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(57) ABSTRACT 

An integrated circuit (50) has a Wire bond pad (53). The Wire 
bond pad (53) is formed on a passivation layer (18) over 
active circuitry (26) and/or electrical interconnect layers 
(24) of the integrated circuit (50). The Wire bond pad (53) is 
connected to a plurality of ?nal metal layer portions (51, 52). 
The plurality of ?nal metal layer portions (51, 52) are 
formed in a ?nal interconnect layer of the interconnect 

layers (24). In one embodiment, the bond pad (53) is formed 
from aluminum and the ?nal metal layer pads are formed 

(22) Filed? Mar- 13! 2002 from copper. The Wire bond pad (53) alloWs routing of 

Publication Classi?cation conductors in a ?nal metal ‘layer (21) directly underlying the 
bond pad (53), thus allowing the surface area of the semi 

(51) Int. Cl.7 ................................................... .. H01L 21/76 conductor die to be reduced. 
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SEMICONDUCTOR DEVICE HAVING A WIRE 
BOND PAD AND METHOD THEREFOR 

CROSS-REFERENCE TO RELATED, 
COPENDING APPLICATION 

[0001] A related, copending application is entitled “Semi 
conductor Device Having a Bond Pad and Method There 
for”, Lois Yong et al., attorney docket number SC11841TK, 
assigned to the assignee hereof, and ?led concurrently 
hereWith. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to semicon 
ductor devices, and more particularly, to a semiconductor 
device having a Wire bond pad and method therefor. 

BACKGROUND OF THE INVENTION 

[0003] In Integrated Circuit (IC) manufacturing it is 
important for the integrated circuit die to be as small as 
possible to reduce cost. Wire bonding is a Widely used 
method to connect a semiconductor die having electrical 
circuitry to a pin on a component package. Abond pad is an 
electrically conductive metal area on the surface of the IC. 
Even though improved technology has alloWed reduced 
integrated circuit siZe, the Wire bonding pad dimensions 
have not scaled as quickly. Therefore, bond pads consume a 
greater percentage of the overall circuit area. This has also 
reduced the area available on the IC for routing poWer 
busses in the metal layer from Which the bond pads are 
formed. 

[0004] Copper is noW commonly used for interconnects in 
integrated circuits. HoWever, because of problems Wire 
bonding to copper, a Wire bond pad for copper interconnect 
technologies often utiliZes an aluminum layer to cap the 
eXposed copper Wire bond pad. This aluminum cap is added 
to alloW use of the same Wire bonding tools and processes 
used in aluminum interconnect technologies. 

[0005] FIG. 1 illustrates a cross-sectional vieW of a semi 
conductor device 10 having a Wire bond pad 13 in accor 
dance With the prior art. Semiconductor device 10 includes 
a silicon substrate 19, interconnect region 20, passivation 
layer 15 and Wire bond pad stack 13. Active circuitry is 
formed in silicon substrate 19. Interconnect region 20 
includes copper layers 21, 22, and 23, and interlevel via 
layers provide electrical connections betWeen the copper 
layers 21, 22, and 23 and the active circuitry of substrate 19. 
In multi-layer metal copper technology the copper portion 
12 of the Wire bond pad stack 13 is formed from the ?nal, 
last or top layer 21 of the copper interconnect region 20. A 
relatively large opening, 50-100 microns in both Width 
and height, is cut in the ?nal IC passivation layer 15 to 
eXpose the copper pad 12. An aluminum cap 14 is then 
deposited on the copper pad 12, stepping up onto passivation 
layer 15 around the perimeter of the Wire bond region. 

[0006] As stated above, on a chip scale, bond pads are 
quite large. In a typical chip design, I/O (input/output) pad 
cells are placed in a ring around the periphery of the chip. 
Bond pads typically cover one half to one quarter of this I/O 
ring area. Large metal poWer supply busses are typically 
routed in this I/O ring as Well. In many chip designs, 
electrical performance may be limited by resistance in these 
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busses. One solution to the bus resistance problem Would be 
to add an additional copper metal layer to the process ?oW, 
providing another layer in the bus metal stack, but this 
entails added cost. Alternately, the I/O ring area could be 
increased to provide more area for routing poWer busses, but 
this also adds cost. 

