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(57) ABSTRACT 

A Solder bump Structure includes a contact pad, an interme 
diate layer located over the contact pad, a Solder bump 
located over the intermediate layer, and at least one metal 
projection extending upwardly from a Surface of the inter 
mediate layer and embedded within the solder bump. Any 
crack in the Solder bump will tend to propagate horizontally 
through the bump material, and in this case, the metal 
projections act as obstacles to crack propagation. These 
obstacles have the effect of increasing the crack resistance, 
and further lengthen the propagation path of any crack as it 
travels through the Solder bump material, thus decreasing 
the likelihood device failure. 
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FIG. 1 
(Prior Art) 
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FIG. 2 
(Prior Art) 
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FIG. 4a 
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FIG. 5a 
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FIG 5C 
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FIG. 5e 
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FIG. 5i 
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FIG. 6a 
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FIG. 6C 

615 

-611 
555 . Z. 606 
23.3% 603 

615 

is: 76-63 2333(2 6. 343 KYNNZZZZZZZZZZZNNYY 

606 
603 

607 

  

  

  

  

  

  

  

  



Patent Application Publication Sep. 22, 2005 Sheet 12 of 15 US 2005/0208751A1 

FIG. 6e 
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FIG. 6g 
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FIG. 7a. 
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SOLDER BUMP STRUCTURE AND METHOD FOR 
FORMING A SOLDER BUMP 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention generally relates to inte 
grated circuit (IC) chips and devices, and more particularly, 
the present invention relates to Solder bump Structures of IC 
chips and devices, and to methods of forming Solder bump 
StructureS. 

0003 2. Description of the Related Art 
0004 AS integrated circuits (ICs) advance toward higher 
Speeds and larger pin counts, first-level interconnection 
techniques employing wire bonding technologies have 
approached or even reached their limits. New improved 
technologies for achieving fine-pitch wire bonding Struc 
tures cannot keep pace with the demand resulting from 
increased IC chip processing Speeds and higher IC chip pin 
counts. AS Such, the current trend is to replace wire bonding 
Structures with other package Structures, Such as a flip chip 
packages and a wafer level packages (WLP). 
0005 Flip chip packages and WLP structures are partially 
characterized by the provision of Solder bumps which con 
nect to interconnection terminals of the IC chip. (Herein, 
unless otherwise specified, the term solder “bumps” is 
intended to encompass solder “balls” as well.) Device reli 
ability is thus largely dependent on the Structure and material 
of each Solder bump and its effectiveness as an electrical 
interconnect. 

0006. A conventional solder bump structure will be 
described with reference to FIGS. 1 and 2, where like 
elements are designated by the same reference numbers. 
FIG. 1 shows the state of a flip chip package prior to 
mounting on a printed circuit board (PCB) Substrate, and 
FIG. 2 shows the flip chip package mounted on the PCB 
Substrate. 

0007. In FIGS. 1 and 2, an integrated circuit (IC) chip 1 
is equipped with a chip pad 2, which is typically formed of 
aluminum. An opening is defined in one or more passivation 
layerS 3 and 4 which expose a Surface of the chip pad 2. 
Interposed between a solder bump 5 and the chip pad 2 are 
one or more under bump metallurgy (UBM) layers 6 and 7. 
0008. The UBM layers 6 and 7 functions to reliably 
Secure the bump 5 to the chip pad 2, and to prevent moisture 
absorption into chip pad 2 and IC chip 1. Typically, the first 
UBM layer 6 functions as an adhesion layer and is deposited 
by sputtering of Cr, Ti, or TW. Also typically, the second 
UBM layer 7 functions as a wetting layer and is deposited 
by sputtering of Cu, Ni, NiV. Optionally, a third oxidation 
layer of Au may be deposited as well. 
0009 Referring to FIG. 2, the solder bump 5 is mounted 
to a PCB pad 8 of a PCB substrate 9. 
0.010 Mechanical stresses on the solder bump are a 
Source of Structural which can Substantially impair device 
reliability. That is, when the chip heats up during use, both 
the chip and the PCB expand in size. Conversely, when the 
chip cools during an idle state, both the chip and the PCB 
substrate contract in size. The chip and the PCB substrate 
have mismatched coefficients of thermal expansion, and 
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therefore expand and contract at different rates, thus placing 
mechanical stress on the intervening solder bump. FIG. 3 
illustrates a number of examples in which StreSSes have 
caused fissures to be formed in the solder bumps. In this 
figure, reference number 2 denotes a chip pad, reference 
number 5 denotes the solder bump, reference number 8 
denotes the PCB pad, and reference number 10 denotes a 
crack or fissure. The larger the crack, the more the inter 
connection becomes impaired, and device failures can occur 
when cracks propagate completely through the Solder bump 
Structure. 

