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(57) ABSTRACT 

Abonding structure and the method of fabricating the same 
are disclosed. The bonding structure of the invention 
includes a copper-based pad formed in an insulator layer and 
a protection layer substantially covering top surface of the 
copper-based pad. The protection layer is self-aligned 

(21) Appl, No; 10/795,736 formed and the material thereof is selected from a group 
consisting of metal nitride, copper alloy, copper compounds, 

(22) Filed: Mar. 8, 2004 and a combination thereof. 
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BONDING STRUCTURE AND FABRICATION 
THEREOF 

BACKGROUND 

[0001] The present invention relates to a semiconductor 
structure and in particular to a copper-based bonding struc 
ture With a surface protection layer. 

[0002] Conventional semiconductor devices typically 
comprise a semiconductor substrate, normally of doped 
monocrystalline silicon, and a plurality of sequentially 
formed inter-layer dielectrics and interconnected metalliZa 
tion layers de?ning conductive patterns. An integrated cir 
cuit is formed containing a plurality of conductive patterns 
comprising conductive lines separated by interWiring spac 
ings, and a plurality of interconnect lines, such as bus lines, 
bit lines, Word lines and logic interconnect lines. Typically, 
the conductive patterns on different metalliZation layers are 
electrically connected by a conductive plug ?lling With a via 
opening, While a conductive plug ?lling a contact opening 
establishes electrical contact With an active region on a 
semiconductor substrate, such as a source/drain region. 
Conductive lines are formed in trenches Which typically 
extend substantially horiZontal With respect to the semicon 
ductor substrate. Semiconductor chips comprising ?ve or 
more levels of metalliZation are becoming more prevalent as 
device geometries shrink to submicron levels. 

[0003] Copper (Cu) and copper alloys have received con 
siderable attention as a replacement material for aluminum 
(Al) in ultra large scale interconnection metaliZations. Cop 
per is relatively inexpensive, easy to process, has loWer 
resistance than aluminum, and has improved electrical prop 
erties over tungsten (W), making copper a desirable metal 
for use as a conductive plug as Well as conductive Wiring. 

[0004] In the formation of copper interconnects using a 
damascene metalliZation process, copper is exposed in a 
bonding pad area. The bonding pad area is located on the top 
surface of the integrated circuit structure formed on the 
semiconductor substrate. The bonding pad area is the region 
Where Wires make contact With bonding pads to form 
electrical connection With the Cu interconnects. In this case, 
Where the copper interconnects are exposed in the bonding 
pad area, the copper can be designed to act as an intercon 
nect as Well as a bonding pad. 

[0005] Conventional techniques for Wire bonding, hoW 
ever, are not compatible With bonding pads comprising Cu. 
Existing bonding techniques such as Wedge bonding and 
ultrasonic bonding require thermal agitation, that is, rubbing 
the Wire against the bonding pad to form a bond therebe 
tWeen. The existing technology Works for the bonding of 
either gold Wires or aluminum Wires to aluminum pads. 
HoWever, such technologies do not Work for the bonding of 
gold Wires or aluminum Wires to copper pads, since copper 
is easily oxidiZed, forming copper oxide Which is an insu 
lator. 

[0006] In US. Pat. No. 5,785,236 issued to Cheung et. al., 
methodology is disclosed for electrically connecting Wires to 
a Cu interconnect by forming an intermediate Al pad on the 
Cu interconnect. In US. Pat. No. 6,239,494 issued to Besser 
et. al. another methodology is disclosed for electrically 
connecting Wires to a Cu interconnect by forming an Al pad 
and an intermediate diffusion barrier on the Cu interconnect. 

Sep. 8, 2005 

In both described patents, uses the Al pad is used, hoWever, 
disadvantageously, as it increases the resistance of the 
interconnection system. 

[0007] A need therefore exists to form a reliable copper 
pad so that conventional Wire bonding technology can be 
employed. 

SUMMARY 

[0008] Accordingly, an object of the invention is to pro 
vide a reliable bonding structure adopting copper pad, 
suitable for Wire bonding technology or ?ip-chip bonding 
technology, With a protection layer to prevent the surface 
thereof from oxidiZing. 

