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STRUCTURE OF SOLDER BUMPS WITH 
IMPROVED COPLANARITY AND METHOD OF 
FORMING SOLDER BUMPS WITH IMPROVED 

COPLANARITY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application Ser. no. 89115393, ?led Aug. 1, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to semicon 
ductor device fabrication, and more particularly, to a struc 
ture of solder bumps With improved coplanarity and a 
method of forming solder bumps With improved coplanarity. 

[0004] 2. Description of the Related Art 

[0005] With recent advances in semiconductor fabrication 
technology and the increasing demand for improving con 
nection density of semiconductor applications, various tech 
niques have been developed for having a large number of 
input/out points (I/Os) in a device. The ?ip-chip technology 
is being utiliZed to alloW more I/Os on an integrated circuit 
device. 

[0006] In the packaging industry, the ?ip-chip packaging 
can reduce inductance While providing a higher intercon 
nection density and ultimately, a loWer cost. The ?ip-chip 
technique utiliZes solder bumps instead of Wires to connect 
bonding pads on an integrated circuit (IC) device to bonding 
pads on an IC package or to mounting pads on a circuit 
board. Since the ?ip chip technique is faster, denser, thinner, 
lighter and has a loW cost package, one can eXpect the 
?ip-chip technique to replace Wire-bonding. In order to 
connect the solder bumps to an IC package or directly to a 
circuit board, it is important that the solder bumps are 
formed With a uniform height across a semiconductor Wafer 
so that in the later step of bonding a IC device to the IC 
package can be performed efficiently. HoWever, it is hard to 
electroplate solder bumps of uniform height all the Way 
across a Wafer. One problem With electroplating that con 
tributes to solder bumps being formed at a non-uniform 
height is the uneven distribution of plating current density 
across a Wafer. The uneven distribution of plating current 
density causes a thicker layer of solder to be plated over 
areas Where the current density is higher and a thinner layer 
of solder to be plated over areas Where the current density is 
loWer. When the solder bumps having various heights across 
a Wafer, there Will be dif?culty in the bonding process and 
the ef?ciency, reliability and yield of the production Will be 
affected due to the reWorked or scraped chips. 

[0007] The limitations of and a further explanation of the 
conventional plating technology is disclosed beloW in ref 
erence to FIG. 1A and FIG. 1B. 

[0008] FIG. 1A and FIG. 1B are schematic cross-sec 
tional vieWs of a conventional structure of bumps. FIG. 1A 
illustrates bonding pads formed on a substrate to be used as 
connecting points for an eXternal circuit. Apassivation layer 
108 (or an insulating layer) is formed on the bonding pads 
102, Wherein only a portion of each bonding pad 102 is 
eXposed. 
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[0009] An under ball metallurgy (UBM) layer 104 is 
formed on the bonding pad 102, Wherein the UBM layer has 
an area 132 or 134. The UBM layer comprises a barrier layer 
103 and a plating layer 105, Whereby the barrier layer 104 
is used to prevent some ions of the bumps from penetrating 
the bonding pad 102. If the bonding pad is damaged, the 
device Will be affected. The plating layer 105 is to improve 
the adhesion betWeen the bumps and the bonding pad 102. 

[0010] Solders 122a and 122b are formed on the UBM 
layer 104 by a conventional process, Wherein the solders are 
formed unevenly due to the non-uniform plating distribution 
on the surface of the UBM layer. 

[0011] FIG. 1B illustrates different heights of solder 
bumps 106a, 106b formed during a re?oW process, Wherein 
the height of solder bump 106b is higher than the bump 106a 
because the volume of solder 122b is more than the volume 
of solder 122a. 

[0012] Different heights of the solder bumps cause bad 
bonding betWeen chips to a package carriers, and bad 
connections Will also affect the device functions even dam 
aging the devices. 

SUMMARY OF INVENTION 

[0013] It is an object of the present invention to provide an 
improved UBM structure of forming uniform solder bumps 
on integrated circuit devices. Wherein the improved UBM 
structure comprises: a substrate having at least an active 
surface, Which comprises a plurality of bonding pads and 
those bonding pads serve as connecting nodes to external 
circuits. Apassivation layer is formed over the active surface 
of the substrate, Wherein portions of the bonding pads are 
eXposed by the passivation layer. Aplurality of Under Ball 
Metallurgy (UBM) layers formed on the eXposed portions of 
the bonding pads, Wherein each of the UBM layer having a 
different area and being electrically connected to the bond 
ing pads. A plurality of solder bumps formed on the UBM 
layers, Wherein the solder bumps having various siZes are 
formed substantially With the same height. 

