13 JAN 2005 METHOD OF APPLI CATI ON OF COPPER SOLUTION I N FLIP-CH P, COB AND
M CROMETAL BONDI NG FI ELD OF THE | NVENTI ON The present invention relates ..
generally to bonding pad formation wused in integrated circuits, 1a3| dJAN ngﬁ
-specifically to a nethod of attaching a Cu wire to a Cu bonding pad.

JAN 2005 BACKGROUN OF THE | NVENTI ON Copper (Cu) is gradually replacing
alumnum (Al) as the interconnect material in integrated circuits.

However, a problem arises due to the fact that the top layer Cu pad does
not forma good connection with the normal bonding techniques. This is

mai nly due to the poor quality of copper oxide formed on the Cu pad
surface upon exposure to the atnosphere and noisture. In order to ensure a
good contact between the chip and the bonding elenent, either the top Cu
nmetal |ayer has to be replaced by A, or an indirect way

METHOD OF APPLICATION OF COPPER SOLUTION IN FLIP-CHIP, COB.

AND MICROMETAL BONDING

FIELD OF THE INVENTION

The present invention relates generally to bonding pad formation

used in integrated circuits, and specifically to a method of attaching a Cu wire to a

Cu bonding pad.



of bonding is needed. Both of these options increase the conplexity and

cost. U S. Patent No. 5,989,993 to Zakel et al. describes a nmethod for the.

preparation of bunps for the bonding of integrated circuits using BWPAN 2005
-subsequent netal depositions. The first netal deposition is thicker than
the second deposition. The second deposition is nore even throughout a
| arge area than is thg first, ~depasition. Mt No. 5,909,633 to Haji
et al. describes a nethod TRITO o roni ¢ component by
form ng copper pads as el ectrodes on a surface of a substrate; formng a
ni ckel barrier netal |ayer over the copper pads; formng a gold |ayer over
the nickel barrier nmetal layer by plating. A semconductor 2 03 JAN 2005

el enent i s mounfagppen (€hisgrasimiyaeplacingagnipymh €Al ) a0the ihPerdonnect

t hernosetting adhesive. Any nickel compound formed on the surface of the

gol d Imayterial th hreeBMAEd chrulieatongvRy, Q'p@éﬁﬁn?taﬁ@%é‘ﬂue%z%@ fagt Hﬂ!tqggat 0

seal the sem conductor elenent on the surface of the substrate an

sol dertopq{aﬁér‘)@:d fJaEO&&?@nBP f5P8 Qogloq)ci YRN8 whE! 8l I\{M.Oltrpla tt])%nrd%%é n:

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. 5,989,993 to Zakel et al. describes a method for the
preparation of bumps for the bonding of integrated circuits using two subsequent
metal depositions. The first metal deposition is thicker than the second deposition.

The second deposition is more even throughout a large area than is the first

deposition.

U.S. Patent No. 5,909,633 to Haji et al. describes a method of
manufacturing an electronic component by forming copper pads as electrodes on a
surface of a substrate; forming a nickel barrier metal layer over the copper pads;

forming a gold layer over the nickel barrier metal layer by plating. A semiconductor



U.S. Patent No. 5,715,989 to Kee describes a |ow tenperature nethod of
securing a wire to a bond pad in a sem conductor device. A friction weld is
achi eved by rotating either the bond pad or wire while in contacff @hJAN 2]]{53
-interface of the wire and bond pad diffuse into each other sufficiently™To
provi de a bond therebetween upon cooling. The nethod permts the welding

of disgimlar netals., as, well as tal.s. such as copper. wire and copper bond .