SUMMARY OF THE INVENTION 

0011. According to a first aspect of the present invention, 
a method for manufacturing a Solder bump is provided, 
which includes forming at least one metal protrusion extend 
ing upwardly over a contact pad, and embedding the at least 
one metal protrusion in a Solder material. 
0012. According to another aspect of the present inven 
tion, a method for manufacturing a Solder bump is provided, 
which includes depositing an intermediate layer over a 
contact pad, forming a photoresist over a Surface of the 
intermediate layer, patterning the photoresist to define at 
least one opening which partially exposes the Surface of the 
intermediate layer, filling the at least one opening of the 
photoresist with a metal, removing the photoresist to expose 
the metal, wherein the metal forms at least one metal 
protrusion extending upwardly from the Surface of the 
intermediate layer, and embedding the at least one metal 
protrusion in a Solder material formed over the intermediate 
layer. 
0013. According to yet another aspect of the present 
invention, a method for manufacturing a Solder bump is 
provided, with includes depositing an intermediate layer 
over a contact pad, forming a photoresist over a Surface of 
the intermediate layer, patterning the photoresist to define at 
least one opening which partially exposes the Surface of the 
intermediate layer, filling the at least one opening of the 
photoresist with a metal to a first depth, filling the at least 
one opening of the photoresist with a Solder material to a 
Second depth Such that the Solder material is Stacked on the 
metal within each of the at least one opening, removing the 
photoresist to expose the metal and the first Solder material, 
wherein the metal and first Solder material form at least one 
protrusion extending upwardly from the Surface of the 
intermediate layer, and reflowing the Solder material to form 
a Solder bump having the metal embedded therein. 
0014. According to still another aspect of the present 
invention, a method for manufacturing a Solder bump is 
provided, which includes depositing an intermediate layer 
over a contact pad, forming a photoresist over a Surface of 
the intermediate layer, patterning the photoresist to expose a 
Solder bump region over the Surface of the intermediate 
layer, growing at least one metal dendrite having a plurality 
of branches which project upwardly in the solder bump 
region from the Surface of the intermediate layer, filling the 
Solder bump region with a Solder material So as to embed the 
at least one metal dendrite within the Solder material, and 
removing the photoresist. 
0015 According to another aspect of the present inven 
tion, a Solder bump Structure is provided, which includes a 
contact pad, an intermediate layer located over the contact 
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pad, a Solder bump located over the intermediate layer, and 
at least one metal projection extending upwardly from a 
surface of the intermediate layer and embedded within the 
Solder bump. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The aspect and advantages of the present invention 
will become readily apparent from the detailed description 
that follows, with reference to the accompanying drawings, 
in which: 

0017 FIG. 1 illustrates a conventional flip-chip structure 
prior to mounting on a printed circuit board Substrate; 
0.018 FIG. 2 illustrates a conventional flip-chip structure 
after mounting on a printed circuit board Substrate; 
0.019 FIG. 3 contains photographs of conventional struc 
tures in which fissures have developed within the solder 
bumps thereof; 
0020 FIG. 4(a) is a cross-sectional view of a solder 
bump Structure according to an embodiment of the present 
invention; 

0021 FIG. 4(b) a cross-sectional view along the line I-I' 
of FIG. 4a, 

0022 FIGS. 5(a) through 5(i) are cross-sectional views 
for use in describing a process for manufacturing a Solder 
bump Structure according to a preferred embodiment of the 
present invention; 
0023 FIGS. 6(a) through 6(g) are cross-sectional views 
for use in describing a process for manufacturing a Solder 
bump Structure according to another embodiment of the 
present invention; 
0024 FIG. 7(a) is a cross-sectional view of a solder 
bump Structure according to another embodiment of the 
present invention; 
0025 FIG. 7(b) is a cross-sectional view along the line 
II-II' of FIG. 7a; and 