[0009] In order to achieve the above object, the present 
invention provides a bonding structure, comprising a cop 
per-based pad formed in an insulator layer and a protection 
layer substantially covering a top surface of the copper 
based pad. 

[0010] In one embodiment of the invention, a conductive 
bonding is further formed over the protection layer con 
nected to connect the copper-based pad. 

[0011] Another object of the invention is to provide a 
method of fabricating a copper bonding structure suitable for 
Wire bonding technology or ?ip-chip bonding technology. 

[0012] In order to achieve the above object, the present 
invention provides a method of fabricating a bonding struc 
ture, comprising the steps of forming an insulating layer 
over a substrate and forming a copper-based pad in the 
insulating layer. A protection layer is then formed substan 
tially covering the top surface of the copper-based pad. A 
passivation layer is forming over the copper-based pad and 
the insulating layer and the passivation layer is then pat 
terned to expose a portion of the protection layer. 

[0013] In one embodiment of the invention, a conductive 
bonding is further formed over the exposed protection layer 
to connect the copper-based pad. 

[0014] In another embodiment of the invention, the pro 
tection layer comprises a conductive material selected from 
a group consisting of metal nitride, copper alloy, copper 
compounds, and combinations thereof. 

[0015] In another embodiment of the invention, the pro 
tection layer comprises refractory metal. 

[0016] In another embodiment of the invention, the con 
ductive bonding is a conductive bump or a conductive Wire. 

[0017] A detailed description is given in the folloWing 
embodiments With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention can be more fully understood 
by reading the subsequent detailed description and examples 
With references made to the accompanying draWings, 
Wherein: 

[0019] FIGS. 1 to 4 are cross sections shoWing a process 
for forming a bonding structure of the invention. 

DESCRIPTION 

[0020] FIGS. 1 to 4 shoW cross sections of a process for 
fabricating a copper bonding structure of the invention. 
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[0021] In FIG. 1, an integrated circuit (IC) structure 100 
having copper structures 108 formed therein is provided. 
The integrated circuit structure 100 may comprise a semi 
conductor substrate having integrated circuit devices and 
multilayer interconnection structures formed thereon. The 
integrated circuit devices can be active devices or passive 
devices formed on the semiconductor substrate and the 
multilayer interconnection structures can be multi metalli 
Zation layers supported and spaced by inter-layer dielectric. 
The formed integrated circuit devices and multilayer inter 
connection structures, hoWever, are not shoWn here in the 
integrated circuit structure 100, for simplicity. 

[0022] The integrated circuit (IC) structure 100 having 
copper structures 108 can be fabricated by the folloWing 
steps. First, a ?rst and a second insulating layer 102 and 104 
are sequentially formed on the structure 100. The material of 
insulating layers 102 and 104 can be oxide, nitride, poly 
mers, spin-on glass, loW-k dielectric or a combination 
thereof. The loW-k dielectric can be either organic dielectric 
such as benZocyclobutene (BCB), SiLK, available from 
DoW Chemical, and Flare, available from AlliedSignal of 
MorristoWn or inorganic dielectric such as hydrogen silses 
quioxane (HSQ), ?uorocarbon silsesquioxane (FSQ), meth 
ylsilsesquioxane (MSQ), nanoglass, or the like. The dielec 
tric constant of the insulating layers 102 and 104 are 
preferably less than 3.6. The insulating layers 102 and 104 
are preferably formed using chemical vapor deposition 
(CVD) or spin-on coating, although other deposition tech 
niques can be employed as Well. 

