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METHOD OF FORMING A BOND PAD AND 
STRUCTURE THEREOF 

FIELD OF THE INVENTION 

[0001] This invention pertains, generally, to the ?eld of 
semiconductors and more speci?cally to the ?eld of bond 
pads on semiconductors. 

BACKGROUND OF THE INVENTION 

[0002] As the industry moves to replace aluminum With 
copper in semiconductor processing, enabling a copper Wire 
bond to attach to copper bond pads is needed. One problem 
With copper bond pads is that When chemically mechanically 
polishing (CMP) them, dishing can occur. A solution is to 
form oxide slots in the copper bond pad to improve pla 
nariZation. Oxide slots, hoWever, make it dif?cult to contact 
the metal With the probe needle or Wire bond reliably. 
Without slotting, not only is the CMP process more dif?cult, 
but also the probe needle can damage the pads so that the 
ability to Wire bond is compromised. Therefore a need exists 
for a bond pad structure that alloWs for the existence of 
slotting and both Wire bonding of copper Wires to copper 
bond pads and probe needle contact reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The present invention is illustrated by Way of 
example and not by limitation in the accompanying ?gures, 
in Which like references indicate similar elements, and in 
Which: 

[0004] FIG. 1 illustrates a cross section vieW of a portion 
of a semiconductor substrate shoWing the slots in accor 
dance With an embodiment of the present invention; 

[0005] FIG. 2 illustrates the portion of the semiconductor 
substrate of FIG. 1 With a metal layer formed; 

[0006] FIG. 3 illustrates the semiconductor substrate of 
FIG. 2 after planariZation; 

[0007] FIG. 4 illustrates the semiconductor substrate of 
FIG. 3 after formation of passivation layer; 

[0008] FIG. 5 illustrates the semiconductor substrate of 
FIG. 4 after patterning and etching the passivation layer; 

[0009] FIG. 6 illustrates the semiconductor substrate of 
FIG. 5 after forming a corrosion barrier; 

[0010] FIG. 7 illustrates a portion of the semiconductor 
substrate after Wire bonding; and 

[0011] FIG. 8 is a top vieW of a bond pad in accordance 
With an embodiment of the present invention. 

[0012] Skilled artisans appreciate that elements in the 
?gures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For example, the dimen 
sions of some of the elements in the ?gures may be exag 
gerated relative to other elements to help improve the 
understanding of the embodiments of the present invention. 

DETAILED DESCRIPTION 

[0013] In one embodiment, a slotted bond pad including 
dielectric regions and copper ?lls is formed to improve Wire 
bonding of copper Wires to copper bond pads and probe 
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needle reliability. The invention is de?ned by the claims and 
better understood by turning to the ?gures. 

[0014] As shoWn in FIG. 1, a dielectric layer is formed 
and patterned over a surface of a semiconductor substrate 10 
to form slots 14 and isolation regions 12. As used herein, the 
term “substrate surface” is used to refer to the top most 
exposed surface(s) of the features on the substrate 10. The 
substrate 10 is a semiconductor substrate that has been 
processed up to, but not including, the formation of bond 
pads, Which occurs during the processing sequences for the 
last metal layer. Hence, substrate 10 may have transistors, bit 
lines, Word lines, and the like formed Within. The substrate 
10 has a semiconductor layer such as silicon, gallium 
arsenide, silicon germanium, and the like, and may includes 
an insulator such as silicon on insulator (SOI). The dielectric 
layer is the dielectric layer for the last metal layer and can 
be formed by chemical vapor deposition (CVD), spin on, the 
like or combinations of the above. The dielectric layer is a 
dielectric material that Will not substantially react When 
exposed to air and, for example, can be silicon dioxide 
formed from using a tetraethylorthosilane (TEOS) gas. In 
one embodiment, the dielectric layer is about 0.1 to 1 micron 
in thickness. The slots 14, in one embodiment, are the same 
thickness as the openings 9 betWeen the slots 14 and in 
another embodiment, the slots 14 have a maximum Width 
that is no greater than approximately 4 microns. In one 
embodiment, the slots 14 are an insulating material. There is 
a bene?t to the slots being the same material as the isolations 
regions 12, because only one deposition and one pattern 
process are needed. If the slots 14 and the isolation region 
12 are different materials more than 1 dielectric material 
may be deposited and patterned adding cycle time to the 
manufacturing process. 