pad, COEREN B POURNeH oF th sPATIRPHASINGRY D& spger Bramasettingim
tungsten bond pad. U'S. Patent No. 5,940,680 to Lee et al. describes a
met hod4R8TiVerahlY 2é¢k! corPe Uddammgdonn tiessiafacayof(tkeigpld Tryer iSpimened Cu
Films For ULSI Metallization" paper by H rohiko Mrakam, et al., First

| nt er iytheialg (Goplamen esching AReswindedndlbedrioalea] aidserRI@RISEES: dlRfment
M croel ectronics, 1999 describes a spin-on copper (Cu) netal (SOVM process

to filoh theenehes o fite YigsrA0Wadt £sOd3r mti% gfrh{&i @nlthg glo?'d @ée%glgog' t hat

contai ns an organi c solvent and di spersed I'ne par es rce of

Cu. 3 gded ANHRARS,SUMVARY OF THE | NVENTI ON

U.S. Patent No. 5,715,989 to Kee describes a low temperature method
of securing a wire to a bond pad in a semiconductor device. A friction weld is
achieved by rotating either the. bond pad or wire while in contact until the interface
of the wire and bond pad diffuse into each other sufficiently to provide a bond
therebetween upon cooling. The method permits the welding of dissimilar metals
as well as metals such as copper wire and copper bond pad, copper wire and

aluminum bond pad, and wire copper and titanium tungsten bond pad.

U.S. Patent No. 5,940,680 to Lee et al. describes a method for

manufacturing a known good die array (KGD).

The "Spin-on Cu Films For ULSI Metallization" paper by Hirohike
Murakami, et al., First International Conference on Advanced Materials and
Processes for Microelectronics, 1999 describes a spin-on copper (Cu) metal (SOM)
process to fill trenches and vias down to 0.3 pum. SOM being a liquid material that

contains an organic solvent and dispersed ultrafine particles as source of Cu.



Accordingly, it is an object of the present invention to brovi de a nethod
of direct wire bonding to a copper netal bonding pad. A further obj ect of.

the present invention is to provide a method of achieving a godd $opiN Cz‘ﬂgﬁ
g

-bond between a copper wire and a copper netal bonding pad wthout usin
conplicated process. - Anot her object of the present invention is to provide
a nethod for direct wre bond| q{g to bond pads. wit hout i ncreasing
the contact resistance. SYMM He A VENTIO present inventionis to
provide a reliable and direct nethod for direct wire bonding to copper
bondi ng pads. Other objects will appear hereinafter. It has now been

di scovered that the above and ot her objects of the present invention may

be acconpl i shed Adeotdimgif oitl @V\aﬂil@bg@mr@thesggﬁeﬂtqa%ﬂhoﬁ toS‘FJ%Gﬂrédér'Ct or
structure having an exposed net al nding pad wthin a passtvation |ayer

openi Rfethsd IftedethirehEn AP ?ﬁﬂ r..surface. A bonding

el errent IS positi oné]ae to co tg%%opﬁgrgr?e? I ng pag u%per surface. A bonding
11 3 "JAN, 20D5 solution is applied within the passivation |ayer opening,
covering the bonding pad

A further object of the present invention is to provide a method of
achieving a good contact bond between a copper wire and a copper metal bonding

pad without using a complicated process.

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

direct wire bonding to copper bond pads without increasing the contact resistance.

Yet another object of the present invention is to provide a reliable and

direct method for direct wire bonding to copper bonding pads.
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 metal bonding pad within a
‘passivation layer opening is provided. The bonding pad has an upper surface. A

bonding element is positioned to contact the bonding pad upper surface. A bonding



and a portion of the bonding elenent. The structure is anneal ed by heating
said bonding elenent to selectively solidify the bonding solution -
proxi mate said contact of said bonding element to said bonding {§ag.,JAN 200
-bondi ng the bonding elenment to the bonding pad. 5 11 3 'JAN 2005 BRI EF
DESCRI PTI ON OF THE DRAW NGS The features and advant ages of the nethod of
attaching.a wre.tq a  netal bonding pad according to the present invention
will 88P S&Pé’éﬁeawltbﬁaé&&’%&la@éﬁabfﬁ’éw@mmmmemséhe Bondmg pke&n in
conjunction with the acconpanying drawi ngs in which |ike reference

nuner 4R¢ APSFaPRIS thE onaing elernent. éBiposidingirelie reniesled BYiHASINgNEhiQON t i ONS
and in which: Figs. 1 to 6 schematically illustrate in cross-sectional

r epr edentlatg elanent po eélecti ey eatia Re boatidd So kRS RAYENL; 1 3
' JAN 2005 DETAI LED DESCRI PT| ON O:cfyTHE PREFE%RED S R 4i@Ronfuct

of said bonding element to said bonding pad, bonding the bonding element to the

bonding pad.