[0007] Thus, there is a need for a Wire bond pad and poWer 
and ground bus that can reduce the severity of the above 
problems Without added cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates a cross-sectional vieW of a semi 
conductor device having a Wire bond pad in accordance With 
the prior art. 

[0009] FIG. 2 illustrates a cross-sectional vieW of a semi 
conductor device having a Wire bond pad in accordance With 
the present invention. 

DETAILED DESCRIPTION 

[0010] Generally, the present invention provides an inte 
grated circuit having a bond pad. The bond pad is formed on 
a passivation layer directly over active circuitry and/or 
electrical interconnect layers of the integrated circuit. In the 
illustrated embodiment, the bond pad is formed from alu 
minum and the electrical interconnect layers are formed 
from copper. The present invention eliminates most of the 
copper from the Wire bond pad structure shoWn in FIG. 1. 
A full standard siZe aluminum pad is deposited directly on 
top of the passivation layer. One or more small openings are 
cut in the passivation layer only as needed to provide 
electrical connection into the underlying chip circuitry. 
During deposition of the aluminum cap, the passivation cuts 
are ?lled With the aluminum, forming vias to one or more 
underlying ?nal metal layer copper interconnects. Note that 
the ?nal metal layer copper interconnects can be quite small, 
and need only be placed as needed to facilitate ef?cient 
interconnections. Large areas of ?nal metal layer copper 
under the aluminum Wire bond pad may noW be utiliZed for 
poWer busses, or other interconnects, and may be electrically 
isolated from the aluminum bond pad above. 

[0011] In the illustrated embodiment, the aluminum cap 
for Wire bond is part of a standard manufacturing ?oW. 
Therefore, the present invention provides the bene?t of What 
is effectively an additional copper metal layer, limited to the 
area directly under the Wire bond pad, With no added cost. 
Since Wire bond pads can be quire large, this can have a 
signi?cant impact on I/O ring layout area and/or electrical 
performance 
[0012] The area underneath the Wire bond pad can be used 
for conducting poWer, ground, or signals across the inte 
grated circuit. Also, the ?nal metal layer copper conductors 
routed underneath the Wire bond pad may be unrelated and 
independent of the Wire bond pad. In addition, by using the 
area underneath the Wire bond pads, the surface area of the 
semiconductor die may be reduced. 

[0013] FIG. 2 illustrates a cross-sectional vieW of a semi 
conductor device 50 in accordance With another embodi 
ment of the present invention. Note that the ?gure is not 
draWn to scale. Semiconductor device 50 has an edge, or 
perimeter 25, passivation layer 18, interconnect region 24, 
substrate or active region 26, and bond pad 53. Note that, in 
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contrast to the prior art aluminum capped copper pad shown 
in FIG. 1, the pad shoWn in FIG. 2 is formed only from 
aluminum. Electrical connection from bond pad 53 to ?nal 
metal portions 51 and 52 of ?nal metal layer 28 is provided 
by tWo aluminum ?lled vias formed through small cuts in 
passivation layer 18. Note the depressions in aluminum 
bond pad 53, Where the aluminum has conformally ?lled the 
small passivation cuts. Passivation layer 18 covers a large 
area of the Wire bond region under the aluminum pad 53, and 
electrically isolates portions 54 of copper metal layer 28 
from the aluminum bond pad 53. Portions 54 are cross 
sections of metal conductors for routing poWer, ground, or 
other signals under Wire bond pad 53. Portions 54 can 
traverse a large part of semiconductor device 50 underneath 
a plurality of adjacent Wire bond pads formed along perim 
eter 25. Portions 54 may, or may not, be connected to Wire 
bond pad 53. Final metal portions 51 and 52 may be any siZe 
or shape necessary or desirable for providing an electrical 
connection to aluminum pad 53 and underlying intercon 
nections. Also, in other embodiments, there may be more 
than tWo, or less than tWo, ?nal metal portions 51 and 52 for 
electrically connecting the bond pad to the interconnect 
layers 28, 30, and 32. 

