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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.



BACKGROUND OF THE INVENTION

Copper (Cu) is gradually replacing aluminum (Al) as the interconnect
material in integrated circuits. However, a problem.arises due to the fact that the
top layer Cu pad does not form a good connection with the normal bonding

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

pad surface upon exposure to the atmosphere and moisture.

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

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

- U.S. Patent No 5,384,284 to Doan et al. describes a précess to form a |
pad interconnect whereby a metal 1aYér or a metal alloy is bonded to an underlying
a.lu'minu.m pad by chem_iéél vapor depdsitioh (CVD) or by electréless depositi.or.\._A.

" conductive epoxy film-is theﬁ adhered to t_he metal layer. The metal layer may bé
éomp'rised of, for -exa.rrlple;'Cu, Ni, W, Au,. .Ag, pf -Pt'and'th.e metal alloy_may.be _

‘comprised of titanium nitride, for example. -

- U.S. Patent _I\[d. 5,462,892 to Gabriel describes a method of procéssing
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 moved
from an etching chambér_a post-etching processing chamber, without exposure to
the atmosphere, where a thin native oxide is formed on the exposed sidewalls of the
just etched interconnection lines. The oxide layer protéc_ts the wafer surface from

acidic corrosion upon subsequent exposure to the atmosphere.

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

openings are concurrently etched.

- Us. Pafent No. 5,376,235 tb Langley describes a pfoces’é 6f using a wet
chemical process to remove chlorihé from dry etched. metal features on a
semiconductor y&éfer 'before'!a.n aliby_ step. The .'Wet che:r{iéal process includes a
20:1phdsphoric acid so_lution'dip that prevents the formatiqﬁ of voids in the etched
metal fe_afures 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 procéss for
forming electrical connection between metal wires and metal int_érconnections not

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

use of conventional wire bonding techniques.

U.S. Patent No. 5,891,756 to Erickson describes a method for forming a
_solder bump pad, and specifically to converting a wire bond pad of a surface-
mount IC device to a flip-chip solder bump pad such that the IC device can be flip-

- chip mounted to a 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.forméd on the surface of the copper 1a$fer and
- coated with gold -on the surface. This removes nickel_hydrbxide and nickel oxide

| ‘present on the gold film.



SUMMARY OF THE INVENTION

Accordingly, it is an 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

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 gbod adhesion.

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

bonding-é metal wire to a copper bonding pad with minimum process complexity.
Other .dbjects will appear hereinafter.

" It has now.béexlu discovered that the above .aﬁd other obiects of the
present invention may be accomplishéd in thé'fc;llowing manner. _Speéifically, a _'
semiconduc'for structure }}a'ving an exposéc.l', recessed mgfal bonding pad within a
layer opening is provided. The layer _ha'S an ui:per' surface.. A conductive cap having

a predetermined thickness is. formed over the metal bonding pad. A bonding



element is bonded to the conductive cap to form an electrical connection with the

metal bonding pad.



BRIEF DESCRIPTION OF THE DRAWINGS

Thg. feature‘sland advantages of the method of bonding a wire to a
- metal bonding pad .according to the present invention will be more clearly .
understood from the following desc_riptio_n taken in conjunction with the
accompanying drawings in which like reference numerals .designate similar dr

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 irivention.



Fig. 4 schematically illustrates in cross-sectional representation a
conductive cap layer formed over the recessed metal bonding pad structure of

_ either Fig. 2, Fig. or 3B according to the present invention.

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 illust_rates 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. presént 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.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Starting copper bonding pad structure

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

integrated circuit that includes semiconductor structure 10.

'Semic_onductor structure 10 is understood to possibly include a
semiconductor wafer or substrate, active and passive devices formed within the
wafer, _con_ducti?e layers and .dielectric.laylers (e.g.,-inter—poly oxide (IPO),
:in-_termeta_l dielectric (IMD), etc.) formed. over fhe wafer surface. The -tesm'
;"sémiconductof ‘structure” is meaﬁ_t to include devices formed within a

semiconductor wafer and the layers overlying the wafer.

