METHOD OF APPLICATION OF CONDUCTIVE CAP-LAYER IN FLIP-CHIP,
COB, AND MICRO METAL BONDING FIELD OF THE INVENTION The
present invention relates generally to bonding pad formation used in
integrated circuits, and specifically to a method of forming a conductive cap
layer over a Cu bonding pad. 1 BACKGROUND OF THE INVENTION
Copper (Cu) is gradually replacing aluminum (Al) as the interconnect
material in integrated circuits. However, a problem arises due to the fact that
the top layer Cu pad does not form a good connection with the normal
bonding techniques. This is mainly due to the poor quality of copper oxide
formed on the Cu pad surface upon exposure to the atmosphere and
moisture. In order to ensure a good contact between the chip and the
bonding element, either the top Cu metal layer has to be replaced by Al, or
an indirect way
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of bonding is needed. Both of these options increase the complexity and cost.
U.S. Patent No. 5,384,284 to Doan et al. describes a process to form a pad
interconnect whereby a metal layer or a metal alloy is bonded to an
underlying aluminum pad by chemical vapor deposition (CVD) or by
electroless deposition. A conductive epoxy film is then adhered to the metal

layer. The metal Iayﬁ chﬁ NH'E&" mﬁcﬁ , Ni, W, Au, Ag,
or Pt and the metal ﬁm@mmms%%ﬂmum—n%%e, for example.
U.S. Patent No. 5,462,892 to Gabriel describes a method of processing a
semiconductor wafer so as to inhibit corrosion of aluminum or other metal

interconnection lines. Such interconnection lines may be comf)osed of
tungsten 2 (PRREAIGH)I9)SEdH A RIICHIgAlHINREEp fér @t thsrinterconnect
successive layers of W/Ti and Al-Cu. Once the interconnection lines are
matehied] ithénfesieatslnabivedtsirble W eshing e e isgrodiuetchitige fact that the
processing chamber, without exposure to the atmosphere, where a thin
topalivecoxide ipddrredsonshdenposegsidewatisagtion with the normal bonding

techniques. This is mainly due to the poor quality of copper oxide formed on the

Cu pad surface upon exposure to the atmosphere and moisture.

In order to ensure a good contact between the chip and the bonding
element, either the top Cu metal layer has to be replaced by Al, or an indirect way

of bonding is needed. Both of these options increase the complexity and cost.

U.S. Patent No. 5,384,284 to Doan et al. describes a process to form a
pad interconnect whereby a metal layer or a metal alloy is bonded to an underlying
aluminum pad by chemical vapor deposition (CVD) or by electroless deposition. A
conductive epoxy film is then adhered to the metal layer. The metal layer may be
comprised of, for example, Cu, Ni, W, Au, Ag, or Pt and the metal alloy may be

comprised of titanium nitride, for example.

U.S. Patent No. 5,462,892 to Gabriel describes a method of processing
a semiconductor wafer so as to inhibit corrosion of aluminum or other metal

interconnection lines. Such interconnection lines may be composed of tungsten
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the just etched interconnection lines. The oxide layer protects the wafer
surface from acidic corrosion upon subsequent exposure to the atmosphere.
U.S. Patent No. 5,985,765 to Hsiao et al. describes a method for reducing
bonding pad loss using a capping layer, preferably comprised of tungsten,
when contact openings are etched to the bonding pads while much deeper

\/ﬁj 9 enln r%l%%ﬁ%?%”@% t% Er%nLlJuS Pgtent 376 2%getsswe layers of
ngley’ és a process ¥t sy 3 wet'chdnica pr &S TBTEVE 1Y

chlorine from dry etched metal features on a  semiconductor rwe fer before an
Wy 11y Atep e St ERR I PECRRBSRIRINAISS 3681 5 a¥gfer is moved
solution dlg that grevents the formation of voids in the etched metal features

fremiving § TRIRsYiAgrStelSthing JOGeasing ehaaRRvitg thpwrigosure to
U.S. Patent No. 5,785,236 to Cheung et al. describes a process for forming

theletmoapbermectivmdetiraanaiaval wiids andarmied intettenexeterd sidewalls of
otherwise bondable, i.e. gold and aluminum wires and copper interconnects.
théhest etched interconnection lines. The oxide layer protects the wafer surface

from acidic corrosion upon subsequent exposure to the atmosphere.

