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(57) ABSTRACT

Electromigration in microbump connections causes voids in
the microbumps, which reduces the lifetime of an integrated
circuit containing the microbump, Electromigration lifetime
may be increased in microbumps by forming a copper shell
around the solder. The copper shell of one microbump con-
tacts the copper shell of a second microbump to enclose the
solder of the microbump connection. The copper shell allows
higher current densities through the microbump. Thus,
smaller microbumps may be manufactured on a smaller pitch
without suffering failure from electromigration. Additionally,
the copper shell reduces shorting or bridging between
microbump connections on a substrate.
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CONDUCTIVE SIDEWALL FOR
MICROBUMPS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of co-pending U.S.
patent application Ser. No. 12/837,717 filed Jul. 16, 2010,
entitled “CONDUCTIVE SIDEWALL FOR
MICROBUMPS”
TECHNICAL FIELD

[0002] The present disclosure generally relates to inte-
grated circuits.

[0003] More specifically, the present disclosure relates to

packaging integrated circuits.

BACKGROUND

[0004] Microbumps are small diameter solder connections
between a first die and a second die or between a die and a
packaging substrate. The small diameter of the microbumps
allows high density connections to the die, however, the high
density may result in shorting or bridging between connec-
tions.

[0005] FIG. 1 is a cross-sectional view of two substrates
connected through conventional microbumps. A first sub-
strate 110 having copper pillars 112 faces a second substrate
120 having copper pillars 122. A solder 130 connects pillars
of'the copper pillars 112 with pillars of the copper pillars 122.
The combination of the copper pillars 122 and the solder 130
is a microbump. When the pitch between the copper pillars
112,122 is too small, bridging or shorting may occur such as,
for example, in a region 132.

[0006] The small diameter of microbumps also increases
the current density through the microbumps. Increases in
current density cause electromigration in the microbumps.
Electromigration is the movement of metal atoms resulting
from momentum transfer by electrons to the metal atoms.
Electromigration causes voids in the microbumps, which
reduces reliability of the connections and leads to failure of
integrated circuits containing the microbumps.

[0007] Microbumps are conventionally made from solder
materials such as tin and silver, which suffer from electromi-
gration. Copper reduces electromigration eftects, but is too
rigid for reliable assembly or operation in integrated circuits.
[0008] Thus, there is a need for a microbump structure with
improved electromigration performance.

BRIEF SUMMARY

[0009] According to one embodiment, a method includes
forming an opening in a sacrificial layer on a contact pad of a
substrate. The method also includes depositing a first conduc-
tive layer covering sidewalk of the opening and the bottom of
the opening. The method further includes depositing a second
conductive layer inside the first conductive layer, the second
conductive layer having a lower melting point than the first
conductive layer.

[0010] According to another embodiment, a method
includes selecting a first substrate with microbumps having a
first conductive material and a second conductive material
substantially contained within the first conductive material.
The method also includes selecting a second substrate with
microbumps having a first conductive material and a second
conductive material substantially contained within the first
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conductive material. The method further includes aligning
microbumps of the first substrate with microbumps of the
second substrate. The method also includes forming a bond
between microbumps of the first substrate and microbumps of
the second substrate such that the second, conductive material
is substantially contained inside the first conductive material
and the first conductive material of the microbumps of the first
substrate contacts with the first conductive material of the
microbumps of the second substrate.

[0011] According to yet another embodiment, an apparatus
includes a first substrate coupled to a second substrate. The
apparatus also includes a packaging connection coupling the
first substrate to the second substrate. The packaging connec-
tion has a shell of first conductive material around a second
conductive material. The first conductive material has a
higher melting point than the second conductive material.
[0012] According to a further embodiment, an apparatus
includes an outer shell connecting means for reducing elec-
tromigration. The outer shell connecting means communi-
cates with a first substrate and is capable of connecting with
an outer shell connecting means of a second substrate. The
apparatus also includes a solder connecting means of the first
substrate for connecting with a solder connecting means of
the second, substrate. The solder connecting means of the first
substrate resides within the outer shell connecting means of
the first substrate.

