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METHOD OF PLANARIZATION USING 
DUMMY LEADS 

1. FIELD OF THE INVENTION 

The invention relates to the fabrication of Integrated 
Circuit (IC) Devices, and more specifically to the design of 
an improved Bulk Pattern Design in metal Chemical Vapor 
Deposition (CVD) and metal Chemical Mechanical Pla 
narization (CMP) for Damascene application. 

2. DESCRIPTION OF THE PRIOR ART 

The damascene process derives its name from the ancient 
art of inlaying metal in ceramic or wood for decorative 
purposes. The damascene process has been demonstrated on 
a number of applications. The most commonly applied 
proceSS is the first metal or local interconnect metal layers 
where in present day applications CMP is used exclusively. 
The damascene proceSS does however require a flat topog 
raphy to Start with and therefore needs complete gap fill 
between metal lines and the avoidance of dishing in large 
open areas. Complete gap fill between metal lines of an 
Integrated Circuit structure has been difficult to achieve 
using present day technologies, it is therefore necessary to 
implement a modified pattern design which addresses these 
problems. This modified pattern design must address both 
the problems of dishing in large open areas and the problem 
of incomplete or marginal filling of the areas between 
deposited metal lines. The present invention addresses these 
areas in full. 

After completion of the fabrication of an integrated 
circuit, it is usually further assembled into a package to be 
utilized within the next level of integration of a larger circuit. 
Bond pads are often used to make these electrical 
connections, bulk metal is deposited on top of the Substrate 
Surface as a first Step in the formation of the bond pads. 
Metal contacts are formed within the deposited bulk metal 
layer, which are used as bonding pads of the fabricated 
integrated circuit. These metal contacts allow for the con 
nection of the integrated circuit to the next level of pack 
aging by means of conducting leads. 

It is of critical importance that the connection made at the 
bonding pad of the Semiconductor circuit can withstand 
critical values of tensile and shear forces without failure. 

Examples of conventional Chemical Vapor Deposition 
and Chemical Mechanical Planarization are shown in croSS 
sectional view in FIGS. 1 through 4. 

FIG. 1 shows a cross-sectional view of the initial Chemi 
cal Vapor Deposition. Filler material 213 is deposited over 
insulatorS 211. Note that not all insulators are Spaced at 
equal distances from each other and that a large open area 
can exist between insulators 211. FIG. 1 also shows that 
during the initial phase of the deposition, there are deep gaps 
in the deposition material between the insulating lines. 

FIG. 2 shows the profile of the deposition material in 
cross-sectional view after the CVD has been completed. The 
presence of the lower insulating layer 211 causes the inter 
layer conducting filler 213 to have Stepped portions, these 
gaps can result in uneven Surface of the Surface after 
polishing of the filler material. 

FIG. 3 shows the profile of the filler material in cross 
Sectional view before Chemical Mechanical Planarization 
(CMP). 

FIG. 4 shows the profile of the filler material after CMP. 
It demonstrates the concavity or dishing characteristics of 
the filler Surface in a large, open area. 
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2 
U.S. Pat. No. 5,700,735 (Shiue et al.) shows a bond pad 

Structure which uses three metal pads and a method of 
forming the bond pad structure with the formation of via 
plugs. 

U.S. Pat. No. 5,707,894 (Hsiao) shows an improved 
bonding pad, which resists bond pad peeling with the 
formation of a plurality of anchor gaps. 

U.S. Pat. No. 5,593.903 (Beckenbaugh et al.) shows a 
contact pad which allows for Wafer Level Testing and 
burn-in of the Semiconductor die. 