[0015] After forming the slots 14 and the isolation region 
12, a ?rst barrier layer (not shoWn) may be formed over the 
substrate surface. In one embodiment, the ?rst barrier layer 
is approximately 400 Angstroms of tantalum formed by 
PVD. Other refractory metals and their nitrides, such as TiN, 
Ti, and TaN, can be used as the ?rst barrier layer. Alternately, 
atomic layer deposition (ALD) or another means can be 
used. Aseed layer (not shoWn) may be formed over the ?rst 
barrier layer. In one embodiment, the seed layer is copper 
formed by PVD to a thickness of approximately 800 to 1500 
Angstroms. 

[0016] As shoWn in FIG. 2, a metal layer 16, Which is 
preferably copper, is formed over isolation regions 12 and 
betWeen and over the slots 14. If the ?rst barrier layer and 
the seed layer are chosen to be used, the metal layer 16 Will 
be over those as Well. In one embodiment, the metal layer 16 
is a copper layer and a copper ?ll, Which is deposited among 
and over the features or slots 14. Other conductive materials, 
such as tungsten and copper alloys, can be used. The metal 
layer 16 is formed by electroplating or another suitable 
process. The amount of metal layer 16 that is formed should 
be at least as thick as the height of the openings 9. In one 
embodiment, 8,000 Angstroms of copper is deposited. 

[0017] After forming the metal layer 16, portions of the 
metal layer 16 are removed, for example, by planariZation, 
to form inlaid structures 18 or metal regions 18, as shoWn in 
FIG. 3. Typically, the metal layer 16 is chemically mechani 
cally polished to result in the metal regions 18, Which 
together With the slots 14 form the bond pad 100. Alter 
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nately, the metal layer 16 can be etched back to result in the 
metal regions 18. In the embodiment Where the metal layer 
16 is a copper layer and a copper ?ll, the copper layer and 
the copper ?ll are planariZed to form a substantially planar 
surface comprising a top surface of the copper ?ll and a top 
surface of each of the slots 14. The metal regions 18 and the 
slots 14 are part of a bond pad 100 or bond pad region 100. 

[0018] As shoWn in FIG. 4, after forming the bond pad 
100, a passivation layer 20 is formed over the bond pad 100 
and the isolation regions 12. The passivation layer 20 can be 
silicon nitride, silicon oxynitride, the like or combinations of 
the above and can be formed by CVD, PVD, the like or 
combinations of the above. A 500 Angstroms thick silicon 
nitride and a 4,500 Angstroms thick silicon oxynitride layer 
have been found to be effective as the passivation layer 20. 
Next, the passivation layer 20 is patterned With photoresist 
and etched to form an opening 90 over at least a portion of 
the bond pad 100, as shoWn in FIG. 5. A?uorine-containing 
chemistry, such as CF4, can be used to etch the passivation 
layer 20. In one embodiment the opening 90 is formed by an 
etch-ash-etch process, meaning a ?rst etch, folloWed by an 
ash, folloWed by a second etch, Which may or may not be the 
same as the ?rst etch, is performed. Other suitable methods 
for forming the opening 90 can be used. 

[0019] In one embodiment, after forming a ?rst etch to 
form a portion of the opening 90 and removing the photo 
resist used in the ?rst etch, a polyimide layer (not shoWn) is 
formed over all areas of the substrate 10 and patterned to 
form openings over bond pad 100 and possibly other areas. 
A second etch is performed in order to form the remaining 
portion of the opening 90. The same etch chemistry as used 
in the ?rst etch may or may not be used. The second etch 
process Will etch any areas not covered by the polyimide 
layer. 

[0020] As shoWn in FIG. 5, While forming the opening 90, 
an over etch is performed in order to recess the slots 14 
beloW the top surface of the metal regions 18, Which in one 
embodiment are copper ?lls. In the embodiment Where the 
passivation layer 20 is present, the over etch serves to ensure 
that the passivation layer 20 is completely removed from the 
opening 90 to alloW for subsequent Wire bonding. The height 
of the copper ?lls are greater than the height of the plurality 
of features or slots 14 and the recesses 15 are formed above 
the slots betWeen the height of the slots and the height of the 
copper ?lls. The recesses 15 are at least approximately 100 
Angstroms and more speci?cally, at least about 600 Ang 
stroms. As one of ordinary skill in the art can determine, the 
depth of the recesses 15 cannot be greater than the height of 
the slots 14. In one embodiment, the amount of recess is 
betWeen approximately 100 Angstroms and 2000 Angstroms 
or more speci?cally betWeen 600 Angstroms and 2000 
Angstroms. 

