METHOD OF APPLI CATI ON OF CONDUTI VE CAP LAYER IN FLIP
CH P COB, AND M CRO METAL BONDI NG FI ELD OF THE.

I NVENTI ON The present invention relates generally to
bondi ng pad formation wused in integrated circuits,
and specifically to a nmethod of form ng conductive cap
| ayer over a Cu bonding pad.. Copper (Cu) is gradually
repl acing al um num (Al') as the interconnect materia
inintegrated circuits, However, a problem arises due
to the fact that the top |ayer Cu pad does not forma
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

at nosphere and rnoisture. In order to ensure a good
contact between the chip and the bonding elenent,
either the top Cu netal |ayer has to be replaced by
Al, or an indirect way of bonding is needed. Both of
these options increase the conplexity and cost. U S
Patent No. 5,384,284 to Doan et at, describes a
process to forma

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.



pad i nterconnect whereby a netal |ayer or a netal

alloy is bonded to an underlying alum num pad by

chem cal vapor deposition !'CVvD) or by electrol ess
deposition. A conductive epoxy filmis then adhered

to the netal |ayer. The netal |ayer may be conprised

of, for exanple, Cu, NN, W Au, Ag, or Pt and the

netal alloy may be conprised of titaniumnitride, for
exanple. U S. Patent No. 5,462,892 to Gabri el

descri bes a nethod of processing a sem conductor

wafer so as to inhibit corrosion of alum num or other
metal interconp f {1 ' nnecti on

lines may be CL1§§§vSagébiéﬁgggggﬁggtgﬁﬁ¢§ftanium

(Ti), alumnum (Al'), alum num-copper (Cu), or

successive layers of WTi and Al-Cu. Once the

i nterconnection |lines are etched, th:a: wafer is noved
from an efCenperyCehimgredually seplaringalurningp (At asdiergterconnect
chanber, w thout exposure to the atnosphere, where a
triakariah &t integrateidderciiis. fldowedkr,om ptdbéere eposedues todibe iadtitbat the
of the just etched interconnection | nes. The oxide

tqy efyepiCat ad sddeberotabati $¢od@eBnndctiom aith dh€ normal bonding
corrosi on upon subsequent exposure to the atnosphere.

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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U S. Patent No. 5,985"765 to Hsiao et a]. describes a
nmet hod for reducing bonding pad | oss using a cappi ng
| ayer, preferably conprised of tungsten, when contact
openi ngs are etched to the bondi ng pads whil e much
deeper fuse openings are concurrently etched. U S
Patent No. 5,3)76,2:35 to Langley describes a process
of using a wet chem cal process to renove chlorine
fromdry etched netal features on a sem conductor

waf er before an alloy step. The wet chem cal process

i ncludes a 20: 1 phosphoric acrid solution clip that

pvereahisnt (18), i@l (A I9f aliRiidnlcBphdrqCas, Qﬂ%qccegé%@iayers of

features during .subsequent alloying steps up to about

$2BTi Gy ALEIPHNAY the tht Qb Rctibh ﬁneﬁé‘lteeé’t&héﬁ? 5}#%«;%? 48%oved

to Cheung et al. describes a process f

RoRE LK Iet%ﬁingt QARgEL lal %Sp ?tﬁ kit r})rgc?e})s%rnl% V\%?IE eragvgthgg{)?){?osure to

I nterconneCtl ons not

al umi num w res _and ¢ erconnects
@bp?a OSnPé ﬁ%%ﬂ\l? ;“éavep 5391%? TR %ebﬁﬁpﬁﬁﬁa sidgyvalls of
thereover to permt the wuse of conventional wre
’rn@tc Hﬁgrqg@gechon lines. The oxide layer protects the wafer surface

from acidic corrosion upon subsequent exposure to the atmosphere.

US. 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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U S. Patent No. 5,891,756 to Erickson describes a

nmet hod for formng a solder bunp pad, and
specifically to converting a wire bond pad of a
surface nount IC device to a flip-chip solder bunmp
pad such that the I C device can be Hi p- chip nounted
to a substrate. The nethod uses a N |ayer over the
pad. U S. Patent No. 5,647,942 to Haji describes a

wi re bonding nethod including the step of renoving a
thin surface | ayer of an el ectrode conprising a
copper |ayer and a nickel | ayer fornmed on the surface

of the opper r.a .coated w th gol

SeRAesFads T @Oflﬁwﬁvég LRGN AR BYT E% %Eerﬁ?‘@&/ fPiRemmiE fhe
oxi de present on the. gold film SUMVARY O 'IHE
HBQENPRTIRERION HE Rghding fechniguah obj ect of the present
invention to provide a nethod of bonding a netal wire

to a copper bonding pad. A further object of the

present invention is to pro ide a nethod of preparing

a copper hnsdiafght pads Bl EertoiHrickddd des@ites amodthed for forming a

bondi ng techniques to bond a wire to the copper
BaRE BEmPAFad, 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.



