r   0 3 J~~J 2D0
tetrapropylammonium hydroxide (TBAHJ, benzotriazole, surfactant and water.
9. The method of claim l, wherein the top portion of copper within the
trench/via, foxming recessed copper within the trench/via, is etched back
selectively by a Wet etch, using etch solution mixtures, that are selected
from: the group consulting of, NHQF/CH3COOH, HF/NHQF/,H20,
HF/NHQF/H20/surfactant, and TMAH/HZO., 10. The method of claim 1, wherein
the second barrier layer, in between the top Al-Cu alloy wire bond pad and
the copper underneath, is selected from the group consisting of one or more
of the j following: tantalum (Ta), tantalum nitride (TaN), titanium nitride
(Ti.N),_ and tungsten nitride (WN), deposited either by physical vapor
deposition (PVD), or by chemical vapor i deposition (CVD), for an
approximate thickness from 20 to'5,000'Angstxoms. 11. ''The method of claim
1, wherein a blanket layer of~AlCu alloy metal is deposited over said
second barrier layer by physical vapor deposition (PVD), sputtering, for a
film thickness from about 2,00O to' 20,000 Angstroms. r   



~ g JA~~ 20~~ 12-. The method of claim 1, wherein a blanket layer ' of AlCu
alloy metal is deposited over said second barrier layer by physical vapor
deposition (PVD), sputtering, for a film thickness from about 2,000 to i i
- 20;000 Angstroms using: the following process conditions: DC Magnetron
sputtering with argon ,gas at pressures between about 0.1 to 10,000 mTorr,
DC power from about, l00 to 10;000 Watts, wafer temperature from: about 25
to 500 qC, argon gas flows from about 01 to 100 scan. 13. The method of
Claim 1, wherein the forming gas annealing the layer of A1-Cu alloy,
enhancing alloy formation, consists of the following conditions: gas
ambient is a mixture of nitrogen .and hydrogen gas or i forming gas,
temperature between about 200 to 5Q0 C at anneal) times from about 20 to 60
minutes, and pressures between about 400 to 760 Torr (atmosphere): 14. The
method of .claim 1, Wherein the A1-Cu bond pad , for wire bonding over
barrier layer and copper conducting interconnect/via consists of Al-Cu
alloys with compositions which are aluminum rich, consisting of A1 metal
ranging from c r    0 3 JA~3 200 about 99.99 to 90.00 wt percent, and Cu
metal ranging from 0.01 to 10.00 wt percent. 15. The method of claim 1,
wherein the A1-Cu bond pad , for wire bonding over barrier layer and copper
conducting interconnect/via, consists of the 



following dimensions: bond pad width and length both in the range of
approximately 1 micron to approximately 1000 microns. 16. The method of
claim 1, wherein the Al-Cu bond pad layer and second barrier layer are
centrally patterned and formed by either an reactive ion etch (RIE) back
using C12/BC13 or the excess Al-Cu and second barrier material are removed
by chemical mechanical polishing (CMP), and for both methods stopping on
the silicon nitride cap layer. 17. The method of claim 1, wherein the A1-Cu
alloy bond pad is planarized by removing excess Al-Cu, by a method selected
from the group consisting of: planarization by chemical mechanical
polishing (CMPJ, milling, ion milling, and/or etching, leaving only the
A1-Cu that is on the copper dual damascene inlaid structures, that include
trench/via and interconnect portions, stopping on the silicon nitride cap
layer. -39   a 3 J~~~ 20a' 18. The method of claim 1, Wherein the Al-Cu
alloy bond pad, over a copper dual damascene interconnect trench/via, are
fabricated for MOSFET and CMOS devices for both memory and logic device
applications. 19. A method for fabricating Wire bond pads for applications
in MOSFET and CMOS semiconductor devices using copper dual damascene, a
method comprising: providing a substrate, Wafer or substrate module;
providing a first level of conducting Wiring being defined and over said
substrate; depositing a passivating layer over the first level of
conducting Wiring; depositing a first insulating layer of dielectric,
forming a first intermetal dielectric layer (IMD), over 



the passivating layer; depositing a second insulating layer of dielectric,
forming a second intermetal dielectric layer (IMD), over the first
insulating layer of dielectric (IMD); patterning and etching the intermetal
dielectric layers (IMD), and said.passivating layer, forming a dual
damascene trench/via opening, exposing regions of the first level of
conducting wiring; depositing and patterning a cap layer over the second
intermetal dielectric layer (IMD); -40   0 3 J~~ Z00 ;: depositing a first
blanket conductive metal barrier layer or first barrier layer, over the
patterned cap layer, and into the trench/via openings, and over said
exposed regions of the first level of conducting Wiring; depositing a
blanket copper layer over the first barrier layer, and filling the
trench/via openings; polishing back by chemical mechanical polishing (CMP)
the excess copper and first barrier layer material, stopping on the cap
layer, forming a dual damascene inlaid copper interconnect trench/via;
forming a photoresist over the inlaid copper and cap layer; 



patterning the photoresist making an exposed opening over a portion of the
inlaid copper; etching back by wet etching a top portion of the exposed
portion of the inlaid copper Within the trench/via, forming a partially
recessed copper region or portion Within the trench/via and forming a
partially recessed trench/via opening; stripping the photoresist by oxygen
plasma ashing or solvent stripper; -41   0 3 JA~3 200 etching copper oxide
on the top surface of the copper i.n the recessed copper region within the
trench/via, that may be present, by hydrogen or ammonia plasma gas
treatment; depositing a second blanket conductive metal barrier layer or
second barrier layer, over said copper and said recessed copper region
within the trench/via, and over the patterned cap layer; depositing a
blanket layer of A1-Cu alloy over the second barrier layer, and filling the
partially recessed trench/via opening; annealing thermally With forming gas
the layer of A1-Cu alloy, enhancing alloy formation; 



polishing back by chemical mechanical polishing (CMP) the A1-Cu alloy and
second barrier layer material, stopping on the cap layer, forming a
centrally located region of inlaid A1-Cu alloy bond pad, over a copper dual
damascene interconnect trench/via, suitable for Wire bonding and soldering
without further passivation. -42   0 3 J~~ 200 20. The method of claim 19,
wherein said substrate is a semiconductor of an IC module, with the
semiconductor substrate composed of mono-crystalline silicon with
semiconductor device structures, selected from the group consisting of,
gate electrodes, source and drain regions, metal interconnects, damascene
interconnects, contact holes and vias, formed i.n and on the semiconductor
substrate. 21. The method of claim 19, wherein both first and second
insulating layers of dielectric, intermetal dielectric layers (III), for
dual damascene trench/via are selected from the group consisting of doped
and undoped silicon dioxide , silicon oxide, low dielectric constant
organic polymers. 22. The method of claim 19, Wherein the A1-Cu alloy bond
pad is over a dual damascene interconnect trench/via, that is filled with
copper and lined with a diffusion barrier liner. 23. The method of claim
19, further comprising forming an etch stop layer on the first insulating
layer of dielectric (ILK), for the purpose of forming a dual 