[0014] It is another object of the present invention to 
provide an improved method of forming uniform solder 
bumps on integrated circuit devices. The improved method 
of forming uniform solder bumps comprises a substrate 
having at least an active surface is provided and a plurality 
of bonding pads are formed on the active surface of the 
substrate. A passviation layer is formed over the active 
surface of the substrate, Wherein portions of the bonding 
pads are eXposed by the passviation layer. A plurality of 
Under Ball Metallurgy (UBM) layers is formed on the 
eXposed portions of the bonding pads. A mask layer having 
a plurality of openings is formed on the eXposed bonding 
pads, Wherein the openings have various siZes. Aplurality of 
solder bumps are formed on the UBM layers, Wherein the 
solder bumps are substantially equivalent in volume and 
height. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The accompanying draWings are included to pro 
vide a further understanding of the present invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to eXplain the principles 
of the invention. In the draWings, 
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[0016] FIGS. 1A and 1B are schematic cross-sectional 
views of a conventional structure of bumps. 

[0017] FIGS. 2A and 2B are the cross-sectional vieWs of 
a UBM structure that can improve coplanarity according to 
a ?rst preferred embodiment of the present invention. 

[0018] FIGS. 3A and 3B are a method of forming solder 
bumps on a UBM structure With improved coplanarity in 
accordance With a second preferred embodiment of the 
present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0019] First Embodiment 

[0020] The present invention provides an under bump 
metal (UBM) structure of solder bumps With improved 
coplanarity. The UBM structure of the preferred embodi 
ment of the present invention comprises various siZes of 
areas in order to control the height of solder bumps. 

[0021] The process of forming the solder bumps begins 
after bonding pads have been formed on the top surface of 
the semiconductor Wafer. In one knoWn technique, after the 
bonding pads have been formed, an UBM layer is deposited 
on top of the semiconductor Wafer (including the bonding 
pads) and covered With a photoresist layer. The UBM layer 
is placed on top of the semiconductor Wafer because the 
solder material that is used to form the solder bumps does 
not readily adhere to the bonding pads. The protective layer 
of photoresist is then patterned and removed in the areas 
above the bonding pads utiliZing knoWn photolithographic 
processes. Removing portions of the photoresist in the areas 
above the contact pads exposes the UBM layer that is above 
the bonding pads. Once the UBM layer is exposed above the 
bonding pads, solder material is formed over the exposed 
portions of the UBM layer. One technique for depositing 
solder material onto a semiconductor Wafer involves elec 
troplating the solder material onto the exposed portions of 
the UBM layer. Once the solder material is plated onto the 
exposed UBM layer, the protective layer of photoresist and 
the unWanted portions of the UBM layer are removed. The 
plated solder material subsequently is put through a re?oW 
process that forms the solder material into smooth solder 
bumps. 

[0022] For an electroplating process, for example, if the 
current distribution is not controlled properly, the volume of 
the solders Will distribute unevenly. 

[0023] Solders are plated on the substrate ?rst. Next, a 
photoresist layer is removed. A formation of solder bumps is 
carried out in a re?oW process. HoWever, it is very dif?cult 
to control solder distribution evenly due to various factors 
can affect the formation of the solder bumps. For example, 
a solder mask that is used on the substrate or the current 
distribution can affect the formation of the solder bump 
structure. 

[0024] The present invention provides an easy method to 
control the solder distribution by using the UBM structure 
With different siZes of areas, Wherein the various area siZes 
can control the height of the solder during the re?oW 
process. For a high current density location, the UBM 
structure is Wider to alloW the solder distributing in a large 
surface area; as for a loW current density location, the UBM 
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structure is smaller to alloW the solder distributing in a 
smaller surface area. As a result the height of the solder 
bumps in the high current density area can be reduced and 
the height of the solder bumps in a loW current density can 
be increased. Due to the distributed area is inversely to the 
height, therefore even the volume of the solder is dif?cult to 
control, the heights of the solder bumps can still be con 
trolled by using the UBM structure to control their distrib 
uted areas in order to improve the coplanarity. 

[0025] The UBM structure of the preferred embodiment of 
present invention is based on this logic to use different 
distribution areas to control the heights of the solder bumps. 

[0026] An experiment is carried out to ?nd out locations 
that have small volume of solders due to a loW current 
distribution, for example. Those locations Will have smaller 
areas of the UBM structure to alloW a small amount of 
solders. On the contrary, some locations Will have bigger 
UBM areas to alloW more solders in high current regions. 
During the re?oW process, the solder Will adhere on the 
UBM surface to form solder bumps. The solders having 
smaller UBM structure in loW current regions Will compress 
together in order to adhere on the smaller surfaces of the 
UBM structures to form solder bumps. The solders having 
larger surface areas of the UBM structure in high current 
regions Will distribute and adhere on the surface to form 
solder bumps that have the same height as the solder bumps 
on the smaller areas of the UBM structure. For example, a 
certain amount of solder at a small distributed area Will form 
a higher solder bump than the same amount of solder at a 
bigger distributed area. Therefore in order to prevent a 
location that has a large amount of solder due to the high 
current, a large adhesive area reduces the height of the solder 
bump. On other hand, When the solder is too little, a small 
adhesive area is provided to increase the height of the solder 
bump. Although the volume of the solder is not evenly 
distributed on the UBM surface, the various siZes of UBM 
structures that are corresponding to current distribution on 
the Wafer can control the heights of the solder bumps. 