U.S. Patent No. 5,985,765 to Hsiao et al. describes a method for
reducing bonding pad loss using a capping layer, preferably comprised of tungsten,
when contact openings are etched to the bonding pads while much deeper fuse

openings are concurrently etched.

U.S. Patent No. 5,376,235 to Langley describes a process of using a wet
chemical process to remove chlorine from dry etched metal features on a
semiconductor wafer before an alloy step. The wet chemical process includes a
20:1phosphoric acid solution dip that prevents the formation of voids in the etched
metal features during subsequent alloying steps up to about 425°C by removing

chlorine.

U.S. Patent No. 5,785,236 to Cheung et al. describes a process for
forming electrical connection between metal wires and metal interconnections not

otherwise bondable, i.e. gold and aluminum wires and copper interconnects. The
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3 copper pads are modified, by forming an aluminum pad thereover, to permit

the use of conventional wire bonding techniques. U.S. Patent No. 5,891,756

to Erickson describes a method for forming a solder bump pad, and

specifically to converting a wire bond pad of a surface- mount IC device to a

flip-chip solder bump pad such that the IC device can be flip- chip mounted to

a substrafe. The m tpo usesa Ni. Iagler over thedoad. Ud hPatent Ng. it th
CBBH7 A 18] descritedVa Wir Béntihg MEthod" iRt dinG tie Step of <™ ™€

removing a thin surface layer of an electrode comprising a copper layer and

Use AR ERRHIBAhRATS PEe ISR BIHHE copper layer and coated with gold

on the surface. This removes nickel hydroxide and nickel oxide present on
the gold film. 4 SUMMARY OF THE INVENTION Accordingly, it is an object

of the present invention to provide a
U.S. Patent No. 5,891,756 to Erickson describes a method for forming a

solder bump pad, and specifically to converting a wire bond pad of a surface-
mount IC device to a flip-chip solder bump pad such that the IC device can be flip-

chip mounted to a substrate. The method uses a Ni layer over the pad.

U.S. Patent No. 5,647,942 to Haji describes a wire bonding method
including the step of removing a thin surface layer of an electrode comprising a
copper layer and a nickel layer formed on the surface of the copper layer and
coated with gold on the surface. This removes nickel hydroxide and nickel oxide

present on the gold film.



method of bonding a metal wire to a copper bonding pad. A further object of
the present invention is to provide a method of preparing a copper bonding
pad to permit the use of normal bonding techniques to bond a wire to the
copper bonding pad. Another object of the present invention is to provide a
method of bonding a metal wire to a copper bonding pad with good adhesion.
Yet anoth_er object of tgﬁﬁﬁii’ﬁ&“&fﬁ” néslw Oe?\]method of bpnding
a metal wire to a copper bonding pad Wit MU process complexity.
Other objects will appear hereinafter. It has now been discovered that the
above and other objects of the present invention may be accomplished in the
following manner. Specifically, a semiconductor structure _having an _
exposed, reC&59&aiRfEal Hoktiig PRUPRtRh thaapEssspéringesiinByidegrovide a
The layer has an upper surface. A conductive cap having a predetermined

mgterdeddieridinga Bwsalmeinsea soparigheadingierding 5

A further object of the present invention is to provide a method of
preparing a copper bonding pad to permit the use of normal bonding techniques to

bond a wire to the copper bonding pad.

Another object of the present invention is to provide a method of

bonding a metal wire to a copper bonding pad with good adhesion.