[0021] It is desirable to have the recesses 15 deep enough 
so that When a probe 80 is applied to a portion of the bond 
pad 100, the probe Will slide along the top of the slots 14 and 
make contact With the metal regions 18, as shoWn in FIG. 
5. The recesses can also alloW any debris that has built up on 
the probe 80 to come off and deposit in at least one recess 
15 or be scraped off on the top of the slots 14. In addition, 
the presence of the slots 14 prevents the probe 80 from 
contacting the bottom of the metal regions 18 in the bond 
pad 100 and removing at least portions of the contacted 
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metal regions 18, as is the case in the prior art Where no slots 
are used and results in less contact area for Wire bonding. 

[0022] Using bonds pads Where the slots and the metal 
regions are co-planer prevents suf?cient penetration of the 
bond pad to ensure suf?cient contact betWeen the probe and 
the metal regions. Additionally, contacting the slots With the 
probe can create nonconductive debris, Which can adhere to 
the tip of the probe and increase pad damage or decrease the 
ability to electrically contact the metal regions 18. 

[0023] As can be seen in FIG. 5, in one embodiment, the 
probe 80 is directly in contact With a portion of the bond pad 
100, meaning that the probe is not contacting the portion of 
the bond pad 100 via an intermediate layer. 

[0024] After forming the recesses 15, a second barrier 
layer 22 or corrosion barrier layer 22 is optionally formed 
over the slots 14 and the metal regions 18 to protect the bond 
pad 100 from an oxygen-containing or corrosive atmo 
sphere. In one embodiment, the second barrier layer 22 is a 
thin glass material deposited by CVD or spun on. For 
example, the second barrier layer 22 can be a material 
including silicon, carbon, oxygen, and hydrogen such as a 
?lm sold in conjunction With Kulicke & Soffa Industries 
Inc.’s 0P2 (SM) Oxidation Prevention Process. The second 
barrier layer 22 has a thickness less than the height of the 
recesses 15. In one embodiment, the second barrier layer 22 
is less than approximately 100 Angstroms. 

[0025] Alternately, the second barrier layer 22 can be a 
corrosion inhibitor in the form of a solid, gel, or liquid. 
When using a liquid corrosion inhibitor, the corrosion 
inhibitor is deposited so as to at least partially ?ll the 
recesses 15 above the slots 14. By using a liquid corrosion 
inhibitor the recesses 15 can serve as reservoirs for the 
liquid, Which is released over time due to the Wettability of 
the liquid With the metal regions 18. Thus, the corrosion 
inhibitor that evaporated off of the top surface of the metal 
regions 18 is replaced over time by the liquid corrosion 
inhibitor from the recesses 15 until no more liquid remains. 
The amount of liquid corrosion inhibitor that can be held 
Within each recess 15 is a function of the volume of the 
recess 15 of the slots 14. The longer the metal regions 18 
need to be protected from an oxygen environment the more 
liquid corrosion inhibitor is needed and larger the volume of 
the recesses 15 should be. As one of ordinary skill recog 
niZed, the volume of the recess 15 depends on the height of 
the recess 15 and the diameter or Width of the recess 15. 

[0026] In another embodiment, the second barrier layer 22 
is a ?ux, Which can include a chloride or ?uoride. Generally, 
the ?ux is heated and removes, by etching, any corrosion 
that has occurred to the metal regions 18. Subsequently the 
?ux evaporates off or is substantially displaced by the ball, 
Which is part of the Wire bond, during the Wire bonding, as 
Will be further explained beloW. 

[0027] If the second barrier layer 22 is not formed, a 
standard pre-cleaning process may be performed in a nitro 
gen, hydrogen, argon or the like environment prior to Wire 
bonding. Alternately, the opening 90 can be kept isolated 
from or minimally exposed to an oxygen environment. 

