2 0 JAN 2005 METHOD OF APPLI CATI ON OF DI SPLACEMENT REACTI ON TO FORM A
CONDUCTI VE CAP LAYER FOR FLIP-CH P COB, AND M CRO METAL BONDI NG FI ELD OF
THE | NVENTI ON The present invention relates generally to bonding pag { JAN 2005
formation wused in integrated circuits, and specifically to a nmethod of
form ng a conductive cap |ayer over a copper bonding pad. 1 2 0 JAN 2005
BACKGROUND OF THE | NVENTI ON Copper (Cu) i's gradually replacing alunm num
(Al') as the interconnect material in integrated circuits. However, a
probl em arises due to the fact that the top |l ayer Cu pad does not forma
~good connection with the normal bonding techniques. This is mainly due to
t he poor quality of copper oxide forned on the Cu pad surface upon
- exposure to the atnosphere and noi sture.

METHOD OF APPLICATION OF DISPLACEMENT REACTION TO FORM A

CONDUCTIVE CAP LAYER FOR FLIP-CHIP, COB, AND MICRO METAL -

BONDING

HELD 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 copper bonding pad.

!
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In order to ensure a good contact between the chip and the bonding

rel ement, either the top Cu nmetal layer has to be replaced by Al, or an
indirect way of bonding is needed. Both of these options increase fHe JAN 2005
conpl exity and cost. U.S. Patent No. 5,462,892 to Gabriel describes a

nmet hod of processing a sem conductor wafer so as to inhibit corrosion of

al um num or other nmetal interconnection lines. Such interconnection tines

may be conposed of tungs%%K@WObN@%tﬁgﬁ lN)Vgﬁi@Qum (A),

al um num copper (Cu), or _ A -Cu. Once the

i nterconnection lines are etched, the wafer is noved from an etching
chanber a post-etching processing chamber, w thout exposure to the
atmosphere, where a thin native oxide is formed on the exposed sidewalls of
the just etched i MoBReskqELiS gadualpsepinmgaludenay ehl)psahe thierddimesaf er
surface fromacidic corrosi on upon subsequent exposure to the atnosphere. 2

2 0 JAN Zweterigl irPattegtatévd cirGui7cHAEvies, d_ﬁlil@tbl@yn 885&7 Hhe %o AP TAGasEt e

using a wet chem cal process to renove chlorine fromdry etched netal

feat ures top layes @i paAddséOhondbah DRI SR wilieRhe TGB! bgﬁ&rltligcal |
‘process includes a - -
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 1ayér has to be replaced by Al, or an indiréct way
| of bonding is needed. Both of these options increase the complexity and cost.
U.S. Patent No. 5,462,892 to Gabriel desﬁribes 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
' (W)/titanium (Ti), aluminum (Al), aluminum-copper (Cu), or successive layers of
W/Ti and Al-Cu. Once the interconnection lines are etched, the wafer is mo:.red
from an etching chamber a post-etching processing chamber, without exposure to
the aﬁndéphere, where a thin native (;xide is fdrmed on thé eprséd sici;v;raiis of the
just etched interconnection lines. The oxide layer protects the wafer surface from

acidic corrosion upon subsequent exposure to the atmosphere.



20: 1 phosphoric acid solution dip that prevents the formation of voids in

*the etched netal features during subsequent alloying steps up to about

425C by

renoving chlorine. U S. Patent No. 5,384,284 to Doan et al.7 [ JA
describes a process to forma pad interconnect whereby a netal
. nmetal al I ur
deposition.-(CVD) or by electrol ess deposition.

|l oy is bonded to an underlying alum num pad by chem cal vapor

examp o O N R Rk RS 278 285 RPL Bl PYRETR P Frac BB udfigaredt of
exanp. , g,

Patent No. 5,719,087 to Chen et al.
E:Iiatsgp: g;ngﬂah{r%%&gagé%se nﬁﬂfﬁ' g Hg‘? gmﬁ'a&lrﬁnet& ednimesnl Geatores mregr at ed

circuit that.

of the béﬁml?@‘

udes form ng protective, dielectric cap on the surface
‘%&fd%waéﬁr Péfcaépfés allomteﬁ The Wétndlempiask pvatessrintlayes.a U. S,

Patent No. 5,891,756 to Erickson describes a nethod for formng a solder
bunp pad ZOémogpb@m acidl dojution cip derttpiragerats whe dotmaon ad vefdsansteledgodd 2 0

JAN ZO0s

metal features during subsequent alloying steps up to about 425°C by removing

" chlorine.