Yet another object of the present invention is to provide a method of

bonding a metal wire to a copper bonding pad with minimum process complexity.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
semiconductor structure having an exposed, recessed metal bonding pad within a
layer opening is provided. The layer has an upper surface. A conductive cap having

a predetermined thickness is formed over the metal bonding pad. A bonding
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element is bonded to the conductive cap to form an electrical connection with
the metal bonding pad. 6 BRIEF DESCRIPTION OF THE DRAWINGS The
features and advantages of the method of bonding a wire to a metal bonding
pad according to the present invention will be more clearly understood from
the following description taken in conjunction with the accompanying

gfawinas i wbichiks reference numerale, deslanate SIMIALBL o ection with the
corresponé’mg elements, regions 2nd p?or fons ahd In which: |g.IT~l
schematically illustrates in cross-sectional representation the beginning

mefal hapsiggtRa%tmbodiments of the present invention according to the
present invention. Fig. 2 schematically illustrates in cross-sectional
representation a first embodiment of forming a recessed metal bonding pad
structure according to the present invention.



Figs. 3A and 3B schematically illustrate in cross-sectional representation a
second embodiment of forming a recessed metal bonding pad structure
according to the present invention. 7 Fig. 4 schematically illustrates in
cross-sectional representation a conductive cap layer formed over the
recessed metal bonding pad structure of either Fig. 2, Fig. or 3B according to
the present |nvegﬁ#5|%§é{-ﬁgﬁsﬂ?§ rﬂgﬂﬁ AW PN oss- -sectional
representation cap layer of
Fig. 4 over the metal bonding pad according to the present invention. Figs.
6A - 6C schematically illustrate in cross-sectional representation a second
embodiment for patterning the conductive cap Iayer of Fig. 4 only over the
metal bondifh epg Hersrding edreniressmrinin Fg Letingcayire to a

illustrates in cross-sectional representation a third emb.odlment for defining
mgalcbeadinge pag lageptstingy. ot opeesiet matgintion will be more clearly

understood from the following description taken in conjunction with the
accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Fig. 1 schematically illustrates in cross-sectional representation the
beginning structure for the embodiments of the present invention according to the

present invention.

Fig. 2 schematically illustrates in cross-sectional representation a first
embodiment of forming a recessed metal bonding pad structure according to the

present invention.

Figs. 3A and 3B schematically illustrate in cross-sectional
representation a second embodiment of forming a recessed metal bonding pad

structure according to the present invention.



bonding pad according to the present invention. Fig. 8 schematically
illustrates in cross-sectional representation the preferred embodiment for
bonding a bonding element to the defined conductive cap layer structure of
either Figs. 5C, 6C, or 7C according to the present invention. 8 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT Starting copper

bonding paq:stru tt(;srﬁegéccqrdi Iyilf{iﬁét%aihows a schemapc cr?ss-sectio al

diagram of mlgfal |nrg][;\“apétcaé1 in opeesniHb fgog? 'i?l‘%(carlr(r)l%?al ﬁa]é%%?fgtaﬁon a

(IMD) layer 12 of an integrated circujt that includes semiconductor structure

copstusHvicSABLIRBFSHATRRE QYR URGerSEssEes PudabhIneiige Bad structure of

semiconductor wafer or substrate, active and passive devices formed within
either {igret, EhictRaagedingntp diaduereriyidreertioninter-poly oxide

(IPO), intermetal dielectric (IMD), etc.) formed over the wafer surface. The

term "semiconductor structure” is meant to include devices formed within a

Figs. 5A - 5C schematically illustrate in cross-sectional representation
a first embodiment for patterning the conductive cap layer of Fig. 4 over the metal

bonding pad according to the present invention.

Figs. 6A - 6C schematically illustrate in cross-sectional representation
a second embodiment for patterning the conductive cap layer of Fig. 4 only over the

metal bonding pad according to the present invention.

Fig. 7 schematically illustrates in cross-sectional representation a third
embodiment for defining the conductive cap layer of Fig. 4 only over the metal

bonding pad according to the present invention.