SUMMARY OF THE INVENTION 

It is the principle objective of the present invention to 
provide a bond pad structure which provides adequate 
tensile Strength and shear Strength for a bond formed on the 
bond pad structure as well as reducing the frequency of bond 
pad peeling and cracking. 
A further object of the present invention is to address and 

Solve problems of incomplete gap fill between metal lines 
within the Structure of the Integrated Circuit area and to 
eliminate the therefrom following problems of uneven pla 
narization after the CMP process. 
A further object of the present invention is to avoid 

problems of Surface concavity or dishing of the filler mate 
rial in large open areas during metal CMP. 
A further objective of the present invention is to provide 

a method of improved penetration of filler material between 
adjacent insulator leads of the electrical circuit etched within 
the bulk metal which results in a Smooth and well controlled 
Surface after etch back of the filler material. 
A further objective of the present invention is to assure 

Successful collection of Electrical Data for Damascene pro 
cessing. 

Moreover, contact pads are needed to allow for wafer 
level testing and burn-in of Semiconductor die. 

Moreover, bond pads are required to connect the inte 
grated circuit to Surrounding electrical circuits and compo 
nentS. 

The above indicated objectives are obtained by adding 
dummy patterns to the areas between insulator lines of the 
electrical circuits contained within the bulk metal of the 
Semiconductor pattern. These open areas lead to problems of 
not being completely or evenly filled during metal CVD. In 
addition, the gaps between the insulator lines of these 
circuits are often not completely filled leading to disconti 
nuities of the metal surface after CMP. These problems in 
turn lead to difficulties of Successfully collecting electrical 
data for Damascene application. 

It must be emphasized at this point that the addition of 
dummy patterns to the existing Semiconductor circuit pat 
terns is valid for and applies with equal importance to both 
large open areas within the Integrated Circuit layout and to 
the areas between bulk metal lines contained within the 
circuits. This application of dummy patterns results in better 
fill in bulk metal circuit lines with Subsequent improved 
planarization after CMP and in the elimination of dishing or 
Surface concavity after CMP of large open areas. 

Accordingly, the present invention provides a structure 
and process to form an improved bonding pad in a bonding 
pad area that resists bonding pad peeling. In addition, the 
present invention also provides a structure and method to 
improve planarization of the Integrated Circuit during wafer 
processing by adding dummy patterns to the existing bulk 
metal circuit lines contained within the IC. 
The method begins by providing a Semiconductor Sub 

Strate having active and passive devices formed therein and 
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thereon. A first dielectric layer is formed on the substrate 
Surface and is patterned to form the insulator leads for the 
Semiconductor circuits which is Supplemented with a pattern 
of dummy leads within areas of a relatively open geometry 
to accommodate or allow the deposition of the dummy leads. 
A filler layer is deposited over the insulating leads and the 
pattern of the dummy leads then etched back to the level of 
the top of the insulating leads and the dummy filler leads. 

Briefly, the structure of bulk metal for bonding pad and 
bulk metal for Damascene comprises: a Semiconductor 
Substrate having active and passive devices formed therein 
and thereon; dielectric deposited on top of the Semiconduc 
tor Substrate; a plurality of dummy leads formed within the 
dielectric in a pattern to fill areas of Significant spacing 
between insulating leads within the electrical circuit; a filler 
material deposited over the insulating leads of the Semicon 
ductor circuits within the Substrate and also deposited over 
the dummy lead pattern within the dielectric layer; an etch 
back of the filler material to the level of the top of the 
semiconductor leads which is also the level of the top of the 
dummy leads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 4 relate to the prior art deposition 
proceSS. 

FIG. 1 shows a cross-sectional view of the bulk metal 
gap-fill during initial metal Chemical Vapor Deposition. 

FIG. 2 shows a cross-sectional view of the bulk metal 
gap-fill during final metal Chemical Vapor Deposition. 

FIG. 3 shows a cross-sectional view before bulk metal 
Chemical Mechanical Processing. 

FIG. 4 shows a cross-sectional view of “dishing” after 
bulk metal Chemical Mechanical Processing. 

FIGS. 5 through 9 refer to the present invention. 
FIG. 5a and FIG. 5b show a plan view of new bulk metal 

Structures, which form an integral part of the present inven 
tion. 

