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METHOD OF APPLICATION .OF DISPLACEMENT REACTION TO FORM A

CONDUCTIVE CAP LAYER FOR FLIP-CHIP, COB, AND MICRQ 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 copper bonding pad.



BACKGROUND OF THE INVENTION

Copper (Cu) is gradually replacing aluminum (Al) as the interconnect |
material in integrgted 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 d'ue. to the poor quality of copper oxide. fcrx;ried_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. -

-

ﬁ.S. P.atent. No. 5,462,892 to Gabriel describes a method of processing
a semiconductor wafer so as to inhibit corrosion of alﬁmiﬁﬁm 'o'rm_ other metal
_inter.conneétion- lines. Such interconnection lines may be composed of tungsten
' (W)/titanium (T1i), aluminum (Al), aluminum-copper (Cu), or successive layers of
W/Ti and ‘A.l-Cu. Once the interconnection lines are etched, the wafer is m_o_j}ed

from an etching chamber a post-etching processing chamber, without exposure to
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the atmosphere, where a thin native oxide is formed on the exposed sidewalls of the
just etched interconnection lines. The oxide layer protects the wafer surface from

acidic corrosion upon subsequent exposure to the atmosphere.



U.S. Patent No. 5,376,235 to Langley describes a process of using a wet
chemical process to reﬁlove chlorine from dry etched metal features on a
semiconductor wafer before an alloy step. The wet chemical process includes a
20:1pho_sphoric 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. 5,384,284 to Dbanl et. al. describes a process to form a
pad interconﬁect whereby a métal layer or a metal alloy is.bonded to an underlying
aluminum pad by chemical vapor deposition (CVD) or by electroless depOSiﬁon. A
' condluctive epoxy film is then adhered to the metal layer. The metal layer méy 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 formihg
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-
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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. 5,733,466 to Benebo et al. describes a method of
électrodepositing a gold metallurgy.onto a feature of a printed circuit board. A
- copper layer is electrolessly deposited over the surface of a printed circuit board,

pétter_ned and etched, leaving the specific features to be plated. A layer of

photoresist is applied atop the partially etched copper layer and is exposedlahd

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

the metailurgy of choice, such as gold.

U.S. Patent No. 5,647,942 to Haji describes a wire bonding method

including the step of remoiiing 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.

U. S Patent No. 5,785,236 to Cheung et al. descnbes a process~for

formmg electrical connection between metal wires and metal mterconnechons 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.



U.S. Patent No. 5,985,765 to Hsiao et al. describes a method for -
reducing b'oﬁding 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 Patent No; 5,910,644 to Goodman etal. desc;'ibes a printed circuit
connector pad dév_ice having a tri-plated l#yer. The -first, lower plated layer, is an
initielzl.diffu‘sion resistant cc;éting of nickel. The second, intermediate plated layer, is
a hard, Wear ‘resistant ﬁoble or semi-noble metal such as pure palladium or a layer
of gold hardened by cobalt, nickel, iron, or a combination of these dopants to effect
- a harciness of 200 to 250 (Knoop scale). The second layer proﬁides pad on pad
connector .reliability and affords a metallurgically stal;le solder joints and wire-

*  bond interfaces. The third, upper plated layer, is soft gold. -



' SUMMARY OF THE INVENTION |

Accordingly, it is an object of the present invention to form a

_ 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 bénding pad.

A further object of the present invention is to lprovi,de a method of

forming a conductive cap layer over a cbppe_r bonding pad to permit bénding_ 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 coppe'r 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. L




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 is provided having an exposed, recessed metal bonding

~ pad within a layer openmg The layer has an upper surface. The exposed metal -

bondmg pad is treated with a solution contammg soluble metal ions to form a
conductwe cap over the metal bondmg pad. The conductive cap layer is comprised
of the solution metal and has a predetermmed thickness. An external bondmg |
"element may then be bonded to the conductive cap, 'forming an electrical

connection with the metal bonding pad..