Accordingly Fig. 1 shows a schematic cross-sectional diagramof top netal

| ayer, or netal bonding pad, 14 within internetal dielectric (INMD) |ayer 12
of an integrated circuit that includes semiconductor structure {§03'JAN 2005
-Sem conductor structure 10 is understood to possibly include a

sem conductor wafer or substrate, active and passive devices formed within
the wafer, conductj i i .g., inter-poly oxide
(PO, internetal K #@@ééR Ne clt E I t he waf er surface.
The term "sem conductor structure" is neant to include devices forned
within a sem conductor wafer and the |ayers overlying the wafer. |IMD | ayer
12 is fornmed over sem conductor structure 10. Bonding pad opening 15 is

et ched wi t hi n | Wbelfgyaires andmsdantbgesdohthepatiad icf attchixgg wi whierto dondi ng
pad opening 15. Unless otherw se specified, all structures, |ayers, etc.

may bendtel edding et enpbidingd td)the opiesht GRAENTBANAUS BGHBrd RId8, Pr i O
art. Metal bonding pad 14 may be conprised of copper or a copper all oy

?lrJ]gP @Rk ddodantbrh st GHEbANY, @RBREHtioRN G ACSIMIBIdY | ARCHAE Y tTY

accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 to 6 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



0 3 "JAN 2005 shown) covered by IMD | ayer 12. For purposes of illustration,
nmetal bonding pad 14 will be considered conprised of copper hereafter As.

shown in Fig. 2, passivation layer 16 is formed over copper |3|g]mdznﬁg

-to a thickness of from about 1000 to 10, 000A, and nore preferably from

about 3000 to 8000A. As shown in Fig. 3, passivation |ayer é6 gey be gaiZed
not shown) ning 18 exposi ng copper bondi ng pa

gnd IeaV|nleggggﬁtﬁbﬁgfﬁgzﬁgfﬁgégL.u 5 PREFERR DI MB QDIMENT

bondi ng pad 14. As shown in Fig. 4, bonding elenent 22 is posrtroned to

contact, or connect; to exposed copper bonding pad 14 at 20. Bondi ng

el enrent 22 may be cOnprlsed of alum num (Al), copper (Cu), or gold (Au),

and is preferablycgalidglahig. Inshovbe aachematickessPsedpesas dedgrahl Bets@RLi on,
bondi ng el enent 22 will be considered to be a gold wire hereafter Gol d

wire pizealdaner, ereneral boaalr%apra@el@m%rvef&ke@dl @W&%J @ akive to)

above the Cu bonding pad 1 As shown in Fig sol ution
24 i saRliRegehi¥l it 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.

Metal bonding pad 14 may be comprised of copper or a copper alloy

such as AlCu, and is preferably copper, and contacts underlying circuitry (not



openi ng 18, overlying copper bonding pad 14 and surrounding gold wire 22,
to a8 U3 '"JAN 2005 depth of from about 1000 to 10,0001, and nore
preferably from about 3000 to 8000A. Bonding (glue) solution 24Ecﬂ>hjﬁﬂr@g5
-ultrafine particles of copper suspended in organic solvent, stabilized by
a surfactant. (See "Spin-on Cu Filns For ULSI Metallization,” Hirohiko

Mur akam t al.,, Fi nt ernatj onal Conference on Advanced Materials and
Pr oceggégms(‘fpvﬂeéir&ﬁ@@? h%régz Py Foyrpopes ehlustiation, gretsl bprding padppl i ed
directly to the point of contact 20 via gold bonding wire 22 at a

t enperl4tvilldegorsidaredisomprized afwoppechemaltenore preferably of about 300C
for fromabout 50 to 80 seconds and nore preferably about 1 mnute..