[0013] This has outlined, rather broadly, the features and
technical advantages of the present disclosure in order that the
detailed description that follows may be better understood.
Additional features and advantages of the disclosure will be
described below. It should be appreciated by those skilled in
the art that this disclosure may be readily utilized as a basis for
modifying or designing other structures for carrying out the
same purposes of the present disclosure. It should, also be
realized, by those skilled in the art that such equivalent con-
structions do not depart from the teachings of the disclosure
as set forth in the appended, claims. The novel features, which
are believed to be characteristic of the disclosure, both as to its
organization and method of operation, together with further
objects and advantages, will be better understood from the
following description when considered in connection with
the accompanying figures. It is to be expressly understood,
however, that each of the figures is provided, for the purpose
of illustration and description only and is not intended as a
definition of the limits of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] For a more complete understanding of the present
disclosure, reference is now made to the following descrip-
tion taken in conjunction with the accompanying drawings.
[0015] FIG. 1 is a cross-sectional view of two substrates
connected through conventional microbumps.

[0016] FIG. 2A-2] are cross-sectional views of a layer
structure for manufacturing microbumps according to one
embodiment.

[0017] FIG. 3 is a flow chart illustrating an exemplary pro-
cess for manufacturing microbumps according to one
embodiment.

[0018] FIGS. 4A-4F are cross-sectional views illustrating
an exemplary layer structure for a microbump according to
one embodiment.

[0019] FIG. 5 is a flow chart illustrating an exemplary
method for forming the microbump with shell according to
one embodiment.
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[0020] FIG. 6 is a block diagram showing an exemplary
wireless communication system in which an embodiment of
the disclosure may be advantageously employed.
[0021] FIG. 7is ablock diagram illustrating a design work-
station used for circuit, layout, and logic design of a semicon-
ductor component according to one embodiment.

DETAILED DESCRIPTION

[0022] According to one embodiment, a copper sidewall is
constructed around a solder microbump to improve reliability
of the microbump connections. The solder provides flexibil-
ity during assembly, and the copper reduces electromigration.
Additionally, a copper sidewall prevents lateral migration of
the solder, reducing bridges and shorts between microbumps.
[0023] FIGS. 2A-2J are cross-sectional views of a layer
structure for manufacturing microbumps according to one
embodiment. A flow chart illustrating an exemplary process
for manufacturing microbumps according to one embodi-
ment is shown in FIG. 3 and will be presented, with FIGS.
2A-2]. A flow chart 300 begins at block 310 with depositing
an underbump metal (UBM) layer. FIG. 2A is a cross-sec-
tional view illustrating an exemplary layer structure after
depositing a UBM according to one embodiment. A substrate
202 includes back-end-of-line (BEOL) layers 204. The sub-
strate 202 may be a semiconductor material or an organic
material. A passivation layer 206 is deposited on the BEOL
layers 204 followed by a UBM layer 208. An opening in the
passivation layer 206 may correspond to a contact pad for
coupling the BEOL layers 204 to a microbump. According to
one embodiment, the UBM layer 208 is conformally depos-
ited over the passivation layer 206 and the BEOL layers 204.
[0024] At block 315 a sacrificial layer is deposited on the
UBM layer. FIG. 2B is a cross-sectional view illustrating an
exemplary layer structure after deposition of a sacrificial
layer according to one embodiment. A sacrificial layer 210 is
deposited on the UBM layer 208. The sacrificial layer 210
may be a photoresist layer.

[0025] At block 320 the sacrificial layer is patterned and at
block 325 a seed layer is deposited. FIG. 2C is a cross-
sectional view illustrating an exemplary layer structure after
patterning of the sacrificial layer and depositing a seed layer
according to one embodiment. An opening 250 is patterned in
the sacrificial layer 210. According to one embodiment, the
opening 250 corresponds with a contact pad in the BEOL
layers 204 and an opening in the passivation layer 206. A seed
layer 212 is deposited on the sacrificial layer 210 and the
UBM layer 208. According to one embodiment, the seed
layer 212 is a titanium and copper bilaver deposited through
physical vapor deposition (PVD).

[0026] At block 330 the seed layer is etched from the sac-
rificial layer. FIG. 2D is a cross-sectional view illustrating an
exemplary layer structure after patterning of the seed layer
according to one embodiment. The seed layer 212 is removed
from the top of the sacrificial layer 210. According to one
embodiment, a reactive ion etch (RIE) patterns the seed layer
212. During RIE, ions bombard the surface of the seed layer
212 and have a trajectory normal to the surface of the top
surface of the seed layer 212. During RIE etching, the seed
layer 212 may be removed from the top of the sacrificial layer
210 while remaining on sidewalls of the opening 250.
[0027] Atblock 335 ashell is deposited in the opening 250.
FIG. 2E is a cross-sectional view illustrating an exemplary
layer structure after depositing a copper shell according to
one embodiment. A conductive shell 220 is deposited in the
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opening 250. According to one embodiment, the shell 220 is
electrodeposited by immersing the seed layer 212 in a copper
electrolyte while applying a voltage to the seed layer 212.
According to another embodiment, the shell 220 is nickel
deposited by electroplating. The electrodeposition may be
conformal resulting in a shape of the conductive shell 220
correlating with the opening 250. According to one embodi-
ment, the copper electrolyte may include additives such as
accelerators, directional controls, and inhibitors to achieve
suitable conformality of the opening 250.