Anot her object of the present invention is to provide
a nethod of bonding a petal wire to a copper bonding
pad with good adhesi on. Yet another object of the
present invention is to provide a nethod of bonding a
meta: wire to a copper bonding pad with minicnurn
process conplexity. Oher objects will appear
hereinafte: C. It has now been di scovered that the
above and ot her objects of the present :invention nay
be acconplished in the foll owm ng manner,

Specifically,, a sem conductor structure having an
exposed, recessedUMMVARYOKIHE INFENVION N a | ayer
opening is provided. The | ayer has an upper surface. A
conductive cap having a predeterm ned thickness is
formed over the netal bonding pad. A bondi ng el enent

i s bonded t f i i i
. e ool BBt SR SR Blogon g provie

el ectrical conn ion Wt

BRI,EF DESCRI PTI OF  THE DRA The features and
glg\l:/l‘lé)n 0558131(%85atlﬂ%t%fr%%afﬁpﬂ%waﬁ"\%gé’a ire to a netal

bondi ng pad according to the present. invention wll
be nore clearly

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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understood fromthe follow ng description taken in
conjunction with the acconpanying draw ngs in which
i ke reference nuneral s designate simlar or
corre=spondi ng el enents, regions and portions and in
which: Fig. 1 schematically illustrates in
cross-sectional representation the beginning
structure for the enbodi ments of the present invention
according to the present invention. Fig. 2
schematically illustrates in cross-sectiona
representation a first enbodi nent of forning a
ces ondi n ad st ture ardi n t he
Efsdtfoﬁlgatt? glhe “# §8V%%pa{?d§) T3¢ ex1 Hatzc aeicgon With the
|Ilustrate In cross-sectional representatlon a second
PREME 3 formi ng a recessed netal bonding pad
structure according to the present invention. Fig. 4
schematically illustrates in cross-sectional.
representation a conductive cap |ayer forned over the
recessed netal bonding pad structure of either Fig.
Fig. or 3B according to the present invention.
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Figs. 5A - 5C schematically illustrate in cross-seetir
nai representation a first enbodi nent for patterning
the conductive cap |ayer of Fig. 4 over the netal
bondi ng pad according to the present invention. Figs.
6A - 6C schematicallyillustrate in cross-sectiona
representation a second enbodi nent for palter. nrtg
the conductive cap layer of Fig. 4 only over the

net al bondi ng pad according to the present invention.
Fig, 7 schematically illustrates in cross-sectiona
representation a third ernbodirnent for defining the
conduct i ve CaprIEBMEESORIFION bronil pleRkbg met al
bondi ng pad according to the present invention. Fig, h
schematically illustrates in cross-sectiona
representation the preferred enbodi ment for bondi ng

a bondi ng nt to th fined, condyct, v ap | aver
structur eTg% %‘ge[%?ﬁgran i devan% es gcthegpe g’f’é %fellzod“%b‘s)gn@ Wgplte @
th esent vent | TAI L ED DESCRI PTI ON OF
‘F‘ﬁ%ﬁgr?réﬁmq@ﬁﬁ etsgﬂEr\t% Rét RF PR Tventign il bpemgrey glearly

pad structure )
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.



Accordingly Fig. | shows a schematic cross-se tional

di agram of netal bonding pad 14 within opening 15 of
internetal dielectric (IMD) layer 12 of an integrated
circuit that includes sem conductor structure 10.

Sem conductor structure 10 is understood to possibly
include a sem conductor wafer or substrate, active
and passive devices forned ;within the Wfer,
conductive |ayers and dielectric layers (e.qg.,

inter-poly oxide (PO, i(te:r.Ernmeral dielectric
(31m41)), etc.) formed over the vvafer surface. The
term sem_conductor styucture" meant to |ncI ude
devi ces f it SERIUoLY IUBFHAEh i For-weliar] dfRreraiation a

| ayers overlying the wafer. IMP layer 12 is forned
enstuckeerice hadise trormed oyen theerergsse®@onetiinbonsting pegestiustre of
15 is etched within I MP layer U Mtal bonding pad 14
eithdr digr@dFigi ¢r-3W avcordongionthe peedergpevimignl5 Unl ess

ot herw se specified, all structures, lavers, etc. my

be formed or acconplished by conventional nethods

known in the prior art. 9

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.



