Structure and Method For Fabricating a Bond Pad Structure This is a
divisional patent application of Patent No. 6,998,335 issued February 14,
2006, S/N: 10/735, 117, Lead Inventor: Zhang Fan; Attorney Docket:
CS02-101, File date: 12/13/03; entitled: Structure and Method For
Fabricating a Bond Pad Structure, assigned to the same assignee as the
present invention; which is hereby incorporated by reference in its entirety.
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Background of Invention
1) Field of the Invention
The present invention generally relates to a semiconductor device, and
more specifically, to a bonding pad electrode structure and to a bond pad structure that

prevents generation of cracks derived from mechanical stress from wire bonding.

2) Description of the Related Art

Integrated circuits must be electrically contacted. The electrical
connection from the external pins of the integrated circuit package to the integrated circuit
goes through bond pads which are located on the periphery of the integrated circuit. The
bond pads are metal areas which are electrically connected to the devices in the integrated
circuit via and electrically conducting wiring layers (e.g.,. Metal layers). Due to
conventional bonding technology used to, for example, attach wires to the bond pads and
to design constraints, the bond pads have relatively large dimensions as compared to the

device dimensions and occupy or cover a significant portion of the chip surface. The area
1



device dimensions and occupy or cover a significant portion of the chip
surface. The area 1 underneath the bond pads thus occupies a substantial
fraction of the entire chip surface. The electrical connection between the
package and the bond pad requires physical integrity as well as high
electrical conductivity. The conventional bonding process used to form the
connection typically requires either or both elevated temperatures, high

RHRSHHEAS ANChd PSRN CHRRIGY: HRP ISR AP Ad CRANSGHS R AGNESRP sthfice.
wire and the bond pad. If the bond pad is on a dielectric, the bonding
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leakage currents through the dielectric between the bond pads and the underlying substrate,
which is frequently electrically conducting. The leakage currents preclude use of the

substrate area under the bond pads for device purposes thereby decreasing the efficiency of

substrate utilization for device purposes.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and apparently
more relevant technical developments in the patent literature can be gleaned by considering
US 5,084,752(Satoh et al.) that shows an embodiment a bonding pad comprising a buffer
layer.

US 4,636,823(Abe) shows a bond pad over a polysilicon layer.

US 5,149,674(Freeman, Jr. et al.) shows bond pad.

US 5,751,065(Chittipeddi et al.) shows a bond pad.



US 4,636,823(Abe) shows a bond pad over a polysilicon layer. US
5,149,674(Freeman, Jr. et al.) shows bond pad. US 5,751,065(Chittipeddi et

al.) shows a bond pad. 2 S 5,923,088(Shiue et al.) shows a bond pad

structure. US 6,020,647(Skala et al) reveals a bond pad structure with

patterned features. US 5,502,337(Nozaki) shows a bonding pad with multiple
interconnect layers. However, there is a need for an improved bonding pad.

3 Summary of the InventisysAnieshedimesheftbendrpaestriryertion provides

a structure and method of manufacturing a bond pad which is characterized

as follows. We progdeoad@n7vsking ey @ich topodie|ertie (M) Jarepawahed
a semiconductor structure. The buffer dielectric layer is formed over the top
vestagesayer and the top dielectric (IMD) layer. We form a buffer (pad)

opening in the buffer dielectric layer exposing at least of portion of the top
wiring layer. We fo”s gtmasieNayakn o headndididigiectkiniayear pleddf@connect
top wiring layer in the buffer opening. A conductive buffer layer is formed
axei-she barrier layer. We

However, there is a need for an improved bonding pad.



planarize the conductive buffer layer to form a buffer pad in the buffer (pad)
opening. We form a passivation layer over the buffer pad and the buffer
dielectric layer. We form a bond pad opening in the passivation layer over at
least a portion of the buffer pad. We form a bond pad support layer over the
buffer pad and the buffer dielectric layer. We form a bond pad layer over the
a bond pad support layer. The bond pad layer and the bond pad support
layer are patterned to form a bond pad and bond pad support. The buffer pad
and the (bond pad) support layer under the bond pad provide the stress

relief needed so that the integhiimaaiReotligie qiikelaigss is not destroyed
during the bonding process. Furthermore, the buffer pad can have a larger

area than the bopgh pathanchthetdiore FRAMAVIER MAIBrsV IR H stricnal v
advantages and features are of representative embodiments only, and are
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understanding the invention. It should be understood that they are not
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limitations on the invention as defined by the claims, or limitations on
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mutually contradictory, in that they cannot be simultaneously presentin a
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of the invention, and inapplicable to others. Furthermore, certain aspects of

tbp elaimerlyer. We form a barrier layer over the buffer dielectric layer, and the top wiring
layer in the buffer opening. A conductive buffer layer is formed over the barrier layer. We
planarize the conductive buffer layer to form a buffer pad in the buffer (pad) opening. We
form a passivation layer over the buffer pad and the buffer dielectric layer. We form a
bond pad opening in the passivation layer over at least a portion of the buffer pad. We form
a bond pad support layer over the buffer pad and the buffer dielectric layer. We form a
bond pad layer over the a bond pad support layer. The bond pad layer and the bond pad
support layer are patterned to form a bond pad and bond pad support.