[0014] In a preferred embodiment, the minimum height or 
Width of a passivation cut is b 3pm. Minimum siZed 3x3 pm 
square cuts, as Well as rectangular cuts, up to 3x50 pm are 
used. 

[0015] In one embodiment, bond pad 53 is positioned 
relatively close to perimeter 25 of semiconductor device 50. 
A plurality of Wire bond pads (not shoWn) similar to bond 
pad 53 are generally organiZed along the perimeter 25 to 
provide external connection to semiconductor device 50. 
Also, a barrier layer (not shoWn) may be used as necessary 
betWeen aluminum pad 53 and ?nal metal portions 51 and 
52. The barrier layer may be formed from tantalum. But in 
other embodiments, the barrier layer may be any material for 
forming a diffusion barrier and adhesion layer betWeen 
dissimilar and adjacent materials. Examples of diffusion and 
barrier materials are tantalum nitride, titanium, titanium 
nitride, nickel, tungsten, titanium tungsten alloy, and tanta 
lum silicon nitride. 

[0016] Bond pad 53 may be formed from aluminum and 
the ?nal metal layer portions 51 and 52 may be formed from 
copper. HoWever, one skilled in the art Will recogniZe that 
bond pad 53 may be an alloy comprising aluminum and ?nal 
metal layer portions 51 and 52 may be an alloy comprising 
copper. Bond pad 53 is formed from a relatively thick layer 
of aluminum. Aluminum pad 53 may be betWeen about 0.5 
to 2.0 microns thick. Interconnect region 24 includes metal 
layers 28, 30, and 32 for routing poWer, ground, signal, and 
other lines betWeen various components of semiconductor 
device 20. Note that each of the metal layers 28, 30, and 32 
are separated from each other using an insulating material. 
As discussed above, ?nal metal layer 28 includes conductors 
directly underneath Wire bond pad 53 that are also used for 
routing poWer, ground and other signals. 

[0017] Semiconductor device 50 is subjected to conven 
tional fabrication techniques for forming electrical circuits 
in substrate, or active region 26. The electrical circuits may 
be for various integrated circuit applications, such as for 
example, communications, transportation, general computa 
tion, or entertainment. In the illustrated embodiment, metal 
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layers 28, 30, and 32 are formed in conductive materials, for 
example, aluminum, copper, or gold. In other embodiments, 
there may be more or feWer metal layers. 

[0018] The interconnect layers 28, 30, and 32 directly 
under bond pad 53 can be used for routing one or more 
electrical conductors 54 for poWer, ground, and signals 
across the integrated circuit, thus alloWing the overall siZe of 
the semiconductor device to be smaller. Also, poWer and 
ground Wiring layers not directly connected to the bond pads 
can ring the integrated circuit under the bond pads to provide 
reduced poWer bus resistance Without increasing the siZe of 
the integrated circuit or adding to manufacturing complex 
ity. The actual region Where the Wire bond is placed on bond 
pad 53 may be directly over a passivation cut. Alternately, 
the bond pad 53 may be stretched Well beyond the region 
Where the Wire bond is placed, in order to provide a 
connection to a ?nal layer portion 51 or 52 that is remote 
from the Wire bond region. In addition, Wire bond pads 53 
can be placed anyWhere on the integrated circuit, even 
locations remote from related I/O circuitry, thereby alloWing 
maximum IC design and packaging ?exibility. The alumi 
num Wire bond layer can also be used as an interconnect 
layer, Without an overlying passivation layer, to electrically 
connect, for example, the Wire bond pads to other circuit 
portions. In addition, because ?nal metal layer portions 51 
and 52 are not used for probe test or Wire bonding, the siZe 
and shape of ?nal metal layer portions 51 and 52, and the 
siZe and shape of the opening in passivation layer 18, are 
only constrained by the area needed to provide an electrical 
connection to bond pad 53. In addition, because the semi 
conductor device can be made smaller, the number of die per 
Wafer can be increased, thus reducing cost. 