Fig. 8 schematically illustrates in cross-sectional representation the
preferred embodiment for bonding a bonding element to the defined conductive

cap layer structure of either Figs. 5C, 6C, or 7C according to the present invention.



semiconductor wafer and the layers overlying the wafer. IMD layer 12 is
formed over semiconductor structure 10. Bonding pad opening 15 is etched
within IMD layer 12. Metal bonding pad 14 is formed within bonding pad
opening 15 Unless otherwise specified, all structures, layers, etc. may be
formed or accomplished by conventional methods known in the prior art. 9
Metal DA P DI CRU PRSP GHE PRIATRRROERMS AIMERTES
AlCu,andTs preferanly copper, ard corntacts urderying circuitry (not sfiown)
covered by IMD layer 12. For purposes of illustration, metal bonding pad 14
will be considered comprised of copper hereafter in all subsequent
embodlments Methods of recessmg the copper bonding ]pad. There are two
Al MOt aRIMIEMIRINSERS I @ ffectively recess copper bonding pad 14
startmg Wlth the structure shown in Fig. 1. The first such

Accordingly Fig. 1 shows a schematic cross-sectional diagram of metal
bonding pad 14 within opening 15 of intermetal dielectric (IMD) layer 12 of an

integrated circuit that includes semiconductor structure 10.

Semiconductor structure 10 is understood to possibly include a
semiconductor wafer or substrate, active and passive devices formed within the
wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),
intermetal dielectric (IMD), etc.) formed over the wafer surface. The term
“semiconductor structure” is meant to include devices formed within a

semiconductor wafer and the layers overlying the wafer.

IMD layer 12 is formed over semiconductor structure 10. Bonding pad
opening 15 is etched within IMD layer 12. Metal bonding pad 14 is formed within

bonding pad opening 15

Unless otherwise specified, all structures, layers, etc. may be formed

or accomplished by conventional methods known in the prior art.



embodiment is illustrated in Fig. 2 (wet stripping, or etching). The second

such embodiment is illustrated in Figs. 3A and 3B (hormal passivation mask

and etch). These two alternate methods of forming a copper recess will be

discussed in turn. 1. As shown in Fig. 2 (the first copper recess embodiment

example), the copper recess may be formed by wet stripping, or etching,

copper bondjn d 14 of Fig.,1 using HNO3, 02/NH3, 02/ammonium salt,

) G300 OUE B B S S P R0 DS e aer alloy
time of etching and concentration will affect the amount of copper etched.

SUPRIAT i$ fdterthitield wﬂf%ra tHEPRIE TS SABERLY, WRFFRIY B gEsuitry (not
opening 19 within IMD layer 12 over recessed copper bonding pad 14'.

shrutpssevesedey BiHAiy pad 24 26 rerineses pedlsstatiom Bissat Bovlips pad
10,000A beneath the upper surface 12' of IMD layer 12, and more preferably

14fromiBbdet 1000sidS@J0Aomprised of copper hereafter in all subsequent

embodiments.

Methods of recessing the copper bonding pad.

There are two different illustrated embodiments to effectively recess
copper bonding pad 14 starting with the structure shown in Fig. 1. The first such
embodiment is illustrated in Fig. 2 (wet stripping, or etching). The second such
embodiment is illustrated in Figs. 3A and 3B (normal passivation mask and etch).

These two alternate methods of forming a copper recess will be discussed in turn.

L As shown in Fig. 2 (the first copper recess embodiment
example), the copper recess may be formed by wet stripping, or etching, copper
bonding pad 14 of Fig. 1 using HNO; O2/NHs; Oz/ammonium salt,
HF/CH3COOH, or other conventional chemistries at room temperature, but time of
etching and concentration will affect the amount of copper etched which is

determined by the depth of the recess needed.
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II. Figs. 3A and 3B illustrate the second copper recess embodiment
example. As shown in Fig. 3A, passivation layer 16 is formed over copper
bonding pad 14 and IMD layer 12 of Fig. 1. As shown in Fig. 3B, passivation
layer 16 may be masked (not shown) and etched to form opening 21
exposing copper bonding pad 14 and leaving passivation layer portions 16’

on either side of copper bondin 14. For gjther.the Fig, 2 embodiment or
the Fig. 3 A1 35 R Bt RERTt Pl e AL A ol SR po Copper
14', 14, respectively, recessed copper bonding pad 14', 14 is recessed 17
bapstng 1800 to 10,000A, and more preferably from about 2000 to 7000A
beneath the surface 12', 16" of patterned IMD layerl2 and patterned
passivation layer 16', respectively. 11 Methods of forming a conductive cap
layer over the recessed copper bonding ]pad. In a key step of the invention,
and in whiclkeresedbogipenbisnddsg padoirt reedessrkdoispeachesudingpadabout
14", 14, conductive cap layer, preferably
500 to 10,000A beneath the upper surface 12" of IMD layer 12, and more preferably

from about 1000 to 5000A.