The buffer pad and the (bond pad) support layer under the bond pad
provide the stress relief needed so that the integrity of the dielectric layers is not destroyed
during the bonding process. Furthermore, the buffer pad can have a larger area than the
bond pad and therefore can provide more support.

The above advantages and features are of representative embodiments

only, and are not exhaustive and/or exclusive. They are presented only to assist in



invention have not been discussed herein. However, no inference should be
drawn regarding those discussed herein relative to those not discussed
herein other than for purposes of space and reducing repetition. Thus, this
summary of features and advantages should not be considered dispositive in
determining equivalence. Additional features and advantages of the
invention will become apparent in the following description, from the

drawinasd adHeam e slainmhonlBiefurgssttipmalihs Baxongprthéntative of all
features and advantages of a semiconductor device according to the present
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device in accordance with the present invention will be more clearly
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accompanying drawings in which like reference numerals designate similar
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cross sectional view for illustrating an embodiment of the bond pad structure
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views for illustrating a method for manufacturing an embodiment of the bond

PR SIS AACAGNI IO e PEBSANFURVeRHOFs, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn
regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this summary of features and advantages
should not be considered dispositive in determining equivalence. Additional features and

advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.



Figure 6 shows a top down view of a section of a die with the bond pads 50A
and the buffer pads 34A according to an embodiment of the present
invention. Figure 7 shows a top down view of the bond pad 50A (circled in
figure 6 and labeled 7) and the rectangular shaped. buffer pad 34A
according to an embodiment of the present invention. Figure 8 shows a top
down view of the bond pad and the square shaped buffer pad according to
an embodiment of the present invention. 6 DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS Introduction New wire bonding

processes and Low K dieBgéiay@iptionlof the handmads have raised the
stress requirement for bond pads. With the semiconductor technology move

on to Cu/Low K intggfatiitesvihgd-honaifgdeganiengosnatitier challengesralue to the
to the low modulus and fracture toughness of low K materials. The inventors
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Low K dielectric are being used that have lower mechanical strength
denigaiiedds R andiR Kb predea tianehiig PHITESS raiRcRUEHAY (RRI@8&R from the

stress on bond pad and chips. The wafers are often built up to 6 layers of Cu
seipakabedifyctipioK taken in conjunction with the accompanying drawings in which like
reference numerals designate similar or corresponding elements, regions and portions and
in which:

Figure 1 is cross sectional view for illustrating an embodiment of the
bond pad structure according to the present invention.

Figures 2 through 5 are cross sectional views for illustrating a method
for manufacturing an embodiment of the bond pad structure according to the present
invention.

Figure 6 shows a top down view of a section of a die with the bond pads
50A and the buffer pads 34A according to an embodiment of the present invention.

Figure 7 shows a top down view of the bond pad 50A (circled in figure
6 and labeled 7) and the rectangular shaped. buffer pad 34A according to an embodiment
of the present invention.

Figure 8 shows a top down view of the bond pad and the square shaped

buffer pad according to an embodiment of the present invention.



dielectrics, which themselves must be surrounded by diffusion barriers. In
wire bonding, mechanical loading and ultra-sonic stresses applied by the tip
of the bonding capillary to the bond-pad could also transmit to the underlying
Cu/Low K stacks. Since Low K materials are not strong enough, bond-pad
deformation or sinking could normally be observed. This could further cause
the deformation or 7 delamination of dielectric layers. Although the damages
(most of the times in the form of micro-cracks) sometimes may be not
apparent during wire-bonding process, they may progress to fatal fractures
when subjected to thermo-mechanical stresses generated during the plastic
encapsulation, accelerated reliability testing, temperature cycling and device
operations. These may be shown as chip-outs of mechanically weak low k
dielectric film together with metal, or as bond-pad lifting and delamination
betweepEIXEDE K HIRST RESHOW BT PRFFERREBIEMBODIVENTS
bond-pad or supporting structure design is also necessary to solve the above
issue. In addition as the semiconductor moving towards Ultra Low k
dielectrics, which are even softer and less robust than current Low K
materials, in the future, the wire-bonding issue will be more stringent.
Therefore, new bémitqrhcdieaign is necessary. METHOD FOR AN
EMBODIMENT OF THE BOND PAD STRUCTURE

New wire bonding processes and Low K dielectric layers under the
bond pads have raised the stress requirement for bond pads. With the semiconductor
technology move on to Cu/Low K integration, wire-bonding became one of the challenges
due to the low modulus and fracture toughness of low K materials.

The inventors have found an improved bond pad structure is needed
because (1) particular Low K dielectric are being used that have lower mechanical strength
compared to SiO, and 2) the wire bonding process are putting increased stress on bond

pad and chips.

The wafers are often built up to 6 layers of Cu separated by Low K
dielectrics, which themselves must be surrounded by diffusion barriers. In wire
bonding, mechanical loading and ultra-sonic stresses applied by the tip of the
bonding capillary to the bond-pad could also transmit to the underlying Cu/Low K
stacks. Since Low K materials are not strong enough, bond-pad deformation or

sinking could normally be observed. This could further cause the deformation or



Exemplary embodiments of the present invention will be described in detail
with reference to the accompanying drawings. The embodiment provide
structure for a bonding pad and a method of forming a bond pad structure
that has improved tolerance to stress. 8 top wiring layer 22 and top dielectric
(IMD) layer 20 Referring to figure 2, we provide a top wiring layer 22 and a
top dielectric (IMD) layer 20 over a semiconductor structure 10. The
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layers thereover. Semiconductor Structure 10 is understood to possibly
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wafer; and insulating and conductive layers formed on the wafer surface.
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dielectric layers. Conductive layers can include contacts and I't thru n-1 level
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"structure surface" is meant to include the upper most exposed layers over a
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conductive lines. Semiconductor structure can refer generally to a wafer or
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typically including a silicon or
delamination between Cu/Low K films. Beside wire-bonding process optimization,
new bond-pad or supporting structure design is also necessary to solve the above
issue. In addition as the semiconductor moving towards Ultra Low k dielectrics,
which are even softer and less robust than current Low K materials, in the future, the

wire-bonding issue will be more stringent. Therefore, new bond-pad design is

necessary.