Met al bondi ng pad 14 may be conprised of copper or a
copper alloy such as AlCu, and is preferably copper,
and contacts underlying circuitry (not shows) covered
by 1MD | ayer 12. For purposes of illustration, metal
bonding pad 14 will be considered conprised of copper
hereafter in all subsequent enbodi nents. Methods of
recessi ng the copper bonding pad. There are two
different illustrated enbodinments to effectively
recess copper bonding pad 74 starting with the
structure shown in Fig. 1. The first such enbodi nent:

rhe sBESAICEOONSRbEaoR bl St bhiRBk R R ALyt 5,

and 3B (normal passivation nask and etch). These two
alternate nethods of form ng a copper recess will be
dlscussed inturn. L As shown in Fig. 2 (the first
RBHEE aenoapghpatt siputfureexanpl e), the copper recess
may be forned by met stripping, or etching, copper
bonding pad 1:4 of Fig. 1 using HNO3, 02/ N -is,

02, /anmmoniumsalt, HF/ C g5C OC)H, or other

conventi o m&:orﬁb%mj} Bigl 1 Sfov a SO tEFBES-REHERY dRgtarh bRietal
of

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.



etching and concentration wll affect the anount of
copper etched which is determ ned by the depth of the
recess needed. 10 This creates opening 19 within 141D
| ayer 12 over recessed copper bo:ocling pad i4'.
Recessed copper bonding pad 14' sr formed is recessed
fromabout 500 to 111,000, beneath the upper surface
12" of IMD layer 12 , and nore preferably from about
1000 to 5000. A 11. Figs. 3A and 3B illustrate the
second copper recess enbodi nent exanple. As shown in
Fig. 3A, passivation layer 16 is forned over copper

bondi ng p and | er .12 of Fig.,.l. A s shown

o F g Batedthn Poh {0t tere Bt fipsRedr TAGERer aloy
shown) and etched to orin opening 21 expaqsing copper
BRdRh §pRdand 15 REefrallyi (prepay (trgh UndeRY G dHHBRs (not
16' on either side of copper bonding, pad 14. For
ghavrmreoviredpyg!MD leyesddi Hempurppsastnd lbisratign, ma@l Bagling pad
enbodi nent of

14 will be considered comprised 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 HNOs;, O2/NHs, O/ammonium salt,
HEF/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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form ng recessed copper bonding pad 14', 14, _
respectively, recessed copper bonding pad 14', 14 is
recessed 17 from about 10010 to 1(t;21 I OClr1, and nore
preferably from about 2000 to 7000, beneath the
surface 12', 16" of patterned | IDiayrerl2 and
patterned. passivation |layer 16', respec i vely. It M
t~)ods of {.t~YI1~1LT T f, liFi ~Lal tiL_.>1"an la ex
over the rt.".CCssec 0o ~ Lr bondinli4 In a key
step of the invention, and in whichever enbodinent is
used to formrecessed copper bondi ng pad 14", 14,

conducti ve,ca er abl d of

it an um CHS Crep TR e R ECERS T5PyS ressthappper
onducti ve conpound whi ch has a good

ggw%&s dﬂgtmeen the Cu bonding pad 14', 14 and the

bondi ng el enent 22, in all enbodi nents of the pr esent
invention, is then fornmed over recessed copper

bondi ng pad '14" 14 as shown in Figs. 4, 5A - 5C 6A -

6C, and T Reorssplirgose dooflingi paal 14 isb Yormpad tseren@ded from about
passivation layer 16" will not be shown. As shown in

Fgto 14,000 Ar@ueith (e Gpyper! sayiare 18 of SMDARP®RA20%&] more preferably
recessed

from about 1000 to 5000A.

IL 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 10,0004, 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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copper bonding pad 14', 14 and either patterned | M

| ayer 12 or patterned passivation |ayer 16" (not
shown). Conductive cap 18 may be forned by a PVD or
CVl) nethod. Conductive cap layer '8 is from about 500
to 5000A thick, and snore preferably from about 10.00
to 4000A. There are three different illustrated

enbodi ments to pattern conductive cap layer 1.4 so as
to only cover recessed copper bonding pad 14', 14.