[0028] After forming the bond pad 100 and the second 
barrier layer 22, if desired, the semiconductor substrate 10 is 
attached to a packaging substrate (not shoWn) and heated in 
order to Wire bond at least one bond pad 100 on the 
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semiconductor substrate 10 or die to a pad on the packaging 
substrate in order to make an electrical connection betWeen 
them. To form a Wire bond a metal Wire is extruded and then, 
in one embodiment, heated in order to form a ball at the end 
of the Wire. A anvil or annular needle is then used to sWeep 
the ball and Wire to the bond pad 100. Ultrasonic poWer and 
pressure are applied to the Wire bond 24 by the annular 
needle in order for the Wire bond 24 to directly adhere to the 
bond pad 100, meaning that the Wire or Wire bond 24 is not 
contacting the portion of the bond pad 100 via an interme 
diate layer. In one embodiment, the Wire or Wire bond 24 
directly attaches directly to the top surface of the copper ?ll, 
Wherein directly has the same meaning as previously stated. 
The resulting structure is shoWn in FIG. 7. The Wire bond 
24 can be a ball, Wedge, or any other suitable shape. 

[0029] If the second barrier layer 22 is used and is a 
corrosion inhibitor it may be present only prior to or during 
Wire bonding. Alternately, if a ?ux is used as the second 
barrier layer 22, the ?ux may be present prior to, during or 
after Wire bonding. Generally, the ?ux is displaced during 
Wire bonding and heating drives off the corrosion inhibitor. 
HoWever, if a glass is used for the second barrier layer 22, 
the glass Will be present prior to and during Wire bonding. 
In this embodiment, When the Wire bond 24 is applied over 
the second barrier layer 22, the second barrier layer 22 
cracks at the corners of the metal regions 18 and over time 
the remaining portions of the second barrier layer 22 also 
crack and become disassociated from either the metal 
regions 18 or the slots 14. It is possible that the ?nished 
product after Wire bond does not have the second barrier 
layer 22, even if the second barrier layer 22 is used in the 
processing sequence. Thus, in one embodiment, the second 
barrier layer 22 or corrosion barrier layer is penetrated by the 
Wire or Wire bond 24 during attaching the Wire. In another 
embodiment, the corrosion barrier or barrier layer 22 is 
removed While attaching the Wire or Wire bond 24. 

[0030] A topographical vieW of the bond pad 100 includ 
ing a plurality of features and a metal layer, Which can be 
copper, around the plurality of features is shoWn in FIG. 8. 
In the embodiment shoWn, the exposed slots 14 are formed 
in a column and roW pattern and are surrounded by metal 
regions 18; any other pattern and any number of slots 14 can 
be used. HoWever, the area of metal regions 18 should be at 
least approximately 34 percent of the bond pad 100 in 
contact With the Wire bond 24. In addition, the slots 14 can 
be any shape, such as a rectangle, square, or cylinder. 

[0031] Forming recessed slotted last level metal bond pads 
is advantageous because the recesses 15 increase the reli 
ability of probe and Wire bonding, reduce polishing dishing 
resulting from chemical mechanical polishing, and control 
the penetration of the probe 80 into the bond pad 100, 
thereby limiting bond pad 100 damage during probing. The 
recesses also alloW any debris that has built up on the probe 
80 to deposit in at least one recess, thereby cleaning the 
probe 80. Additionally, the recesses 15 can alloW for metal 
to remain after multiple reprobes. Having remaining metal 
after probing, especially multiple reprobes, increases the 
reliability and simplicity of the Wire bonding process. In 
addition, the topography resulting from the recesses 15 aids 
in Wire bonding because the recesses 15 increase the surface 
area of the metal to Which the Wire bond 24 can attach to the 
metal regions 18. Furthermore, the topography alloWs for 
the glass barrier layer over the metal regions 18 and slots 14 
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to more easily fracture, enhancing both bond strength and 
electrical contact of the bond. 

[0032] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art appreciates 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. 

[0033] 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 variation 
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. 

1. A method of making a bond pad on a semiconductor 
substrate; comprising: 

forming a dielectric layer over the semiconductor sub 

strate; 

patterning the dielectric layer to form a plurality of 
features in a bond pad region of the dielectric layer; 

depositing a copper layer over the dielectric layer, among 
the plurality of features, and over the plurality of 
features; 

chemical-mechanical polishing the copper layer to form a 
substantially planar surface comprised of exposed top 
surfaces of the plurality of features and a top surface of 
the copper layer after being etched back for directly 
receiving a probe; 

etching back the plurality of features to form recesses in 
the etched-back copper layer; and 

applying a barrier layer over the etched-back copper layer 
and in the recesses. 