METHOD FOR AN EMBODIMENT OF THE BOND PAD STRUCTURE
Exemplary embodiments of the present invention will be described in

detail with reference to the accompanying drawings. The embodiment provide structure
for a bonding pad and a method of forming a bond pad structure that has improved

tolerance to stress.



other semiconductor layer having transistor or other semiconductor devices
formed therein, dielectric layers over the semiconductor layer, metal or other
conductive contacts extending down and through the dielectric layers to the
semiconductor layer and interconnects (e.g., metal layers and via contacts or
dual damascene structures) extending laterally over the surface of the
dielectric layers. 9 An inter metal dielectric (IMD) layer 14 is formed over the

semiconductor stig@uifriy Tdei\iR gt erelbetreimmBsdgyéri2o-k

material. Also, metal interconnect lines (n-1 level. e g., level M5 in a M6 level
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dlamond f|Im etc. Black diamond films are methyl-doped porous
silica films. The embodiment's bond structure reduces stress on these low
strength/low k layers. The top wiring layer 22 is preferably comprised of Cu

alloy. The top wifg é@){ﬁEcﬁ{&&‘é{&bAYnh%tﬂrgoﬁpﬂnd@éﬁ%&ﬁe?%v ﬂ’i‘%{fé?él’?ﬁ%nd

(e.g., TM-Cu) . The top wiring layer is the upper most interconnecting layer
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22 and top dielectric layer are levels of wiring and inter metal dielectric
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insulating and conductive layers formed on the wafer surface. Insulating layers can
include interlevel dielectric layers and inter metal dielectric layers. Conductive layers can
include contacts and 1* thru n-1 level conductive layers (e.g., 1* level metal or poly to n-1
level). The term “structure surface” is meant to include the upper most exposed layers
over a semiconductor wafer, such as a silicon surface, an insulating layer and/or
conductive lines.

Semiconductor structure can refer generally to a wafer or die having an
intermediate integrated circuit structure formed thereon, typically including a silicon or
other semiconductor layer having transistor or other semiconductor devices formed therein,
dielectric layers over the semiconductor layer, metal or other conductive contacts
extending down and through the dielectric layers to the semiconductor layer and
interconnects (e.g., metal layers and via contacts or dual damascene structures) extending

laterally over the surface of the dielectric layers.



problems of bonding pad deformation and sinking can occur during
wire-bonding which can lead to damage to the underlying Low K/Cu
structures. The top dielectric (IMD) layer 20 can be comprised of a dielectric
material, such as a oxide formed using TEOS, or a low K material. Low K
materials with low strengths that are especially venerable to bonding pad
problems are low k materials with K equal to or less than 3.0, such as porous

silica films (e.g., MackeiamendifimsticThenopigielectris fapas28visrpreferably
comprised of TEOS (oxide formed using TEOS) and has a thickness
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Alternately, the top dielectric layer 20 is comprised of undoped silicate glass
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the top wiring layer 22 and the top dielectric (IMD) layer. The buffer dielectric
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silicate glass (USG). Preferably the buffer dielectric layer is comprised of
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and 8250 A. The buffer dielectric layer 26 is not an inter metal dielectric
(BMR)rtayek are CORAL ™ film, Black diamond ™ film, SiLK ™ film. etc. Black
diamond films are methyl-doped porous silica films. The embodiment’s bond structure
reduces stress on these low strength/low k layers.

The top wiring layer 22 is preferably comprised of Cu alloy. The top
wiring layer preferably is a copper damascene interconnect (e.g., TM-Cu) . The top wiring
layer is the upper most interconnecting layer (e.g., metal level 6 in a 6 metal layer 1C).
Typically, under the top metal layer 22 and top dielectric layer are levels of wiring and
inter metal dielectric layers. When the IMD’s layers are formed of a low K material, the
problems of bonding pad deformation and sinking can occur during wire-bonding which
can lead to damage to the underlying Low K/Cu structures.