damascene trench/via opening. -43   0 3 JAS 200 24. The method of claim 19,
wherein the passivating cap layer or cap layer is selected from the group
consisting of, silicon nitride, silicon oxynitride, silicon carbide and
boron nitride, With a thickness from approximately 500 to 6,000 Angstroms.
25. The method of claim 19, wherein the top portion of copper Within the
trench/via, forming recessed copper within the trench/via, is etched back
by Wet etch using an etchant, selected from the group consisting of, one or
more of the following chemicals: dimethylsulfoxide (DMSO), carbon
tetrachloride (CC14), hydrochloric acid (HC1), hydrofluoric acid (HF),
acetic acid (CH3COOH), ammonium fluoride (NHQF), tetramethylaromonium
hydroxide (TMAH), tetraethylammonium hydroxide (TEAH), tetrapropylammonium
hydroxide (TpAH), benzotriazole, surfactant and Water, for a copper removal
between about 100 to 8000 Angstroms. 26. The method of claim 19, Wherein
the top portion of copper Within the trench/via, forming recessed copper
within the trench/via, is etched by wet etch, using etch solution mixtures,
that are selected from the group consisting of: DMSO/CC19, TMAH/HZO,
NH9F/CH3COOH, HF/NHQF/H20, dilute HF, and HF/NH9F/H20/surfactant, for a
copper removal thickness between about 100 to 8000 Angstroms. -44   0 3 JAS
200 27. The method of claim 19, wherein the second barrier layer, in
between the top A1-Cu alloy Wire bond pad layer and the copper underneath,
is selected from the group consisting of one or more of the following:
tantalum (Ta), tantalum nitride (TaN), titanium nitride (TiN), and tungsten
nitride (WN), deposited either by physical vapor deposition (PVD), or by
chemical vapor deposition (CVD), for an approximate thickness from 20 to
5,000 Angstroms. 28. The method of claim 19, wherein a blanket layer of
AlCu alloy metal is deposited over said second barrier layer by physical
vapor deposition (PVD), sputtering, for a film thickness from about 2,000
to 20,000 Angstroms. 29. The method of claim 19, Wherein a blanket layer of
AlCu alloy metal is deposited over said second barrier layer by physical
vapor deposition (PVD), sputtering, for a film thickness from about 2;000
to 20,000 Angstroms, using the following process conditions: DC Magnetron
sputtering with argon gas at pressures between about 0.1 to 10,000 mTorr,
DC power from about 100 to 10,000 Watts, wafer temperature from about 25 to
500 C, argon gas flows from about 0.1 to 100 scan. -45 



_ 0 3 JA~?3 200 30. The method of Claim 19, Wherein the forming gas
annealing the layer of A1-Cu alloy, enhancing alloy formation, consists of
the following conditions: gas ambient is a mixture of nitrogen and hydrogen
gas or forming gas, temperature between about 200 to 500 C at anneal times
from about 20 to 60 minutes, and pressures between about 400 to 760 Torr
(atmosphere). 31. The method of claim 19, Wherein the A1-Cu bond pad , for
wire bonding over barrier layer and copper conducting interconnect/via,
consists of A1-Cu alloys with compositions which are aluminum rich,
consisting of A1 metal ranging from about 99.99 to 90.00 wt percent, and Cu
metal ranging from 0.01 to 10.00 wt percent. 32. The method of claim 19,
wherein the A1-Cu bond pad , for wire bonding over barrier layer and copper
conducting interconnect/via, consists of the following dimensions: bond pad
width and length both in the range of approximately 1 micron to '
approximately 1000 microns. -46   0 3 JA~~ 200 33. The method of claim 19,
wherein the Al-Cu bond pad layer and second barrier layer are centrally
patterned and formed by either an reactive ion etch (RIE) back using
C12/BC13 or the excess A1-Cu and second barrier material are removed by
chemical mechanical polishing (CMP), and for both methods stopping on the
silicon nitride cap layer. 34. The method of claim 19, Wherein the A1-Cu
alloy bond pad i.s planarized by removing excess A1-Cu, by a method
selected from the group consisting of: planarization by chemical mechanical
polishing (CMP), milling, ion milling, and/or etching, leaving only the
A1-Cu that is on the copper dual damascene inlaid structures, that include
trench/via and interconnect portions, stopping on the silicon nitride cap
layer. 35. The method of claim 19, wherein the A1-Cu alloy bond pad, over a
copper dual damascene interconnect trench/via, are fabricated for MOSFET
and CMOS devices, for both memory and logic device applications. 36. A
method for fabricating wire bond pads for applications in MOSFET and CMOS
semiconductor devices using copper dual damascene, a method comprising: 



providing a substrate, wafer or substrate module; -47   D 3 JA~3 20~~
providing a first level of conducting wiring being defined and over said
substrate; depositing a first passivating layer over the first level of
conducting wiring; depositing a first insulating layer of dielectric,
forming a first intermetal dielectric layer (Ib~), over the first
passivating layer; depositing a second insulating layer of clielectric,
forming a second intermetal dielectric layer (III), over the first
insulating layer of dielectric (III); patterning and etching the intermetal
dielectric layers (ILK), and said passivating layer, forming.a dual
damascene trench/via opening, exposing regions of the first level of
conducting wiring; depositing a first blanket conductive metal barrier
layer or first barrier layer, into the trench/via openings, and over said
exposed regions of the first level of conducting wiring; depositing a
blanket copper layer over the first barrier layer, and filling the
trench/via openings; 



polishing back by chemical mechanical polishing (CMP) the excess copper and
first barrier layer material, stopping on the second intermetal dielectric
layer (III), forming dual damascene inlaid copper interconnect trench/via;
-48   0 3 J~~ ~00~ depositing a second passivating layer or top passivating
layer over the inlaid copper and over the second intermetal clielectric
layer (ILK) ; forming a photoresist over the inlaid copper and top
passivating layer; patterning the photoresist making an opening over a
portion of the inlaid copper exposing a portion of the second passivating
layer; etching by reactive ion etch (RIE) the exposed portion of the second
passivating layer or top passivating layer, exposing a top portion of the
inlaid copper within the trench/via; etching back by reactive ion etching
(RIE) or wet etching back a top portion of the exposed portion of the
inlaid copper Within the trench/via, forming a partially recessed copper
region or portion within the trench/via and forming a partially recessed
trench/via opening; 



