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METHODS OF FORMING STEPPED BUMPS 
AND STRUCTURES FORMED THEREBY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional application of Ser. 
No. 1 1/648,498 filed Dec. 29, 2006 entitled “METHODS OF 
FORMING STEPPED BUMPS AND STRUCTURES 
FORMED THEREBY. 

BACKGROUND OF THE INVENTION 

0002. After a microelectronic chip or die has been manu 
factured, it is typically packaged before it is sold. The pack 
age may provide electrical connection to the chip's internal 
circuitry, protection from the external environment, and heat 
dissipation, for example. In one type of package system, a 
chip may be “flip-chip' connected to a package Substrate. In 
a flip-chip package, conductive connections may be distrib 
uted on a surface of the die that may be electrically coupled to 
corresponding conductive connections on the package Sub 
Strate. 

0003. During die-package assembly, the coefficient of 
thermal expansion (CTE) mismatch between the die and the 
package may cause thermomechanical stresses during the 
thermal cycling that is intrinsic to assembly processing. The 
introduction of weaker low-K (typically below about 4) ILD’s 
within the die architecture may amplify the negative effects of 
Such stresses. Low k ILD materials are desirable as they may 
reduce the RC delay in diebackend structures. However, low 
k layers may crack during the chip joining processes as they 
may be mechanically weaker and may be more Susceptible to 
the aforementioned thermomechanical stresses from the ther 
mal mismatch between silicon die and organic Substrates, for 
example. This problem becomes more severe when lead-free 
solder materials are used, since many lead-free solders com 
prise much higher elastic modulus and yield strength. Hence, 
many lead free solders can transfer much higher stress into 
low k layers than traditional Sn Pb eutectic solders. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 While the specification concludes with claims par 
ticularly pointing out and distinctly claiming that which is 
regarded as the present invention, the advantages of this 
invention can be more readily ascertained from the following 
description of the invention when read in conjunction with the 
accompanying drawings in which: 
0005 FIGS. 1a-1j represent structures according to an 
embodiment of the present invention. 
0006 FIGS. 2a-2d represent structures according to an 
embodiment of the present invention. 
0007 FIGS. 3a-3b represent graphs according to an 
embodiment of the present invention. 
0008 FIG. 4 represents a system according to an embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0009. In the following detailed description, reference is 
made to the accompanying drawings that show, by way of 
illustration, specific embodiments in which the invention may 
be practiced. These embodiments are described in sufficient 
detail to enable those skilled in the art to practice the inven 
tion. It is to be understood that the various embodiments of the 
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invention, although different, are not necessarily mutually 
exclusive. For example, a particular feature, structure, or 
characteristic described herein, in connection with one 
embodiment, may be implemented within other embodi 
ments without departing from the spirit and scope of the 
invention. In addition, it is to be understood that the location 
or arrangement of individual elements within each disclosed 
embodiment may be modified without departing from the 
spirit and scope of the invention. The following detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is defined only by the 
appended claims, appropriately interpreted, along with the 
full range of equivalents to which the claims are entitled. In 
the drawings, like numerals refer to the same or similar func 
tionality throughout the several views. 
0010 Methods and associated structures of forming a 
microelectronic structure are described. Those methods may 
comprise forming a die-side conductive interconnect struc 
ture on a portion of a die, wherein the die-side conductive 
interconnect structure comprises a columnar portion and a 
base portion, and wherein a diameter of the base portion is 
greater than a diameter of the columnar portion. Methods and 
structures of the present invention may significantly decrease 
the thermomechanical stress that may be present in die pas 
Sivation layers as well as low k ILD layers during chip attach 
processing, for example. Additionally, embodiments of the 
present invention may enable the use of lead free solders with 
low k dielectric materials. 