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. 5,719,087 to Chen et al. describes a method for forming
a bonding pad on a semiconductor integrated circuit that includes forming a

protective, dielectric cap on the surface of the bonding pad prior to deposition of

the final passivation layer. -

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-

N 2005

| ayer or a

A conducti ve epoxy filmis



nmount |1 C device to a flip-chip solder bunp pad such that the |IC device can
*be flip- chip nounted.to a substrate. The nethod uses a N |ayer over the
pad. U S. Patent No. 5,733,466 to Benebo et al, describes a nmethod pf] JAN 2005
el ectrodepositing a gold netallurgy onto a feature of a printed circuit

board. A copper layer is electrolessly deposited over the surface of a
printed circuit board, patterned and etched, |eaving the specific features

to be pl aﬁ&gﬁyegagy@ét £ i ' I arti aI etched
copper Iayer and 1 ex%ogégwﬁgﬁgsgpopgdggg Shﬁ%(‘i@%tqﬁ?hgq‘ é‘t%‘?aéb g%e

pl at ed. are then plated with the netallurgy of choice,
such as ﬁg&%?@&l a?glﬁl? Rge h@?%lg‘?,a@%gu?% fﬂ%’j‘i@@é@@?’i%@é’ ‘Wi re bondi ng
met hod |nclud|ng the step of renoving a thin surface |ayer of an el ectrode
corrp'r'rsi ng a copper |layer and a nickel layer formed on the' surface of

‘the copper layer and coated with gold on the surface. This renpves nickel

hydr oxi de and ni ckél.SoXatent NoeSetd3, 466 thBegebd éti AindddcSbefat adthDa- of
5,785,236 to Cheung et al. describes a process-for formng electrical

connect i @redheidapenitirg algoMi rastggFRiab d EEa%ﬁféDBPSg[%ﬁRté%l B0yt %'%g&"“Ase
bondabl e, i.-e. gold and al um numwTtes and copper erconnect’'s
copper layer is electrolessly deposited over the surface of a printed circuit board,
patterned and etched, leaving the specific features to be plated. A -layer of
photoresist is applied atop the partially etched copper layer and is exposed and

developed to uncover the features to be plated. These features are then plated with-

- the metallurgy of choice, such as gold.

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

present on the gold film.

u.s. Patent No. 5,785,236 to Cheung et al. describes a process-for
formmg electrical connection between metal wires and metal 1ntercormect10ns not
otherwise bondable, i.e. gold and aluminum wires and copper interconnects. The
copper pads are modified, by forming an aluminum pad thereover, to permit the

use of conventional wire bonding techniques.



copper pads are nodified, by form ng an al um num pad thereover, to permt

~the use of conventional wire bonding techniques. 4 2 0 JAN 2005 U. S. Patent
No. 5,985,765 to Hsiao et al. describes a nethod for reducing bonquD'HQQZUm

| oss using a capping |ayer, preferably conprised of tungsten, when contact

openings are etched to the bondi ng pads while nuch deeper fuse openings

are concurrently etched. U S. Patent No. 5,910,644 to Goodnan et al.

describes a-printed circuit connector pad device having a tri-plated

| ayer. The first, lower plated layer, is an initial diffusion resistant

- coating of nickel. The_sec , di ate plated layer, is a hard, wear
~resistant noble or %% -ﬁéﬁﬁrgon&néaﬁ%ti%cﬁo ;('25169@" k| deseribes gr maethadefor of
gol d hardened by cobalt, nickel, iron, or a conbination of these dopants to
ef fect 5‘*‘-%‘691:6& é@@dﬁ’fg parblass u3BTE 1 keppipgdeydre prefTtebly compdistd yé tupgsteh,des

pad on pad connector reliability and affords a nmetallurgically stable
sol der | aherscemdcibpeningsruteiettterd ac else bhdidpads WIRDE ik REpéakel, 1S
soft gold. 5 ' '

openings are concurrently etched.