The first such enbodinent is illustrated in Figs. 5A -
5C (spin-on-naterial deposition and bl anket etch

.Tpe secondcfuch e odlnEnt

The thlrd such enbodi nent is |Ilustrated in F|g 7
(chem cal rnechanical polishing). 1. Figs. 5A - 5C
illustrate the first conductive cap |ayer 1S

f or mat i onlenatkeysteemf theryehdor, spidrin erhigwyver ¢mbodiment is used
deposition and bl anket: etch back). As shown in Fig,
GAforapirdresiad cogpemno@ding Spedie pfs il ¢ ecbroivietivee oayel legter, vpreferably
cap layer 18 of Fig. 4 preferably by a spun-on
ERRPERIAIBE Gitanium (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 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 50004 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



Spirt-on-coating 20 may be conprised of photoresist,
pol yi m de, organic planarization i 3ARC, or spin-on-
Iris (OE;) and is preferably conprised of _

;. hotoresist. Spin-on-coating 20 is generally thicker
over opening 15 and thinner over the surface 12" of
patterned | MD |l ayer 12 due to 3:tlanarization effect.
As shown in Fig. SE, a blanket etch is then perforned,
renoving that portion of spin-on-coating 20 and
conductive cap |layer 18 over the surface 1 of
patterned :-AD | ayer 12, |eaving sone of

Nz @n- ' . || of, conductive..ca ba r 18' .
oA B TphN8isD Mo Ring Bl EERBE iRt %@E"_dl“nem s
' .. hown.in Fig. .5Q an aching, a wet ashing,
éﬁm?ﬁ%éé%ﬁ%ZQ eﬁﬁcagpecﬁmca?%ﬁs ~a cleaning step
renoves the remaining portion of spin-on-coatitzo 20
wi t hi n opening 15, |eaving conductive cap |ayer 18
over recessed copper bonding pad -14', 11. 13 IL
Figs. 6A I 6C Fighuhrat¥ thetsec dnd ficonduchictee cap layer 18’
| ayer '8 formation enbodi ment exanpl e (photoresi st
fraslating @nlebdineni Binhple ASpERGI-Wakdrial NMeposition 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.
3



Fig. 6A, photoresist mask |ayer 21 is selectively
formed over the portion of conductive cap |aser 18
wi thin opening 15 of big. 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. 613, the unmasked portion of conductive
cap layer 18 is etched, preferably by a plasma etch,
and renoved. As shown in Fig. 6C, photoresist mask 21
is renoved, preferably by ashing, and the structure
is cleaned. Ill. Fig. 7 illustrates the third cor
ouctive cap |layer 18 formation enbodi ment exanple
(chem cal nechanical polishing;). As shown in Fig. 7,
the conductive cap layer 18 of Fig. 4 _is polished t ,
remove thé& e deé%sép %Hﬁwaﬁt‘ﬁléhec%m@é?éiiucfﬁ’etf\?érlayer 18
atterned IMD | ayer 12 or passivation |layer 16" (not
9>n emppdinesrdsgmiple Ghetdresist mreeing irvdletching)] As lshergn in
(CNM'"). 14 Regardl ess of which of the three
Eignddc tphotoresigt baylerlaid’ 21 ds_seleativedyn 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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enbodi nent exanpl es are enployed the resulting
structures shown in Figs. 5C., 6C and '7 are
essentially identical. As shown in Fig. 8, bonding

ei eEneni 22 is positioned to contact, or connt+ect, to
conductive cap laver 18 at 24 of any of the
strrictures illustrated in Figs. 5C 6C, or '2,
Conductive cap layer '1.8" effectively acts as a good
glue layer to permt bonding or attachnment of bonding
el ement 22, allow ng an electrical connection between
bondi ng elenent 22 and recessed copper bondi ng pad

16" 14 eophg, lenann g2 be Comrond of sl g o,

F0£ urposes of il lustration, bonding el enent 22 will
paLe xaseplepatsenaplgpdithair st féwcmes sheaymingfige 5C, 6C
(bending elenment) 22 is placed vertically (at al

amgl aregfssergiolyideRtical) above conductive cap | ayer 18

Thus; by inplenenting the present in.ventior: there

is a mninmum conpromse in the resistivity of the top

| ayer, i.e, conductive cap laver 18, as Cu instead

of Al can ABeshasetinasigt §endaamntd BEmRAL?? is Bositi GRS eInkict, or
_per bond i),9