0011 FIGS. 1a-1jillustrate an embodiment of a method of 
forming a microelectronic structure, Such as a die-side con 
ductive interconnect structure, for example. FIG. 1a illus 
trates a cross-section of a portion of a substrate 100. In one 
embodiment, the substrate 100 may comprise a portion of a 
die, for example. In one embodiment, the substrate 100 may 
be part of a wafer having a plurality of dice or the substrate 
100 may be an individual and separate integrated circuit. In 
one embodiment, the substrate 100 may comprise a device 
layer 102, a device interconnect layer 104 disposed on the 
device layer 102 and a passivation layer 106 disposed on the 
device interconnect layer 104. The substrate 100 may have at 
least one opening 107 that may serve to electrically couple 
various conductive materials to the device layer 102 through 
the device interconnect layer 104. 
0012. In one embodiment, the device layer 102 of the 
substrate 100 may comprised of materials such as, but not 
limited to, silicon, silicon-on-insulator, germanium, indium 
antimonide, lead telluride, indium arsenide, indium phos 
phide, gallium arsenide, gallium antimonide, or combina 
tions thereof. In one embodiment, the device layer 102 may 
include devices Such as transistors, resistors, or conductors 
that may form an integrated circuit. In another embodiment, 
the device layer 102 may include devices that together form 
multiple microprocessor cores on a single die. 
0013 The device interconnect layer 104 may include 
interconnect regions (not detailed) that may provide electrical 
interconnection for the various devices of the device layer 
102. The device interconnect layer 104 may include stacks of 
metallization layers that may comprise metal lines that may 
be separated and/or insulated by dielectric materials, such as 
interlayer dielectric layers (ILD’s). The device interconnect 
layer 104 may include low-k materials, which may have a 
dielectric constant (k) of less than about 4. In one embodi 
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ment, the device interconnect layer 104 may contain multiple 
layers of dielectric material, such as a plurality of low k 
dielectric layers. 
0014. In one embodiment, the passivation layer 106 dis 
posed on the device interconnect layer 104 of the substrate 
100 may comprise a dielectric material, such as but not lim 
ited to silicon nitride and/or silicon dioxide, although the 
passivation layer 106 may comprise any material Suitable for 
passivating the substrate 100. In an embodiment, a seed layer 
108 may be formed on the passivation layer 106 and on a 
portion of the device interconnect layer 104 through the open 
ing 107 (FIG. 1b). 
0015 The seed layer 108 may be electrically coupled to 
the device layer 102 through the at least one opening 107. The 
seed layer 108 may comprise any type of conductive layer, 
such as copper, for example. The seed layer 108 may be 
formed utilizing any suitable formation process, Such as but 
not limited to a physical vapor deposition (PVD) process, for 
example. In one embodiment, the seed layer 108 may func 
tion to provide a Surface for the electroplating of a conductive 
material. Such as but not limited to copper, for example. In one 
embodiment, the seed layer 108 may be patterned utilizing a 
photoresist material 110, for example, as is known in the art 
(FIG. 1c). 
0016. A base portion 112 of a die-side conductive inter 
connect structure may be formed on the seed layer 108 of the 
substrate 100 (which in some cases may comprise a portion of 
a die (FIG. 1d). In one embodiment, the base portion 112 may 
comprise copper, but may also comprise any suitable type of 
conductive material, depending upon the particular applica 
tion. In one embodiment, the base portion 112 may beformed 
utilizing any Suitable formation process. Such as but not lim 
ited to an electroplating process or a PVD process, for 
example. 
0017. The base portion 112 of the die-side conductive 
interconnect structure may comprise a diameter 119, and a 
height 121, which may be optimized depending upon the 
particular application. In one embodiment, the base portion 
112 dimensions may comprise any such dimensions that may 
be suitable for a die-side conductive interconnect structure, 
for example. The base portion 112 of the die-side conductive 
interconnect structure may comprise a top surface 113. 
0018. The base portion 112 of the die-side conductive 
interconnect structure may be electrically coupled to a por 
tion of the device interconnect layer 104 (that in turn is 
internally connected to the device layer 102) through the seed 
layer 108. In one embodiment, the diameter 119 of the base 
portion 112 may comprise about 80 microns to about 120 
microns, while the height 121 of the base portion 112 may 
comprise about 5 microns to about 30 microns. 
0019. Upon formation of the base portion 112, the photo 
resist 110 may be removed (FIG. 1e). Additional photoresist 
111 may then be placed on the base portion 112 (FIG. 1f) to 
pattern the columnar portion 114 of the die-side conductive 
interconnect structure that may be formed on the top Surface 
113 of the base portion 112 (FIG. 1g). The additional photo 
resist 111 may be used to optimize a diameter 120 and a 
height 123 of the columnar portion 114 of the die-side con 
ductive interconnect structure. In one embodiment, the 
columnar portion 114 may comprise copper, and may be 
formed utilizing any suitable formation process, Such as but 
not limited to an electroplating process, for example. 
0020. The additional photoresist 111 may be removed 
(FIG. 1h). In one embodiment, the seed layer 108 may be 
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patterned and etched, for example, to remove the portion of 
the seed layer 108 that is adjacent to the perimeter of the base 
portion 112 (FIG. 1i). Thus, a die-side conductive intercon 
nect structure 124 may be formed on the substrate 100 that 
may comprise a base portion 112 and a columnar portion 114. 
0021. In one embodiment, the die-side conductive inter 
connect structure 124 may comprise a conductive bump that 
may be disposed on a Substrate and electrically coupled to a 
die, for example. In one embodiment, an angle 116 between 
the columnar portion 114 and the base portion 112 of the die 
side conductive interconnect structure 124 may comprise 
between about 80 to about 100 degrees. In one embodiment, 
it is desirable to have the angle 116 as close to 90 degrees as 
possible, rather than employing a targeted slope design. 
0022. The columnar portion 114 and the base portion 112 
of the die-side conductive interconnect structure 124 may 
comprise distinct portions of the die-side conductive inter 
connect structure 124, in that a transitional region 117 
between the columnar portion 114 and the base portion 112 
may be sharp (i.e., without gradation of diameters of the two 
portions), where the transitional region 117 may comprise a 
right angle (Substantially 90 degrees) in some cases. In one 
embodiment, the diameters of the columnar portion 114 and 
the base portion 112 of the die side conductive interconnect 
structure 124 may be substantially constant throughout their 
respective heights. 
0023 FIG. 1j depicts a top view of the die-side conductive 
interconnect structure 124. The diameter 119 of the base 
portion 112 may be substantially greater than the diameter 
120 of the columnar portion 114. In one embodiment, the 
diameter 120 of the columnar portion 114 may comprise 
about 50 percent to about 80 percent of the diameter 119 of 
the base portion 112. In one embodiment, the die-side con 
ductive interconnect structure 124 of the various embodi 
ments of the present invention when coupled to a package 
side Solder bump that may be disposed on a package Substrate, 
may comprise a portion of a joint structure (see the joint 
structure 226 in FIG. 2d for example). 
0024. Because the die-side conductive interconnect struc 
ture 124 comprises a wider base portion 112, die-package 
interaction stresses that may occur in the device layer 102 and 
device interconnect layer 104 during various packaging and/ 
or assembly processes may be reduced. By having a base 
portion of the die-side conductive interconnect that is wider 
than the columnar portion, the lines of force resulting from 
the CTE mismatch moments harbored after thermal process 
ing are Substantially contained within the base portion of the 
die-side interconnect structure. 