II. Figs. 3A and 3B illustrate the second copper recess
embodiment example. As shown in Fig. 3A, passivation layer 16 is formed over

copper bonding pad 14 and IMD layer 12 of Fig. 1.

As shown in Fig. 3B, passivation layer 16 may be masked (not shown)
and etched to form opening 21 exposing copper bonding pad 14 and leaving

passivation layer portions 16" on either side of copper bonding pad 14.

For either the Fig. 2 embodiment or the Fig. 3A and 3B embodiment of
forming recessed copper bonding pad 14, 14, respectively, recessed copper
bonding pad 14’, 14 is recessed 17 from about 1000 to 10,000A, and more preferably
from about 2000 to 7000A beneath the surface 12’, 16" of patterned IMD layer12

and patterned passivation layer 16’, respectively.
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comprised of titanium (Ti), tantalum (Ta), tungsten (W), or other metal or
conductive compound which has a good adhesion between the Cu bonding
pad 14', 14 and the bonding element 22, in all embodiments of the present
invention, is then formed over recessed copper bonding pad 14' 14 as shown
in Figs. 4, 5A - 5C, 6A - 6C, and 7. For purposes of simplicity, patterned

Shetiop laer 16 il pot he, shown, A5 shown in £, conductivecap |

a_conauctive cap laver pver,the rec

ad.

Conductive cap 18 may be formed by a PVD or CVD method. Conductive

cap layer 18 is from about 500 to 5000A thick, and more preferably from

about 1000 18 a0g0AStTREE iR ithyeBtinte st i sricipEmiunbreinapt is used

pattern conductive cap layer 18 so as to only cover recessed copper bonding
topéat 4 reepsseHedinspstidpoadivggliprehtli4’ il l4ir atsatincEige. G -16¢er, preferably

(spin-on-material deposition and blanket etch back). The second such
coenphixdichent isithustratedlli), tantalum (Ta), tungsten (W), or other metal or
conductive compound which has a good adhesion between the Cu bonding pad 14/,
14 and the bonding element 22, in all embodiments of the present invention, is then
formed over recessed copper bonding pad 14’ 14 as shown in Figs. 4, 5A - 5C, 6A -

6C, and 7. For purposes of simplicity, patterned passivation layer 16" will not be

shown.

As shown in Fig. 4, conductive cap layer 18 is formed over recessed
copper bonding pad 14, 14 and either patterned IMD layer 12 or patterned
passivation layer 16" (not shown). Conductive cap 18 may be formed by a PVD or
CVD method. Conductive cap layer 18 is from about 500 to 5000A thick, and more

preferably from about 1000 to 4000A.

There are three different illustrated embodiments to pattern
conductive cap layer 18 so as to only cover recessed copper bonding pad 14’, 14.
The first such embodiment is illustrated in Figs. 5A - 5C (spin-on-material

deposition and blanket etch back). The second such embodiment is illustrated in

12



12 Figs. 6A - 6C (photoresist masking and etching). The third such
embodiment is illustrated in Fig. 7 (chemical mechanical polishing). 1. Figs.
5A - 5C illustrate the first conductive cap layer 18' formation embodiment
example (spin-on-material deposition and blanket etch back). As shown in
Fig. 5A, spin-on-coating 20 is deposited over conductive cap layer 18 of Fig.
20t£qfa(¥ be comprised of