The top dielectric (IMD) layer 20 can be comprised of a dielectric
material, such as a oxide formed using TEOS, or a low K material. Low K materials with
low strengths that are especially venerable to bonding pad problems are low k materials
with K equal to or less than 3.0, such as porous silica films (e.g., black diamond ™ films)

The top dielectric layer 20 is preferably comprised of TEOS (oxide formed using TEOS)

and has a thickness between 6750 and 8250 A and more preferably of about 7500
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because no metal wiring layers (e.g., (M6) interconnecting layers) are formed
on this level or above. The buffer dielectric layer is not a passivation layer.
The passivation layer 44 is preferably formed over the buffer dielectric layer.
buffer opening 32 in the buffer dielectric layer Still referring to figure 2, we
form a buffer (pad) opening 32 in the buffer dielectric layer 26 exposing at
least of portion of the top wiring layer 22. The buffer (pad) opening 32 isin a

headrbad. argemdidt}, bRriies BYRCBR ASShTR HHigHR oM dRda IIRAIEE1ass
layer 30 over the buffer dielectric layer 26, and the top wiring layer 22 in the
bufey opening 32. The barrier layer 30 is preferably comprised of Ta or a

bilayer comprised of a Cr layer and a CrCu layer (e.g., Cr/CrCu bilayer). The
barrier layer 30 preferably has a thickness between 360 and 440 A.

conductive buffer byfeBémieciritdapead 28A As figure 2 displays, we form a
buffer (pad) conductive layer 34 over the barrier layer 30. The buffer

conductive layer prgfeabhyis iehrivg!isRit @ dAUELE o (R Gh AL AR Ryer 22
the bonding energy. The conductive buffer layer 34 is preferably comprised of
ﬁmmlectﬂc (IMD) layer. The buffer dielectric layer 26 is preferably comprised
of oxide formed using TEOS, or undoped silicate glass (USG). Preferably the buffer
dielectric layer is comprised of TEOS.

The buffer dielectric layer preferably has a thickness between 6750 and
8250 A.

The buffer dielectric layer 26 is not an inter metal dielectric (IMD) layer
because no metal wiring layers (e.g., (M6) interconnecting layers) are formed on this level

or above. The buffer dielectric layer is not a passivation layer. The passivation layer 44 is

preferably formed over the buffer dielectric layer.

buffer opening 32 in the buffer dielectric layer

Still referring to figure 2, we form a buffer (pad) opening 32 in the
buffer dielectric layer 26 exposing at least of portion of the top wiring layer 22. The buffer

(pad) opening 32 is in a bond pad area 52.
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alloy such as a 99.5 wt % aluminum and 0.5 wt % Copper. The conductive
buffer layer 34 is preferably comprised of an aluminum alloy with between a
99.45 and 99. 55 wt % aluminum and between 0.45 and 0.55 wt % Copper.
The conductive buffer layer be made of more than 1 layer, such as 2 or 3
layers. The conductive buffer layer is preferably comprised of aluminum.
Aluminum is softer and more ductile than Cu. Another consideration for the
choice of material for the conductive buffer layer is compatibility with the
current process flow. The conductive buffer layer 34 has a thickness between
6000 and 15,000 A. 12 As show in figure 3, the conductive buffer layer 34 is
planarized to foripAheipyRradgtA filling the buffer opening 32 and to
remove the barrier layer 30 over the buffer dielectric layer 26. Preferably the

planarization of the conductive buffer layer 34 comprises
P remicar mocharnay DaLA B SVELS) EAMBrRSS a0 ver g putfer
referably has between abo

thickness 6750 and- 8250 A. The conductive
he CtriC %Iagei Az% anck HleStOPa}V\}\II'IIHﬁgla%CI' %.ﬁl}ﬁlﬁ %u E

er pa IS not a me yer. The conductive biffer pad 34A is
not comprised of g mgtal Wifing 1aye j‘f?e‘%é%ﬂi? £8¥£“p$§e'5‘ o%asoar@%ga gl
deposition /patterning steps as a metal wiring tayer. The conductive buffer
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preferably has a thickness between 360 and 440 A.

conductive buffer layer 34 and buffer pad 34A

As figure 2 displays, we form a buffer (pad) conductive layer 34 over
the barrier layer 30. The buffer conductive layer preferably is relatively soft and ductile
(e.g., Al) to absorb the bonding energy.

The conductive buffer layer 34 is preferably comprised of an aluminum
alloy such as a 99.5 wt % aluminum and 0.5 wt % Copper. The conductive buffer layer 34
is preferably comprised of an aluminum alloy with between a 99.45 and 99. 55 wt %
aluminum and between 0.45 and 0.55 wt % Copper.

The conductive buffer layer be made of more than 1 layer, such as 2 or 3
layers. The conductive buffer layer is preferably comprised of aluminum. Aluminum is
softer and more ductile than Cu. Another consideration for the choice of material for the
conductive buffer layer is compatibility with the current process flow.

The conductive buffer layer 34 has a thickness between 6000 and

15,000 A.
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interconnections are made by the conductive buffer layer. The conductive
buffer pad 34A preferably is solid with no openings or via passing through
the buffer pad. passivation layer 40 Referring to figure 4, we form a
passivation layer 40 over the conductive buffer layer 34 and the buffer
dielectric layer 26. The passivation layer 40 is preferably comprised of three
layers of (1) silicon nitride layer (2) an undoped silicate glass (USG) layer

and (3) a silicon Ny wSiNlgdRe (1 hsllicpanitridelayer nyeferablyphasdzed to
thickness between 1350 and 1650 A and more preferably about 1500 A. The

() S Guldveporetesabiysand ekBessheiyeenndGs feans OaR0AABHINEF 80 over
preferably of about 8500 angstroms; and the (3) silicon nitride 13 (SiN) layer

mefarabhahasaithiskaess betwesnbhoQRASHAABNvANE MRk pietesalibt ofyer 34

about 6000 angstroms. bond pad opening 38 Next, we form a bond pad

0P@PING 38 iRdhecal Passivatianjaye AONPRE. |ERst adpdilion ObtfRDBHIES4A
pad 34A in the bond pad area. The buffer opening is preferably larger than

herbabd/pad apeRinge:SS bethedauliouopesina@sisnably extends beyond the
bond pad opening.