U.S. Patent No. 5,910,644 to Goodman et al. describes a-printed circuit
connector pad device having a tri-plated layer. The first, lower plated layer, is an
initial diffusion resistant cdating of nickel. The second, intermediate plated layer, is
a hard, wear resistant noble or semi-noble metal such as pure palladium or a layer
of gold hardened by gobalt, nickel, iron, or a combination of these dopants to effect
a hardﬁess of 200 to 250 (Knoop scale). The second layer provides pad on pad
connector reliability and affords a metallurgically stable solder joints and wire-

bond interfaces. The third, upper plated 1ayér, is soft gold. -



2 0 JAN 2005 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the
present invention to forma conductive cap |ayer over a copper bondi ng pad
for flip-chip, chip-on-board, and nicro netal bonding. It is anothgn JAN 2005
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 provide a nethod of formng a conductive cap |ayer over a copper
bondi ng pad to permt bondéﬂgd ART! 1 Anot her obj ect of the
present invention is to pr a lowresistivity and
inert nmetal cap |layer on top of a copper bonding pad for direct netal
bondi ng. -Yet anot her object of the present invention is to provide a nethod
of selective formation of a low resistivity nmetal cap layer on top of a
copper bonding padccerdimgipyvi ondi ebjeatioésthenptesetiheinveptien borfdiimg apad
and to reduce process conplexity of bonding on a copper bondi ng pad.

. conductive cap layer over a copper bonding pad for flip-chip, chip-on-board, and

micro metal bonding.

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

bonding a metal wire to a copper bonding pad.

A further object of the present invention is to provide a method of

forming a conductive cap layer over a copper bonding pad to permit Bonding a

" metal wire thereto.

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

forming a low resistivity and inert metal cap layer on top of a copper bonding pad

for direct metal bonding.

Yet another object of the present invention is to provide a method of
selective formation of a low resistivity metal cap layer on top of a copper bonding
pad to improve bonding adhesion to the copper bonding pad and to reduce process

complexity of bonding on a copper bonding pad.



6 2 0 JAN 2005 Ot her objects will appear hereinafter. It has now been

-di scovered that the above and other objects of the present invention may

be acconplished in the foll owi ng manner. Specifically, a senicondq@mouqm 5
structure is provided having an exposed, recessed netal bonding pad wt gﬂﬂ
a layer opening. The | ayer has an upper surface. The exposed netal bonding
pad is treated with a solution containing soluble netal ions to forma -

conductive cap ove | .bondi n ad. The conductive cap |ayer is
conprised of the Q)qlgf?%ﬁ&%&" Iapfﬁagﬁgge’%af Tedet er mi ned t hi ckness. An
external bonding elenent may then be bonded to the conductive cap, formng
an electrical connection wth the nmetal bonding pad. .7 2 0 JAN 2005 BRI EF
DESCRI PTI ON OF THE DRAW NGS The. features and advantages of the nethod of
form ng a conducti Vehazapw hyen dismvesedrthall thecattivegapd bthee obficRgof thd he
present. invention will be nore -
present invention may be accomplished in the following manner. Specifically, a
semiconductor structure is provided having an exposed, recessed metal bonding
" pad within a layer opéning. The layer has an upper surface. The exposed metal
- bonding pad is tréated with a solution containing soluble metal ions to form a
conductive cap over the metal bondmg pad. The conductive cap layer is comprised
of the solution metal and has a predetermined thickness. An external bonding

element may then be bonded to the conductive cap, forming an electrical

connection with the metal bonding pad.



clearly understood fromthe follow ng description taken in conjunction with
-the acconpanying drawi ngs in which |ike reference nuneral s- desi gnate
simlar or corresponding elenents, regions and portions and in whig ;
Figs. 1 to 6 schematically illustrates in cross-sectional represent atl on '\'az{’0
preferred enbodi nent of the present invention. 8 2 0 JAN 2005 DETAI LED

DESCRI PTI ON OF THE. PREFERRED EI\/BCDI MENT Accor di ngI y Fig. 1 shows a

schemati ¢ cross-secti =Y 0 p : , 30 within openi ng

22 of internetal diel i i ated circuit that

i ncl.udes sem conductor structure 10. Sem conduct or structure 10 is
understood to , possibly include a sem conductor wafer or substrate, active
~and passive devices formed within the waf er, conductive |ayers and

diel ectric |ayers {hedeaturestand pdvgntegesief (chd?@)ethmhtoérfﬂﬁha{g dicohdatfive

(IVMD), etc.) forned over the wafer surface. The term "sem conduct or

st ruct ur edp layermeaert a treetalinindiag gbe\zli awesrdifg 1E tho\bidibAt AveBBhGRNINE hiyre Waf er
and the | ayers overlying the wa

~clearly understood from the following descr1pt10n taken in conjunction with the

. accompanying drawings in which like reference numerals‘designate- similar or

corresponding elements, regions and portions and in which:

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

- preferred embodiment of the present invention.