0025. In some cases, without the wider base portion, the 
lines of force would likely diverge at the passivation layer 
interface (boundary between 106 and 108), which may result 
in cracking of layer 106 and consequently yield loss. In 
essence, the wider base portion of the die-side conductive 
interconnect 124 moves the stress/force divergence away 
from the comparatively more fragile interface between dis 
similar materials, i.e. the passivation layer 106 and the die 
side conductive interconnect. 

0026. The wider base portion 112 may sufficiently reduce 
the stresses from various packaging steps, without utilizing 
solder materials with high ductility, such as lead-tin Solders. 
Such a design may also provide an avenue towards incorpo 
ration of lower strength materials within the passivation layer 
106 and/or the device interconnect layer 104. 
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0027 FIG.2a illustrates a substrate 200 that may comprise 
a device layer 202, a device interconnect layer 204 and a 
passivation layer 206, similar to the substrate 100 of FIG.1a, 
for example. In one embodiment, the substrate 200 may com 
prise a plurality of device interconnect layers 204, which may 
comprise at least one low k dielectric layer in some cases. At 
least one die-side conductive interconnect structure 224, 
similar to the die-side conductive interconnect structure 124 
of FIG. 1 i for example, may be disposed on the substrate 200. 
The at least one die-side conductive interconnect structure 
224 may be located in any suitable pattern on the substrate 
200 depending upon the particular application. 
0028. A second substrate 203 may comprise a package 
Substrate in Some embodiments, and may further comprise at 
least one solder bump 205. The second substrate 203 may 
include any Suitable packaging Substrate. Such as but not 
limited to a printed circuit board (PCB), interposer, mother 
board, card, or the like. The at least one solder bump 205 may 
comprise any Suitable solder material, including lead-based 
solders or lead-free solders. Examples of lead-free solders 
may include alloys of tin and silver or alloys of tin and 
indium. 