The conductive buffer pad 34A is not a metal wiring layer. The
conductive buffer pad 34A is not comprised of a metal wiring layer and is not formed in
the same metal deposition /patterning steps as a metal wiring layer. The conductive buffer
layer only connects between the top wiring layer and the bond pad. No other
interconnections are made by the conductive buffer layer.

The conductive buffer pad 34A preferably is solid with no openings or

via passing through the buffer pad.

passivation layer 40

Referring to figure 4, we form a passivation layer 40 over the
conductive buffer layer 34 and the buffer dielectric layer 26.

The passivation layer 40 is preferably comprised of three layers of (1)
silicon nitride layer (2) an undoped silicate glass (USG) layer and (3) a silicon nitride
(SiN). The (1) silicon nitride layer preferably has a thickness between 1350 and 1650 A
and more preferably about 1500 A. The (2) USG layer preferably has thickness between

7650 and 9350 A and more preferably of about 8500 angstroms; and the (3) silicon nitride

13



The buffer opening 32 (and therefore the buffer pad 34A) can be made
larger than the bond pad 50A (Al cap) as long as the pitch size allowed. This
may help to dissipate bonding stress to the larger interface between
conductive buffer layer 34A and dielectric layer 20. bond pad support layer
42 Referring to figure 4, we form a bond pad support layer 42 over the buffer
pad 34A and the buffer dielectric layer 26. The support layer 42 functions to

asinaglditienslcseaparhiar fe aukse abenibn froteddaossio Anad alAgetgoly of
buffer pad 34A. The (bond pad) support layer 42 is preferably comprised of Ti
apduVb00 falstBgmsupport layer 42 comprised of Ti or TiW, or Cr have a
superior level of mechanical strength so the layer can act as a "rigid support”

to support the wire -bonding. The support layer 42 is preferably comprised of

Ti, TiW or Cr andbessdpaid apbnidgc86prised of Ta because the former are
more ductile and provide better support in the embodiment's structure. In

addition, the supp@rkiaxerieis BIRI@ R PG £ORWISEH 8fhakdiPREA RS r 40 over
good adhesion between the buffer pa?&ﬁ%g? Al) 34A afrfl)d bonding pad

laYes e Porfiboek iﬁlé‘?ﬂl‘ﬁé’%%aba}ﬁliﬁlﬂ%@@ﬁ/&b&i?d?éﬁferamy has -thickness
between 2000 and 6000 A. The support layer is preferably comprised of
metal such as Ti, T{¥\b¥er opening is preferably larger than the bond pad opening 38.
The buffer opening preferably extends beyond the bond pad opening.

The buffer opening 32 (and therefore the buffer pad 34A ) can be made
larger than the bond pad 50A (Al cap) as long as the pitch size allowed. This may help to

dissipate bonding stress to the larger interface between conductive buffer layer 34A and

dielectric layer 20.

bond pad support layer 42

Referring to figure 4, we form a bond pad support layer 42 over the
buffer pad 34A and the buffer dielectric layer 26. The support layer 42 functions to as
additional support for the subsequently formed bonding pad SOA and the buffer pad 34A.

The (bond pad) support layer 42 is preferably comprised of Ti or TiW,
or Cr. The support layer 42 comprised of Ti or TiW, or Cr have a superior level of
mechanical strength so the layer can act as a “rigid support” to support the wire —bonding.

The support layer 42 is preferably comprised of Ti, TiW or Cr and less preferably
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Cr etc.) that serves as supporter layer. Support layer's 42 comprised of Ti,
TiwW and Cr have been shown to have superior adhesion with Al so that
barrier layer can combine the two Al layers 34A 50. The support layer
comprised of Ti, TiW, W, or Cr is not a barrier layer since it does not function
as a barrier. The support layer is between the buffer pad 34A and the
bonding pad 50 which are preferably comprised of aluminum. The

eOMNGH RIS Pashrdatiendto thr A Buftat lavar 84AdaRe s P BOI1aXSF Hin the

absorb energy from the bonding process and reduce defects. In addition, the

Ahudieklayesaanbe mageiatgeitbatpperflhending paddiiysaothaintbeised of

bonding stress can be dissipated. bond pad layer 50 Still referring to figure 4,

we decana Beod RaddResSf @ehthubendapad SypRarhiayes A 2anthe demsk pad
pad layer 50 is preferably comprised of an Al-Cu alloy. The bond pad layer is

prgfe(ally SoMiEad pfidiwiteRappeanSerid r&8rablyWh 26 dRdtieds B&ween 2000
between 0.45 to 0.55 wt % . The bond pad layer 50 preferably has a

thiglgueesibetween 6000 and 15000 A. bond pad 50A and bond pad support
42A As shown in figure 5, we pattern the bond pad layer 50 and the bond

The support layer is preferably comprised of metal such as Ti, TiW, W,
Cr etc.) that serves as supporter layer. Support layer’s 42 comprised of Ti, TiW and Cr have
been shown to have superior adhesion with Al so that barrier layer can combine the two Al
layers 34A 50. The support layer comprised of Ti, TiW, W, or Cr is not a barrier layer since
it does not function as a barrier. The support layer is between the buffer pad 34A and the
bonding pad 50 which are preferably comprised of aluminum.