I MD layer 20 is formed over seniconductor structure 10. Bondi ng pad

-opening 22 is etched within IMD | ayer 20. Metal bonding pad 30 is forrred

wi thin bonding pad opening 22. Unless otherw se specified, all strf W?ﬂlﬁ
| ayers, etc. may be fornmed or acconplished by conventional net hods kn

in the prior art. Metal bonding pad 30 nay be conprised of copper or.

copper alloy such as AlCu, and is preferably copper, and contacts

under | yi-ng ci rg{r 0 d_b }I\/Dlayer 20.

For purposes o at 1-oft, M v

conprised of copper hereafter. Next, copper bondi ng pad 30 is made to be a
recessed structure. For exanple, as shown in Fig._ 2, passivati on | ayer 40
is formed over copper bonding pad 30 and | MD Iayer 20. Passivation |ayer
40 has a thi cknessAfccordinglyokig. 1600wt a stheMAAAcrasdconsaltlileralbl Yndtsiom
about 2000 to 7000A. As shown in Fig. 3, passivation |ayer 40 may be masked
(not shobohdimggadthediitia GurhgRNbthiéAneiR eREREHEOAMD) R 59 opag 30

-and | eavi ng
mtegrated circuit that includes sen:uconductor structure 10.

Semiconductor structure 10 is understeod to possibly include a
~semiconductor wafer or substrate, active and passive devices formed within fhe
- wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),

intermetal dielectric (IMD), etc.) formed over the wafer surface. The term
”semicpnductor structure” is meant to include devices formed within a

semiconductor wafer and the layers overlying the wafer.

IMD layer 20 is formed over semiconductor structure 10. Bonding pad’
opening 22 is etched within IMD layer 20. Metal bonding pad 30 is formed within
bonding pad opehing 22.

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

or accomplished by conventional methods known in the prior art.

Metal bondmg pad 30 ‘may be comprlsed of copper or.a copper aﬂoy "

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



* Copper  bondi ng pad 30 effectively becomes a recessed structure. O her

net hods made be used to form anal ogous recessed copper bonding pad 3Q) JAN 2005
structures. The recessed copper bonding pad 30 structure of Fig. 3 1Is
recessed 44 from about 1000 to 10, 000A, and nore preferably from about

2000 to 7000A beneath the surface 40" of patterned passivation |ayer 407

shown i i t he invent.i.on, copper ndi ng pad, 30 |
'S then troyrLdoud Sr IR, For SBpB P R rrafeR O el dand B B o 10
2 0 JA % 5.t.enperat ure: fr'omgl%ggt 5 to 35C and nore preferably from
about 15 ﬁo n%nts CrEQFPRPIRC OESAPBYY ReTEALteE. Sol ution 50 Gold (Au), a.
wel | known material for |owering the contact resistance of
printed-circuit-boards (PCBs), .is a suitable noble netal for the preferred
method of the present invention. This is the case because gold has: 1) a

much hi gher el ect r dihénioppler pohéirig pdd §E)s thbBap t6 BPRGEd8EE strlientrabl e

For example, as shown in Fig. 2, passivation layer 40 is formed over
copper bonding pad 30 and IMD layer 20. Passivation layer 40 has a thickness from -

about 1000 to 10,0004, and more preferably from about 2000 to 7000A.

As shown in Fig. 3, passivation 1ayer-40 may be masked (ﬁot shown)
énd- etched to form opening 42 exposing copper bonding pad 30 and leaving
passivation layer portions 40’ on either si&e of copper bonding pad 30. Copper
bonding pad 30 e.ffectively becomés a recessed structure. Other methods made be

used to form analogous recessed copper bonding pad 30 structures.

