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RADIATE UNDER-BUMP METALLIZATION
STRUCTURE FOR SEMICONDUCTOR
DEVICES

TECHNICAL FIELD

This disclosure relates generally to semiconductor devices
and, more particularly, to under-bump metallization struc-
tures having extensions radiating outward from a center por-
tion for semiconductor devices.

BACKGROUND

Since the invention of the integrated circuit (I1C), the semi-
conductor industry has experienced continued rapid growth
due to continuous improvements in the itegration density of
various electronic components (1.€., transistors, diodes, resis-
tors, capacitors, etc.). For the most part, this improvement in
integration density has come from repeated reductions in
mimmum feature size, which allows more components to be
integrated into a given area.

The past few decades have also seen many shifts in semi-
conductor packaging that have impacted the entire semicon-
ductor industry. The introduction of surface-mount technol-
ogy (SMT) and ball gnd array (BGA) packages were
generally important steps for high-throughput assembly of a
wide variety of IC devices, while at the same time allowing
for reduction of the pad pitch on the printed circuit board
(PCB). Conventionally packaged ICs have a structure basi-
cally interconnected by fine gold wire between metal pads on
the die and electrodes spreading out of molded resin pack-
ages. On the other hand, some chip scale packages (CSP) or
BGA packages rely on bumps of solder to provide an electri-
cal connection between contacts on the die and contacts on a
substrate, such as a packaging substrate, a PCB, another
die/water, or the like. In these cases, an under bump metal
(UBM) layer 1s formed on a bond pad of the die, and a solder
bump 1s placed on the UBM layer. The different layers mak-
ing up this interconnection typically have different coetli-
cients of thermal expansion (CTEs). As a result, a relatively
large stress derived from this difference 1s exhibited on the
joint area, which often causes cracks to form along the inter-
face between the UBM layer and the solder bump.

In one attempt to reduce the stress between the solder bump
and the UBM, the UBM was made larger. While this may
reduce the stress 1n some devices, the increased size of the
UBM caused the solder bump to become flat and deformed,
thereby causing deformation 1ssues and increasing the possi-
bility of a bridging or shorting with adjacent solder bumps.

SUMMARY

An under-bump metallization (UBM) structure for a semi-
conductor device 1s provided. A substrate having one or more
contact pads formed thereon 1s provided. A passivation layer
1s formed over the contact pads such that at least a portion of
the contact pads 1s exposed. One or more UBM structures,

cach having a center portion and extensions extending away
from the center portion, are formed such that each of the UBM
structures 1s electrically coupled to respective ones of the
contact pads. The extensions of adjacent UBM structures may
be aligned or rotated relative to each other.

Other embodiments are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the embodiments,
and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawings, in which:
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FIGS. 1a-1c¢ are various views of a UBM and a conductive
bump of a semiconductor device in accordance with an

embodiment;

FIG. 2 1s a plan view of an arrangement of UBMs 1n
accordance with an embodiment;

FIGS. 3a-3c 1llustrate differences in stress between a con-
ductive bump and a UBM that may be obtained 1n accordance
with an embodiment:

FIGS. 4a-4f are examples of various shapes a UBM may
exhibit 1n accordance with various embodiments;

FIGS. 5a-5d are various views of a UBM with a flux
applied thereto 1n accordance with an embodiment; and

FIGS. 6-9 illustrate various intermediate stages of a
method of forming a semiconductor device having an under-
bump metallization structure 1 accordance with an embodi-
ment.

DETAILED DESCRIPTION

The making and using of the embodiments of the disclo-
sure are discussed 1n detail below. It should be appreciated,
however, that the embodiments provide many applicable
inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely 1llustrative of specific ways to make and use the
embodiments, and do not limit the scope of the disclosure.