stripping the photoresist by oxygen plasma ashing or solvent stripper;
etching copper oxide on the top surface of the copper i.n the recessed
copper region within the trench/via, that may be present, by hydrogen or
ammonia plasma gas treatment; depositing a second blanket conductive metal
barrier layer or second barrier layer, over the partially recessed copper
-49   D 3 J.~~i ~Q~~ region, or recess copper, within the trench/via, and
over the patterned second passivation layer or top passivation layer;
depositing a blanket layer of A1-Cu alloy over the second barrier layer,
and filling the partially recessed trench/via opening; annealing thermally
with forming gas the layer of A1-Cu alloy, enhancing alloy formation;
polishing back by chemical mechanical polishing (CMP) the A1-Cu alloy and
second barrier layer material, stopping on said second passivating layer or
top passivating layer, forming a centrally located region of inlaid A1-Cu
alloy bond pad, over a copper dual damascene interconnect trench/via,
suitable for wire 



bonding and soldering Without further passivation. 37. The method of claim
36, Wherein said substrate is a semiconductor of an IC module, with the
semiconductor substrate composed of mono-crystalline silicon With
semiconductor device structures, selected from the group consisting of,
gate electrodes, source and drain regions, metal interconnects, damascene
interconnects, contact holes and vias, formed a.n and on the semiconductor
substrate. -50   0 3 JA~3 200 38. The method of claim 36, Wherein both
first and second insulating layers of dielectric, intermetal dielectric
layers (IMD), for dual damascene trench/via are selected from the group
consisting of doped and undoped silicon dioxide , silicon oxide, low
dielectric constant organic polymers. 39. The method of claim 36, wherein
the A1-Cu alloy bond pad is over a dual damascene interconnect trench/via,
that is filled With copper and lined with a diffusion barrier liner. 40.
The method of claim 36, further comprising forming an etch stop layer on
the first insulating layer of dielectric (IMD), for the purpose of forming
a dual damascene trench/via opening. 41. The method of claim 36, wherein
the second passivating layer or top passivating layer is selected from the
group consisting of, silicon nitride, silicon oxynitride, silicon carbide
and boron nitride, with a thickness from approximately 500 to 6,000
Angstroms. 42. The method of claim 36, Wherein the top portion of copper
within the trench/via, forming recessed copper within the trench/via, is
etched back by Wet etch using an etchant, selected from the group
consisting of, one or more of the following chemicals: dimethylsulfoxide
(DMSO), carbon tetrachloride 



-51   0 3 JAS 200 (CC14), hydrochloric acid (HCl), hydrofluoric acid (HF),
acetic acid (CH3COOH), ammonium fluoride (NH4F), tetramethylammonium
hydroxide (TMAH), tetraethylammonium hydroxide (TEAR), tetrapropylammonium
hydroxide (TPAH), benzotriazole, surfactant and water, for a copper removal
between about 100 to 8000 Angstroms. 43. The method of claim 36, wherein
the top portion of ;i copper vW thin the trench/via, forming recessed
copper within the trench/via, is etched by wet etch, using etch solution
mixtures, that are selected from the group consisting of: DMSO/CC14,
TMAH/H20, NHqF/CH3COOH, HF/NHQF/H20, dilute HF, and i
HF/NHqF/H20/surfactant, for a copper removal thickness between about 100 to
8000 Angstroms. 44. The method of claim 36, Wherein the second barrier
layer, i.n between the top A1-Cu alloy wire bond pad and the copper
underneath, is selected from the group consisting of one or more of the
following: tantalum (Ta), tantalum nitride (TaN), titanium nitride (TiN),
and tungsten nitride (WN), deposited either by physical vapor
deposition.(PVD), or by chemical vapor deposition (CVD), for an approximate
thickness from 20 to 5,000 Angstroms. -52   0 3 J~~! 200 45. The method of
claim 36, wherein a blanket layer of AlCu alloy metal is deposited over
said second barrier layer by physical vapor deposition (PVD), sputtering,
for a film thickness from about 2,000 to 20,000 Angstroms. 46. The method
of claim 36, Wherein a blanket layer of AlCu alloy metal is deposited over
said second barrier layer by physical vapor deposition (PVD), sputtering,
for a film thickness from about 2,000 to 20,000 Angstroms, using the
following process conditions: DC Magnetron sputtering with argon gas at
pressures between about 0.1 to 10,000 mTorr, DC power from about 100 to
10,000 Watts, wafer temperature from about 25 to 500 C, argon gas flows
from about 0.1 to 100 scan. 47. The method of Claim 36, wherein the forming
gas annealing the layer of Al-Cu alloy, enhancing alloy formation, consists
of the following conditions: gas ambient is a mixture of nitrogen and
hydrogen gas or forming gas, temperature between about 200 to 500 C at
anneal times from about 20 to 60 minutes, and pressures between about 400
to 760 Torr (atmosphere). -53   