[0027] The features and advantages of the present inven 
tion Will be more clearly understood from the folloWing 
detailed descriptions taking in conjunction With the accom 
panying draWings. 
[0028] FIG. 2A and FIG. 2B illustrate the cross-sectional 
vieWs of a UBM structure that can improve coplanarity 
according to a ?rst preferred embodiment of the present 
invention. 

[0029] Referring to FIG. 2A, a substrate 200 comprises at 
least one active surface 201, Wherein a plurality of bonding 
pads 202 that formed on the active surface 201 are used as 
connecting nodes to external circuits. The bonding pads 202 
are made of aluminum, for example. Apassivation layer 208 
is formed over the active surface 201, Wherein portions of 
the bonding pads are exposed by the passivation layer 208. 
The passivation layer 208 can be a polyimide layer but is 
preferable a silicon oxide layer, silicon nitride layer or layers 
of other passivation materials knoWn to those having skill in 
the art. A plurality of UBM layers 204 are formed on the 
exposed portions of bonding pads 202. The UBM layers 204 
have various areas according to the current distribution. The 
UBM layers 204 are electrically connected to the bonding 
pads 202. Each UBM layer 204 comprises a barrier layer 
203 and a plating layer 205. The barrier layer 203 is made 
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of a material selected from a group comprising of chromium, 
chromium and copper alloy, titanium, titanium tungsten 
alloy and a combination thereof. The purpose of the barrier 
layer 203 is to prevent the ions of the solder bumps from 
coming into contact With the underlying layers, thereby 
protecting the underlying passivation layer 208 and the 
bonding pads 202. The plating layer 205 is formed from 
materials Which provide adequate adhesion betWeen a solder 
bump and a bonding layer, and that can be selected from a 
group comprising of nickel, copper, gold, palladium, palla 
dium nickel alloy, silver and a combination thereof. A mask 
layer 220 is formed on the exposed portions on Which the 
solder is to be electroplated, Wherein the solder material 
comprises tin lead alloy, gold and conductive polymers. 

[0030] FIG. 2B illustrates a formation of solder bumps 
after re?oWing the solder material over the UBM layer. 
Solder bumps 232, 234 are formed on the barrier layer 203. 
Although the volumes of the tWo solder bumps are different 
but using different distributed areas of the UBM 204 layer 
forming solder bumps With the same height. The area of the 
UBM layer 204 corresponds to the plating current density 
distributed across the Wafer in order to control the solder 
distribution areas. The uneven distribution of plating current 
density across the Wafer causes the amount of solder being 
plated non-uniformly, but by utiliZing the character of the 
solder to various the areas of the UBM layer 204 in order to 
form uniform height of solder bumps. Thus the coplanarity 
of Whole solder bumps structure can be improved to have a 
more effective bonding process. 

[0031] Second Embodiment: 

[0032] The present invention provides a method of form 
ing solder bumps With improved coplanarity. FIGS. 3A and 
3B illustrate a method of forming solder bumps on a UBM 
structure With improved coplanarity in accordance With a 
second preferred embodiment of the present invention. 

[0033] Referring to FIG. 3A, a substrate 300 comprises at 
least one active surface 301, Wherein a plurality of bonding 
pads 302 that formed on the active surface 301 are serving 
as connecting nodes to external circuits. The bonding pads 
302 are made of aluminum, for example. Apassivation layer 
308 is formed over the active surface 301, Wherein portions 
of the bonding pads are exposed by the passivation layer 
308. The passivation layer 308 can be a polyimide layer but 
is preferably a silicon oxide layer, silicon nitride layer or 
layers of other passivation materials knoWn to those having 
skill in the art. Aplurality of UBM layers 304 are formed on 
the exposed portions of bonding pads 302. The UBM layers 
304 have various openings according to the current distri 
bution. The UBM layers 304 are electrically connected to 
the bonding pads 302. Each UBM layer 304 comprises a 
barrier layer 203 and a plating layer 305. The barrier layer 
303 is made of a material selected from a group comprising 
of chromium, chromium and copper alloy, titanium, titanium 
tungsten alloy and a combination thereof. The purpose of the 
barrier layer 303 is to prevent the ions of the solder bumps 
from coming into contact With the underlying layers, thereby 
protecting the underlying passivation layer 308 and the 
bonding pads 302. The plating layer 305 is formed from 
materials Which provide adequate adhesion betWeen a solder 
bump and a bonding layer, and that can be selected from a 
group comprising of nickel, copper, gold, palladium, palla 
dium nickel alloy, silver and a combination thereof. A mask 
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layer 320 is formed on the exposed portions on Which the 
solder is to be electroplated, Wherein the solder material 
comprises tin lead alloy, gold and conductive polymers. The 
mask layer 320 comprises a plurality of openings 330a, 330b 
having various siZes. Since the plating current distribution is 
unevenly across the Wafer, utiliZing the method of forming 
various siZes of opening on the UBM layer to control the 
volume of the solder in order to improve the coplanarity of 
the solder bumps. The area Where the current density is 
higher, a smaller opening 330b is provided on the UBM 
layer to alloW little solder, but the area Where the current 
density is loW, a bigger opening 330a is provided to alloW 
more solder. Therefore using the various siZes of the open 
ings on the UBM layer to control the solder volume in order 
to form uniform-height of solder bumps (shoWs on FIG. 
3B). To improve the coplanarity of the solder bumps struc 
ture either using the various siZes of opening of the UBM 
layer to control the solder volume or using the various UBM 
structures to control the height of the solder bumps or using 
a combination thereof. 