4 pr ferabgi by a spin-an technique. Spjn-pn-coati :
i Rotitesial PRI 12 AR Bl AHaf N BARC 5r LA o gTaSer R Egent is
...and is preferably comprised of photoresist, Spin-on-coating 20 is generally
il biatF VB R ﬁ‘?&%ﬁ?ﬂd‘ﬂﬁ?ﬁ@l ace 12' of patterned IMD
layer 12 due to planarization effect. As shown in Fig. 5B, a blanket etch is
then performed, removing that portion of spin-on-coating 20 and conductive
cap layer 18 over the surface 12' of patterned IMD layer 12, leaving some of
spin-on-coaling 20fagsl afl/of eobdudtivetredp tyerfi8t withidopeningals byer 18’
recessed copper bonding pad 14', 14.
formation embodiment example (spin-on-material deposition and blanket etch
back). As shown in Fig. 5A, spin-on-coating 20 is deposited over conductive cap

layer 18 of Fig. 4 preferably by a spin-on technique.

Spin-on-coating 20 may be comprised of photoresist, polyimide,
organic planarization BARC, or spin-on-glass (SOG) and is preferably comprised of
photoresist. Spin-on-coating 20 is generally thicker over opening 15 and thinner

over the surface 12" of patterned IMD layer 12 due to planarization effect.

As shown in Fig. 5B, a blanket etch is then performed, removing that
portion of spin-on-coating 20 and conductive cap layer 18 over the surface 12" of
patterned IMD layer 12, leaving some of spin-on-coating 20 and all of conductive

cap layer 18" within opening 15 over recessed copper bonding pad 14’, 14.

As shown in Fig. 5C, an ashing, a wet ashing, or the combination of
the two, and a cleaning step removes the remaining portion of spin-on-coating 20
within opening 15, leaving conductive cap layer 18" over recessed copper bonding

pad 14’, 14.
13



As shown in Fig. 5C, an ashing, a wet ashing, or the combination of the two,
and a cleaning step removes the remaining portion of spin-on-coating 20
within opening 15, leaving conductive cap layer 18' over recessed copper
bonding pad 14, 14. 13 Il. Figs. 6A - 6C illustrate the second conductive cap
layer 18" formation embodiment example (photoresist masking and etching).
As shown in Fig. 6A, photoresist mask layer 21 is selectively formed over the
portion of conductive cap layer 18 within opening 15 of Fig. 4, by a reverse
mask process or a_reverse-tone resist process to mask that portion of ,
conductive Chp layE8E8 (ithin Copdiiigrats ARCsRRiRsH ﬁ%}?‘géﬁtiﬁ% cap layer 18
unmasked portion of conductive cap layer 18 is etched, preferably by a
fopraahrnessnbadimenicvemrlestiiareriy. BReskinsioradittaiaag) /g shown in
removed, preferably by ashing, and the structure is cleaned.
Fig. 6A, photoresist mask layer 21 is selectively formed over the portion of

conductive cap layer 18 within opening 15 of Fig. 4, by a reverse mask process or a
reverse-tone resist process to mask that portion of conductive cap layer 18 within

opening 15.

As shown if Fig. 6B, the unmasked portion of conductive cap layer 18

is etched, preferably by a plasma etch, and removed.

As shown in Fig. 6C, photoresist mask 21 is removed, preferably by

ashing, and the structure is cleaned.

II.  Fig. 7 illustrates the third conductive cap layer 18" formation
embodiment example (chemical mechanical polishing). As shown in Fig. 7, the
conductive cap layer 18 of Fig. 4 is polished to remove the excess of conductive cap
layer 18 over patterned IMD layer 12 or passivation layer 16" (not shown),

preferably by chemical mechanically polishing (CMP).
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lll. Fig. 7 illustrates the third conductive cap layer 18' formation embodiment
example (chemical mechanical polishing). As shown in Fig. 7, the conductive
cap layer 18 of Fig. 4 is polished to remove the excess of conductive cap
layer 18 over patterned IMD layer 12 or passivation layer 16' (not shown),
preferably by chemical mechanically polishing (CMP). 14 Regardless of

which of the fhree conductive cap layer 18' formation embodiment e les ..
e amoloy R R R e R e e O f orRation