BRIEF DESCRIPTION OF THE DRAW!NGS

The featﬁres and advantages of the method of forming a conductive
cap layer over a metal bonding pad according to the present invention will be more
clearly unders_tood'from the following d_escriEtion taken in conjunction with the
accompanying drawings in which like reference numerals '_de_signate 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.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Accordingly Fig. 1 shows a schematic cross-sectional diagram of metal
bonding pad 30 ‘within opening 22 of intermetal dielectric (IMD) layer 20 of an

integrated circuit that includes -éemiconductor structure 10.

Semiconductor s;:'nicture 10 is _understood to possibly include a
semi_conducfor wafér or substrate, active and passive devices formed within the
wafer, conductive layers aﬁd dielectric lgyérs (e.g., intor-p'o.l_y. oxide (IPO),
" intermetal dielectric (_IMD), etc.) formed over the wafer 'surf_acé'. The term
“semiconductor structufe” is meant to include -devi.c'es- formed within a

~ semiconductor wafer and the layers overlying the wafer.

'IMD layer 20 is fOrmed over semiconductor structure 10. Bondmg pad S

~ opening 22 is etched within IMD layer 20. Metal bonding pad 30 is formed within

- bonding pad opemng 2.

Unless otherwise spec1f1ed all structures, layers, etc may be formed _

or accomphshed by conventlonal methods known in the pnor art.

Metal bondmg pad 30 may be compnsed of copper or:a copper alloy

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



shown) covered by IMD layer 20. For purposes of illustration, metal bonding pad

30 will be considered comprised of copper hereafter..

Next, copper bonding pad 30 is made to be a recessed structure.
For example, as shown in Fig. 2, passivatioh 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 Flg 3, passivation 1~ayer_40 may be ﬁxasked (ﬁot shown)
and efched-to form oplening 42 exposing copper bonding éad 30 and leaving |
passivation layer portions 40’ on either si&e of copper bonding pad 30. Copper
- bonding pad .30 effectively becomes a recessed s_tfucture. Other methods made be

used to form analogoiis recessed copper bonding pad 30 structures.

‘The recessed copper bondii\g 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. S -

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

. 30 is them treated with aqueous solution 50 by a displacement reaction ata

ca— [ e -
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temperature: from about 5 to 35°C, and more preferably from about 15 to 25°C with .

agitation.
Composition of Solution 50

Goid (Au), a well known material for lowering the contact resistance
~of printed-circuft-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 potgntial (E°) than copper (see the table
below), ie. ' | | |
| E° (Au* / Au) =1.50 V;and
E° (Cu® / Cu) =034 V;
2) allo'w resiStii(ity;. o
3) allow.contact fesistance between external bonding element 60 and the

bond pad 30 with capping layer 52 which is usually comprised of gold or

aluminum yvire (see Fig. 6); and )
4). a good adhesion between the external bonding element 60 and -the

. bondmg pad 30 with capping layer 52.

Since simple Au (I) and Au (III) ions.are y_exfy__.oxid-i'zi'.r_\tgwa_;;d_ their _

reduction poténtials are large enough to oxidize water molecules, the soluble Au (I)
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an d Au (III} complex ions are used in the composition of aqueous solution 30.

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

aqueous solution 50:

Ion ) . Standard Redox Potential
AuCLT B ¥ A
[AuTCLT B - 100V
[AuIB;Zj- — | , +0.96 V
[A\I‘_"Brg]‘ — | - +086V
| [AuLT ' | +056V

AT +057V

[Au(SCN),I +0.67V
TAaTSCN),T T TRV
| [Aul(-NI'Ia)z];- — - | — 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 _etchiﬁg of copp_ef and thus thicker gold depc;sit o

will result. Alternatively, ammonium or amine salts in buffer solution can be added

to increase the gold deposit thickness.-
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Since the gold capping layer 52 is used to improve the adhesion
between the bond pad 30 and the gold wire 60 bond, a thickness of few atomic
layers is sufﬁcienf thoﬁgh a thicker gold layer may improve the reliability. Thus the
thickness of gold capping layer 52 should preferably be from a few atomic layers to

about 50004, artd 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 cdpper- bbnd pad 30 -
| exposed) is immersed in solution 50 at room temperature with agitati;)n. The back-l '
side aﬁd thé bevel of the wa'fer are sealed against the so.lu_tion by conventional
methods. Since the -cofnplex gold ibns 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[Au’(L),]'(aq) + Cu(s) = 2Au(s) .+ Cu*(aq) + 4L'(aq)

Z[Au_.m‘(L)J(aq) + 3Cu(s) = 2Au(s) + 3Cu®(aq) + 8L'(£1q)

where "L" may be, for example, Cl, Br, I, SCN, or NH, (see the above table).