0 3 JA~~ 200 48. The method of claim 36, wherein the Al-Cu bond pad , for
wire bonding over barrier layer and copper conducting interconnect/via,
consists of A1-Cu alloys with compositions which are aluminum rich,
consisting of Al metal ranging from about 99.99 to 90.00 wt percent, and Cu
metal ranging from 0.01 to 10.00 Wt percent. 49. The method of claim 36,
wherein the A1-Cu bond pad , for Wire bonding over barrier layer and copper
conducting interconnect/via, consists of the following dimensions: bond pad
Width and length both in the range of approximately l micron to
approximately 1000. 50. The method of claim 36, wherein the A1-Cu bond pad
and second barrier layer are centrally patterned and formed by either an
reactive ion etch (RIE) back using C12/BC13 or the excess A1-Cu and second
barrier material are removed by chemical mechanical polishing (CMPj, and
for both methods stopping on said second passivating layer or top
passivating layer. -54   0 3 JA~~ 20~~ 51. The method of claim 36, Wherein
the Al-Cu alloy bond pad is planarized by removing excess A1-Cu, by a
method selected from the group consisting of: planarization by chemical
mechanical polishing (CMP), milling, ion milling, and/or etching, leaving
only the A1-Cu that is on the copper dual damascene inlaid structures, that
include trench/via and interconnect portions, stopping on said second
passivating layer or top passivating layer. 52. The method of claim 36,
Wherein the A1-Cu alloy bond pad, over a copper dual damascene interconnect
trench/via, axe fabricated for MOSFET and CMOS devices, for both memory and
logic device applications. -55
.AN.A1e.A(/.A(,.A(e.A1I.Ae.A1/.A(I.A(e.A(/.A(.A(I.A(.A(.AI.A(I.Ae.A(,.A(.A(
.AK.A.A(.A(.A(.A.A(.A(.A(/.A(.A(/.A(.A(/.A(.A(.A+.A+</.A1Y.A1\.AI(<y.A1.ANY
y.A,1Yy.ANy.A1y.A1Yy.A1y.A1?.A@1 .AINYy.A1y.A,1<y.A.A14:'}o>o<45 >oC
<<(<!`pbA 0`0 @ Ca0A08$ap&AB0bF @ C1p@ 0@0q0G(  @9\q\`@8<j@ 0L<
5vq"*CiqXA`pxa11g!Jm1u'TP8bX0~<f0>c@PhL0S&Ca@zBM_<bygPc*s22#$0 p @ @@0@0@!@
0A0@ @@@` @  @@  0` ` @ @@@@`@@`@` 0` @@@@`   @@@ `   `'@` H@ @@ @@`? 0@00
@000@@  00  `0@0`0  A @@00@@0@ @@@@@ p@  `   `p@0@ `   @ @0@  @ @ 0`@@
@@@@p@@  @ @ @       @p `0   @ @0 @0@@0@ 0@@  @0`@x~x<x<
8<x<x<x<x<8<x<x<0x<  @x<x<x<0x<x8x<<@xx 4:=.}T>Tl45 >TC ll(l@@@@@@@@@@@ @@
@ @@@ @ @@@ @@ @ @@@ @ @ @@@@@ CC0"&  @ `8@> `<>@ @0p<@p@: 2?@ >hh<@
<dh<`<4h'&@<<`wx&9|4?|6<<,:1<@0<$;'86@<<<v@<43@<<;@<<2x<4! 



3<<@<<,<< <<</,@@ <<G<<<@84c<0@@ <4?<4-L04 ?@  04pp@`@ <>@<< @
8<@0>@@0<<6<p@  <<@@@ @ p@@  @@@   @@@  @@ x@@ `@`@@@@ @  @@  ` @@ @ @@
0@@@@ @ @@ @@@ 0@ @ @@ @@0@@ |:"?>>45 >C (  @@80@@@@ ` `@@`@  000@ @ @ @@@@
`0@0@@0@    @ @@  @ `~8 x30@~~:|| ph@><<x`$<<0`0`?l<4h ~|<<    @x|4<h@@
xH@<4,xxxp<,HXx_4<8|H}D44x<<H5C@<<<x7x<<phxx4<<<6<<o<<<d0<x<<d
<0h4<g<x<2<x<<X <x,<X,,<x<$<8x$<Lp 8hx\48@<h848 4H~  0hp6{
<xp>@?<x0`>`88?@<0x@4x8<0   @ @@   @@ 0 @@ @@@  @      @@@  0 @@  @ @@@@ @
@ @@ 0  d:=%]V],45 V]C ,,(,0q0C!0 C @P @   8qb28a\ p&02i0#Aq$, apa  L2A0FHp
s9->sQ a9w=qBcGy0`pHP Atp`(6Z}mD a~8 O_q$1o=5aD]sT+Ex`8!!8 @81@qp8dxC0@
*mA O0'31Z=(C<K4xba$ p @ @    @@   @8 @@  @ @,@0\  @8A``0@0 @0@ 0  @0@  ap@
d@p @ @ A  @@@ B@  @@@ @` 0@@0 ? 0@@ 0@0@`@   0@0 `00 0  8p
pxpppxxxFxyxyx||||@x@x  xx pp @8p 0@8 @?@ @`@ @  @`A@0@  @0@`@   @@ `@@`
@@@@@@` 0@`@`0`0   @  0 @0   `@@0 0@@@0 p:m+NM45 MC (8@@ 0   @0` @`|@@ @<@
@   0@0@p@ ` ``0 00@p@`@` 0@  0 @` 080@ @@  @`@@0@@ A0@ 0`0@@@0H `@ 0@@D
@@` @` @@ @0@``@ @@@`@ @0` @  @t@0 p   @@08@0@00@@@`@@   @`@ @`  @`@ @`0
@@@@@`  `0`@ @@ ``@0``  0 @  @`@ 0`8     ` l  f0 `   00@0    ` ` @@@  @` @0
@  @ @  @0 `@  @ @0@x@@@0 @00@@@8@00`@@p8  0@   @ @ @`@   `@@@ @`8 @ a``A`
p 0 p       @ @ @00@`A      `@`@`@`8000@ `d:,puVu,=45 VuC ,=,=(=,`pap`
@@`B,H0 CapA A@@ @@`@0 H@A,q@#@8 @@00!A ` D@ !}y,q0x @  (`(   0@ @
l$_~P05mwv R}{Bb_}pC.1)Cpf[^mwoAakr=wF*ba ]Hy[^n B >s{?~ \XYe``P(,MD<3
7"8`J3)H+"@ @ @@ @ @@@@@@`  @00` 0@ @0`@@ @0A@  A`@     @0@ ` `  @` `0 @`
@@$@@ !6@@a @@@@0 ` @@  @@   0?0```0^ ?`@ 0`` @@@0@@@   <00@@@@0@ @ 0@ `@@@
@ @ 08` 0 `  @`0``0@ 0  0@`0@ @ @  @@`000 00` ``A@ @`   @ `0p8 @@0` @0`@@@
@ @@@@   @@@  ?@00p 0>@@0>:$PSnS45 nSC ( @ 0`00aq08q$0D\q"A`D Aa0`80C!@@A
0`0x `0 (ap8 a0AF0` (!@@@ @p@0a`@@ 0Ca0`a @@P`X00A <IjB@apb ` ` $[30
ko<P@@% ,UkeXBB%RZjD4"8qq)L$  @@*LCc`` % 12a$18J "  "@`0  @ @ `  `@@p @@ 0
0`@ @@@`@  @ @`@0`@ 0@@@@ @@@@0 H  A`A@0@@  @0@`@`@ @ `0 @ @  @ @0@0`0   0p
0@ @0@@@@ p 0 `0  @?x|~0|xx@px???> x@>0|@~0x @x| `|@0` @ p|A`@ x@0 |@ `
`|0@@ @@`9< @`8 @ @ @ 00`@@@  @ 0  `   @ @0@0@000 @0 @ @00@@``@08` `    @@
@ `` ` @ @   @` 0 :$PSnS45 nSC (#0aa8A80I 0 a00` A P0$AH80 a!   A@ @`B0@0 "
@ @` a@`PP`N(2AO@`@>pH87?0,!`VAE#j$~^aix P0``l|^,r}
1(&DQc26YR*3&042L4F8&Z<6.M@s.PBD @`H$@0 0   lMs`0` ``D   A@8@p@ @
0@`00`@A@@ @ 0@  @`@ @ A@ @ @A @ @``` `@ @@ 0   `@   @@@`@ 0@` @p@@`@ @00`
@ 0@ 00@00@ `p00 0@ 8@` ```00 ?@px`xqx@p`xs??`~p@p@x@@x@Ax`@ x " 0 t
``??A0`@ @@@  `0 A  0 `   0@ 00@@   0 @ @@@ @@@@ @0 @  @ @ @@`0@@`@0@`0 @@
@ @0@@H ` @@   `@ @0 @@ `0 0`0@A @@'(B(f>ER{& _ A~& - >
pl{vqlgb]X]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]c a 45' @zV9@Mw
!}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]ca!!!!*"4(;
(H(&)4*5*m.t......///E0F000113'4(4)404=456}xsnid_Z]]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]c a]ca]ca]ca]c a]ca!67999999990:1:6:s:t:::&;';
;;'<(<E<|<<<(=)======}xsnia\W]c
a]caD]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]c a]ca]ca]ca]ca]ca!=L>>>'?(???AAAABBBBBtCCDDEE E!E?E@EEEEF
GG%G}xsnid_Z]c ]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%G&GG8H:HBHPHHGIHIIIIIxJJJ_K
gMMMMMMSSSSSdTTTV$W{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]caU]ca]ca]ca!$WWWXXX=YEYOYpZ`[[[._3_4_8_F_akeseeeeeff6gghh:iij~ytoje`
[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]c
a]caDL_]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!jjjj|lnnpppppp.qqqtuV
vvvv2xy{y||||}8X<|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]caU]ca]ca]ca]ca]ca]ca]c
a]ca]ca!<X`ln'CXZN7!9:zupkfa\W|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
a]ca]ca]ca]caSG}(2m`P:"&.<h.g}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]c
a]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!g">?JKgijko~-z{K+,dPztnhb\VPU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]caU]caU]ca]c
a]caD]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caPTVWW[ijW-.s${|AUW}xsnid_ZUa]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]caD8]caU]ca]ca!WXYZ^kFGKLj$%=>EH_ztoic]WQ}xU]caU]caU]caU]caU]ca]caU]c
aU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
a]caD]ca]caD@]ca-/UW([_m@Ai+U2l}~ztnhb\VPU]caU]caU]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]caU]ca]caU]ca]c
a]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca~'Z23@BZ\}xrlf`ZTNU]caU]c
aU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
a]caU]caDp]caU]ca]caU]ca]caU]caU]caU]ca<su
+-WX{uoid^XRU]cU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]c
a]c
a]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca2FGVW\+pq}~~xrlf`ZTNU]caU
]caU]caU]caU]caU]caU]caU]caU]ca]c
a]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
U]ca*,12?@ 