0026 FIGS. 8(a) and 8(b) are cross-sectional views of 
Solder bump Structure having dendrite configuration embed 
ded therein. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0027. The present invention is at least partially charac 
terized by the inclusion of one or more metal projections 
within the solder bump material to form an obstacle which 
impedes the propagation of a crack within the Solder bump 
material. While the metal projections can take any number 
of forms, the invention will be described below with refer 
ence to Several preferred embodiments. 
0028 FIG. 4(a) is a cross-sectional view of a solder 
bump Structure according to an embodiment of the present 
invention, and FIG. 4(b) a cross-sectional view along the 
line I-I" of FIG. 4(a). The solder bump structure includes a 
contact pad 402 of an electronic device Such as an IC chip 
401. Preferably, the IC chip 401 is contained a flip chip 
package or a wafer level package. An opening is defined in 
one or more passivation layers 403 and 404 which expose a 
surface of the chip pad 402. Interposed between a solder 
bump 405 and the chip pad 402 are one or more intermediate 
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layers 406 and 407. The intermediate layers 406 and 407 
may be under bump metallurgy (UBM) layers. For example, 
the layer 406 may be a UBM adhesion layer made of Cr, Ni 
or TW, and the layer 407 may be a wetting layer made of 
Cu, Nior NiV. Also, an additional oxidation layer of Au may 
be provided. 

0029. The solder bump 405 is located over the interme 
diate layer 407. An example of the solder bump dimensions 
is 100x100 um, and examples of a material constituting the 
solder bump include Sn, Pb, Ni, Au, Ag, Cu, Bi and alloys 
thereof. In addition, at least one metal projection 411 
extends upwardly from a Surface of the intermediate layer 
407 and is embedded within the solder bump 405. In this 
embodiment, as shown in FIGS. 4(a) and 4(b), a plurality of 
metal projections 411 extend upwardly from the surface of 
the intermediate layer 407 and are embedded within the 
solder bump 405. Preferably, because of reflow of the solder 
material during fabrication, a melting point of a material of 
the solder bump 405 is less than a melting point of the metal 
projections 411. An example of the width of each projection 
411 is about 5 to 70 um, and examples of the material 
constituting the metal projections 411 include Ni, Cu, Pd, Pt 
and alloys thereof. 

0030. As best shown in FIG. 4(b), a cross-section of the 
plurality of projections 411 defines a regular mesh pattern in 
a plane parallel to the contact pad 402. Generally, any crack 
in the Solder bump will tend to propagate horizontally 
through the bump material, and accordingly, the regular 
mesh pattern of metal projections 411 act as obstacles to 
crack propagation. These obstacles have the effect of 
increasing the crack resistance, and further lengthen the 
propagation path of any crack as it travels through the Solder 
bump material, thus decreasing the likelihood device failure. 
0031 Many other patterns of metal projections 411, both 
regular and irregular, may be adopted, Such as off-set 
parallel rows of projections or concentric Sets of patterns. In 
addition, the individual projections 411 may have croSS 
Sections which differ from the generally Square croSS-Sec 
tions of FIG. 4(b), Such as elliptical cross-sections, polygo 
nal cross-sections, and combinations thereof. Moreover, a 
Single contiguous projection may be provided, for example 
in the shape of a spiral or Zig-Zag pattern. Finally, the 
invention is not limited to the columnar projections 411 
having vertical sidewalls as illustrated in FIG. 4(a). For 
example, projections with oblique or notched Sidewalls may 
be formed instead. Also, projections having non-regular 
geometric shapes may be provided, Such the dendrite Struc 
tures described in a later embodiment. 