The recessed copper bonding pad 30 structure of Fig. 3 is recessed 44
from about 1000 to 10,0004, and more preferably from about 2000 to 7000A beneath

the surface 40" of patterned passivation layer 40. : -

As shown in Fig. 4, in a key step of the invention, copper bonding pad

30 is then treated with aqueous solution 50 by a displacement reaction at a

10



below), i.e. E (Au3- / Au) = 1.50 V; and E (Qu2+ / Cu) = 0.34 V. 2) a |l ow
-resistivity; 3) a low contact resistance between external bonding el ement

60 and the bond pad 30 with capping. layer 52 which is usually conp m@ﬂﬂﬁ
~of gold or alumnumwre (see Fig. 6); and 4). a good.adhesion between
external bonding el enent 60 and -the bonding pad 30 with capping | ayer 52.
Since sinple Au (1) and Au (Il1l) ions are_ very oxi di zing and their

RSN i R N LS L S A A ol N
~conposi tion of aqueous solution 50. Listed beI ow are. the gold (Au)

conpl ex PRHRMGT At may be used to conpose the aqueous sol ution 50:
| onSt andard Redox Potenti al ‘

Composition of Solution 50

Gold (Au), a well known material for lowering the contact resistance
of printed-circﬁ{t-boards (PCBs), is a suitable noble metal for the preferred method

of the present invention. This is the case because gold has:

1) a much higher electrochemical potential (E°) than copper (see the table
belOW), ie.
E° (Au* / Au) =150 V; and
E°(Cu* / Cu)=0.34V;
2) a low resistivity;
3) a low.contact resistance between external bonding element 60 and the
bond pad 30 with capping layer 52 which is usually comprised of gold or
aluminum wire (see Fig. 6); and

4). a good adhesion between the external bonding element 60 and the

H bonding pad 30 with capping layer 52.

Since simple Au (I} and Au (II) ions are very oxidizing and their

reduction potentials are large enough to oxidize water molecules, the soluble Au (1)

11



[Au C2]-+ 1.15 V- JAuCdj+ 1.00 VAU Br2]"+ 0.96 V [Au Br4]+ 0.86 V

»[Aul2] ' +0.56V [Au 14]+ 0.57 V [Au (SCN)Z]Er 0.67 V [Qg (SC{\I)4] + 0.64 V [Au
NH3) 2] -+ 0.56 V If alkali nmetal cations (e.g. K+, +, etc.) are u

1£ew ?altl)m'c |l ayers of copper will be displaced by gold ions. If hde:\ogé’ﬁmm;-’[m5

anmoni um cations-are used, the cations will assist in the etching of copper

and thus thicker gold deposit. wll result. Aternatively, ammnl um or

~ amne salahsd 'A"u gﬂgf %ﬁﬁ%?m@%r@%eﬁe 2 deegoﬁl%ogl forne% %q%ggu 50 utlo pg&l t

t hi ckness.

Listed below are the gold (Au) complex ions that may be used to compose the

‘aqueous solution 50:

Ion ' . Standard Redox Potential
[Au'CL] _ ' + 1.15 \
- TAUTCLT ’ + 100V
[AuBr,] — | + 0.9_6 v
[Au™Br,T — + 086V
AT : + 056V
AT - 057V
[Aul{SCN),T | | +0.67V
[AuT(SCN),T T +0.64V
ACNIL),T T 056V

If alkali metal cations (e.g. K*, Na*, etc.) are used, a few atomic layers
of copper will be displaced by gold ions. If hydrogen or ammonium cations-are
used, the cations will assist in the etching of copper and thus thicker gold dep;sit_ R
will result. Alternatively, ammonium or amine salts in buffer solution can be added

to increase the gold deposit thickness.

12



Since the gold capping layer 52 is used to inprove the adhesion between
+the bond pad 30 and the, gold wire 60 bond, a thickness of few atom c

| ayers is sufficient though a thicker gold |ayer may inprove the 20 J 5
reliability. Thus the thickness of gold capping |ayer 52 should pref erM 3209
be froma few atomc |layers to about 5000A, and nore preferably froma few
atom c layers to about 1000A. Reaction of Solution 50 Wth Copper Bondi ng
Pad 30 The front-si geeo[ t he C}/vafer. (the side with copper bond pad 30.
exposed) is inmmers&dY BT SAPBE 1A it Mged dourBPIR e thgyiadkesiom  The
back- si.de and the bevel of the wafer are seal ed agai nst the solution by
convent i G8EVeeEhe bgad raSR amsk the gpldswigwp@ biomds ahthickmeshi afhferw atanitar d
redox potential that that of copper (+0.34 V), the copper netal is

oxi di zed lajreds isepifficiedt thoughea gutker gﬁdéﬁy@&n&ﬂﬂﬁh@rc’bﬁb ﬂ{éefeﬂgyﬁttt.orﬁumeow _
2[Au' (L)2]-(aq) + Qu(s) - 2Au(s) + Cuet+(aq) + 4L"(aq) 2[Au’.(L)4]-(aq) +
3Cu(s) - tRitkhiess of gl 24bpitg Ia%&Lsz( guldeferally U oREs £0at SRR Srsnt ’

Br, I, SCN, or NH3 (see the above table). The structure i's cleaned a
dried. 13bout 50004, and more preferably from a few atomic layers to about 1000A.