The embodiment’s structure with the Al buffer layer 34A and support
layer 42 absorb energy from the bonding process and reduce defects. In addition, the Al

buffer layer can be made larger that the Al bonding pad 50A so that the bonding stress can

be dissipated.

bond pad layer 50

Still referring to figure 4, we form a bond pad layer 50 over the bond
pad support layer 42.

The bond pad layer 50 is preferably comprised of an Al-Cu alloy. The

bond pad layer is preferably comprised of Al with between 99.45 to 99.55 wt % and Cu
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pad support layer 42 to form a bond pad 50A and bond pad support 42A. The
bond pad layer and the bond pad support layer 42 can be patterned by a
photoresist mask and etch process. The bond pad 50A can have an area
between 2500 and 10000 sq m. Aspects of the shapes of the buffer pad
Figure 6 shows a top down view of a section of a die 60 with the bond pads
50A and the buffer pads 34A according to an embodiment of the present

eRigNY Fhe bow wads araaesmalidospiedpdng peyinherahalithe diviween

For bond pads (circled 7) orientated along the edge in the y axis, the pitch
slwoather Yodinektion usually critical, while the spacing along the X direction
is normally not tightly controlled. Therefore, the embodiments design of the
buffer pad 34A and bond pad support 42A can be extended beyond the bond
pad SO0A usually sgredijeadt6gh anthbormiirpaicbauppoakedlAore
rectangular in shape. In a preferred embodiment, the buffer pad 34A had a

larger area than fieshend RAARPAS e hiditer %%@&&@@fﬁj&bﬁo hag 8 bond

area between about 10 % and 30 % larger than the bond pad 50 area. The

wifen s 3dvnre ey abin Widkaiigadse Acaiis bangnad 3 and pratesshlypad

aterally extends past the bond pad 52A a distance 49 between 4 and 12 m.

16/ Eri e thes POV P doR SN MisMU O f e gRE RREIR A PHIRAEN HGMIG Bind etch
and labeled (7) (orientated along the Y periphery of the die) and the

ER6LR0YUHEHSNAREShd S0A can have an area between 2500 and 10000 sq pm.

Aspects of the shapes of the buffer pad

Figure 6 shows a top down view of a section of a die 60 with the bond
pads 50A and the buffer pads 34A according to an embodiment of the present invention.
The bond pads are normally located on the peripheral of the die. For bond pads (circled 7)
orientated along the edge in the y axis, the pitch along the Y direction usually critical,
while the spacing along the X direction is normally not tightly controlled. Therefore, the
embodiments design of the buffer pad 34A and bond pad support 42A can be extended
beyond the bond pad 50A usually a greater length in the x direction to make it more
rectangular in shape. In a preferred embodiment, the buffer pad 34A had a larger area
than the bond pad 50A. The buffer pad 34A preferably has an area between about 10 %
and 30 % larger than the bond pad 50 area. The buffer pad 34A preferably underlies the
entire bond pad S0A and preferably laterally extends past the bond pad 52A a distance 49

between 4 and 12 um.
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buffer pad 34A according to an embodiment of the present invention. Figure
7 shows how the buffer pad 34A (and support 42A) can extend a distance 49
out beyond the bond pad 50A, Figure 8 shows a top down view of the bond
pad and the square shaped. buffer pad according to an embodiment of the
present invention. Figure 8 shows a top down view of the bond pad 50A
circled in figure 6 and labeled (7) (orientated along the Y periphery of the

die) and the squape:shapeRRKfteiopamh whARGCOrdiRDIN@PRMbAdIMER iaffigure 6

the present invention. Figure 7 shows how the buffer pad 34A (and support

4rdeardextestRdistangsrddruyieygd ihepodippd R e A&R@EES1ar shaped.

According to studies, higher bonding force and energy was needed for wire

Bomeig@BLAU AW HiENGR eaiPpdEiREhiLBARBLAL AVEIHDIN I REIEEROWS how
perform good wire-bonding. Therefore, a rigid platform for bonding is

ippitast padhe LondtRagpslesiun) banddisiana Wiigkere D ond RIdROMAIHIED pad

is ductile and easy to be deformed can also help to absorb the bonding

gogargies. The advantages of aspects of this new design are: 17 (1) The

(bond pad) support layer 42 is formed of supporting metal such as Ti, TiW,

Cr (rather than Ta)igarse¥ vRows atip kiakier and Guppeded. 120 The®asguye shaped.

rigid supporters : (1) Buffer conductive pad 34A and

buffer pad according to an embodiment of the present invention. Figure 8 shows a top
down view of the bond pad 50A circled in figure 6 and labeled (7) (orientated along the Y
periphery of the die) and the square shaped buffer pad 34A according to an embodiment

of the present invention. Figure 7 shows how the buffer pad 34A (and support 42A) can

extend a distance 49 out beyond the bond pad 50A.