Embodiments described herein relate to the use of under-
bump metallization (UBM) for use with semiconductor
devices. As will be discussed below, embodiments are dis-
closed that utilize a UBM structure having structures radiat-
ing out from a center for the purpose of attaching one sub-
strate to another substrate, wherein each substrate may be a
die, water, printed circuit board, packaging substrate, or the
like, thereby allowing for die-to-die, water-to-die, waler-to-
waler, die or water to printed circuit board or packaging
substrate, or the like. Throughout the various views and 1llus-
trative embodiments, like reference numerals are used to
designate like elements.

FIGS. 1q and 15 are a plan view and a side view, respec-
tively, of a portion of a substrate 100 having conductive
bumps 102 formed thereon in accordance with an embodi-
ment, wherein FIG. 15 1s taken along the A-A' line of FIG. 1a.
Additionally, FIG. 1c¢ 1s a plan view corresponding to FIG. 1a
without the conductive bumps 102 formed thereon, wherein
like reference numerals refer to like elements. Initially, 1t
should be noted that the substrate 100 may be a portion of a
die, a waler, or the like. As one of ordinary skill 1n the art will
appreciate, embodiments described herein may be used in any
situation requiring an electrical connection to a contact pad.

The exterior surface of the substrate 100 1s covered with a
protective layer 104, such as a polymer layer, to protect the
substrate 100 from environmental contaminants and to act as
a stress butler layer. Within the protective layer 104 are open-
ings, which expose an underlying conductive pad 106. UBMs
108 having extensions 108a radiating outward from a center
portion 1085 are formed over the protective layer 104 1n the
openings, thereby providing an electrical connection with the
underlying conductive pad 106. The center portion 1085 1s
roughly the size of the desired conductive bump. The UBM
108 may be, for example, a copper or other conductive mate-
rial. The conductive bumps 102, e.g., lead-1ree solder bumps,
are formed on the UBM 108 and provide an electrical con-
nection to a second substrate (not shown), such as a die, wafer,
packaging substrate, or the like.

In an embodiment, a number of extensions 108« 1s at least
3 or greater, wherein a width W . of the extensions 108a 1s
between about 0.19 and about 0.58 of a width W _ of the center
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portion 1085, and a length L. of the extensions 108a 1s
between about 0.11 and about 0.15 of a pitch P between
adjacent UBMs 108. It has been found that these ratios are
obtainable given the processing techniques discussed herein
and simulation results indicate that these ratios may improve
stress characteristics. It should be noted, however, that other
embodiments may utilize different ratios.

FI1G. 2 illustrates the UBMs 108 of FIGS. 1a-1c arranged in
an interface pattern 1n accordance with an embodiment. As
can be appreciated, the arrangement illustrated in FIGS.
1a-1c allows for a larger surface area for the UBM, thereby
possibly decreasing the stress along the interface between the
conductive bumps 102 and the UBMs 108. As sizes of the
semiconductor devices decrease, however, an interface pat-
tern such as that illustrated 1n FIG. 2 may be desirable. In this
embodiment, the positioning of the extensions 108a of adja-
cent UBMs 108 are offset from each other. Such an interface
pattern may reduce and/or eliminate bridging concerns
between adjacent UBMs 108 by increasing the distance
between the extensions 1084 of the UBMs 108. In an embodi-
ment, adjacent UBMs 108 are rotated 0/2 degrees, wherein 0
1s the angle between adjacent extensions 108a.

It 1s believed that embodiments such as those disclosed
herein increase reliability of the semiconductor device by
reducing and making uniform the stress between the conduc-
tive bumps 102 and the UBMs 108. In particular, 1t 1s believed
that by extending the UBMs 108 past the expected boundary
of the conductive bumps 102, the extensions reduce the stress
concentrated at the interface of the UBMs 108 and conductive
bumps 102.