FIG. 6 shows a cross-sectional view of a Substrate with 
Silicon oxide device Structures together with the dummy 
patterns that are an integral part of the present invention. 

FIG. 7 shows FIG. 6 after filler deposition. 
FIG. 8 shows a cross-sectional view after Chemical 

Mechanical Processing. 
FIG. 9 shows a plan view of the preferred use or appli 

cation of the present invention. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Accordingly, the present invention provides a method of 
forming an improved bonding pad (due to the reduction in 
metal Chemical Mechanical Planarization concavity 
formation), the avoidance of the Chemical Vapor Deposition 
gap fill problem while the present invention assures the 
collection of Electrical Data required for Damascene pro 
cessing. 

Referring now more specifically to FIG. 5a and FIG. 5b, 
there is shown a plan view of two examples of the new bulk 
metal structure 12 of the preferred embodiment of the 
present invention. These bulk Structures 12 are deposited 
within Substrate 10 in areas where adequate spacing, 
between insulating islands of the Semiconductor circuits 
contained within the Substrate, allows this deposition. These 
bulk Structures 12 form a dummy pattern that can be 
deposited using Standard Semiconductor deposition tech 
niques. 
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4 
The Substrate 10 can include a top surface layer of 

insulating material formed from a material, the term Sub 
Strate means to include devices within a Semiconductor 
wafer and the layers overlaying the wafer. The term Sub 
Strate Surface is meant to include the upper most exposed 
layerS on a Semiconductor wafer, Such as a Silicon Surface, 
an insulating layer and metallurgy lines. 
The geometry of the croSS Section of the dummy leads is 

not critical, the croSS Sections of the dummy leads shown in 
FIG. 5a and FIG. 5b does not mean to limit the possible 
dummy leads to the croSS Sections shown, any form other 
than the forms indicated and which lends itself to semicon 
ductor manufacturing processes can be applied as part of the 
present invention. 
The geometry of positioning of the dummy leads with 

respect to each other is not critical. The croSS Sections of the 
relative location with respect to each other, of the dummy 
leads shown in FIG. 5a and FIG. 5b, does not mean to limit 
the possible placement of the dummy leads to the croSS 
Sections shown. Any geometric pattern other than the geo 
metric pattern indicated and which lends itself to Semicon 
ductor manufacturing processes can be applied as part of the 
present invention. the dummy leads are formed using 
reverse tone mask processing. After the dummy leads are 
formed, forming a dielectric layer on the Substrate Surface. 

Materials used for the dummy leads can consist of Silicon 
oxide, borophosphosilicate glass or phosphosilicate glass, 
also from the group comprising aluminum, polycide and 
polysilicon. 

FIG. 6 presents a cross-sectional view of the base layer 15 
after a Silicon oxide device Structure pattern 11 and a dummy 
pattern 13 have been deposited. The device pattern deposi 
tion 11 as shown forms a closely spaced area of the product 
design; the dummy pattern 13 has been deposited in a large 
or wide area of the product design. 

FIG. 7 shows a cross-sectional view after metal deposi 
tion 12 of the filler material has been completed. 

FIG. 8 shows the cross-section after metal CMP has been 
performed. The deposited filler material is highlighted by the 
areas 215 in this figure. The bulk metal filler material in the 
cell or the circuit may be part of the electrically connected 
circuit but does not have to be part of the circuit. 

FIG. 9 shows a plan view of where the preferred embodi 
ment of the present invention is most likely to be of major 
value, that is in the contact pads 217 used to connect the 
Integrated Circuit (IC) 219 to the circuits and components to 
which the IC 219 is connected. The present invention 
however does not have to be limited to this application and 
can, where-appropriated, be used within the layout of the IC 
itself. 