Anneal i ng and copper solidification occurs selectively at the point of
contact 20. The excess Cu bonding solution 24 is rinsed away by a sol vent,

such as but notad sRbivedid Cﬁig.t hs%_p?a%%%@ifonuﬁsﬁérifbfrg:?hgﬁglehhsv%icggggg;gbe

solution 24. After thorough rinsing and dryi'ng, a anne

more Brarii b PRI IERE: AR o PR i et mene ™
Pr ef efahl 130 St &ooa,

As shown in Fig. 3, passivation layer 16 may be masked (not shown)
and etched to form opening 18 exposing copper bonding pad 14 and leaving

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

As shown in Fig. 4, bonding element 22 is positioned to contact, or
connect, to exposed copper bonding pad 14 at 20. Bonding element 22 may be
comprised of aluminum (Al), copper (Cu), or gold (Au), 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 may be placed vertically (about 90°

relative to) above the Cu bonding pad 14.

As shown in Fig. 5, bonding (“glue”) solution 24 is placed within

opening 18, overlying copper bonding pad 14 and surrounding gold wire 22, to a



The first anneal solidifies copper bonding solution 24, form ng upper

copper |l ayer 24' over, and indistinguishable 'from copper bondi ng pad 14,.

effectively bonding, or attaching, gold wire 22 to copper bondir{t %1 ‘2[]0?

.L1 3 "JAN 2005 The steps shown in Figs. 5 and 6 nay be repeated I eve

a thicker copper deposit to sufficiently bond gold wire 22 to copper

bondi a de ed. Thus, the present invention teaches a nethod
Agef” 86 deim 5, 15,

of di grshaorg prederabby fevmoaledwnddi0 22 such
as a wire. It al I ovvs a &od contact between the bonding pad 14 and the
bondi AP0t dtanting Zgine) kolitiong4 ngniminonistdfirat partinleceeppEisuspatded

resistance is low, as the bonding elenent 22 and bonding pad 14 are fused

t oget freprgditie sobvrae stallined dyr &lsuablceaas (PQOrSpRIBRSTRITiHHE HR bt ace
condition of the Cu bonding pad 14 will not affect t he bondi ng process.

Whi | eMallizewionr," ¢RERIKE M rafart{)CtPAES ®itst | IRY at%a SnFé‘%SHc .on
illustrated and described, it is not intended to Iimt e 1 nvention,

excepi @andef MBErials and Processes for M1croe1ectron1cs 1999).

As shown in Fig. 6, heat is applied directly to the point of contact 20
via gold bonding wire 22 at a temperature of from about 280 to 320°C, and more
preferably of about 300°C for from about 50 to 80 seconds and more preferably
about 1 minute.. Annealing and copper solidification occurs selectively at the point
of contact 20. The excess Cu bonding solution 24 is rinsed away by a solvent, such

as but not limited to, the solvent used in making the Cu bonding solution 24.

After thorough rinsing and drying, a final annealing may be applied
to the structure at a temperature from about 380 to 420 °C, and more preferably

about 400°C, for from about 9 to 11 minutes and more preferably 10 minutes.