For example, FIGS. 3a and 35 are stress plots 1llustrating
the principal stress and the Y stress, respectively, along the
interface between the conductive bump and the UBM. For
both FIGS. 3a and 35, the top plots illustrate the stress seen in
systems utilizing UBMs without extensions, and the bottom
plots 1llustrate the stress that may be seen 1n embodiments
utilizing UBMs with extensions such as those described
herein. Referring first to FIG. 3a, one of ordinary skill in the
art will appreciate that embodiments such as those described
herein allow for a more uniform principal (e.g., crack) stress,
particularly in the area identified by the ovals 310 and 312.
With regard to FIG. 35, a similar result can be seen 1n the Y
(e.g., delamination) stress as indicated by the ovals 314 and
316. FIG. 3c illustrates that embodiments may reduce the
principal stress and the Y stress by about 10%.

FIGS. 4a-4f 1llustrate various shapes the extensions 108a
may have 1n accordance with various embodiments. In par-
ticular, FIGS. 4a-4f illustrate embodiments i which the
extensions 108a have a shape corresponding to a quadrangle,
a triangle, a circle, a fan, a fan with extensions, and a modified
quadrangle having a curved surface, respectively. It should be
noted that the embodiments 1llustrated in FIGS. 4a-4f show
four extensions for illustrative purposes only, and accord-
ingly, it should be noted that fewer or more extensions may be
used 1n other embodiments.

FIGS. 5a-5d illustrate the optional use of a flux 502 in
accordance with an embodiment. For reference, FIG. 5a 1s a
plan view of an embodiment such as that discussed above
with reference to FIGS. 1a-1¢, wherein like reference numer-
als refer to like elements. FIG. 55 1s a plan view 1llustrating
the use of a flux 502 patterned such that the flux extends out
along a portion of the extensions 108a of the UBM 108 away
from the center portion 1085 of the UBM 108. As a result of
using the flux 502 extending out along a portion of the exten-
s1ons 108qa, the conductive bumps 102 may tend to extend out
along a portion of the extensions 108a as well, as 1llustrated 1n

FIGS. 5S¢ and 3d by the dashed circles 504, wherein FIG. 5d 1s
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a side view taken along the B-B' line illustrated in FIG. 5c.
Such an embodiment may help reduce or eliminate the UBM
undercut problem, as well as increase solder-UBM adhesive
strength with footing controlled by flux area.

FIGS. 6-9 illustrate various intermediate stages of a
method of forming a semiconductor device such as that dis-
cussed above 1n accordance with an embodiment. Referring
first to FIG. 6, a portion of a substrate 602 having electrical
circuitry 604 formed thereon 1s shown 1n accordance with an
embodiment. The substrate 602 may comprise, for example,
bulk silicon, doped or undoped, or an active layer of a semi-
conductor-on-insulator (SOI) substrate. Generally, an SOI
substrate comprises a layer of a semiconductor material, such
as silicon, formed on an insulator layer. The insulator layer
may be, for example, a buried oxide (BOX) layer or a silicon
oxide layer. The insulator layer 1s provided on a substrate,
typically a silicon or glass substrate. Other substrates, such as
a multi-layered or gradient substrates may also be used.

Electrical circuitry 604 formed on the substrate 602 may be
any type of circuitry suitable for a particular application. In an
embodiment, the electrical circuitry 604 includes electrical
devices formed on the substrate 602 with one or more dielec-
tric layers overlying the electrical devices. Metal layers may
be formed between dielectric layers to route electrical signals
between the electrical devices. Electrical devices may also be
formed 1n one or more dielectric layers.

For example, the electrical circuitry 604 may include vari-
ous N-type metal-oxide semiconductor (NMOS) and/or
P-type metal-oxide semiconductor (PMOS) devices, such as
transistors, capacitors, resistors, diodes, photo-diodes, fuses,
and the like, interconnected to perform one or more functions.
The functions may nclude memory structures, processing
structures, sensors, amplifiers, power distribution, input/out-
put circuitry, or the like. One of ordinary skill 1n the art wall
appreciate that the above examples are provided for 1llustra-
tive purposes only to further explain applications of some
illustrative embodiments and are not meant to limit the dis-
closure 1n any manner. Other circuitry may be used as appro-
priate for a given application.