0032. A method for manufacturing a solder bump struc 
ture according to an embodiment of the invention will now 
be described with reference to FIGS. 5(a) through 5(i). At 
FIG. 5(a), an opening is defined in one or more passivation 
layers 503 and 504 which exposes a surface of a chip pad 
502, typically made of aluminum. At least one intermediate 
layer 506 and 507 is formed over the passivation layers 503 
and 504 and over the exposed surface of the chip pad 502. 
The intermediate layers 506 and 507 may be under bump 
metallurgy (UBM) layers. For example, the layer 506 may 
be a UBM adhesion layer made of Cr, Ni or TW, and the 
layer 507 may be a wetting layer made of Cu, Ni or NiV. 
Also, an additional oxidation layer of Au may be provided 
as well. 
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0033) Next, at FIG. 5(b), a photoresist 515 is patterned 
over the intermediate layer 507 So as to expose one or more 
surface portions of the intermediate layer 507. In this 
embodiment, a plurality of openingS 516 in the photoresist 
515 have a cross-section which defines a mesh pattern in a 
plane parallel to the contact pad. 
0034) Then, at FIG. 5(c), a metal 511 is deposited, for 
example by electroplating, So as to fill the openings to a 
given height. Examples of the metal 511 include Ni, Cu, Pd, 
Pt and alloys thereof. The photoresist 515 is then removed, 
with the resultant Structure having a plurality of metal 
projections 511 extending upward from the surface of the 
intermediate layer 507 as shown in FIG. 5(d). 
0035) Next, as shown in FIG. 5(e), another photoresist 
517 is patterned which has an opening 518 that exposes the 
intermediate layer 507 and the metal projections 511. The 
opening 518 defines a solder bump region. Then, at FIG. 
5(f), a solder material 505 is deposited so as to fill the 
openings 518 to a given height. Examples of the Solder 
material 505 include Sn, Pb, Ni, Au, Ag, Cu, Bi and alloys 
thereof. The photoresist 517 is then removed, with the 
resultant Structure having the plurality of metal projections 
511 extending upwardly from the surface of the intermediate 
layer 507 and embedded within the solder material 505 as 
shown in FIG. 5(g). 
0036) Then, at FIG. 5(h), using the solder material 505 as 
a mask, an etching process is conducted for the purpose of 
removing the intermediate (UBM) layers 506 and 507 
outside a region of the Solder bump Structure. This etching 
is carried out in the case where the UBM layers extend 
continuously between adjacent Solder bumps. Finally, at 
FIG. 5(i), the solder bump material 505 is heated at or above 
its melting point such that the solder bump material 505 is 
reflowed into a globe-shape configuration. 
0037. A method for manufacturing a solder bump struc 
ture according to another embodiment of the invention will 
now be described with reference to FIGS. 6(a) through 6(g). 
At FIG. 6(a), an opening is defined in one or more passi 
vation layers 603 and 604 which exposes a surface of a chip 
pad 602, typically made of aluminum. At least one interme 
diate layer 606 and 607 is formed over the passivation layers 
603 and 604 and over the exposed surface of the chip pad 
602. The intermediate layers 606 and 607 may be under 
bump metallurgy (UBM) layers. For example, the layer 606 
may be a UBM adhesion layer made of Cr, Ni or TW, and 
the layer 607 may be a wetting layer made of Cu, Nior NiV. 
Also, an additional oxidation layer of Au may be provided 
as well. 

0038) Next, at FIG. 6(b), a photoresist 615 is patterned 
over the intermediate layer 607 So as to expose one or more 
surface portions of the intermediate layer 607. In this 
embodiment, a plurality of openings 616 in the photoresist 
615 have a croSS-Section which defines a mesh pattern in a 
plane parallel to the contact pad. 

0039) Then, at FIG. 6(c), a metal 611 is deposited, for 
example by electroplating, So as to fill the openings to a 
given height. Examples of the metal 611 include Ni, Cu, Pd, 
Pt and alloys thereof. 
0040. Next, at FIG. 6(d), a solder bump material 605 is 
deposited So as to fill the openings 616 in the photoresist. 
Examples of the solder material 605 include Sn, Pb, Ni, Au, 
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Ag, Cu, Bi and alloys thereof. The photoresist 617 is then 
removed, with the resultant Structure having a plurality of 
Stacked Structures, each of the Stacked Structures including 
a metal projection 611 and a portion of a the Solder bump 
material 605 as shown in FIG. 6(e). 
0041) Then, at FIG. 6(f), using the solder bump material 
605 and the metal projections 611 as a mask, an etching 
process is conducted for the purpose of removing the 
intermediate (UBM) layers 606 and 607 from outside the 
Solder bump region and from between the Stacked Structures 
of the solder bump material 605 and the metal projections 
611. This etching is carried out in the case where the UBM 
layerS eXtend continuously between adjacent Solder bumps. 
Finally, at FIG. 6(g), the solder bump material 605 is heated 
at or above its melting point Such that the Solder bump 
material 605 is reflowed into a globe-shape configuration. 