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



14. In addition, conductive cap layer 18 is a good
gl ue |l ayer between_ recessed upper boarding pad 14',
14 and gol d bondi ng el enent 22. 15 Wiile particul ar
enbodi nents of the present invention have been

i fusfrated and described, it is not intended to limt
the invention, except as defined by the foll ow ng
claims. 16 CLAIMS W claim 1. A nethod of bonding a
bondi ng el enent to a nmetal bondi ng pad, conprising the
steps of. providing a sem conductor structure having
an exposed netal bonding pad; form ng a passivation

| ayer over said sem conductor structure and said
bondi ng pad; said passivation |ayer having an upper

surface; patterning said passivation |layer to expaose
sai d bondi % Rarticular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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form ng a conductive cap having a predeterm ned

t hi ckness only over said netal bonding pad; said
conductive cap being recessed bel ow said upper surface
of said patterned passivation |layer; and attaching a
bondi ng el enent to said conductive cap. 2. The nethod
of claiml1, wherein said netal bonding pad is
conprised of a material selected fromthe group
conpri sing copper and a copper alloy; and said bonding

clenment is conprised OfCEAng_fse” al selected fromthe

group conprising alumn old. 3. The nethod of

W 1claiml, wherein said netal bonding pad is conprised

CC¥: copper, and said bonding el ement is conprised of

gold. 1;' 4. The nethod of claim1, wherein said
bonding elenent is a wire. 5. The nethod of claim]1,
wherei n said conductive cap is fromabout 500 to 50006

1.  tAinggthod & bofidmgreehdndihgofleroémiton netalibonding pad,i abmprising the steps
conductive cap is fromabout 1000 to 4000.E thick. 2.

off The nethod of claim1, wherein said bonding elenent is
positioned at an angl e 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 only 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.
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about 90 relative to said bonding pad. S. The net hod
of claim1l, wherein said netal bonding pad is recessed
from about 500 to 5000A bel ow sai d upper surface of
said patterned passivation layer. 9. The nethod of
claim1, wherein said netal bonding pad is recessed
from about 1000 to 5000A bel ow sai d upper surface of
4.  SHidn@abd ef ¢leith paskdr¥iatshidbohangrelendéht is witthod of
bondi ng a bonding elenment to a netal bondi ng pad,
conprising the steps of: 18 providing a sem conduct or
structure having an exposed netal bondi ng pad; said
t al ondi ng pad bein ri: o) i .
5. B Beruad PRI R st B GRRRIEiFE ot SRpogh ot o 5000A ehick
copper alloy; formng a passivation |ayer over said
sem conduct or structure and said bondi ng pad; said
passi vati on | ayer having an upper surface; patterning
6.  SHiegmpthed iof sldimnl, | vlyasein seidesopduetiveasay iofigmnapoph 00 fo 4000A
form ng a conductive cap having a predeterm ned
thick. t hi ckness only over said netal

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.

2 The method of claim 1, wherein said metal bonding pad 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:
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bondi ng pad; said conductive cap being recessed bel ow
sai d upper surface of said patterned passivation

| ayer; and attaching a bonding elenent to said
conductive cap; said bonding el enent being conprised
of a material selected fromthe group conprising

al um num and gold. 11. The nethod of claim 10, wherein
said nmetal bonding pad is conprised of copper, and
sai d bonding elenment is conprised of gold. 12. The

aj [ i [ I IS, a.
PR bl GO 0 S P s
.conductive cap i.s fromahout 500 to 5000A thick. 19
bondi 5 PR BBt e BHA0 ER Qo Uik oW DAY o g and a
Is fromabout 1000 to 4000A thick. 15, The nethod of
coppe#llg¥in 10, wherein said bonding el enent is positioned
at an angle of about 90 relative to said bonding
pldmingsa paysiyatien beydr oferclail sentiGondubter siructsmi aid :spigt tainding pad;
bondi ng pad is recessed from about 500
said passivation layer having an upper surface;
patterning said passivation layer to expose said bonding pad;
forming a conductive cap having a predetermined thickness only 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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to 5000tk bel ow said upper surface of said patterned
passi vation layer. 17. The nethod of claim 10, wherein
said nmetal bonding pad is recessed fromabout 1000 to
5000A bel ow sai d upper surface of said patterned

passi vation | ayer. 20

14.  The method of claim 10 wherein said conductive cap is from about 1000 to 4000A

thick.

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 S000A below said upper surface of said patterned passivation layer.

17. The method of claim 10, wherein said metal bonding pad is recessed from about 1000

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