Also shown 1n FIG. 6 1s an inter-layer dielectric (ILD) layer
608. The ILD layer 608 may be formed, for example, of a
low-K dielectric material, such as phosphosilicate glass

(PSG), borophosphosilicate glass (BPSG), fluorinated sili-
cate glass (FSG), S10,C,, Spm-On-Glass, Spin-On-Poly-
mers, silicon carbon material, compounds thereof, compos-
ites thereot, combinations thereol, or the like, by any suitable
method known 1n the art, such as spinming, chemical vapor
deposition (CVD), and plasma-enhanced CVD (PECVD). It
should also be noted that the ILD layer 608 may comprise a
plurality of dielectric layers.

Contacts, such as contacts 610, are formed through the ILD
layer 608 to provide an electrical contact to the electrical
circuitry 604. The contacts 610 may be formed, for example,
by using photolithography techniques to deposit and pattern a
photoresist material on the ILD layer 608 to expose portions
of the ILD layer 608 that are to become the contacts 610. An
etch process, such as an anisotropic dry etch process, may be
used to create openings 1n the ILD layer 608. The openings
may be lined with a diffusion barrier layer and/or an adhesion
layer (not shown), and filled with a conductive material. In an
embodiment, the diffusion barrier layer comprises one or
more layers of TalN, Ta, TiN, Ti, CoW, or the like, and the
conductive material comprises copper, tungsten, aluminum,
silver, combinations thereof, or the like, thereby forming the
contacts 610 as 1illustrated 1n FIG. 6.

One or more mter-metal dielectric (IMD) layers 612 and
the associated metallization layers (not shown) are formed
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over the ILD layer 608. Generally, the one or more IMD
layers 612 and the associated metallization layers are used to
interconnect the electrical circuitry 604 to each other and to
provide an external electrical connection. The IMD lavers
612 may be formed of a low-K dielectric material, such as
FSG formed by PECVD techniques or high-density plasma
CVD (HDPCVD), or the like, and may include intermediate
etch stop layers. Conductive pads 614 are provided 1n the
uppermost IMD layer to provide external electrical connec-
tions.

It should be noted that one or more etch stop layers (not
shown) may be positioned between adjacent ones of the
dielectric layers, e.g., the ILD layer 608 and the IMD layers
612. Generally, the etch stop layers provide a mechanism to
stop an etching process when forming vias and/or contacts.
The etch stop layers are formed of a dielectric material having
a different etch selectivity from adjacent layers, e.g., the
underlying semiconductor substrate 602, the overlying I1LD
layer 608, and the overlying IMD layers 612. In an embodi-
ment, etch stop layers may be formed of SiN, S1CN, S1CO,
CN, combinations thereof, or the like, deposited by CVD or
PECVD techniques.

A protective layer 616 may be formed of a dielectric mate-
rial, such as polyimide, polymer, an oxide, or the like, and
patterned over the surface of the uppermost IMD layer 612 to
provide an opening over the conductive pads 614 and to
protect the underlying layers from various environmental
contaminants. Thereafter, bond pads 618 are formed and pat-
terned over the protective layer 616. The bond pads 618
provide an electrical connection upon which a UBM structure
may be formed for external connections. The bond pads 618
may be formed of any suitable conductive material, such as
copper, tungsten, aluminum, silver, combinations thereot, or
the like.

One or more passivation layers, such as passivation layer
620, are formed and patterned over the conductive pads 618
as 1llustrated in FIG. 6. The passivation layer 620 may be
formed of a dielectric matenial, such as polymer, by any
suitable method, such as CVD, physical vapor deposition
(PVD), or the like. In an embodiment, the passivation layer
620 has a thickness of about 1 um to about 15 um.