The structure is cleaned and d_:.jigd: R




As shown in Fig. 6, external bonding element 60 may then be
positioned to contact, or connect, to conductive cap layer 52 at 62, allowing an

electrical connection between bonding element 60 and recessed copper bonding pad

30.

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

and preferzibly gold, and may be a wire. For purposes of illustration, bonding

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

" Gold wire (external bondiﬁg elément) 60 may be placed vertically

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

Conductive cap layer 52 has a better adhesion to external bonding -

‘element 60 than would adirect bonding of gold wire 60 to copper bonding paﬂd'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

resistiVity, 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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CLAIMS

weews A

1. A method of _forming a conductive cap layer ovef a metal bonding pad,
comprising the steps of:
lpro.v‘.iding a semicondﬁct_or structure having an exposed, recessed metal
‘bonding pad w1th1n a layéf opem'xig; éaid_ layer having an upper surface; and
treating .said exposed metal bonding pad w1th a solution lcon'tainihg a soluble
metal ions to form a conductive cap layer comprised Qf. said.solut'ion 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 bondiﬁg 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 boriding pa.\cli;“ |

wherein said metal bonding pad is comprised of a material selected from the group"

comprising copper and a copper alloy; and said external bonding el_e_me:_:it_ is

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

pa—
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4. 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 copper, and said e'xtexjnal 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 conductive cap la);ér 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 S5000A thick.

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

few atomic layers to 1000A thick.

8.  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;
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wherein said external bonding element is positioned at an angle of about 90°

relative to said conductive cap layer. |

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

about 1000 to 10,0004 below said top surface of said layer.

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

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

11.  The method of claim 1, wherein said solubl_e metal ions are selected frc;m the
group comprising [Au‘Clz]', [AUCLY, [AuBr], [Au™Br,], [Au‘I'z]'-, [AU"LT,
[AUYSCN),T, [Au™(SCN),], and [Au(NH,),]- |

12.© 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 upper 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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' few atomic layers t0 10004 thick.

R

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

electrical connection with said metal bonding pad.

- 13. The method of claim 12, wherein said metdl bonding pad is comprised of a

material selected from the group comprising copper and a copper allby; and said .
external bonding element is comprised of a material selected from the group

compriéing aluminum and gold.

14.  The method of claim 12, wherem said metal bonding pad is comprised of
copper, and said extemal bondmg element is compnsed of a material selected from

the group comprising aluminum and gold.

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

16" The method of claim 12, wherein said conductive cap layer is from about a

few atomic layers to SO000A thick.

17.. The method of claim 12, wherein said conductive cap layer is from about a

18. The method of cla1m 12 wherem sa1d external bonding element is pos1t1oned_ -

atan angle of about 90° relanve to sa1d conductive  cap layer.

18



) * c L L} S *

19.  The method: of claim 12, wherein said metal bonding pad is recessed from

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

20. " The method of claim 12, wherein said metal bonding pad is recessed from .

about 2000 to 70004 below said top surface of said layer..

- 21.  The method of claim 12, wherein said soluble metal ibns are selected from
the group comprising [Au'CLI, [Au'CL], [AuBr,), [Au™Br,], [AuL], [Au"L], |
[AU{SCN),I, [Au™(SCN),]’, and [Au'(NH,),I". '

22.. A method of bonding én external bonding e_lemeﬁt 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 Ead;
said gold conductive cap layer having a predetermined thickness; and -

' bondiﬁg a;:{-éktémal bbndiﬁg element to said cond:-uctivé eaf-iéyér to fo—rm;n

electrical connection with said copper bonding pad.

19




.

23.  The method of claim 22, wherein said soluble gold complex ions are selected
form the group comprising [Au'CL]", [Au'CL], [Au'Br,], [Au™Br,[, [Au'L], [AuL];
[AUY(SCN),I, [AU™(SCN),T, and [AW(NH,), ]
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