The first anneal solidifies copper bonding solution 24, forming upper
copper layer 24" over, and indistinguishable 'from, copper bonding pad 14,

effectively bonding, or attaching, gold wire 22 to copper bonding pad 14.



by the following clains. 10 11 3 'JAN 2005 CLAIMS W claim 1. A nethod of

bondi ng a bonding elenent to a netal bonding pad, conprising the steps of.

provi ding a sem conduct or structure having an exposed net al bonqnqggyﬂyzmw
W thin a passivation |layer opening; said bonding pad having an upper
surface; positioning a bonding elenent to contact said bondi ng pad upper
surface; applyiﬁg a boqggﬁg solution wi thin said passivation |ayer opening,
covering said bohaksws HYEigspe ARAhSY kesrepeptasdimechitearanhickaner ei n
sai d bondin solution includes ultrafine copper particles suspended in an
or ganfFePRY Gepesihite udficicntly deerahigodd veirst22btd capper docdangenld ng, sai d
structure by heating said bonding elenent to selectively solidify said
bondi dgsisal.ut i on proxi mate said contact of said bonding el enent to said
bondi ng pad, bonding said bonding el enent to said bonding pad.

Thus, the present invention teaches a method of direct bonding
between a bonding pad 14 and a bonding element 22 such as a wire. It allows a
good contact between the bonding pad 14 and the bonding element 22 without
using a complicated process. The contact resistance is low, as the bonding element

22 and bonding pad 14 are fused together. The contact is more reliable as poor

adhesion due to surface condition of the Cu bonding pad 14 will not affect the

bonding process.

While particular embodiments of the present invention have been

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

by the following claims.

10



2. The nethod of claim1, wherein said netal bonding pad is conprised of
copper or a copper alloy, and said bonding element is conprised of

al um num  copper, or gold. 3. The nethod of claim1, wherein saﬁ‘]dfjmmc?ug?
-bondi ng pad is conprised of copper and said bonding element is conprise
gold. 11 Li 3 '"JAN 2005 4. The nethod of claim1, wherein said bonding
element is a wire. 5. The nethod of claim1, wherein said passivation |ayer
is fromabout 1000 to 10, OOCA thick. 6. The nethod of claim11, wherein said
passivation layer is from about 3006; A18000A thick. 7. The nethod of claim
1, wherein said bonding el enent is positioned at an angle of about 90
relatlve V@Fiald bondi ng pad. 8. The nethod of claim1, wherein said

anneal i ng P ™'s perforned at the foll owing paraneters: from about 280 to
320C, for from about 50 to 80 seconds. 9. The nethod of claim1l, wherein
sai d annedl i ngAshetpod of hbardiog akdndihg element to a metal bonding pad, comprising

the steps of:

providing a semiconductor structure having an exposed metal bonding pad
within a passivation layer opening; said bonding pad having an upper surface;
positioning a bonding element to contact said bonding pad upper surface;

applying a bonding solution within said passivation layer opening, covering
said bonding pad and a portion of said bonding element; wherein said bonding
solution includes ultrafine copper particles suspended in an organic solvent with a
surfactant as a stabilizer; and

annealing said structure by heating said bonding element to selectively
solidify said bonding solution proximate said contact of said bonding element to said

bonding pad, bonding said bonding element to said bonding pad.
2. The method of claim 1, wherein said metal bonding pad is comprised of
copper or a copper alloy, and said bonding element is comprised of aluminum,

copper, or gold.

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

copper and said bonding element is comprised of gold.

11



foll owi ng paraneters: at about 300C, for fromabout 1 mnute. 10. The

met hod of claim1, further including the steps of: renoving the excess of ..
sai d bondi ng solution fromsaid structure after said annealing [tqtgepjaw%%
.performng a final annealing step of said structure at a tenmperature from
about 380 to 420 C for fromabout 9 to 11 mnutes. 12 13 'JAN 2005 11. The
met hod. of claim1, further including the steps of: renoving the excess of
sai d bonding solution fromsaid structure after said annealing step; and

per f or i Ng. & el ANARALIAN 154 A0 oot thdiht UL E Ly Lerperatur e at

about 400 C for out 10 m nltes. ndi ng a bondi ng
el ement to a netal bonding pad, conprising the steps of: providing a
sem conductor structure having an exposed netal bondi ng pad; said bondi ng
pad havi ng an upper surface;

5. The method of claim 1, wherein said passivation layer is from about 1000 to

10,0004 thick.