essentially identical. As shown in Fjg. 8, bonding element 22 is positioned to
CTRBRLNCE DHRRBLESBIESTHA ao%cfcgalrﬂa%f B BUSHETR OOME difdied" 6C

illustrated in Figs. 5C, 6C, or 7. Conductive cap layer 18' effectively acts as a
anghd@usisssanErky pdemitcdonding or attachment of bonding element 22,

allowing an electrical connection between bonding element 22 and recessed

copper bonding pad 14', 14. Bonding element 22 may be comprised of gold

or aluminum, and is

As shown in Fig. 8, bonding element 22 is positioned to contact, or

connect, to conductive cap layer 18" at 24 of any of the structures illustrated in Figs.
5C, 6C, or 7. Conductive cap layer 18’ effectively acts as a good glue layer to permit
bonding or attachment of bonding element 22, allowing an electrical connection

between bonding element 22 and recessed copper bonding pad 14, 14.

Bonding element 22 may be comprised of gold or aluminum, and is
preferably gold, and may be a wire. For purposes of illustration, bonding element

22 will be considered to be a gold wire hereafter.

Gold wire (bonding element) 22 is placed vertically (at an angle of

about 90°) above conductive cap layer 18'.

Thus, by implementing the present invention, there is a minimum
compromise in the resistivity of the top layer, i.e. conductive cap layer 18’, as Cu
instead of Al can be used as the bonding pad, i.e. recessed copper bonding pad 14,
14. In addition, conductive cap layer 18" is a good glue layer between recessed

copper bonding pad 14’, 14 and gold bonding element 22.
15



preferably gold, and may be a wire. For purposes of illustration, bonding
element 22 will be considered to be a gold wire hereafter. Gold wire (bonding
element) 22 is placed vertically (at an angle of about 90) above conductive
cap layer 18'. Thus, by implementing the present invention, there is a
minimum compromise in the resistivity of the top layer, i.e. conductive cap
layer 18', as Cu instead of Al can be used as the bonding pad, i.e. recessed
copper bonding pad 14', 14. In addition, conductive cap layer 18'is a good
glue layer between recessed copper.bonding pad 14', 14 and gold _bon%igg
element 22, YENGnR@1blHIA SBRISUBIRAS bittHe BreseMt V&R hagEe
been illustrated and described, it is not intended to limit the invention, exce
ﬂl&§@@ﬁﬁ’e@“@ﬂﬂ$§%ﬁﬁ65mm§?ql@€@ ApMignit the invention, except as defined

been
t

by the following claims.
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We claim: 1. A method of bonding a bonding element to a metal bonding pad,
comprising the steps of: providing a semiconductor structure having an
exposed metal bonding pad; forming a passivation layer over said
semiconductor structure and said bonding pad; said passivation layer having
an upper surface; patterning said passivation layer to expose said bonding

pad; forming a conductive cap havir@L%Q getermined thickness over said
metal bonding pad; said conductive-cap—égmg recessed below said upper

Wsu(gace_of said patterned passivation layer; and attaching a bonding element
foSatd'conductive cap. 2. The method of claim 1, wherein said metal bonding
pad is comprised of a material selected from the group comprising copper

and a copper alloy; and said bonding element is comprised of a material

selected from the group comprising aluminum and gold.
1. A method of bonding a bonding element to a metal bonding pad, comprising

the steps of:

providing a semiconductor structure having an exposed metal bonding pad;

forming a passivation layer over said semiconductor structure and said
bonding pad; said passivation layer having an upper surface;

patterning said passivation layer to expose said bonding pad;

forming a conductive cap having a predetermined thickness over said metal
bonding pad; said conductive cap being recessed below said upper surface of said
patterned passivation layer; and

attaching a bonding element to said conductive cap.

2. The method of claim 1, wherein said metal bonding pad is comprised of a
material selected from the group comprising copper and a copper alloy; and said
bonding element is comprised of a material selected from the group comprising

aluminum and gold.

3. The method of claim 1, wherein said metal bonding pad is comprised of

copper, and said bonding element is comprised of gold.