One of ordinary skill in the art will appreciate that a single
layer of conductive/bond pads and a passivation layer are
shown for illustrative purposes only. As such, other embodi-
ments may include any number of conductive layers and/or
passivation layers. Furthermore, 1t should be appreciated that
one or more of the conductive layers may act as a redistribu-
tion layer (RDL) to provide the desired pin or ball layout.

FI1G. 6 further 1llustrates a conformal seed layer 622 depos-
ited over the surface of the passivation layer 620. The seed
layer 622 is a thin layer of a conductive material that aids 1n
the formation of a thicker layer during subsequent processing,
steps. In an embodiment, the seed layer 622 may be formed by
depositing a thin conductive layer, such as a thin layer of Ti,
Cu, Ta, TiN, TaN, combinations thereof, or the like, using
CVD or PVD techniques.

Thereafter, as illustrated in FIG. 6, a patterned mask 624 1s
formed and patterned over the seed layer 622 1n accordance
with an embodiment. The patterned mask 624 defines the
shape of the UBM. Accordingly, the patterned mask 624 1s
patterned to exhibit a shape having a center portion and exten-
s1ons, such as one of the shapes discussed above. The pat-
terned mask 624 may be a patterned photoresist mask, hard
mask, a combination thereof, or the like.

Any suitable process may be used to form the structures
discussed above and will not be discussed in greater detail
herein. As one of ordinary skill in the art will realize, the
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above description provides a general description of the fea-
tures of the embodiment and that numerous other features
may be present. For example, other circuitry, liners, barrier
layers, under-bump metallization configurations, and the like,
may be present. The above description 1s meant only to pro-
vide a context for embodiments discussed herein and 1s not
meant to limit the disclosure or the scope of any claims to
those specific embodiments.

FIG. 7 illustrates the formation of UBMs 710 1n accor-
dance with an embodiment. The UBMs 710 may be formed of
any suitable conductive material, including Cu, N1, Pt, Al,
combinations thereot, or the like, and may be formed through
any number of suitable techniques, including PVD, CVD,
clectrochemical deposition (ECD), molecular beam epitaxy
(MBE), atomic layer deposition (ALD), electroplating, and
the like. It should be noted that 1n some embodiments, such as
those that deposit a conformal layer over the entire surface of
the waler (e.g., PVD and CVD), it may be desirable to per-
form an etching or planarization process (e.g., a chemical
mechanical polishing (CMP)) to remove excess conductive
material from the surface of the patterned mask 624. In an
embodiment, the UBM 710 has a thickness between about 1
um and about 10 um.

FIG. 8 1llustrates removal of the patterned mask 624 (cor-
responding to the shape of the UBM 710) and an optional
formation of a patterned flux 810 in accordance with an
embodiment. In embodiments in which the patterned mask
624 1s formed from photoresist materials, the photoresist may
be stripped by, for example, a chemical solution such as a
mixture of ethyl lactate, anisole, methyl butyl acetate, amyl
acetate, cresol novolak resin, and diazo photoactive com-
pound (referred to as SPR9), or another stripping process. A
cleaning process, such as a wet dip 1n a chemical solution of
phosphoric acid (H,PO,) and hydrogen peroxide (H,O.,),
referred to as DPP, with 2% hydrofluoric (HF) acid, or another
cleaning process, may be performed to remove exposed por-
tions of the seed layer 622 and any contaminants from the
surface of the passivation layer 620.

As discussed above with reference to FIGS. 5a-34, it may
be desirable to apply a patterned flux, such as the patterned

flux 810, to better allow the conductive bump material formed

in subsequent processing steps to extend out over a portion of
the extensions 108a (see, e.g., FIGS. 5a-5d). The patterned
flux 810 may be formed using any suitable techmque, such as
using stenciling techniques that utilize a pattern (e.g., a sten-
c1l) to control where the flux 1s applied.

FI1G. 9 1llustrates formation of conductive bumps 910. In an
embodiment, the conductive bumps 910 comprise SnPb, a
high-Pb material, a Sn-based solder, a lead-free solder, or
other suitable conductive material. The conductive bumps
may be formed by any suitable process, such as a pick-and-
place procedure, use of a patterned mask and deposition
techniques, or the like.