Aspects

According to studies, higher bonding force and energy was needed for
wire bonding on Cu/Low K device compared to the bonding over Si02 in order to perform
good wire-bonding. Therefore, a rigid platform for bonding is important in the bond-pad
design. In addition, thicker Al bond pad 50A which is ductile and easy to be deformed can

also help to absorb the bonding energies. The advantages of aspects of this new design are:
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(2) support layer 42). (3) The buffer conductive pad 34A and bond pad 50A
can help to absorb more ultra-sonic or mechanical stresses during bonding
to minimize the bonding impact on underlying Cu/Low K stacks. (4) The
buffer conductive pad 34A can be made larger than the bond pad 50A as
long as the pitch size allowed. This may help to dissipate bonding stress to
the larger interface between buffer conductive layer 34 (Al buffer) and TEOS

or FTEOS dielectiip$hl ioberuia bpiseimyec e saliess sfsabisintgbial such

the kind typically used in the semiconductor industry. Such alloys include

AU MU QP PEEIRIAN SN aRY (@O LEARREF S iGN adpyser! he above
advantages and features are of representative embodiments only, and are

not exhaustive andjoriexelatsiveo they argppresentay aplirte assisictive pad 34A and
understanding the invention. It should be understood that they are not

epsappotativeafBll the inventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on

equivalents to thediReSufer nstanaevspaae AL Snhesedasiestagesimalphe
mutually contradictory, in that they cannot be simultaneously presentin a

a‘;rsgkb avhogimenioivtilagh SecaEsadvantagescbenpplicablentt DReRSARMIng
?mpact on underlying Cu/Low K stacks.

(4) The buffer conductive pad 34A can be made larger than the bond
pad 50A as long as the pitch size allowed. This may help to dissipate bonding stress to the

larger interface between buffer conductive layer 34 (Al buffer) and TEOS or FTEOS

dielectrics.

The term "aluminum" includes alloys of aluminum of the kind typically
used in the semiconductor industry. Such alloys include aluminum-copper alloys, and

aluminum-copper-silicon alloys.

The above advantages and features are of representative embodiments
only, and are not exhaustive and/or exclusive. They are presented only to assist in
understanding the invention. It should be understood that they are not representative of all
the inventions defined by the claims, to be considered limitations on the invention as

defined by the claims, or limitations on equivalents to the claims. For instance, some of
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the invention, and inapplicable to others. Furthermore, certain aspects of the
claimed invention have not been discussed herein. However, no inference
should be drawn regarding those discussed herein relative to those not
discussed herein other than for purposes of space and reducing repetition.
Thus, these features and advantages should not be considered dispositive in
determining equivalence. While the invention has been particularly shown

anddeserbatwiiby IRferance e e RIRIGHE dramberinesiashes eahulilidegly

understood by those skilled in the art that various changes in form and

geiails maysherasieuiinest depaking {om taeasnisiand §5arRaKE Wone aspect of

invention. It is intended to cover various modifications and similar

aleangementsRNm aypsehias Ans-iheuserpa Ot theranpansied Jaimsclaimed

therefore should be accorded the broadest interpretation so as to

ancampaEsvalhsusbemaniicationsranid HiwilaeaHangersa sidie aedures.
19 What is claimed is: 1. A bond pad structure comprising: a) a top wiring

\Ryerdin @mhoreaingifed Rpctietastiiec RYBOQYRHIRISRINGANEIIEIOLRH-IGH Eor
b) a buffer dielectric layer over said top wiring layer and said top dielectric

lypaisey aftptier aperingeinsaipcautier tirlecHisdayanfxnasingainlaast shauld not
portion of said top
be considered dispositive in determining equivalence.

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 may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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wiring layer; d) a conductive buffer pad in said buffer opening; said
conductive buffer pad is directly over at least a portion of said top wiring
layer in said buffer opening; e) a passivation layer over at least a portion of
said buffer dielectric layer; f) a bond pad opening in said passivation layer
directly over at least a portion of said conductive buffer pad; and g) a bond
pad in at least said bond pad opening, at least a portion of said bond pad is
sineatly ahamedssaid conductive buffer pad. 2. The bond pad structure of claim
1 wherein said top wiring layer is comprised of Cu alloy; said top wiring layer
is a damascene interconnect. 20 3. The bond pad structure of claim 1
wherein said top dielectric layer is comprised of TEOS oxide and has a

1. A toiskpegsbaiweesomhiiagd 8250 A. 4. The bond pad structure of claim 1
wherein said top dielectric layer is comprised an oxide based low k dielectric
materia wilhng kapaual ar dpeaitiai 3.OpXiidieerRond aash stuctuir i dilaios 1
wherein a barrier layer is over said buffer dielectric layer and said top wiring

structi@yer in said buffer opening; said conductive buffer pad is over said barrier
layer; said barrier layer is comprised of Ta or a bilayer comprised of a Cr
latyes btk edialccttital§Er over said top wiring layer and said top dielectric layer;

¢) a buffer opening in said buffer dielectric layer exposing at least of a portion of said top
wiring layer;

d) a conductive buffer pad in said buffer opening; said conductive buffer pad is directly
over at least a portion of said top wiring layer in said buffer opening;

e) a passivation layer over at least a portion of said buffer dielectric layer;

f) a bond pad opening in said passivation layer directly over at least a portion of said
conductive buffer pad; and

g) a bond pad in at least said bond pad opening, at least a portion of said bond pad is

directly above said conductive buffer pad.