6. The method of claim 1, wherein said passivation layer is from about 3000 to

8000A 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 annealing step is performed at the

following parameters: from about 280 to 320°C, for from about 50 to 80 seconds.

9, The method of claim 1, wherein said annealing step is performed at the

following parameters: at about 300°C, for from about 1 minute,

10.  The method of claim 1, further including the steps of:

removing the excess of said bonding solution from said structure after said
annealing step; and

performing a final annealing step of said structure at a temperature from

about 380 to 420 °C for from about 9 to 11 minutes.

12



form ng a passivation |layer over said structure, covering said bonding pad;
etching said passivation |layer to forman openi ng exposing said bonding pad
upper surface; positioning a bonding elenent to contact said bonliglg;?mgpﬂs
.upper surface; applying a bonding solution within said passivation

openi ng, covering said bonding pad and a portion of said bonding el enent;
wherein said bonding solution includes ultrafine copper particles
suspended in an organic solvent with a surfactant as a stabilizer; and
anneal ing said structure by heating said bonding elenent to selectively
solidify said bonding solution proxinmate said contact of said bonding

el ement to said bondin% gﬁ%, bondi ng_sai d bondig&helenent to said bonding
pad. 13 131 jaARhopghodar cipia Inbrfsninstuding fhesieps ofiher ei n sai d netal bondi ng
pad is conprised of copper or a copper alloy, and said bonding elenent is
conprised of atembvingthe exopof saidborgihglsolidon hbm daRt hadnak agkodamd 12,

wherein said netal bonding pad is conprised of
annealing step; and

performing a final annealing step of said structure at a temperature at about

400 °C for about 10 minutes.

12. 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;
said bonding pad having an upper surface;

forming a passivation layer over said structure, covering said bonding pad;

etching said passivation layer to form an opening exposing said bonding pad
upper surface;

positioning a bonding element to contact said bonding pad upper surface;

applying a bonding solution within said passivation layer opening, covering
said bonding pad and a portion of said bonding element; wherein said bonding
solution includes ultrafine copper-particles suspended in an organic solvent with a
surfactant as a stabilizer; and

annealing said structure by heating said bonding element to selectively

solidify said bonding solution proximate said contact of said bonding element to said

bonding pad, bonding said bonding element to said bonding pad.

13



copper and said bonding elenment is conprised of gold. 15. The method of
claim12, wherein said bonding elenent is a wire. 16. The nmethod of claim. .
12, wherein said passivation layer is from 1000 to P 10, OOOA t hifck. JAN Z]jng
-met hod of claim12, wherein said passivation layer is fromabout 3000 to
8000 A thick. 18. The nethod of claim 12, wherein said bonding elenent is
positioned at an angle of about 90 relative to said bonding pad. 19. The
nmet hod of claim 12, wherein said annealing step is perforned at the
fol | owi ngypara od . to 80
seconds. %?1 13Tﬁ%%{ﬁ%‘2080cgqggg§q$hu§h&n§%h%gj %% %?F %é@nﬁﬁggg\%hcg%fﬁe‘ggfd anneal i ng
step is perforned at the foll ow %g araneters: at about 300C, for from
about 1 nfPRRSE OF 2 $OPPE; &l ARE §aids OBE%TEgrﬁI‘?P?‘?“tFWHgFSEiiﬁéPIHmlﬁWt he steps of:
removi ng the excess of said bonding solution fromsaid structure after said
copper, or gold.

14. The method of claim 12, wherein said metal bonding pad is comprised of

copper and said bonding element is comprised of gold.

15.  The method of claim 12, wherein said bonding element is a wire.

16. The method of claim 12, wherein said passivation layer is from 1000 to
10,0004 thick.

17. The method of claim 12, wherein said passivation layer is from about 3000 to
8000 A thick.

18.  The method of claim 12, wherein said bonding element is positioned at an

angle of about 90° relative to said bonding pad.