0029. In one embodiment, individual ones of the at least 
one die-side conductive structure 224 and individual ones of 
the at least one solder bump 205 may be positioned such that 
individual die-side conductive interconnect structures 224 
and individual solder bumps 205 may be substantially aligned 
and/or in close proximity to each other. 
0030. The substrate 200 and the second substrate 203 may 
be brought together, such that a columnar portion 214 of 
individual ones of the at least one die-side conductive struc 
ture 224 and individual ones of the at least one solder bump 
205 may be brought into contact with each other wherein 
individual ones of the at least one die-side conductive struc 
ture 224 and individual ones of the at least one solder bump 
205 may be attached and/or electrically coupled to each other 
(FIG.2b). The process of joining the individual ones of the at 
least one die-side conductive structure 224 and the individual 
ones of the at least one solder bump 205 may comprise a chip 
attach process, in some cases. 
0031. In one embodiment, an elevated temperature may be 
employed during the attachment of the at least one solder 
bump 205 to the at least one die-side conductive interconnect 
structure 224. In one embodiment, portions of the solder 
material of the at least one solder bump 205 may melt, and 
upon cooling, may form joints with the at least one die-side 
conductive structure 224, that may electrically couple the 
substrate 200 and the second substrate 203. 

0032 Referring to FIG. 2C, which depicts an individual 
solder bump/die-side conductive interconnect structure con 
nection (i.e. the connection between the solder bump and the 
die-side conductive interconnect structure may comprise a 
portion of a joint structure 226), portions of the solder mate 
rial 215 from individual ones of the at least one solder bump 
205 may coat individual ones of the at least one die-side 
conductive interconnect structure 224. In one embodiment, 
the solder portions 215 may coat at least fifty percent of the at 
least one connective interconnect structure 224. 