IMD layer 12 is formed over sem1conductor structure 10. Bonding pad
opening 15 is etched thhm IMD layer 12, Metal bondmg pad 14 is formed W1th1n

bondmg pad opening 15

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

or accomphshed by convent1ona1 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

shown) covered by IMD layer 12. For purposes of illustration, metal bonding pad -

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 paSsivaﬁon mask and etch).

-

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

L As éhown-in_Fig. 2 (the first copper recess embodiment
example), the copper recess may be form_ed_ .by'.we{ stripping, or etéhing, copper |
bonding pad 14 of Fig. 1 usiﬁg .HNO3,_. Oﬁ/NH3, Oz/arhmonium salt,
HF/ CH,COOH, or other conventional che'mistrieé at room terﬁperature, but time éf
.etching and concénfration will affect the amount of coi:per_ etéhed which is

~ determined by the depth of the recess needed.
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This creates opening 19 within IMD layer 12 over recessed copper

bonding pad 14'.

Recessed copper bonding pad 14’ so formed is recessed from about
500 to I0,000A beneath the upper surface 12’ of IMD layer 12, and more preferably
from about 1000 to 5000A.

L 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, fassiv‘ation layer 16 niay 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 eithef the Fig. 2 embodiment or the Fig. 3A aﬁd 3B embodiment of

- forming reééss_ed copper bonding paa 14/, 14, réspectively; recessed copper
" _bohding pad 14, 14 is recessed 17 from about 1d00 to 10,000A, and more preférably'
from about 2000 to 7000A beneath the surface '12", 16" of patterned IMD layerl2 and |

patterned passivation layer 16’, respectively.
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Methods of forming a conductive cap layer over the recessed copper bonding pad.

In a key step of the invention, and in whichever embodiment is used

to form recessed copper bonding pad 14’, 14, conductive cap layer, preferably = . .

comp‘riéed of titanium (Ti); tantalum (Ta), t'ungsteh (W), or other metal or
* conductive compound which has 2 good adhesion between the Cu bonding pad 14,
14 and the bonding element 22, in all embodiménts of the present invention, is then
férmed over_receséed copper bonding pad 14’ 14 as showﬁ in Figs. 4,‘ S5A -5C, 6A -
6C, and 7. :For purposes of simplicity, patterned passivation layer 16" will not be

shown. .

| As Showﬁ in fig. 4, conductive cap layer 18 is formed over receséed
‘copper bonding | pad 14’, 14 ahd either patterned IMD layer 12 or patternéd
- passivation -.layer 16’ (nc').t shown). Conductive cap 18 may be formed by a PVD or
CVD.-metho.dl. Conductive cap layer 18 is from aléout 506 to 5000A thick, and more

preferably from about 1000 to 4000A.

There are three different illustrated embodiments to pattern
conductive cap layer 18 s0 as to only cover recessed. copper bbnding 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
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Figs. 6A — 6C (photoresist masking and etching). The third such embodiment is

illustrated in Fig. 7 (chemical mechanical polishing).

L Figs. 5A — 5C illustrate the first condﬁctive cap layer 18’

formation embodiment eScample’ (spin-on-material deposition and blanket etch:

back). As shown in Fig. 5A, spin-on-coating 20 is depositéd over conductive cap
layer 18 of Fig. 4 preferably by a spin-on '_tec_:hniq.ue.

Spin-on-coating 20 may be comprised of photoresist, polyimide, ._
organic pianarization BARC, or spin-on-glass (SOG) and is preferably comprised of
- photoresist. Spin-.on-coafing 20 .is genéfaily thicker over _lo.pem’ng 15 and thinner
over the surface 12 éf patterned IMD layer 12 due to planarization effect.