19.  The method of claim 12, wherein said annealing step is performed at the

following parameters: from about 280 to 320°C, for from about 50 to 80 seconds.

14



et e o P

anneal ing step; and performng a final annealing step of said structure at
a tenperature from about 380 to 420 C for fromabout 9 to 11 m nutes. 22.,
The nethod of claim 12, further includes the steps of: renoving h?'ﬁﬁ@%ﬁﬁﬁ
.of said bonding solution fromsaid structure after said annealing step;
and performng a final annealing step of said structure at a tenperature at
about 400 C for about 10 m nutes. 23. A nethod of bondi ng a bondi ng

el enent to a nmetal bonding pad, conprising the steps of: providing a

sem condugd or g [ Yehilhe,dayi,ng ?}ﬁ‘er%?ﬁpsgﬁﬁ%n%%%e&e bandi fg pagk e Sal d copper
bondi ng pad havi hg an upper surface; Torm ng ézpd%5|vat|on ayer over said
structure, covering said copper bonding pad; 15 13 'JAN 2005 etching said

passi vat i BAlopagparametest: g 2pus g Cnipr ésopbalavg 1seindtec opper

21. The method of claim 12, further including the steps of:

removing the excess of said bonding sohition from said structure after said
annealing step; and

performing a final annealing step of said structure at a temperature from

about 380 io 420 °C for from about 9 to 11 minutes.

22. The method of claim 12, further includes the steps of:

removing the excess of said bonding solution from said structure after said
annealing step; and

performing a final annealing step of said structure at a temperature at about

400 °C for about 10 minutes.

23. A method of bonding a bonding element to a metal bonding pad, comprising
the steps of:

providing a semiconductor structure having an exposed copper bonding pad; |
said copper bonding pad having an upper surface;

forming a passivation layer over said structure, covering said copper bonding

pad;

15



bondi ng pad upper surface; positioning a copper wire to contact said copper
bondi ng pad upper surface at an angle of about 90; applying a copper -
bondi ng solution within said passivation |ayer opening, coveri nﬁq 3aliN 2(995
-copper bonding pad and a portion of said copper wire; and annealing sai
structure by heating said bonding elenent to selectively solidify said
bondi ng sol ution proximate said contact of said bonding elenent to said
bondi ng pad, bonding sai d bonding el enent to said bonding pad. 24. The

nmet hod of clal S&Hﬁggggmkgggﬁg%ggn£{ghéﬁter §§?d&gggglg éhe excess of

sai d bondi ng s romsaid ‘structure annea ng step;
cl eaning said structure and performng a final annealing step of said
structure %%l%gP@%BEF%ﬁHFéﬂ$ron1 about 380 to 420 C for fromabout 9 to 11
m nutes. 25. The nmethod of claim 23, further including the steps of:
removi ng the epefiisning a sepibr bardbronaol datd @ppkr bondiag fadtippatsurfacaf t er said
anneal i ng step;
at an angle of about 90°;
applying a copper bonding solution within said passivation layer opening,
covering said copper bonding pad and a portion of said copper wire; and
annealing said structure by heating said bonding element to selectively

solidify said bonding solution proximate said contact of said bonding element to said

bonding pad, bonding said bonding element to said bonding pad.

24.  The method of claim 23, further including the steps of:

removing the excess of said bonding solution from said structure after said
annealing step;

cleaning said structure; and

performing a final annealing step of said structure at a temperature from

about 380 to 420 °C for from about 9 to 11 minutes.

25.  The method of claim 23, further including the steps of:
removing the excess of said bonding solution from said structure after said
annealing step;

cleaning said structure; and

16



cl eaning said structure; and 16 13 'JAN 2005 perform ng a final annealing
step of said structure at a tenperature of about 400'C for from about 10 .

‘m' nutes. 17 113 'JAN Zﬂﬂé

performing a final annealing step of said structure at a temperature of about

400°C for from about 10 minutes.
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