[0028] Atblock 340 solderis deposited in the shell. FIG. 2F
is a cross-sectional view illustrating an exemplary layer struc-
ture after depositing solder according to one embodiment. A
solder 222 is deposited in the shell 220. According to one
embodiment, the solder 222 is a tin-silver alloy electroplated
in the shell 220.

[0029] At block 345 the sacrificial layer is stripped. FIG.
2G is a cross-sectional view illustrating an exemplary layer
structure after stripping the sacrificial layer according to one
embodiment. The sacrificial layer 210 is removed. According
to one embodiment, the sacrificial layer 210 is removed
through a wet chemical etch.

[0030] At block 350 the solder is reflowed. FIG. 2H is a
cross-sectional view illustrating an exemplary layer structure
after solder reflow according to one embodiment. The solder
222 is reflowed by applying a high temperature to the solder
222 during which the solder 222 forms a ball or rounded
surface. According to one embodiment, the shell 220 has a
melting temperature higher than the solder 222 such that the
shell 220 does not reflow during reflow of the solder 222.

[0031] Atblock 355 the substrate 202, which may be a die,
is picked and placed to align with a second die. FIG. 21 is a
cross-sectional view illustrating two exemplary substrates
after pick and place according to one embodiment. A second
substrate 230 having solder 232 is aligned to the solder 222 of
the substrate 202. According to one embodiment, the sub-
strate 230 has a symmetric structure around the solder 232
corresponding to the structure around the solder 222 on the
substrate 202. According to another embodiment, the solder
232 onthe substrate 230 may have an asymmetric shapeto the
solder 222 on the substrate 202.

[0032] At block 360 solder is bonded between two sub-
strates, such as a first die to a second, die or a die to a
packaging substrate. FIG. 21 is a cross-sectional view illus-
trating two exemplary bonded substrates according to one
embodiment. The solder 222 and the solder 232 are bonded
together. According to one embodiment, thermo compression
bonding is performed to make contact between the conduc-
tive shell 220 of the substrate 202 and a conductive shell 234
of the substrate 230. During compression bonding, some
solder beading may occur as the solder 222 beads outside the
conductive shell 220 and the conductive shell 234. According
to one embodiment, the conductive shell 234 is 1-5 microme-
ters in thickness, and the solder 232 is 5-20 micrometers in
diameter.

[0033] According to another embodiment, the shell of the
microbump may be deposited through electrodeposition tech-
niques such as, for example, electroless deposition. FIGS.
4A-4F are cross-sectional views illustrating an exemplary
layer structure for a microbump according to one embodi-
ment. FIG. 5 is a flow chart illustrating an exemplary method
for forming the microbump with shell according to this
embodiment.
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[0034] A flow chart 500 begins at block 505 with depositing
an underbump metal (not shown in FIG. 4A). The flow chart
continues to block 510 with patterning a sacrificial layer. FIG.
4A is a cross-sectional view illustrating an exemplary layer
structure after patterning a sacrificial layer according to one
embodiment. A sacrificial layer 406 is deposited on a BEOL
layer 404 on a substrate 402. The sacrificial layer 406 is
patterned with annulus shapes to form a shell of a microbump.
According to one embodiment, the sacrificial layer 406 is a
photoresist layer and patterning is accomplished by exposing
the photoresist through a mask and developing the photore-
sist.

[0035] At block 515 a shell is deposited in the patterned
openings of the sacrificial layer. FIG. 4B is a cross-sectional
view illustrating an exemplary layer structure after depositing
amicrobump shell according to one embodiment. A shell 408
is deposited to form an annular ring in the sacrificial layer
406. According to one embodiment, the shell 408 is deposited
through electroless deposition of copper.

[0036] At block 520 the sacrificial layer is selectively
removed to expose the inner region of the annulus formed, in
the sacrificial layer. FIG. 4C is a cross-sectional view illus-
trating an exemplary layer structure after selective removal of
the sacrificial layer according to one embodiment. An open-
ing 410 is formed inside the shell 408 by selectively removing
the sacrificial layer 406.