Reaction of Solution 50 With .Copper Bonding Pad 30

The front-side of the wafer (the side with copper bond pad 30
-exposed) is immersed in solution 50 at room temperature with agitatién. The back-
side and the bevel of the wafer are sealed against the solution by conventional
methods. Since the complex gold ions have a higher standard redox potential that

that of copper (+0.34 V), the copper metal is oxidized and replaced by the gold

metal as shown in the equations below:

2[Aul(L),I'(aq) + Cu(s) ©> 2Au(s) + Cu*(aq) + 4L (aq)

2[Aum.(L)4]'(aq) +3Cu(s) > 2Au(s) + 3Cu*(aq) + 8L(aq)
where "L" may be, for example, Cl, Br, I, SCN, or NH, (see the above table).

The structure is cleaned and dried.

13



.2 0 JAN 2005 As shown in Fig. 6, external bonding element 60 may then be
*positioned to contact, or connect, to conductive cap |ayer 52 at 62,

allowing an _ electrical connection between bonding el enent 60 andj g JAN 200
recessed copper bonding pad 30. External bonding el ement 60 may be _
conprised of gold or alum num and preferably gold, and may be a wire. For
purposes. of illustration; bonding elenent 60 will be considered to be a

old wire hereafter, i .(ext ernal ndi el ement) 60 nmay be placed
8erti cal 'y above 3n§?%§8%elz\két - EPp %W%?‘gS?l%&?e%{‘nng@Iaéf grerahsut

90. Conductive cap |ayer 52 has a better adhesion to external bonding

el enent B85S FAECTiF RANSEh dPrRPrstucbledcan layes B2t at 63pplowkigndnng
pad 30. Thus, a |lower contact resistance can be achi eved through the use
of condugtecirécad spnnectiparbeswee bondigpaemienn ) agd pecksS@l cdppdritaindiag pagl e
metal such as Au has a low resistivity, which also | owers the overall

resi stané@. of the contact 62. Wiile particul ar enbodi ments of the present

i nvention have been illustrated and described, it is not intended to limt
the invention, except as defined -

External bonding element 60 may be comprised of gold or aluminum, -

and preferably gold, and may be a wire. For purposes. of‘illustration;-bpnding

element 60 will be considered to be a gold wire hereafter. |

“Gold wire (external bonding element) 60 may be placed vertically

above bond pad 30 with capping layer 52 at an angle of about 90°.

Conductive cap layer 52 has a better adhesion to external bonding
element 60 than would a direct bonding of gold wire 60 to copper bonding pad 30.
Thus, a lower contact resistance can be achieved through the— use of conductive cap
layer 52 over copper bonding pad 30. Further, a noble metal such as Au has a low

resisti{rity, which also lowers the overall resistance of the contact 62.

While particular 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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by the following claims. . 14 2 0 JAN 2005 CLAIM5 W claim 1. A nethod of
--form ng a conductive cap |ayer over a netal bonding pad, conprising the
steps of:. providing a seniconductor structure having an exposed, reg smn 2005
metal  bondi ng pad within a |ayer opening;. said |layer having an upper

surface; and treating said exposed netal bonding pad with a sol ution
containing a soluble netal ions to forma conductive tap | ayer conprised of

said solution netal over said netal g pad; said conductive cap |ayer
havi ng a predeterm ned thickness. 2. L. Iilﬂ’ig]t hod of claim1, including the

step of i%;g _an external bonding elenent- to said eonductiv_e cap | ayer
~to form an 81 rical connection with said netal bonding pad. 3. The
met hod of claim 1, including the step of bonding an external bonding

1. A me_thod of forming a conductive cap layer over a metal bonding pad,
comprising the steps of:
‘providing a semiconductor structure having an exposed, recessed metal
‘bonding pad within a layer opening; said layer having aﬁ upper surface; and
treating eaid exposed metal bonding pad with a solution containing a soluble
metal ions to form a conductive cap layer comprised of said solution metal over

said metal bonding pad; said conductive cap layer having a predetermined

thickness.

2. The method of claim 1, including the step of bonding an external bonding

element- to said conductive cap layer to form an electrical connection with said

metal bonding pad.