SUij{uoic]WQU]U]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]c
a]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca:yx'dfhii
mz/c3~xsmga[UOUU]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]c
a]caU]caDp]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca3
f\Q =n.X]`lo }wqkfa\VPUUU]caU]ca]c a]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]c
aU]caU]caU]ca]c a]caU]caU]ca Ar9u+=BER*>pB|}wqke_YTOU]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca!Nxacv7P !IQ
~xrlfa\VPU]U]caU]ca]c a]caU]caU]caU]caU]caU]caU]caU]ca]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca!XZc
WYuz}Q#1l|vpjd_ZTU]U]cU]ca]c a]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
a]caU]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]c
a]caU]caU]caU]cal@],eat9pE]_{upke_YTNU]ca]caU]caU]caU]ca]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]c
aU]caU]caU]caU]caU]cafR&8r!]et)foC}wqke_YSe_YTNU]caU]caU]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]ca]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca4g%fJhp*$'~
xrlgb\WQU]U]ca]caU]ca]c
a]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca
U]ca]c a]caU]caU]caU]caU]ca49<Iw( V :t y |     <DR
"}xsmf`ZTU]U]U]caU]caU]ca U]c^aU]ca]c a]caU]caU]ca]caU]caU]ca]ca]caU]ca]c
a]caU]caU]caU]caU]caU]caU]caU]caU]ca]c a]caU]caU]ca]ca9<Iw( V :t y |    



<DR "}xsmf`ZTU]U]U]caU]caU]ca U]c^aU]ca]c
a]caU]caU]ca]caU]caU]ca]ca]caU]ca]c a]caU]caU]caU]caU]caU]caU]caU]caU]ca]c
a]caU]caU]caU]ca`>{Y7!G(10%,,&'()-@/!G(10%,,&'()-@/!PG(10%44&'()-@/!LG(10%q
p qp &'()-@/!TG(10%88&'()-@/Y%10%,&'()-<>BCDER{&
{Y7!qV%10%UU&'()-J!}'10%,,&'()-!`4+10%&'()- !h% 4+10%L%,L%,&'()-  10, 10,
10,y8 10%,&'()-& _ A~aB{Y7!ql+@10%,&'()-LC'710%,&'()-L %
10%,&'()-0"!10%,&'()-!10%,&'()-!w%10%,,&'()-& * + , - w _>!q ud
=.10%Y)Y&'()-&!=.10%x.x.&'()-& 10, 10, 10,I8
10%,&'()-i6S10%,&'()-L-!10%,&'()-3qR3,"10%,&'()-v%10%&'()-` 10q\q\ 



10q\q\ 10q\q\!.p,10%q\q\&'()-!b|'4+10%FF&'()-P (=.10%j&'()-& @zwX9qR30,
10%,&'()-0C 10%,&'()-!F:$10%*,*,&'()-!p (10%&'()-S!p (10%&'()-S!p
(10%,,&'()-Szxmb@!#,10%#R#R&'()- 10, 10,
10,I8=10%,&'()-L|'m"10%,&'()-%10%,&'()-i!10%,&'()-V9=>?@Muj_=!O$<*10%3$,3$,
&'()-, 10, 10, 10,f8 10%,&'()-0"10%,&'()- !G(10%,,&'()-L 10%,&'()- Mw
!!!!!z[PE: 10, 10, 10,f8=10%,&'()-!i)m"10%,,&'()-. )(j
10%,&'()-!d(10%,,&'()-!Hd(10%&'()-!!*"4(8(9(:(;(H(uj_=
1!h%h4+10%L%,L%,&'()- 10, 10, 10,8
10%,&'()-!/+10%''&'()-.p10%,&'()-%10%,&'()-nH(z(&)<+{+m.q.wU3j_=!th 