2. The method of claim 1, further comprising: 

forming a passivation layer over the semiconductor sub 
strate; and 

forming at least a partial opening in the passivation layer 
over the bond pad region prior to etching back. 

3. The method of claim 2, further comprising: 

forming a polyimide layer over the passivation layer; and 

forming at least a partial opening in the polyimide layer 
over the bond pad region prior to etching back. 

4. The method of claim 1, Wherein the recesses are 
recessed from the top surface of the etched-back copper 
layer by at least 600 angstroms. 

5. The method of claim 4, Wherein the recesses are 
recessed from the top surface of the etched-back copper 
layer by no more than 2000 angstroms. 
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6. The method of claim 5, wherein the plurality of 
recesses each has a maximum Width dimension that is less 
than 4 microns. 

7. The method of claim 1, Wherein the recesses are 
recessed from the top surface of the etched-back copper 
layer by betWeen 100-2000 angstroms. 

8. The method of claim 7, Wherein the features comprise 
silicon oxide. 

9. The method of claim 1, Wherein the barrier layer is a 
corrosion barrier layer and comprises one of a liquid or gel. 

10. The method of claim 1, Wherein the barrier layer 
comprises a glass comprising silicon, oxygen, carbon, and 
hydrogen. 

11. A method for making a semiconductor structure, 
comprising: 

providing a semiconductor substrate; 

forming a dielectric layer over the substrate; 

etching the dielectric layer to form a plurality of features 
in a bond pad region; 

depositing copper over the dielectric layer to form a 
copper layer over the dielectric layer and a copper ?ll 
among and over the features; 

removing portions of the copper layer and the copper ?ll 
to form a substantially planar surface comprising a top 
surface of the copper ?ll and a top surface of each of the 
features; 

recessing the plurality of features to form recesses beloW 
the top surface of the copper ?ll; and 

attaching a Wire directly to the top surface of the copper 

12. The method of claim 11, Wherein the features com 
prise an insulating material. 

13. The method of claim 12, further comprising forming 
a barrier layer over the copper ?ll and in the recesses. 

14. The method of claim 13, Wherein the barrier is 
penetrated by the Wire When attaching the Wire. 

15. The method of claim 13, Wherein the barrier is 
removed When attaching the Wire. 

16. The method of claim 13, Wherein the recesses are 
betWeen 100 and 2000 angstroms beloW the top surface of 
the copper ?ll. 

17. A method of making a semiconductor structure, com 
prising: 

providing a substrate; 

forming a dielectric layer over the substrate; 
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etching the dielectric layer to form a plurality of features 
in a bond pad region; 

depositing copper on the dielectric layer to form a copper 
layer over the dielectric layer and a copper ?ll among 
and over the features; 

planariZing the copper layer and the copper ?ll to form a 
substantially planar surface comprising a top surface of 
the copper ?ll for directly receiving a probe and a top 
surface of each of the features; and 

recessing the plurality of features to form recesses beloW 
the top surface of the copper ?ll. 

18. The method of claim 17, further comprising applying 
a probe directly to the top surface of the copper ?ll. 

19. The method of claim 18, Wherein the features com 
prise silicon oxide. 

20. The method of claim 18, Wherein the features are 
recessed from the top surface of the copper ?ll by betWeen 
100 and 2000 angstroms. 

21. A semiconductor structure, comprising; 

a semiconductor substrate; 

a dielectric layer over the substrate having a plurality of 
features disposed in a bond pad region, Wherein the 
features have a ?rst height; 

a copper ?ll around the features extending to a second 
height, Wherein the second height is greater than the 
?rst height, Whereby recesses are formed above the 
features betWeen the ?rst height and the second height; 

a barrier layer over the copper ?ll and in the recesses. 
22. The semiconductor structure of claim 21, Wherein the 

barrier layer is a corrosion barrier layer and comprises one 
of a liquid or gel. 

23. The semiconductor structure of claim 21, Wherein the 
barrier layer is a corrosion barrier layer and comprises a 
glass comprising silicon, oxygen, hydrogen, and carbon. 

24. A semiconductor structure, comprising; 

a semiconductor substrate; 

a dielectric layer over the substrate having a plurality of 
features disposed in a bond pad region, Wherein the 
features have a ?rst height; 

a copper ?ll around the features extending to a second 
height, Wherein the second height is greater than the 
?rst height, Whereby recesses are formed above the 
features betWeen the ?rst height and the second height. 

* * * * * 