3. The method of claim 1, including the step of bonding an external bonding

~ element to said conductive cap layer to form an electrical connection with said

metal bonding pad;
wherein said metal bonding pad is comprised of a material selected from the group
compnsmg c0pper and a copper alloy; and said external bondmg element is

comprised of a material selected from the group comprlsmg aluminum and gold.

15



el ement to said conductive cap layer to forman electrical connection with
‘said netal bonding pad; wherein said netal bonding pad is conprised of a
material selected fromthe group conprising copper and a copper a'?qyiﬂﬁﬂgﬂm
said external bonding elenent is conprised of a material selected from ‘
group conprising alum numand gold. 15 2 0 JAN 2005, 4. The nethod of claim
1, including the step of bonding an external bonding elenent to said
conductive cap layer to forman electrical connection with said netal
bondi ng pad; wherein said nmetal bonding pad is conprised of copper, and

sai d ext grnal [ t.i.s conprised, of material selected fromthe

gr oup co%f)r i si%qggpg)daﬁgggg&u]rﬁ lﬁlﬁﬁﬁd%f?’ t ét%?ﬁBﬁn%’fn&:?%ieﬁfef,nal hendinigng

t he step, of bondi ng an external bonding element to said conductive cap .
Fopaitr bt 4

|l ayer to® RALGUE AR VB riowfarm 88 eleetsical coumetitiog path saker ei n
said external bonding elenent is a wre.
metal bonding pad; ‘

Wherein said metal bonding pad is comprised of copper, and said external bonding

element is comprised of a material selected from the group comprising gold and

aluminum. . ' -

5. The method of claim 1, including the step of bonding an external bonding

element to said gonduc:tive-cap layer to form an electrical connection with said

metal bonding pad;

wherein said external bonding element is a wire.

6. The method of claim 1, wherein said conductive cap layer is from about a

few atomic layers to 50004 thick.

7. The method of claim 1, wherein said conductive cap layer is from about a

few atomic layers to 10004 thick. -
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conductive cap layer is fromabout a few atomc |layers to 10001 thL?W-Jﬁﬁ %
0 JAN 2005 8. The nethod of claim11, wherein said netal bonding pad i o0}
recessed from0O about 1000 to 10, O0O0A bel ow said top surface of said

| ayer.

9. The nethod of claim1l1, wherein said netal
from about 2000 to 7000A bel ow said top surface of said |ayer.
met hod of claim 11, wherein said soluble netal
group conprising [AulC12]-, [Au"ll1C4]-, [AulBr2]-, [Au"lBr4]-, [Au'l2]-,

[Au""1:4]-, JAU (SCN)2]-, [AullI(SCN)4]-, and [Au' (NH3)2]-. 11. A nethod
of bondi ng an external bonding elenent to a nmetal bondi ng pad, conprising

the steps of: providing a sem conductor structure having an exposed,
recessed net al

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

about 1000 to 10,000A below said top surface of said layer.

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

about 2000 to 7000A below said top surface of said layer.

10. The method of claim 1, wherein said soluble metal ions are selected from the
group comprising [AulClz}, [AufCly, [AuBrz}, [AuMBri), [Auwl], [Aulll],

[Aul(SCN)I, [AuT{(SCN).]-, and [Aul(NHa)ol-

11. A method of bonding an external bonding element to a metal bonding pad,
comprising the steps of:

providing a semiconductor structure having an exposed, recessed metal
bonding pad within a layer opening; said layer having an ul;per surface;

treating said exposed metal bonding pad with a solution containing soluble
metal ions to form a conductive cap layer comprised of said solution metal over
said metal bonding pad; said conductive cap layer having a predetermined

thickness; and
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bondi ng pad is recessed
10. The
ions are selected fromthe

6. The nethod of claim 1, wherein said conductive cap layer is from about a
few atomc |ayers to 50001 thick. 7. The nethod of claim1, wherein said



bondi ng pad within a |ayer opening; said |ayer having an upper surface;
treating said exposed netal bonding pad with a solution containing soluble
nmetal ions to forma conductive cap |ayer conprised of said solutiqpﬂmqwﬁ 5
over said nmetal bonding pad; said conductive cap |ayer having a 200
predeterm ned thickness; and 17 2 0 JAN 2005 bondi ng an external bonding

el ement to said conductive cap_layer to forman electrical connection with
said netal bonding pad. 12. The nethod of claim 11, wherein said netal
bonding pad is conprised of a material selected fromthe group conprising
copper and a copper alloy; and said _ external bonding elenent is- conprised
of a material boeiding ag exienmlibwadingpelpmenblapiaid cordudtiveicandreido fmyan 13,

The net hod of claim 11, wherein said netal bonding pad is conprised of

copper, aflectfiaaldonkédionahitheall mgtL bendiig pal.conpri sed of a materi al
selected from the group conprising alum numand gold. 14. The nethod of
claim1l, wherein said external bonding elenent is a wre.