(10%XPXP&'()-3!E (10%),),&'()-3! (10%~~&'()-3!8
(10%,,&'()-3!@&10%,,&'()-!~H@&10%bb&'()-q.r.s.t....7/1sR1  =.10%&'()-) G
=.10%++&'()-10%,&'()- =.10%%"&'()- !h=.10%DD&'()-  10XPXP 10XPXP
10XPXP113'4(4)4-4.4aB71  10,f8
10%,&'()-,)1s10%,&'()-sL*-t10%,&'()-6!10%,&'()-!Lv%(10%0,0,&'()-0&L!10%,&'(
)-j.4/404z4m5567cD1  10,YK10%,&'()-!)10%OO&'()- -=.10%&'()-V =.10%&'()-V!
=.10%&'()-V 10, 10,789999999}^SH=  10 10, 10,
10,,810%,&'()-,)110%,&'()-W*-10%,&'()-!pJ(10%TNTN&'()-!0J(10%&'()-9996:!;D;
;{Y7SH= ! (10%,,&'()-! (10%  &'()-! 



(10%,,&'()-`10%,&'()- =.10%1&'()-#!h=.10%YY&'()-#;E<|<<n==={Y:SH=
!63"10%,&'()-!dC'-10%HCHC&'()- !xC'-10%\\&'()-  bC'-10%FF&'()-
9v%`10%,&'()-!L@ (10%0a0a&'()-======L>?B?_= !!=.10%&'()-
=.10%&'()-!L+10%&'()-g  # 10%&'()- 10, 10, 10,8'10%,&'()-B???]@ABBzX6_=
!6(10%j,j,&'()-!b<-10%FgFg&'()-!0<-10%&'()-!(<-10%&'()-EYn
10%,&'()-!=.10%))&'()-BBBBBtCCEEsR3 0vC10%,&'()-  =.10%8&'()- P"10%,&'()-
0+10%&'()-!h10%&'()-, 10j,j, 10j,j, 10j,j,EEFGG8H:H}^?sR3
0v,)110%,&'()-W6P"10%,&'()-!b#*10%FF&'()-!>#*10%"}"}&'()-L!10%,&'()-@10%,&'
()- :H?H@HAHBHPHHHxJ|Z9  Hc =.10%q&'()-!w,10%[;[;&'()-6
h,10%c&'()-6!>h)010%"R"R&'()- 10, 10, 10,,810%,&'()-xJJJ_KKgMM^?|Z9
L96=10%,&'()-!0N#+10%hh&'()-!#+10%&'()-
m"10%,&'()-C10%,&'()-v@10%,&'()-MMMMMMMMvR_=  !=.10%&'()-p5!Uh=.10%&'()-p5
10, 10, 10,#:10%,&'()-Z,110%,&'()-t810%,&'()-vRRcSSSSSSS{peZ8
!\h&10%@2@2&'()-C 10, 10, 



10,&9$10%,&'()-
=.10%jj&'()-p5'!b=.10%FwFw&'()-p5!p=.10%T,T,&'()-p5SSSdTTTVa?eZ8 !\!
d(10%,,&'()-S 10%,&'()-  10%,&'()- !
10%,,&'()-710%,&'()-i!10%&'()-=VV$WWWXXaBeZ8
!\!.!10%S&'()-,#10%,&'()-*!10%,&'()-iC'P"10%z&'()-9v%10%,&'()-!7c
d(10%&'()-XX=YBYCYDYEYpZ`[_= !!i(10%,,&'()-=!i(10%&'()-= 10, 10,
10,I810%,&'()-34!10%,&'()-f2 10%,&'()-`[[[._3_5_6_7_8_f[PE !! 10, 10,
10,=.10%,&'()-,810%,&'()-0`l"10%,&'()-p$10%,&'()-
i(10%&'()-=8__``aMaayW5[PE !?(10%//&'()-!! (10%}}&'()-! +10%&'()-#
#+10%E&'()-#!+10%&'()-#!h+10%&'()-#asbAdkepeqereseezodY7 !!h`'10%}5}5&'()-
10, 10, 10,810%,&'()-!b(10%FZFZ&'()-!!0(10%&'()-!!(10%&'()-!eeeeff6gdEdY7
!!h`'p 10%,&'()- 0!10%&'()-@10%,&'()-=W10%,&'()-i!10%,&'()-Z
z10%,&'()-6ghgghh:iidEdY7 !!h`'`'10%,&'()-% 10%,&'()- i#
10%,&'()-03"10%,&'()-7010%,&'()-010%&'()-ijwjjjjjjjxmb@ !!h!h=.10%xRxR&'()-
10, 10, 10,I810%,&'()-. 10%&'()-. 10%,&'()-+C10%,&'()-j|lnnppppp`UJ? !! 10,
10, 10,,&910%,&'()-i)m"10%,&'()- 9'10%,&'()-!|(10%,,&'()-
=.10%&'()-pppp.qqqbCUJ? !! 1#10%,&'()-v `10%,&'()-0!10%,&'()-  h$Y
10%pp&'()-10%,&'()-10%,&'()-qtpuuVvvvv}^?4?  



10,,910%,&'()-V6 10%,&'()-210%&'()-![$ (10%?,?,&'()- !T$ (10%8,8,&'()-
0l"10%,&'()-7vvvv2xy{y|dB?  10,!2!10%&'()-JLf m"10%,&'()-!
@&10%,,&'()-!,10%&'()-!h,10%&'()- 10, 10,y|~||||||}~~_=  10,!}'10%LL&'()-
!10%&'()-10%,&'()- !}%h,10%a%2a%2&'()- 10, 10, 10,,&910%,&'()-~8X<}^?~_=
10,!x9-10%,&'()-  i'P"10%,&'()-i%0!10%,&'()-!LI
!10%&'()-Lp10%,&'()-!}'10%,,&'()- X]^_`l~_@  10,!10%,&'()-10%,&'()-
!h'10%&'()- 10, 10, 10,,&910%,&'()-P9-10%,&'()-  n'CaB~_@
10,!L9$10%,&'()-Lf
10%&'()-I!10%,&'()-7`m"10%,&'()-<P"10%,&'()-!`!10%&'()-X{Z;  



10c10%,&'()- h$10%&'()-& 10, 10,
10,,&910%,&'()-!-'(10%&'()-!T'(10%8,8,&'()-N7!dB{Z;  10!b) (10%FF&'()-
Lf!10%,&'()-SL!10%&'()-0|0!10%,&'()-0 10%,&'()-10%,&'()-/S{Z;
107!10%,&'()- =.10%M&'()-!j=.10%RR&'()- 10, 10, 10,C910%,&'()-!x)
(10%\,\,&'()- G}(}^?{Z;
10i%0!10%,&'()-i$10%,&'()-9"#10%,&'()-10%,&'()-!v(10%&'()-  !Uv(10%,,&'()-
(~]<  10 Q,10%&'()- ,10%&'()-!7?h,10%&'()- 10, 10,
10,,910%,&'()-3+P"10%,&'()-m{`&+,xY:/<
10,810%,&'()-i|P"10%,&'()-!E`'10%),),&'()-!>`'10%"p"p&'()-
)`'10%&'()-)!(,10%&&&'()-,-.<Mha?< 10,! 