[0019] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art Will appreciate that 
various modi?cations and changes can be made Without 
departing from the scope of the present invention as set forth 
in the claims beloW. Accordingly, the speci?cation and 
?gures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modi?cations are intended to 
be included Within the scope of present invention. 

[0020] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions 
to problems, and any element(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature or element of any or all the claims. As used herein, 
the terms “comprises,”“comprising,” or any other variations 
thereof, are intended to cover a non-exclusive inclusion, 
such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not expressly listed or 
inherent to such process, method, article, or apparatus. 

What is claimed is: 
1. An integrated circuit, comprising: 

a substrate having active circuitry; 

a plurality of copper interconnect layers formed over the 
substrate; 

a passivation layer formed over the plurality of intercon 
nect layers; and 
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an aluminum Wire bond pad formed over the passivation 
layer and connected to an interconnect layer of the 
plurality of interconnect layers, Wherein an electrical 
conductor is formed in a ?nal copper layer of the 
plurality of copper interconnect layers that directly 
underlies the aluminum Wire bond pad, and Wherein the 
electrical conductor is not directly connected to Wire 
bond pad. 

2. The integrated circuit of claim 1, Wherein the Wire bond 
pad is connected to one of the plurality of interconnect layers 
through a plurality of openings in the passivation layer 
underneath the Wire bond pad. 

3. The integrated circuit of claim 1, Wherein the plurality 
of interconnect layers directly under the Wire bond pad is for 
routing a poWer supply voltage to electrical circuits on the 
integrated circuit. 

4. The integrated circuit of claim 1, Wherein the Wire bond 
pad is connected to one of the plurality of interconnect layers 
using one or more vias through the passivation layer. 

5. The integrated circuit of claim 1, Wherein an intercon 
nect layer of the plurality of interconnect layers includes a 
second electrical conductor for routing a poWer supply 
voltage directly under the Wire bond pad and the second 
electrical conductor is not directly connected to the plurality 
of Wire bond pads. 

6. A method for forming an integrated circuit comprising 
the steps of: 

providing a substrate having active circuitry; 

forming a plurality of copper interconnect layers formed 
over the substrate; 
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depositing a passivation layer over the plurality of copper 
interconnect layers; and 

forming an aluminum Wire bond pad over the passivation 
layer and connected to an interconnect layer of the 
plurality of copper interconnect layers, Wherein an 
electrical conductor is formed in a ?nal copper layer of 
the plurality of copper interconnect layers that directly 
underlies the aluminum Wire bond pad, and Wherein the 
electrical conductor is not directly connected to Wire 
bond pad. 

7. The method of claim 6, Wherein the step of forming the 
Wire bond pad comprises forming the Wire bond pad 
betWeen about 0.5 to 2.0 microns thick. 

8. The method of claim 6, further comprising the step of 
connecting the Wire bond pad to one of the plurality of 
interconnect layers through a plurality of openings in the 
passivation layer underneath the Wire bond pad. 

9. The method of claim 6, Wherein the electrical conductor 
is for routing a poWer supply voltage to electrical circuits on 
the integrated circuit. 

10. The method of claim 6, further comprising the step of 
connecting the Wire bond pad to one of the plurality of 
copper interconnect layers using one or more vias through 
the passivation layer. 

11. The method of claim 6, Wherein a second conductor is 
formed in the ?nal copper layer for routing a poWer supply 
voltage directly under the Wire bond pad and the second 
conductor is not directly connected to the Wire bond pad. 

* * * * * 