[0023] Next, tWo separate openings 106a and 106b are 
formed in the ?rst and the second insulating layers 102 and 
104 through a conventional dual damascene process, 
Wherein each of the openings includes a narroW via opening 
in the loWer portion for forming interconnects therein and a 
device opening in the upper portion for forming a conduc 
tive line or bonding pad. A copper layer 108 is then formed 
in the openings 106a and 106b. The copper layer 108 can be 
formed by blanketing a copper-based material over the 
second insulating layer 104 and ?lling the openings 106a 
and 106b. The copper-based material over the top surface of 
the second insulating layer 104 is then planariZed through a 
proper etch-back step or a chemical mechanical polishing 
(CMP) step. The copper layer 108 is thus respectively left in 
these openings 106a, 106b and the top surfaces thereof are 
also exposed. The copper-based material of the copper layer 
108 can be, for example, high purity elemental copper or 
copper-based alloys containing minor amounts of Zinc (Zn), 
manganese (Mn), titanium (Ti), aluminum and germa 
nium (Ge). 

[0024] In FIG. 2, a protection layer 120 for preventing 
oxidation of the top surface of each copper layer 108 is 
formed on top surface of each copper layer 108. The 
thickness thereof is about 100 A to 1000 Here, the 
protection layer 120 in the present invention is preferably 
formed by a self-aligned process 122 such as selective 
chemical vapor deposition (CVD) While additional protec 
tive material such as tungsten is formed. Conventional 
silicidation or nitridation processes (not shoWn) can also be 
adopted to form copper compounds such as copper silicde or 
copper nitride on the top surface of each copper layer 108. 
The copper compound can be formed by ?rst depositing a 
metal layer (not shoWn) on the exposed surface of the copper 
layer 108 folloWed by a thermal treatment step. Finally, the 
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un-reacted metal is selectively removed by proper an appro 
priate etching process to leave the copper compound on the 
exposed copper surface. The copper compounds can be also 
formed by exposing a copper surface to silane (SiH4) plasma 
to selectively form the copper silicide. Further, an electro 
chemical plating (ECP) process (not shoWn) can be also 
used to form copper alloys containing minor amounts of 
refractory metal such as Zinc (Zn), manganese (Mn), tita 
nium (Ti), aluminum germanium (Ge) on the top 
surface of each copper layer 108. Thus, the material of the 
protection layer 120 can be conductive material such as 
tantalum, tantalum nitride, tungsten, tungsten nitride, metal 
nitride, copper alloys, copper compounds or a combination 
thereof. 

[0025] In addition, the copper-based material of the cop 
per layer 108 can be further recessed With a depth d beneath 
the surface of adjacent second insulating layer 104. The 
depth d is about 100 A to 1000 A and can be achieved by an 
additional over-etch step of the etching back process or an 
is over polishing step of the CMP process during the 
planariZing of the copper layer 108. Next, the protection 
layer 120 can be formed by the described self-aligned 
process 122 and can be thus left in each recess above each 
copper layer 108 and shoWs a substantially planar surface, as 
shoWn in FIG. 3. 

[0026] In FIG. 4, a passivation layer 124 is then formed 
over each second insulating layer 104 and covers the pro 
tection layers 120 to prevent the copper layers 108 from 
mechanical scratches and surrounding moisture. The mate 
rial of the passivation layer 124 can be, for example, silicon 
oxide, silicon nitride, silicon oxynitride, spin-on glass 
(SOG) or a combination thereof. Next, the passivation layer 
124 is patterned to form an opening therein, exposing a 
portion of the protection layer 120 as a bonding pad region 
126 for the use of sequential Wire bonding or ?ip-chip 
bonding. Due to the anti-oxidation protection provided to 
the bonding region 126 by the exposed protection layer 120, 
a conductive bump 128 such as solder bump or gold bump, 
can be then formed therein Without oxidiZing the copper 
layer 108 thereunder, thus ensuring the reliability of the 
copper-based bonding pad. Further, conductive Wires such 
as gold Wires or aluminum Wires used in conventional Wire 
bonding technology can be also formed therein. 

[0027] As shoWn in FIG. 4, a copper bonding pad With a 
protection layer formed thereon is illustrated. In the inven 
tion, the protection layer 120 can be self-aligned formed on 
the underlying copper bonding pad (referring to one copper 
layer 108) Without an additional photolithography process 
and can be thus easily fabricated. Moreover, the copper 
based material of the bonding pad costs less than conven 
tional aluminum bonding pad and the thickness of the 
copper bonding pad can be also reduced due to better 
conductivity of the copper-based material. Due to the anti 
oxidation protection provided to the copper bonding pad by 
the protection layer, either conductive bumps for ?ip-chip 
bonding technique or conductive Wires for conventional 
Wire bonding technique can be formed on the copper bond 
ing pad of the invention Without oxidiZing the copper layer 
therein and the reliability thereof can thus be ensured. 