0042 Another embodiment of the present invention will 
now be described with reference to FIGS. 7(a), 7(b), 8(a) 
and 8(b). This embodiment is characterized by metal pro 
jections which are formed of dendrite Structures instead of 
the columnar Structures of the previous embodiments. In 
particular, after deposition of the intermediate (UBM) lay 
ers, a photoresist is patterned having an opening which 
exposes a bump region of the intermediate layers. Then 
dendrite crystal Structures are grown within the bump 
region. In this regard, reference is made to U.S. Pat. No. 
5,185,073, entitled “Method Of Fabricating Nendritic Mate 
rials”, which is incorporated herein by reference, and which 
describes techniques which may be used to form a dendrite 
Structure within the bump region according to the present 
invention. Examples of materials of the dendrite Structure of 
the present embodiment include Ni, Cu, Pd, Pt and alloys 
thereof. 

0043. After formation of the dendrite structure, the bump 
region is filled with a Solder material So as to embed the 
dendrite structure within the Solder material. Then, the 
photoresist is removed, the intermediate (UBM) layers are 
etched outside the bump region, and the Solder material is 
reflowed to obtain the structure illustrated in FIG. 7(a), and 
in FIG. 7(b) which a cross-sectional view along line II-II' in 
FIG. 7(a). In these figures, the solder bump structure 
includes a contact pad 702 of an electronic device Such as an 
IC chip 701. An opening is defined in one or more passi 
vation layers 703 and 704 which exposes a surface of the 
chip pad 702. Interposed between a solder bump 705 and the 
chip pad 702 are one or more intermediate layers 706 and 
707, such as UBM layers. The solder bump 705 is located 
over the intermediate layer 707 and includes a metal den 
drite structure 711 embedded therein. FIGS. 8(a) and 8(b) 
are photographs in a vertical cross-sectional plane of exem 
plary dendrite Structures. 

0044) Any crack in the solder bump 705 will tend to 
propagate horizontally through the bump material, and in 
this case, the metal dendrite projections 711 act as obstacles 
to crack propagation. These obstacles have the effect of 
increasing the crack resistance, and further lengthen the 
propagation path of any crack as it travels through the Solder 
bump material, thus decreasing the likelihood device failure. 

0045. In the drawings and specification, there have been 
disclosed typical preferred embodiments of this invention 
and, although specific terms are employed, they are used in 
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a generic and descriptive Sense only and not for purposes of 
limitation, the Scope of the present invention being Set forth 
in the following claims. 

1-29. (canceled) 
30. A Solder bump Structure, comprising: 
a contact pad; 
an intermediate layer located over the contact pad; 
a Solder bump located over the intermediate layer, and 
at least one metal protrusion extending upwardly from a 

surface of the intermediate layer and embedded within 
the solder bump. 

31. The solder bump structure of claim 30, comprising a 
plurality of metal protrusions extending upwardly from the 
surface of the intermediate layer and embedded within the 
Solder bump. 

32. The solder bump structure of claim 31, wherein a 
croSS-Section of the plurality of protrusions define a mesh 
pattern in a plane parallel to the contact pad. 
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33. The solder bump structure of claim 31, wherein the 
plurality of metal protrusions are dendrites grown on the 
Surface of the intermediate layer. 

34. The solder bump structure as claimed in claim 31, 
wherein a material of the metal is Selected from the group 
consisting of Ni, Cu, Pd, Pt or alloys thereof. 

35. The solder bump structure as claimed in claim 31, 
wherein a material of the solder bump is selected from the 
group consisting of Sn, Pb, Ni, Au, Ag, Cu, Bi or alloys 
thereof. 

36. The solder bump structure as claimed in claim 31, 
wherein a melting point of a material of the Solder bump is 
less than a melting point of the metal. 

37. The solder bump structure as claimed in claim 31, 
wherein the contact pad is located on a Semiconductor chip 
contained a flip chip package or a wafer level package. 