12, The method of claim 11, wherein said metal bonding pad is comprised of a
material selected from the group comprising copper and a copper alloy; and said
external bonding element is- comprised of a material selected from the group

comprising aluminum and gold.

13.  The method of claim 11, wherein said metal bonding pad is comprised of
copper, and said external bonding element is comprised of a material selected from

the group comprising aluminum and gold.
14.  The method of claim 11, wherein said external bonding element is a wire.

15.  The method of claim 11, wherein said conductive cap layer is from about a

few atomic layers to 5000A thick.

16.  The method of claim 11, wherein said conductive cap layer is from about a

few atomic layers to 1000A thick.

17. The method of claim 11, wherein said external bonding element is positioned

at an angle of about 90° relative to said conductive cap layer.

18
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15. The method of claim 11, wherein said conductive cap layer is from about

a few atomc layers to 5000A thick. 16. The nethod of claim 11, wherein

sai d conductive cap layer is fromabout a a few atomc |layers to 10p(EpAJ 5
thick. 17. The nethod of claim 11, wherein said external bonding el errenAN gﬂﬂ
positioned at an angle of about 90 relative to said conductive cap |ayer.

18 2 0 JAN 2005 18. The nethod of claim 11, wherein said netal bonding pad
is recessed from 0O about 1000 to 10, 0O00A bel ow said top surface of said

| ayer. 19. The nethod of claim1l1l, wherein said netal bonding pad is
recessed from__about 2000 to 7000A bel ow said top surface of said |ayer.

20. The n%t hodhsrmetheidnefidlaimyld, iereinsgid s1iw) konding padoissregissed &rosk t ed
from the group conprising [Auld 2]-, [Aul'I1Cl4]-, [Au' Br2]-, [AulllBr4]-,

[ Au, 12] - ,abbau1@00]1@]10,000%’1&@@5&)&@,5@%&& Silllfdder, and [ Au' (NH3) 2] -.

19.  The method of claim 11, wherein said metal bonding pad is recessed from

about 2000 to 7000A below said top surface of said layer.

20. The method of claim 11, wherein said soluble metal ions are selected from
the group comprising [Au/Cl2],, [AuMCly]-, [AulBra], [Aul'Bry], [Aulla]-, [Auly]-,

[AW(SCN)s]-, [AuMYSCN)4]-, and [Aul(NHz)]-

21. A method of bonding an external bonding element to a metal bonding pad,
comprising the steps of:

providing a semiconductor structure having an exposed copper bonding
pad;

treating said exposed copper bonding pad with a solution containing a
soluble gold complex ions to form a gold conductive cap layer over said copper
bonding pad; said gold conductive cap layer having a predetermined thickness;
and

bonding an external bonding element to said gold conductive cap layer to

form an electrical connection with said copper bonding pad.
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21. A nethod of bonding an external bonding elenent to a nmetal bondi ng pad,
conprising the steps of: providing a sem conductor structure having an
exposed copper bonding pad; treating said exposed copper bondi ng pay(MhHﬂL?mm
solution containing a soluble gold conplex ions to forma gold conductiv

cap layer over said copper bonding pad; said gold conductive cap |ayer

havi ng a predeterm ned thickness; and bondi ng an external bondi ng el enent

to said gold conductive cap layer to forman electrical connection with

sai d copper bonding pad. 19 2 0 JAN 2005 22. The nethod of claim 21,

wher ei 22sai Theahneticel gbtldimdlip lvelereimnsaidrslsislk egtlé coniplexmidie agr salpcted
conprising [Au' Cl2]-, [Au' 11Cl4]-, [AulBr2]-, [AulllBr4] [Au' 12]

[AU"1 14 5m thé Aok EDInplising PAIEL]-SENLAC1,)-, FRD B [ANHBEA L Au#D), [A,u"lh]',

[Aul(SCN)2}, [Au{(SCN)4]-, and [Aul(NHs)o]-
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