[0037] Atblock 525 a seed layer is deposited. FIG. 4D is a
cross-sectional view illustrating an exemplary layer structure
after seed layer deposition according to one embodiment. A
seed, layer 412 is deposited on the sacrificial layer 406, the
shell 408, and the BEOL layer 404. According to one embodi-
ment the seed layer 412 is a Ti/Cu bilayer deposited through
PVD.

[0038] At block 530 the seed layer is etched. FIG. 4E is a
cross-sectional view illustrating an exemplary layer structure
after seed layer etching according to one embodiment. The
seed layer 412 is etched to remove the seed layer 412 from
regions outside the opening 410. According to one embodi-
ment, RIE is performed to remove the seed layer 412.
[0039] Atblock 535 solder is deposited in the shell. FIG. 4F
is a cross-sectional view illustrating an exemplary layer struc-
ture after deposition of solder according to one embodiment.
A solder 414 is deposited in the opening 410. According to
one embodiment, the solder 414 is electrodeposited in the
opening 410 using the seed layer 412 as an electrode. The
solder 414 may be, for example, a tin-silver alloy.

[0040] Copper sidewalk placed around solder microbump
joints reduce the effects of electromigration and reduce
occurrences of bridging and shorting between microbumps.
Thus, microbumps may be constructed with smaller diam-
eters and smaller pitches allowing increased, connection den-
sities between two dies or between a die and a substrate.
[0041] FIG. 6 is a block diagram showing an exemplary
wireless communication system 600 in which an embodiment
of the disclosure may be advantageously employed. For pur-
poses of illustration, FIG. 6 shows three remote units 620,
630, and 650 and two base stations 640. It will be recognized
that wireless communication systems may have many more
remote units and base stations. Remote units 620, 630, and
650 include IC devices 625A, 625C and 6258, that include
the disclosed microbump structure. It will be recognized that
any device containing an IC may also include the microbump
structure disclosed here, including the base stations, switch-
ing devices, and network equipment. FIG. 6 shows forward
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link signals 680 from the base station 640 to the remote units
620, 630, and 650 and reverse link signals 690 from the
remote units 620, 630, and 650 to base stations 640.

[0042] In FIG. 6, remote unit 620 is shown as a mobile
telephone, remote unit 630 is shown as a portable computer,
and remote unit 650 is shown as a fixed, location remote unit
in a wireless local loop system. For example, the remote units
may be mobile phones, hand-held, personal communication
systems (PCS) units, portable data units such as personal data
assistants, GPS enabled devices, navigation devices, set top
boxes, music players, video players, entertainment units,
fixed location data units such as meter reading equipment, or
any other device that stores or retrieves data or computer
instructions, or any combination thereof. Although FIG. 6
illustrates remote units according to the teachings of the dis-
closure, the disclosure is not limited to these exemplary illus-
trated units. Embodiments of the disclosure may be suitably
employed in any device which includes packaged integrated
circuits having microbumps.

[0043] FIG. 7 is a block diagram illustrating a design work-
station used for circuit, layout, and logic design of a semicon-
ductor component, such as a microbump as disclosed above.
A design workstation 700 includes a hard disk 701 containing
operating system software, support files, and design software
such as Cadence or OrCAD. The design workstation 700 also
includes a display to facilitate design of a circuit 710 or a
semiconductor component 712 such as a packaged, integrated
circuit having microbumps. A storage medium 704 is pro-
vided for tangibly storing the circuit design 710 or the semi-
conductor component 712. The circuit design 710 or the
semiconductor component 712 may be stored on the storage
medium 704 in a file format such as GDSII or GERBER. The
storage medium 704 may be a CD-ROM. DVD, hard disk,
flash memory, or other appropriate device. Furthermore, the
design workstation 700 includes a drive apparatus 703 for
accepting input from or writing output to the storage medium
704.

[0044] Data recorded on the storage medium 704 may
specify logic circuit configurations, pattern data for photoli-
thography masks, or mask pattern data for serial write tools
such as electron beam lithography. The data may further
include logic verification data such as timing diagrams or net
circuits associated with logic simulations. Providing data on
the storage medium 704 facilitates the design of the circuit
design 710 or the semiconductor component 712 by decreas-
ing the number of processes for designing semiconductor
wafers.

[0045] For a firmware and/or software implementation, the
methodologies may be implemented with modules (e.g., pro-
cedures, functions, and so on) that perform the functions
described herein. Any machine-readable medium tangibly
embodying instructions may be used, in implementing the
methodologies described herein. For example, software
codes may be stored in a memory and executed by a processor
unit. Memory may be implemented within the processor unit
or external to the processor unit. As used herein the term
“memory” refers to any type of long term, short term, volatile,
nonvolatile, or other memory and is not to be limited to any
particular type of memory or number of memories, or type of
media upon which memory is stored.