17



3. The method of claim 1, wherein said metal bonding pad is comprised of
copper, and said bonding element is comprised of gold. 17 4. The method of
claim 1, wherein said bonding element is a wire. 5. The method of claim 1,
wherein said conductive cap is from about 500 to 5000A thick. 6. The method
of claim 1, wherein said conductive cap 18 is from about 1000 to 4000A thick.
7. The,method of claim.1, wherein said bpnding element is positianed at an

4 gl BF A8 RS0 IV ds SRS G DB e P e aa ot i 1,
wherein said metal bonding pad is recessed from about 500 to 5000A below
said upper surface of said patterned passivation layer. 9. The method of
claim 1, wherein said metal bonding pad 14 is recessed from about 1000 to

5.5000RM5emBRtRak ObskrBuFadEhereHIcSpidteRdSHS RS AyeR FPoat 500 to

method of bonding a bonding element to a metal bonding pad, comprising
5000A thick.

6. The method of claim 1, wherein said conductive cap 18 is from about 1000 to
4000A thick.
7. The method of claim 1, wherein said bonding element is positioned at an

angle of about 90° relative to said bonding pad.

8. The method of claim 1, wherein said metal bonding pad is recessed from

about 500 to 5000A below said upper surface of said patterned passivation layer.

9. The method of claim 1, wherein said metal bonding pad 14 is recessed from

about 1000 to 5000A below said upper surface of said patterned passivation layer.

10. A method of bonding a bonding element to a metal bonding pad, comprising

the steps of:

18



the steps of: 18 providing a semiconductor structure having an exposed
metal bonding pad; said metal bonding pad being comprised of a material
selected from the group comprising copper and a copper alloy; forming a
passivation layer over said semiconductor structure and said bonding pad;

said passivation layer having an upper surface; patterning said passivation

layer to expose said bondicﬂg Padé formin iy canductive cap Iaavint%1 di d:
preddtEMAINGS RikRe ST QL eI bohdiNg PAG BT EongitivaLaps padi
being reiesse below said upper surface of said patterned passivation I%yer;

sl PAHAL ARG S BB AR BREAEC: R CRVASEAR, S BohdiRgn the group

element being comprised of a material selected from the group comprising
COINPHIFIG SRPY AR capremnelstd of claim 10, wherein said metal bonding
pad is comprised of
forming a passivation layer over said semiconductor structure and said

bonding pad; said passivation layer having an upper surface;

patterning said passivation layer to expose said bonding pad;

forming a conductive cap having a predetermined thickness over said metal
bonding pad; said conductive cap being recessed below said upper surface of said
patterned passivation layer; and

attaching a bonding element to said conductive cap; said bonding element
being comprised of a material selected from the group comprising aluminum and

gold.

11.  The method of claim 10, wherein said metal bonding pad is comprised of

copper, and said bonding element is comprised of gold.

12.  The method of claim 10, wherein said bonding element is a wire.
13.  The method of claim 10, wherein said conductive cap is from about 500 to
5000A thick.
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copper, and said bonding element is comprised of gold. 12. The method of
claim 10, wherein said bonding element is a wire. 13. The method of claim
10, wherein said conductive cap is from about 500 to 5000A thick. 19 14.
The method of claim 10, wherein said conductive cap 18 is from about 1000
to 4000A thick. 15. The method of claim 10, wherein said bonding element is

positioned at an angle af ahaut 90 relative to said bondin ..16. The
O A O STHLTo S B G BT SRBaSEi i 2y 1000
500 ta 5%?OA below said upper surface of said patterned passivation layer.
toAP0PAthikhod of claim 10, wherein said metal bonding pad 14 is recessed
from about 1000 to 5000A below said upper surface of said patterned

passivation layer. 20

15.  The method of claim 10, wherein said bonding element is positioned at an

angle of about 90° relative to said bonding pad.

16.  The method of claim 10, wherein said metal bonding pad is recessed from

about 500 to 5000A below said upper surface of said patterned passivation layer.

17.  The method of claim 10, wherein said metal bonding pad 14 is recessed from

about 1000 to 5000A below said upper surface of said patterned passivation layer.
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