0033. Next, as illustrated in FIG. 2d an underfill material 
228 may be used between a surface 227 of the substrate 200 
(that may include at least one die) and a surface of 229 of the 
second substrate 203. In one example, underfill material 228 
may be provided by a capillary underfill process. 
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0034 FIG. 3a shows finite element modeling (FEM) 
results that compare the crack driving energy in a passivation 
layer 300, such as may be present on a surface of the substrate 
200, for example for various die-side conductive interconnect 
structure geometries. Results for a conventional straight side 
wall 302 die-side interconnect structure and for several ver 
sion of a stepped sidewall die-side interconnect structure 304 
are presented (wherein diameter A is greater than diameter 
X). In some cases, increasing the base diameter by about 30% 
achieves a 35-50% reduction in the energy that may drive 
cracking in a passivation layer. 
0035 FIG.3b depicts a similar benefit from increasing the 
base portion diameter of a die-side conductive interconnect 
structure on reducing ILD stress in a device interconnect 
layer, such as device interconnect layer 104 and device inter 
connect layer 204. ILD cracking drive energy 306 is shown 
for straight sidewall die-side conductive interconnect struc 
tures 308 and various stepped die-side conductive intercon 
nect structure geometries 310. In some cases, up to a 25% 
reduction in crack driving energy within the ILD in the device 
interconnect layer 104/204 is realized. 
0036. The die-side conductive interconnects of the 
embodiments of the present invention significantly decrease 
the thermomechanical stress indie passivation and ILD layers 
without sacrificing the product performance. A Smaller base 
portion diameterat the package side/solder interface transfers 
less stress from the package Substrate. The larger base portion 
diameter at the die-side?passivation interface redistributes the 
stress transferred from the package substrate chip attach pro 
cesses, for example, and thus the stress in passivation and low 
k ILD layers can be decreased significantly. Smaller colum 
nar portion diameters can also improve Solder wetting for a 
fixed package solder Volume during assembly processes. 
0037 FIG. 4 is a diagram illustrating an exemplary system 
400 capable of being operated with microelectronic struc 
tures of the present invention, such as the joint structure 226 
comprising the die side conductive interconnect structure 224 
of FIG. 2d. for example. It will be understood that the present 
embodiment is but one of many possible systems in which the 
conductive interconnect structure of the present invention 
may be used. 
0038. In the system 400, the joint structure 424 may be 
communicatively coupled to a printed circuit board (PCB) 
418 by way of an I/O bus 408. The communicative coupling 
of the joint structure 424 may be established by physical 
means, such as through the use of a package and/or a socket 
connection to mount the joint structure 424 to the PCB 418 
(for example by the use of a chip package, interposer and/or a 
land grid array socket). The joint structure 424 may also be 
communicatively coupled to the PCB 418 through various 
wireless means (for example, without the use of a physical 
connection to the PCB), as are well known in the art. 
0039. The system 400 may include a computing device 
402. Such as a processor, and a cache memory 404 commu 
nicatively coupled to each other through a processorbus 405. 
The processorbus 405 and the I/O bus 408 may be bridged by 
a host bridge 406. Communicatively coupled to the I/O bus 
408 and also to the joint structure 424 may be a main memory 
412. Examples of the main memory 412 may include, but are 
not limited to, static random access memory (SRAM) and/or 
dynamic random access memory (DRAM), and/or some 
other state preserving mediums. The system 400 may also 
include a graphics coprocessor 413, however incorporation of 
the graphics coprocessor 413 into the system 400 is not nec 
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essary to the operation of the system 400. Coupled to the I/O 
bus 408 may also, for example, be a display device 414, a 
mass storage device 420, and keyboard and pointing devices 
422. 
0040. These elements perform their conventional func 
tions well known in the art. In particular, mass storage 420 
may be used to provide long-term storage for the executable 
instructions for a method for forming joint structure in accor 
dance with embodiments of the present invention, whereas 
main memory 412 may be used to store on a shorter term basis 
the executable instructions of a method for forming joint 
structure in accordance with embodiments of the present 
invention during execution by computing device 402. In addi 
tion, the instructions may be stored, or otherwise associated 
with, machine accessible mediums communicatively coupled 
with the system, Such as compact disk read only memories 
(CD-ROMs), digital versatile disks (DVDs), and floppy 
disks, carrier waves, and/or other propagated signals, for 
example. In one embodiment, main memory 412 may supply 
the computing device 202 (which may be a processor, for 
example) with the executable instructions for execution. 
0041 Although the foregoing description has specified 
certain steps and materials that may be used in the method of 
the present invention, those skilled in the art will appreciate 
that many modifications and Substitutions may be made. 
Accordingly, it is intended that all Such modifications, alter 
ations, substitutions and additions be considered to fall within 
the spirit and scope of the invention as defined by the 
appended claims. In addition, it is appreciated that certain 
aspects of microelectronic devices, such as a microelectronic 
packages, are well known in the art. Therefore, it is appreci 
ated that the Figures provided herein illustrate only portions 
of an exemplary microelectronic device that pertains to the 
practice of the present invention. Thus the present invention is 
not limited to the structures described herein. 
What is claimed is: 
1. A structure comprising: 
a die-side conductive interconnect disposed on a Substrate, 

wherein the die-side conductive interconnect comprises 
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a columnar portion and a base portion, and wherein a 
diameter of the base portion is greater than a diameter of 
the columnar portion; and 

a solder bump disposed on a package Substrate, wherein the 
solder bump is coupled with the columnar portion of the 
conductive interconnect. 

2. The structure of claim 1 wherein the diameter of the 
columnar portion is about 50 percent to about 80 percent of 
the diameter of the base portion. 

3. The structure of claim 1 wherein an angle between the 
base portion and the columnar portion is about 80 to about 
100 degrees. 

4. The structure of claim 1 wherein the die-side conductive 
interconnect comprises copper. 

5. The structure of claim 1 further comprising wherein the 
solder bump wets at least 50 percent of a sidewall of the 
conductive interconnect. 

6. The structure of claim 1 wherein the solder bump com 
prises a lead free solder bump. 

7. The structure of claim 1 further comprising wherein the 
base portion of the die-side conductive interconnect is con 
ductively coupled to a die disposed within the substrate, and 
wherein the Substrate further comprises a passivation layer. 

8. The structure of claim 1 wherein an underfill material is 
disposed between a surface of the substrate and a surface of 
the package substrate. 

9. The structure of claim 7 further comprising wherein the 
passivation layer is disposed on a device interconnect layer. 

10. The structure of claim 9 wherein the device intercon 
nect layer comprises a low k ILD. 

11. The structure of claim 1 wherein the structure com 
prises a portion of a joint structure. 

12. The structure of claim 1 further comprising a system 
comprising: 

the joint structure; 
a bus communicatively coupled to the joint structure; and 
a DRAM communicatively coupled to the bus. 

c c c c c 