As shown in ].;-'ig. 5B, a blanket étch is then.performed, removihg that
portion of spin—on-coafing Zd and conductivé cap layer 18 over the surface 12’ of
-pafterned IMD layer 12, leaving_s.dm._e of-_spin—oh—coating 20 and all of conductive

cap layer 18’ within openihg 15 over recessed éopp.er 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.



IL Figs. 6A — 6C illustrate the second conductive cap 1ayer 18
formation embodiment example (photoresist masking and etching). As shown in _
Fig. 6A, photoresist mask laye_r'Zl is selectively formed over the portion of
conductive cap layer 18 within opening 15 of Fig. 4, by a reverse mask process or a
reverse-tone resist process to mask that portion of conductive cap layer 18 within
opening 15. | o . .

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

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

 Asshownin Fig. 6c;' phbtéresist :riask 21 is removed, preferab'ly by |

éshing‘, an& the structure is cleaned. ' | | i |
‘I0. Fig. 7 illustr-a'tels'the third conductive cap layer 18" formation
err'\bo_diment.example _(chemical'meclhanical_polishing). As shown in Fig. 7, the
_ cdnductive 'cé_tp iayér 18 of Fig. 4 is pollished. to remove the excess of 'con.duc.t.i\"re cap

layer .1_8 .ovér Ipatterned IMD layer 12l or 'paséivatidn layer 16’ (not shown),

preferably. by chemical mechanically polishing (CMP).
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Regardless of which of the three conductive cap layer 18’ formation

embodiment examples are employed the resulting structures shown in Figs. 5C, 6C

and 7 are essentially identical.

As shown in Fig. 8, bonding element 22 is poéitio'ned to contact, or

_connect, to conductive cap layer 18’Iat 24 of.any of the structures illustrated in Figs.

'5C, 6C, or 7. Conductive cap layer 18’ effectivelj) acts as a gooa 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, bond.ing element

22 will be considered to be a gold wire hereafter.

'Gdld wife-(bonding element) 22 is placed {rertically (at an angle of

“about 90°) above conductive cap .Iayer 18.

" Thus, by implementing the _pfésént invention, there is a minimum
‘compromise i_n_the're's'istivi'ty of the 'topl layer, ie. conductive cap layer 18, és- Cu
inSteaci of Al can Be ﬁsed as the bonding p'ad, ie. r'ecesééd copper bonding pad i4’,’
14. In éddition,- coﬁductive_cap layer 18’ ié a good glﬁe layer between recessed

copper bonding pad 14’, 14 and gold bo_nding element 22.
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While particular enibodiments 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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CLAIMS

We claim:

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

the steps of:
providing a serriiconductor structure having an exposed, recessed metal
" bonding pad within a layer opening; said layer having an upper surface;
| :forming a conductive cap having a predefefmined. {-hic.kr_xess over said metal -
bonaing pad; and o
' bonding'é bonding element to said c&ﬁductive ca-p to form an electrical

connection with said metal bonding pad..

2 The method of claim 1, wherein said metal bonding pad is comprised of a
material selected _fi'Om the group comprising éop_per and a copper alloy; and said
bonding element is comprised of a ma’tefial selected from the group comprising

ahiminum_and gold. _

3. The .mefhod_"of claim 1, wherein said metal bonding pad is Coinpfis_ed of

copper, and said bonding element is comprised of gold.
- 4" The method of claim 1, wherein said bonding element is a wire. -

I
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5. The method of claim 1, wherein said conductive cap is from about 500 to

50004 thick.

6. The method of claim 1, wherein said conductive cap is from about 1000 to

4000A thick.

7.~ The method of claim 1, wherein said bonding element is positioned at an

angle of about 90° relative to said bonding pad. .
8. . The methdd of claim 1, wherein said metal bdriding péd is recessed from
about 500 to 50004 below said top surface of said layer.'_”

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

about 1000 to 5000A below said top surface of said layer.