Thereatter, a solder reflow process and other back-end-o1-
line (BEOL) processing techniques suitable for the particular
application may be performed. During the reflow process,
particularly 11 the patterned flux 1s used as discussed above,
the conductive bumps 910 may extend out along portions of
the extensions. The other BEOL processing techniques may
include, for example, an encapsulant being formed, a singu-
lation process being performed to singulate individual dies,
waler-level or die-level stacking, and the like, being per-
formed. It should be noted, however, that embodiments may

be used 1n many different situations. For example, embodi-
ments may be used 1n a die-to-die bonding configuration, a
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die-to-water bonding configuration, a water-to-water bond-
ing configuration, die-level packaging, water-level packag-
ing, or the like.

Although the embodiments and their advantages have been
described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the embodi-
ments as defined by the appended claims. Moreover, the
scope of the present application 1s not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill 1n 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 sub-
stantially the same result as the corresponding embodiments
described herein may be utilized according to the disclosure.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps. In addi-
tion, each claim constitutes a separate embodiment, and the
combination of various claims and embodiments are within
the scope of the disclosure.

What 1s claimed 1s:

1. A semiconductor structure comprising:

a substrate comprising a {irst bond pad;

a passivation layer overlying the substrate and at least a
portion of the first bond pad;

a first under bump metal (UBM) layer disposed over the
first bond pad and extending through the passivation
layer to the first bond pad, the first UBM layer having a
center portion and extensions extending from the center
portion over a top surface of the passivation layer; and

a conductive bump over the center portion of the UBM
layer such that at least a portion of the extensions pro-
trude from an edge of the conductive bump.

2. The semiconductor structure of claim 1, wherein the
conductive bump extends out over at least a portion of the
extensions.

3. The semiconductor structure of claim 1, wherein the
substrate further comprises a second bond pad and further
comprising a second UBM layer disposed over the second
bond pad and extending through the passivation layer to the
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second bond pad, the second UBM layer having a center
portion and extensions extending from the center portion over
the top surface of the passivation layer.

4. The semiconductor structure of claim 3, wherein the first
bond pad and the second bond pad are adjacent bond pads,
and wherein the extensions of the first UBM layer are rotated
relative to the extensions of the second UBM layer.

5. The semiconductor structure of claim 3, wherein the first
bond pad and the second bond pad are adjacent bond pads,
and wherein the extensions of the first UBM layer are aligned
with the extensions of the second UBM layer.

6. The semiconductor structure of claim 1, wherein the
extensions have a shape of a quadrangle, a triangle, a circle, a
fan, a fan with extensions, or a modified quadrangle having a
curved surface.

7. A semiconductor structure comprising:

a substrate having a plurality of bond pads;

a passivation layer over the substrate, the passivation layer
having an opening over each of the plurality of bond
pads; and

a plurality of under bump metal (UBM) structures, each of
the plurality of UBM structures being over a correspond-
ing one of the openings, each of the plurality of UBM
structures having a center portion and a plurality of
extensions protruding from the center portion, the plu-
rality of extensions being over the passivation layer.

8. The semiconductor structure of claim 7, further com-
prising a conductive bump over the center portion of the UBM
structures such that at least a portion of the extensions pro-
trude from an edge of the conductive bump.

9. The semiconductor structure of claim 8, wherein the
conductive bump extends out over at least a portion of the
extensions.

10. The semiconductor structure of claim 7, wherein the
extensions of adjacent UBM structures are rotated relative to
cach other.

11. The semiconductor structure of claim 7, wherein the
extensions of adjacent UBM structures are aligned with each
other.

12. The semiconductor structure of claim 7, wherein the
extensions have a shape of a quadrangle, a triangle, a circle, a
fan, a fan with extensions, or a modified quadrangle having a
curved surface.