(10%,,&'()- !(H (10%&'()- !J (10%((&'()- ! (10%,,&'()-Y
!`%h=.10%D%KD%K&'()- 10, 10,h.g_@ 10,!#10%,&'()-=!h,10%||&'()- 10, 10,
10,I910%,&'()-i$"10%,&'()-"10%,&'()- g{"|];_@
10,!p'+10%TdTd&'()-0V!10%,&'()-  =.10%&'()- H=.10%&'()-)  -10%&'()-g 8
-10%&'()-ggijlmnovk`> 10,!! =.10%``&'()-c  10, 10, 10,<
"10%,&'()-&9(10%,&'()- HC0-10%,&'()--!3aC0-10%&'()--Kd~_>k`> 



10,! ,'J)10%&'()-cv%10%,&'()-,m"10%,&'()- =.10%&'()-3 -10%9&'()-
=.10%&'()-c dPTVXYZ[dYNC 10,!  10, 10,
10,9=%10%,&'()-p,010%,&'()-s*,10%,&'()-f6 10%,&'()-!I/w%10%-,-,&'()-[ijW~\;
YNC 10, -10%j*&'()-1!>-10%""&'()-`10%,&'()- %10%&'()-< W10%,&'()-W!
(10%oo&'()-,s]>3C 1 10,,&910%,&'()-!o3"*10%x1x1&'()-p!3"*10%jj&'()-pI
10%,&'()- |C10%,&'()- H-10%jj&'()-V%AUcDC 1 10,  10%,&'()-!E`=.10%))&'()-
p`=.10%TT&'()-  i=.10%MM&'()-y!^h=.10%&'()-y 10, 10,UWY[\]^eD 1 10, =.10%
&'()-!sh=.10%&'()- 10, 10, 



10,&9,10%,&'()-p'm+10%,&'()-,010%,&'()-sj_}\=eD 1 10,v10%,&'()- 0 =.10%
&'()-S  =.10% &'()-S ) -10%&'()--( H) -10% &'()--10%,&'()-/(}[:eD 1 10 B
-10%&&&'()-&!; -10%&'()-& B -10%&5&&'()-& 4 -10%B&'()-&( `
-10%D$D&'()-&IC10%,&'()-([\]^_/~]< 1 10  %,10%&'()-  +10%&'()-
!h+10%,,&'()-  10, 10, 10,F:*10%,&'()-I6:10%,&'()-/i+U{Y:~]< 1
10)10%,&'()-!|#10%,,&'()- Ic10%,&'()-! =.10%||&'()- ,=.10%_&'()-)!
,10%&'()-2l{^=~]< 1 10 PkH&+10%4+4&'()- P &+10%44&'()- 4 &+10%&'()-
4&+10%#&'()-$- 10%,&'()-I!10%,&'()-'bC 1 10 P,l10%`&'()-!0h0!10%&'()- 



10, 10, 10,F:$10%,&'()-P,010%,&'()-s#&:10%,&'()-'Z~_@bC 1 10 I&P10%,&'()-I
10%,&'()-W10%,&'()-I9010%,&'()- 4f=.10%O&'()- )!.Y Z10%,,&'()-}oaS1 !
-10%,,&'()- 10 10 10!HF:'10%&'()-,0s10%,&'()-s '*10%&'()-  I'*10%--&'()-
<s2~\=aS1 ! I!P"10% &'()-!IvJ 10%,,&'()- 4F =.10% &'()-   dHF =.10%HH&'()-
Iz10%,&'()- -10%&'()-Q)\{Z9aS1 ! P5*10%44&'()-P X`'+10%<9<&'()- 



) P`'+10%44&'()- !X`'+10%<`<`&'()- !;`'+10%&'()- f%"10%,&'()-+i|[: !  ,
:-10%|&'()-S H) -10% &'()-- +10%{&'()- !& h+10%==&'()-  10, 10,
10,,010%,&'()-si,*_>|[: !   I *10%-(-&'()-c 4 *10%X&'()-c
*10%hh&'()-cIC10%,&'()-IvW10%,&'()-  :-10%^&'()-S* ^= !   h:-10%&'()-!F0!<
10%*,*,&'()- 10, 10, 10,F:'10%,&'()-,010%,&'()-V ; *10%&'()-c:ya?^= !
!T#910%8,8,&'()-I!P"10%,&'()-10%,&'()-I10%,&'()- 0:-10%p &'()- U
:-10%99&'()-x'dfh}^?^= !   ,0s10%,&'()-s0*,s10%,&'()-sI4 10%,&'()-!B
%-)10%&,&,&'()- 4%  %-)10%&'()- ; %-)10%&'()-hjklmz/cA !   !,i10%,,&'()-  



W10%,&'()-!;l'10%,,&'()-Y%Y10%,&'()- 10, 10, 10,F:$10%,&'()-P/c3fdEcA !
!6%10%,&'()-I!10%,&'()-W10%,&'()-I&!10%,&'()-IY 10%,&'()-Ip10%,&'()-f.xmb@
!   !`%h4+10%D%,D%,&'()-F 10, 10, 10,;v10%,&'()-f`'!10%r&'()- f`'!10%,&'()-
f`'!10%&'()- \NdBmb@ !   !!%v7#10%ZZ&'()-710%,&'()-,
10%,&'()-,&!10%,&'()-,< P"10%,&'()-p10%,&'()-NQaBmb@ !
!f#10%,&'()-I!'10%,&'()-, :10%,&'()-I`]10%,&'()-10%,&'()-!4v7#10%,,&'()-
=ndEmb@ !
!f.z10%,&'()-f,10%,&'()-+p10%,&'()-fI)10%,&'()-f|'10%,&'()-%10%,&'()-.X]^_`
lxmb@ !   ! Hp#<10%&'()- 10, 10, 10,;
10%,&'()-f34c10%,&'()-f2310%,&'()-f010%,&'()-los 