2. The bond pad structure of claim 1 wherein said top wiring layer is comprised of Cu alloy;

said top wiring layer is a damascene interconnect.
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6. The bond pad structure of claim 1 wherein said conductive buffer pad-is
comprised of an Aluminum alloy with between 99.45 and 99.55 wt %
Aluminum and between 0.45 and 0.55 wt % copper. 7. The bond pad
structure of claim 1 wherein said passivation layer is comprised of a three

3. THeYhatpaatuia@hid badrven silicasinihidea dpyatiddRnyerapesnphcate o irse S

layer and (3) an upper silicon nitride layer; and said passivation layer has a

thigkmessdiatweaic kR0 Band-haB30 AndsTdtebond pad structure of claim 1

which further comprises a bond pad support over at least a portion of said
conductive buffer pad in said bond pad opening; said bond-pad over at least
a portion of said bond pad support; 21 said bond pad support is comprised of
a material selected from the group consisting of Ti, TiwW, and Cr. 9. The bond
pad structure of claim 1 wherein said bond pad is comprised of an Al-Cu
alloy; and said conductive buffer pad underlies the entire bond pad. 10. The

4. Tiopshpad Stinatie of elaim 1 wigsainsdicbpandectiveluiias peapidariesxide
the entire bond pad; and said conductive buffer pad has a larger area than

saighpnshviad By detveasrid0iehand &gudb aflag aiga ROthe bonding pad. 11.
A bond pad structure comprising:

5. The bond pad structure of claim 1 wherein a barrier layer is over said buffer dielectric layer
and said top wiring layer in said buffer opening; said conductive buffer pad is over said
barrier layer; said barrier layer is comprised of Ta or a bilayer comprised of a Cr layer

and a Cr-Cu layer.

6. The bond pad structure of claim 1 wherein said conductive buffer pad-is comprised of an
Aluminum alloy with between 99.45 and 99.55 wt % Aluminum and between 0.45 and

0.55 wt % copper.

7. The bond pad structure of claim 1 wherein said passivation layer is comprised of a three
layer structure of (1) a lower silicon nitride layer, (2) an undoped silicate glass layer and
(3) an upper silicon nitride layer; and said passivation layer has a thickness between

13500 and 16500 A.

8. The bond pad structure of claim 1 which further comprises a bond pad support over at least a
portion of said conductive buffer pad in said bond pad opening; said bond—pad over at

least a portion of said bond pad support;
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a) a top wiring layer in an opening in a top dielectric layer over a
semiconductor structure; b) a buffer dielectric layer over said top wiring layer
and said top dielectric layer; c) a buffer opening in said buffer dielectric layer
exposing at least a portion of said top wiring layer; d) a conductive buffer pad

insgRIbOTEIPRAIYOY i SBinpPREWEI EnRiiEies RaR dedIFRGHNO W86 @S temsisting of Ti,
portion of said top wiring layer in said buffer opening; e) a passivation layer
ovgnatleasta portion of said conductive buffer pad and said buffer dielectric
layer; f) a bond pad opening in said passivation layer directly over at least a
portion of said conductive buffer pad; and g) a bond pad and a bond pad
support over at least a portion of said conductive buffer pad in at least said

9. Tflf‘o‘?&fﬂé’&doﬂé‘fﬁﬂ’d? ShiclaBhb pREr s heatPRO Aty its S iR SHduk oy and
22 buffer pad; said conductive buffer pad electrically connects only said top
with© L AT HopRe paderss e ciite Ry aim 11 wherein: said
bond pad is comprised of an Al-Cu alloy; said conductive buffer pad
underlies the entire bond pad; and said conductive buffer pad is comprised

10. THeasbatupathstm@lleyof claim 1 wherein said conductive buffer pad underlies the entire
bond pad; and said conductive buffer pad has a larger area than said bond pad by between

10 % and 30 % of an area of the bonding pad.

11. A bond pad structure comprising:

a) a top wiring layer in an opening in a top dielectric layer over a semiconductor
structure;

b) a buffer dielectric layer over said top wiring layer and said top dielectric layer;

c¢) a buffer opening in said buffer dielectric layer exposing at least a portion of said top
wiring layer;

d) a conductive buffer pad in said buffer opening; said conductive buffer pad is directly
over at least a portion of said top wiring layer in said buffer opening;

e) a passivation layer over at least a portion of said conductive buffer pad and said buffer
dielectric layer;

f) a bond pad opening in said passivation layer directly over at least a portion of said
conductive buffer pad; and

g) a bond pad and a bond pad support over at least a portion of said conductive buffer pad
in at least said bond pad opening; said bond pad is electrically connected to said conductive
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13. The bond pad structure of claim 1 wherein: said conductive buffer pad is
not a wiring layer; and said bond pad is not directly horizontally attached to
said top wiring layer. 14. The bond pad structure of claim 1 wherein said

conductive buffer pad electrically connects only said top wiring layer to said

bufferbﬁii'l}l PadlcdRiuctive buffer pad electrically connects only said top wiring layer to said

bond pad.

12. The structure of claim 11 wherein: said bond pad is comprised of an Al-Cu alloy; said
conductive buffer pad underlies the entire bond pad; and said conductive buffer pad is comprised

of an aluminum alloy.

13. The bond pad structure of claim 1 wherein: said conductive buffer pad is not a
wiring layer; and said bond pad is not directly horizontally attached to said top wiring

layer.

14. The bond pad structure of claim 1 wherein said conductive buffer pad electrically

connects only said top wiring layer to said bond pad.
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