It will be understood that the method in accordance with 
the present invention offerS advantages over prior art meth 
ods in improving contact pad reliability, improving metal 
layer planarization and the collection of electrical data for 
Damascene processing. While the present invention has 
been shown in detail and described with reference to the 
preferred embodiment, it will be understood by those skilled 
in the art that various changes in form and details may be 
made without departing from the Spirit and the Scope of the 
present invention. 
What is claimed is: 
1. A method of forming an integrated circuit having an 

improved bonding pad which resists bonding pad peeling, 
the method comprising: 

providing a Substrate having active or passive devices 
formed thereon or therein and having a Substrate Sur 
face for forming bonding pads; 
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forming a first insulating layer over Said Substrate Surface; 
masking and etching Said first insulating layer to form an 

array of insulator lines wherein Said insulator lines are 
closely spaced in first areas and widely Spaced in 
Second areas; 

forming dummy leads in Said Second areas, wherein the 
dummy leads are coplanar with the insulator lines, 

depositing a filler material Over Said insulator lines and 
dummy leads, and 

performing Chemical Mechanical Planarization to etch 
away Said filler material down to the top Surface of Said 
insulator lines and Said of dummy leads. 

2. The method of claim 1, wherein said dummy leads are 
formed of Silicon oxide. 

3. The method of claim 1 which further includes forming 
a dielectric layer on the Substrate Surface; this processing 
Step to be performed after said Step of forming dummy leads 
in Said Second areas. 

4. The method of claim 1 wherein said dummy leads are 
Square in shape when viewed from above. 

5. The method of claim 1 wherein said dummy leads are 
Square in shape when Viewed from a plane perpendicular to 
Said Substrate. 

6. The method of claim 1 wherein said dummy lead are 
formed to be round in shape when viewed from above. 

7. The method of claim 1 where said dummy leads have 
geometric shape when Viewed from above. 

8. A method of forming an integrated circuit having an 
improved bonding pad which resists bonding pad peeling, 
the method comprising: 

providing a Substrate having active or passive devices 
formed thereon or therein and having a Substrate Sur 
face for forming bonding pads; 

forming a first insulative layer over Said Substrate Surface; 
masking and etching Said first insulative layer to form an 

array of insulator lines wherein Said insulator lines are 
closely spaced in first areas and widely Spaced in 
Second areas; 

forming dummy leads in Said Second areas using reverse 
tone mask processing, wherein the dummy leads are 
coplanar with the insulator lines, 
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depositing a filler material over Said insulator lines and 
dummy leads, and 

performing Chemical Mechanical Planarization to etch 
away Said filler material down to the top Surface of Said 
insulator lines and Said of dummy leads. 

9. The method of claim 8 wherein said dummy leads are 
formed of Silicon oxide. 

10. The method of claim 8 further includes forming a 
dielectric layer on the Substrate, this processing Step to be 
performed after Said Step of forming dummy leads in Said 
Second areas. 

11. The method of claim 8 wherein the said dummy leads 
are Square in Shape when viewed from above. 

12. The method of claim 8 wherein said dummy leads are 
Square in shape when viewed from a plane perpendicular to 
Said Substrate. 

13. The method of claim 8 wherein said dummy leads are 
formed to be round in shape when viewed from above. 

14. The method of claim 8 where said dummy leads have 
geometric shape when Viewed from above. 

15. A method of forming an integrated circuit an improved 
bulk metal pattern design, the method comprising: 

providing a Substrate having active or passive devices 
formed thereon or therein and having a Substrate Sur 
face for forming bonding pads and for forming inte 
grated circuit having metal Signal lines, 

forming a first insulator layer over Said Substrate Surface; 
masking and etching Said first insulator layer to form an 

array of insulator lines wherein Said masking and 
etching may result in creating insulator lines arranged 
in open or widely spaced areas of the bulk metal; 

forming dummy leads in Said widely spaced areas and in 
areas between Said insulator lines, depositing a filler 
material over Said widely spaced areas and the insulator 
lines with Said deposited filler material; and 

performing Chemical Mechanical Planarization to etch 
away Said filler material down to the top Surface of Said 
insulator lines and Said array of dummy leads. 
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