[0046] If implemented, in firmware and/or software, the
functions may be stored as one or more instructions or code
on a computer-readable medium. Examples include com-
puter-readable media encoded with a data structure and com-
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puter-readable media encoded with a computer program.
Computer-readable media includes physical computer stor-
age media, A storage medium may be any available medium
that can be accessed by a computer. By way of example, and
not limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk stor-
age, magnetic disk storage or other magnetic storage devices,
orany other medium that can be used to store desired program
code in the form of instructions or data structures and that can
be accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc where
disks usually reproduce data magnetically, while discs repro-
duce data optically with lasers. Combinations of the above
should also be included within the scope of computer-read-
able media.
[0047] In addition to storage on computer readable
medium, instructions and/or data may be provided as signals
on transmission media included in a communication appara-
tus. For example, a communication apparatus may include a
transceiver having signals indicative of instructions and data.
The instructions and data are configured to cause one or more
processors to implement the functions outlined in the claims.
[0048] Although specific circuitry has been set forth, it will
be appreciated by those skilled in the art that not all of the
disclosed circuitry is required to practice the disclosure.
Moreover, certain well known circuits have not been
described, to maintain focus on the disclosure.
[0049] Although the present disclosure and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the technology of the disclo-
sure as defined, by the appended, claims. For example, rela-
tional terms, such as “above” and “below” are used with
respect to a substrate or electronic device. Of course, if the
substrate or electronic device is inverted, above becomes
below, and vice versa. Additionally, if oriented sideways,
above and below may refer to sides of a substrate or electronic
device. Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure, processes, machines, manufacture, compositions
of'matter, means, methods, or steps, presently existing or later
to be developed, that perform substantially the same function
or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.
What is claimed is:
1. A method, comprising:
forming an opening in a sacrificial layer on a contact pad of
a substrate;
depositing a first conductive layer covering sidewalls of the
opening and a bottom of the opening; and
depositing a second conductive layer inside the first con-
ductive layer, the second conductive layer having a
lower melting point than the first conductive layer.

May 2, 2013

2. The method of claim 1, in which depositing the first
conductive layer comprises electroplating copper and/or
nickel.

3. The method of claim 1, in which depositing the second
conductive layer comprises electroplating tin and/or silver.

4. The method of claim 1, further comprising depositing an
underbump metal (UBM) layer on the contact pad before
depositing the first conductive layer, the first conductive layer
partially covering a surface of the UBM layer.

5. The method of claim 4, further comprising depositing a
passivation layer on the substrate, prior to depositing the
UBM layer.

6. The method of claim 1, in which forming the opening
comprises: patterning the sacrificial layer;

depositing a seed layer; and

etching back the seed layer.

7. The method, of claim 6, in which the seed layer com-
prises titanium and/or copper.

8. The method of claim 1, further comprising heating the
second conductive layer while not reflowing the first conduc-
tive layer.

9. The method of claim 1, further comprising bonding the
second conductive material to a third conductive material of
another substrate.

10. The method, of claim 1, further comprising integrating
the substrate into a mobile phone, a set top box, a music
player, a video player, an entertainment unit, a navigation
device, a computer, a hand-held personal communication
systems (PCS) unit, a portable data unit, and/or a fixed loca-
tion data unit.

11. A method, comprising:

selecting a first substrate with a first plurality of

microbumps having a first conductive material and a
second conductive material substantially contained
within the first conductive material;

selecting a second substrate with a second plurality of

microbumps having a first conductive material and a
second conductive material substantially contained
within the first conductive material;

aligning microbumps of the first plurality of microbumps

with microbumps of the second plurality of
microbumps; and

forming a bond between microbumps of the first plurality

of microbumps and microbumps of the second plurality
of microbumps such that the first conductive material of
the first plurality of microbumps contacts the first con-
ductive material of the second plurality of microbumps.

12. The method of claim 11, in which forming the bond,
comprises forming a thermo compression bond.

13. The method of claim 11, in which the selected second
substrate is symmetric with the selected first substrate.

14. The method of claim 11, further comprising integrating
the first and second substrates into a mobile phone, a set top
box, a music player, a video player, an entertainment unit, a
navigation device, a computer, a hand-held personal commu-
nication systems (PCS) unit, a portable data unit, and/or a
fixed location data unit.
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