[0034] The present invention provides a UBM structure 
With various siZes and a method of forming various opening 
on a UBM layer both can improve the coplanarity of the 
solder bumps structure effectively, Wherein a combination of 
the tWo preferred embodiments can be used to improve the 
solder bumps coplanarity. The volume and the height of the 
solder bumps can be controlled and improved tremendously. 
The yield loss of the production can thus be reduced. 

[0035] Other embodiments of the invention Will appear to 
those skilled in the art from consideration of the speci?ca 
tion and practice of the invention disclosed herein. It is 
intended that the speci?cation and examples to be consid 
ered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 

What is claimed is: 
1. A structure of solder bumps having improved copla 

narility comprising: 

a substrate having at least an active surface; 

a plurality of bonding pads are formed on the active 
surface, Wherein the bonding pads serve as connecting 
nodes to external circuits; 

a passivation layer formed over the active surface of the 
substrate, Wherein portions of the bonding pads are 
exposed by the passivation layer; 

a plurality of Under Ball Metallurgy (UBM) layers 
formed on the exposed portions of the bonding pads, 
Wherein each of the UBM layer having a different area 
and being electrically connected to the bonding pads; 
and 

a plurality of solder bumps formed on the UBM layers, 
Wherein the solder bumps having various siZes are 
formed substantially With the same height. 

2. The structure of claim 1, Wherein the UBM layers 
further include a barrier metal layer and a plating layer, the 
barrier metal layer contacting the bonding pads and the 
plating layer being formed on the barrier metal layer to 
connect the solder bumps. 

3. The structure of claim 2, Wherein a material used for the 
barrier layer is selected from a group comprising chromium, 
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chromium and copper alloy, titanium, titanium tungsten 
alloy and a combination thereof. 

4. The structure of claim 2, Wherein a material used for the 
plating layer is selected from a group comprising nickel, 
copper, gold, palladium, palladium and nickel alloy, silver 
and a combination thereof. 

5. The structure of claim 1, Wherein a material used for the 
solder bump is selected from a group consisting of tin lead 
alloy, gold, and conductive polymers. 

6. A method of forming solder bumps With improved 
coplanarility comprising: 

providing a substrate having at least an active surface; 

forming a plurality of bonding pads on the active surface 
of the substrate; 

forming a passviation layer over the active surface of the 
substrate, Wherein portions of the bonding pads are 
eXposed by the passviation layer; 

forming a plurality of Under Ball Metallurgy (UBM) 
layers on the exposed portions of the bonding pads; 

forming a mask layer having a plurality of openings on the 
eXposed bonding pads, Wherein the opening have vari 
ous siZes; and 
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forming plurality of solder bumps on the UBM layers, 
Wherein the solder bumps are substantially equivalent 
in volume and height. 

7. The method of claim 6, Wherein the UBM layers further 
include a barrier metal layer and a plating layer, the barrier 
metal layer contacting the bonding pads and the plating layer 
being formed on the barrier metal layer to connect the solder 
bumps. 

8. The method of claim 7, Wherein a material used for the 
barrier layer is selected from a group consisting of chro 
mium, chromium copper alloy, titanium, titanium tungsten 
alloy and combinations thereof. 

9. The method of claim 7, Wherein a material used for the 
plating layer is selected from a group consisting of nickel, 
copper, gold, palladium and combinations thereof. 

10. The method of claim 6, Wherein a material used for the 
solder bump is selected from a group consisting of tin lead 
alloy, gold, and conductive polymers. 

11. The method of claim 6, Wherein the various siZes of 
openings that are patterned by a photolithography and 
etching process correspond to current distribution across a 
Wafer in order to control volumes of the solder bumps. 

* * * * * 