[0028] While the invention has been described by Way of 
example and in terms of the preferred embodiments, it is to 
be understood that the invention is not limited to the 
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disclosed embodiments. To the contrary, it is intended to 
cover various modi?cations and similar arrangements (as 
Would be apparent to those skilled in the art). Therefore, the 
scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such modi? 
cations and similar arrangements. 

1. A bonding structure, comprising: 

a copper-based pad formed in an insulator layer; 

a protection layer substantially covering a top surface of 
the copper-based pad; and 

a conductive bonding directly connecting the protection 
layer. 

2. (canceled) 
3. The bonding structure as claimed in claim 1, Wherein 

the protection layer is a self-aligned protection layer. 
4. The bonding structure as claimed in claim 1, Wherein 

the insulating layer comprises organic loW-k material and 
inorganic loW-k material. 

5. The bonding structure as claimed in claim 1, Wherein 
the protection layer is a tungsten layer. 

6. The bonding structure as claimed in claim 1, Wherein 
the thickness of the protection layer is 100 A to 1000 

7. The bonding structure as claimed in claim 1, Wherein 
the protection layer comprises a conductive material 
selected form a group consisting of metal nitride, copper 
alloy, copper compounds, and a combination thereof. 

8. The bonding structure as claimed in claim 1, Wherein 
the protection layer comprises refractory metal. 

9. The bonding structure as claimed in claim 1, Wherein 
the dielectric constant of the insulating layer is less than 3.6. 

10-21. (canceled) 
22. A bonding structure, comprising: 

a copper-based pad over an interconnect thereunder 
formed in an insulator layer; 

a protection layer substantially covering a top surface of 
the copper-based pad; and 

a conductive bonding directly connecting the protection 
layer. 

Sep. 8, 2005 

23. (canceled) 
24. The bonding structure as claimed in claim 22, Wherein 

the protection layer is a self-aligned protection layer. 
25. The bonding structure as claimed in claim 22, Wherein 

the insulating layer comprises organic loW-k material. 
26. The bonding structure as claimed in claim 22, Wherein 

the insulating layer comprises inorganic loW-k material. 
27. The bonding structure as claimed in claim 22, Wherein 

the thickness of the protection layer is 100 A to 1000 
28. The bonding structure as claimed in claim 22, Wherein 

the protection layer comprises a conductive material 
selected from a group consisting of metal nitride, copper 
alloy, copper compounds, and a combination thereof. 

29. The bonding structure as claimed in claim 22, Wherein 
the protection layer comprises refractory metal. 

30. The bonding structure as claimed in claim 22, Wherein 
the dielectric constant of the insulating layer is less than 3.6. 

31. A bonding structure, comprising: 

a copper-based pad formed in an insulator layer, having a 
recession beloW a top surface of the insulator layer; and 

a protection layer substantially ?lling the recession and 
leveling to a top surface of the insulator layer. 

32. The bonding structure as claimed in claim 31, Wherein 
the recession has a depth about 100-1000 

33. The bonding structure as claimed in claim 31, Wherein 
the protection layer is a self-aligned protection layer. 

34. The bonding structure as claimed in claim 31, Wherein 
the insulating layer comprises organic loW-k material and 
inorganic loW-k material. 

35. The bonding structure as claimed in claim 31, Wherein 
the protection layer is a tungsten layer. 

36. The bonding structure as claimed in claim 31, Wherein 
the protection layer comprises a conductive material 
selected form a group consisting of metal nitride, copper 
alloy, copper compounds, and a combination thereof. 

37. The bonding structure as claimed in claim 31, Wherein 
the protection layer comprises refractory metal. 

38. The bonding structure as claimed in claim 31, Wherein 
the dielectric constant of the insulating layer is less than 3.6. 

* * * * * 