.10 A method of bonding ﬁbondiﬁg element to a metal bonding p.ad, '.comprising.
the sfeps of: o |
. providing a ser_nicondi.xctor structur_é having an exposed metal bof_xding pad;
- -.forming a passivation layer over- said semiconductor structure and said - -
bonding pad; said passivation layer ha_viﬁg an upper surfaée;

patterning said passivation layer to expose said bonding pad;

18
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forming a conductive cap havifig a predetermined thickness over said metal
bonding pad; said conductive cap being recessed below said upper surface of said
patterned passivation layer; and:

attaching a bonding element to said conductive cap.
" 11.  The method of claim 10, wherein said metal bonding pad is comprised of a
ma_teriél selected from the group comprising copper and a cbpper alloy; and said

bonding element is comprised of a material selected from the group comprising -

aluminum and gold.

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

~ copper, and said bonding element is comprised of gold.
13. - The method of claim 10, wherein said bonding element is a wire.

14. The method of claim 10, wherein .'sa'id conductive .cap'.is' from about 500 to ,

" 5000A thick.

- 15, The method of claim 10, wherein said conductive cap 18 is from about 1000

to 4000A thick.

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

angle of about 90° relative to said bonding pad.

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

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

18.  The method of claim 10, wherein said metal b,o_nding' pad 14 is recessed from

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

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

.pro'viding' a semiconductor structiire having an exposed, re;:.e.ss'ed ﬁetal
~ bonding pad within a layer opening; said layer having a# Iupper surface; said metal
bonding_pad 1s corripris'ed of a material selectéd from the_grbup comprising copper
and a copper alloy; |

forfning a conductive cap having é-predetermined thickness ovér saici metal
E .b;onding pad; and - | | - |
B ‘bonding a bonding elerﬁént_to said cc‘)nd-u..ctive. cap to form an electrical .
connection with said metal bonding 'péd; said bonding e.lelm.ent' is éomprised of a

material selected from the group comprising aluminum and gold.
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20.  The method of claim 19, wherein said metal bonding pad is comprised of

copper, and said bonding element is comprised of gold.

21. The mefhed of claim 19, wherein said bonding element is a wire.

22.  The method of claim 19, wherein said conductive cap is from about 500 to

50004 thick.

23.  The method of claim 19, wherein said conductive cap is from about 1000 to

4000A thick.

24.  The method of claim 19, wherem said bonding element is pos1t10ned atan

© angle of about 90° relative to said bondmg pad.

25, The method of claim 19, wherem sa1d metal bondmg pad is recessed from

about 500 to SOOOA below said top surface of said 1ayer ..

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

“about 1000 to SOOOA below said top surface of said. layer.'

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

" the steps of:

L
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providing a semiconductor structure having an exposed metal bonding pad;
said metal bonding péd beihg comprised of a material selected from the group
comprising copper and a copper alloy;

. forming c passivation layé?r over said semiconductor structure and said

bonding pad; said passivation layer having an upper sﬁrféce;

patterning said p.assivation layer to expose said bonding pad;

fdrming a conductive cap having a predetermined thickness over said metal
bonding' pad; said conductive cap beiﬁg recessed below said upper surface of said -
patterned passivation layer; and

attaching a bohding element to said conducﬁve cap; .said bondihg element -
being comp_fised of a material selected from the group comprising aluminufn and

gold.

- 28.  The method of claim 27, wherein said metal bonding pad is comprised of

~ ¢copper, and said bonding element is comprised of gold;
29.° Tﬁe method of claim 27, wherein said 'bohding element is a wite.

'30.  The method of claim 27, wherein said conductive cap is from about 500 to

5000A thick.
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' '31.  The method of claim 27, wherein said conductive cap 18 is from about 1000

to 4000A thick.

—_

32. . The method of claim 27, wherein said bondin.g element is positioned at an

angle of about 90° relative to said bonding pad.

33.  The method of claim 27, wherein said metal bonding pad is recessed from

about 500 to 5000A below said upper surface of said pattémed passfvation layer. -

34, The method of claim 27, wherein said metal bonding pad 14 is recessed from

- about 1000 to-SOO_OA_ below said upper surface of said patterned passivation layer.
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