^?mb@ !   I10%&'()-!Ip!10%qq&'()- Ip!10%<&'()- Ip!10%&'()- !Ip!10%&'()-
-Y10%&'()- Ar9dEmb@ !   #710%&'()-f!10%&'()-010%&'()-
10%&'()-Is10%&'()-Il10%&'()-9u+=dEmb@ !   f&0V10%&'()-6 .10%&'()-f+=
10%&'()-f)10%&'()-f'10%&'()-f% 10%&'()-=BCDER~_> !
'10%&'()-C,|*10%,&'()-v 10%,&'()-!h%h4+10%L%,L%,&'()- 10 10 10;
10%&'()-n*>pz[<~_> !  I 10%,&'()-I&= 10%,&'()-I
*10%,&'()-!'10%&'()-C!,'10%44&'()-C! '10%,,&'()-CpB|dE~_> !
I,#10%,&'()-I**10%,&'()-I("10%,&'()-y&10%,&'()-s$10%,&'()-,P"D10%,&'()-!N_@
!  ,v 10%,&'()-!P#10%,,&'()-Y%Y10%,&'()- 10, 10, 10,;
v10%,&'()-I.010%,&'()-NxvaB_@ 



!  If)w10%,&'()-'310%,&'()-X$10%,&'()-I'10%&'()-E10%,&'()-!,7#10%,,&'()-G
7P dE_@ !  f610%,&'()-fP4z10%,&'()-f210%,&'()-010%,&'()-I-  10%,&'()-f3+
10%,&'()- !IQbC !  Y10%&'()-,<  10%&'()-Mp10%&'()-v%Y10%&'()- 10, 10, 10,;
v10%,&'()-Q% aVK@ !   10 10 10;
10%&'()-!I,!10%&'()-I,!10%&'()-+10%&'()-,&10%&'()- ^<VK@ !
!,`'D10%88&'()-6!,v'10%88&'()-< "10%&'()-j< "10%8&'()-j!<
"10%&'()-jY%10%8&'()-Y~\= 



!  !;"10%,&'()-!P"10%,,&'()-!h4+10%,,&'()-c 108 108 108;
v10%8&'()-,`'D10%&'()-6!cWuwU4~\= ! )$10%P&'()-!I)$10%--&'()-!;
)$10%,,&'()-!vm"10%,,&'()-!vm"10%,,&'()-!W$10%aa&'()-2uz{|}bC !
)$1|10%g&'()-, "10%g&'()-S10%g&'()-Y%Y10%g&'()- 10, 10, 10,;10%,&'()-Qa?bC
!
!l4G10%&'()-!l4G10%BFBF&'()-62610%g&'()-I)10%g&'()-M'310%g&'()-II10%g&'()-
!"#1l~_@ ! !10%,&'()-,<   10%,&'()-p10%,&'()-!h%h4+10%L%,L%,&'()- 10g 10g
10g;10%g&'()-@]dE~_@ !
!I10%,&'()-C10%,&'()-IY010%,&'()-,'10%,&'()-:10%,&'()-, 10%,&'()-,edE~_@ !
!!10%,&'()-I, 10%,&'()-IC'10%&'()-I10%,&'()-T10%,&'()-I10%,&'()-at9paB~_@ !
!I110%,&'()-.10%,&'()-,10%,&'()-!fI)M!10%,,&'()-f|'10%,&'()-f# 10%,&'()-p_@



! !10%,&'()-!`%h4+10%D%,D%,&'()- 10, 10, 10,;v10%,&'()-f5
10%,&'()-f210%,&'()-E_,f_=_@ ! ! (10%&'()-s! (10%,,&'()-s
(10%&'()-sS10%,&'()-|10%,&'()- I 10%,&'()-fRdE_@ !
!I%m"10%,&'()-I#p#10%,&'()-,!#10%,&'()-s10%,&'()-,y
10%,&'()-,s"10%,&'()-&8rdE_@ !
!,,210%,&'()-I0M!10%,&'()-.10%,&'()-I+10%,&'()-)10%,&'()-I'010%,&'()-!]bcde
tb@ ! !!@V$10%&'()-HY% 10%&'()- 10, 10, 10,;10%,&'()-IV6J
10%,&'()-P410%,&'()-)fodEb@ ! !!f\10%&'()-V
10%&'()-I3G10%&'()-I,M!10%&'()-&10%&'()-I 10%&'()- C4dEb@ ! !!I
10%&'()-f"10%&'()-fP"10%&'()-f 10%&'()-I"10%&'()-d10%&'()-4gbC !
!!p10%&'()-Y%Y10%&'()- 10 10 10,;10%&'()-fy&- 10%&'()-$10%&'()-%fdEbC !
!!v10%&'()-I'10%&'()-Ij!10%&'()-I&"10%&'()-Y10%&'()-I< 



p#10%&'()-MJhpdEbC ! !!6|010%&'()-f`'10%&'()-L6%10%&'()-f!10%&'()-f,
z10%&'()-fC10%&'()-*xmb@ ! !!o%h4+10%S%,S%,&'()-& 10 10 10;
10%&'()-510%&'()-4#10%&'()-I2"10%&'()-'w49:wU6+@ 10,;
10%,&'()-!B(10%&,&,&'()-Z.!I|(10%--&'()-Z.!B(10%&,&,&'()-Z.!E(10%OO&'()-Z.!
% (10%66&'()-Z.:;<Iw( V mN/I&'10%&'()-MY410%&'()-,w10%&'()-I<
10%&'()-p410%&'()-HY%<10%&'()- 10, 10,:t y z { |
bCI&'10%310%,&'()-hY%10%l&'()-& 10 10 10;v10%&'()-If)#10%&'()-:`'Z10%&'()- 



vz[<bCI&,$#10%d&'()-,$#10%&'()- ,$#10%&'()-!(10%,,&'()-6!  &10%``&'()-
&10%&'()- <ABCDR~\:I!I%10%,,&'()-!I%10%&'()-!}%h4+10%a%,a%,&'()- 10, 10,
10,;10%,&'()-,$#10%,&'()-}~\:I!I%10%,,&'()-!I%10%&'()-I;
10%,&'()-!Ip10%,,&'()-,P10%,&'()-!I%10%&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph FontD,
?:%s+/16:?AEJPDV7\rbgmsy_-nZ]^l_D|"d;{ C
"$&(*,.02468:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~!6=%G$Wj<gPW~3 l>&
zM!H(q.1.479;=B?BE:HxJMvRSVX`[8_ae6gijpqvy|~(,hgd[U(/'i*h/fNl 9=pN Qupf4:
6Times New RomanArialCourier New"h Root EntryWordDocumentC
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~  



!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   ! 


