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(57) ABSTRACT

The formation of a seal ring in a semiconductor integrated
circuit (IC) die is described. Through-silicon vias (TSVs) are
typically formed in a semiconductor IC die to facilitate the
formation of a three dimensional (3D) stacking die structure.
The TSVs may be utilized to provide electrical connections
between components in different dies of the 3D stacking die
structure. A seal ring is formed in the inter-metal dielectric
(IMD) layers of an IC die, enclosing an active circuit region.
The real ring is formed prior to the formation of the TSVs,
preventing moistures or other undesired chemical agents
from diffusing into the active circuit region during the subse-
quent processes of forming TSVs.
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FORMING SEAL RING IN AN INTEGRATED
CIRCUIT DIE

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 61/147,351, filed on Jan.
26, 2009, and entitled “Forming Seal Ring in an Integrated
Circuit Die,” which application is incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present invention relates generally to integrated
circuit fabrication and, more particularly, to a method of
forming seal rings in a semiconductor integrated circuit (IC)
die and the resulting stacked chip structure.

BACKGROUND

[0003] Generally, the speed at which an integrated circuit
operates is influenced by the distance between the farthest
separated components that communicate with each other on
the chip. Stacking dies as three-dimensional structures has
been shown to significantly reduce the communication path
length between components on different dies, provided the
vertical distances between the dies are much smaller than the
die size of the individual die. Thus, by stacking dies vertically,
the overall system speed is typically increased. One method
that has been used to implement such stacking structure is
through wafer bonding.

[0004] Wafer bonding is the joining together of two or more
semiconductor wafers on which integrated circuitry has been
formed. Wafers are typically joined by direct bonding of
external oxide layers or by adding adhesives to external
dielectric layers. The bonded result produces a three-dimen-
sional wafer stack which is subsequently diced into separate
“stacked die,” with each individual stacking die structure
having multiple layers of integrated circuitry. In addition to
the increased system speed that the three-dimensional cir-
cuitry typically experiences, wafer stacking offers other
potential benefits, including improved form factors, lower
costs, and greater integration through system-on-chip (SOC)
solutions. In order to enable the various components inte-
grated within each stacking die structure, electrical connec-
tions, such as through-silicon vias (TSVs) are typically
formed to provide conductors between vertical dies. TSVs are
typically fabricated to provide vias filled with a conducting
material that passes completely through a die to contact and
connect with the other TSVs and conductors of the stacking
die structure.

[0005] Inan existing TSV formation process, TSV recesses
are formed after the CMOS device formations in a wafer
substrate and after the metallization process of forming metal
traces in the inter-metal dielectric layers. In an IC fabricated
with advanced processing technology, the inter-metal dielec-
tric layers are typically formed with dielectric materials hav-
ing low dielectric constant (low-k) or extremely low dielectric
constant in an effort to reduce inter-metal layer parasitic
capacitance, thus increasing signal speed and enhance signal
integrity. As an example, a low-k dielectric material has a
dielectric constant less than 2.9, and is formed with a porous
organic dielectric material.

[0006] The TSV recesses formed in the inter-metal dielec-
tric layers and in the substrate are subsequently filled with
conductive metallic materials by a metallization process,
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such as a metallic chemical vapor deposition process (CVD)
or a metal electroplating process. In order to facilitate the
formation, a TSV recess typically has a large size with a large
exposed surface area. This TSV formation process creates a
number of problems in advanced processing technologies.
One of the problems is that the formation of the TSV recesses
in the inter-metal dielectric layers typically involves multiple
etch processes; the wafers under processing often stand in
queue for the various etch process to be completed. During
processing, moisture or other chemical agents in a wafer
processing facility may leach into the low-k inter-metal
dielectric layers from the side wall of the TSV recesses and
diffuse throughout the inter-metal dielectric layers, which
may lead to undesired characteristic change of the low-k
dielectric materials. Due to the large exposed surface area of
the TSV recesses, this detrimental effect can be significant
and cause serious device performance degradation and yield
loss.

SUMMARY

[0007] These and other problems are generally solved or
circumvented, and technical advantages are generally
achieved, by preferred embodiments of the present invention
which provide for the formation of seal rings in an integrated
circuit (IC) die or wafer.

[0008] Ina first aspect, the present invention provides for a
device comprising a first die having a substrate. The substrate
has formed thereon an active circuit region having one or
more semiconductor devices. A plurality of metal intercon-
nect layers are formed over the substrate, including a top
metal interconnect layer. A through-silicon via (TSV) extends
from the top metal interconnect layer through the substrate,
and a seal ring is interposed between the active region and the
TSV, the seal ring comprising a plurality of stacked features
formed in respective ones of the plurality of metal intercon-
nect layers.

[0009] Inanother aspect, the present invention provides for
a method of forming a semiconductor device. The method
includes forming one or more semiconductor devices in an
active circuit region of a first semiconductor die, forming one
or more inter-metal dielectric (IMD) layers over a front-side
surface of the first semiconductor die, and forming intercon-
nect metal features in the active circuit region, the intercon-
nect metal features being coupled to the one or more semi-
conductor devices and being formed in respective ones of the
one or more IMD layers. The method further includes form-
ing a seal ring in the one or more IMD layers, the seal ring
enclosing the interconnect metal features in the active circuit
region, forming a recess in the one or more IMD layers and in
the first semiconductor die, after the formation of the seal
ring, the recess being separated from the active circuit region
by the seal ring, and filling the recess with conductive mate-
rial, thereby forming a through-silicon via (TSV).

[0010] Inyetanother aspect, the present invention provides
for a method of forming through-silicon-vias (TSV) in a
semiconductor device, including providing a semiconductor
substrate, forming one or more inter-metal dielectric (IMD)
layers on the semiconductor substrate, and forming one or
more semiconductor devices in an active circuit region of the
semiconductor substrate. The method further includes form-
ing a plurality of interconnect metal features in the IMD
layers in the active circuit region, forming a seal ring in the
IMD layers, the seal ring enclosing the plurality of intercon-
nect metal features in the active circuit region. One or more
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recesses are formed in a TSV region of the IMD layers and the
semiconductor substrate, the TSV region being separated
from active circuit region by the seal ring, and the one or more
recesses are filled with one or more conductive materials,
thereby forming one or more TSVs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the present
invention, and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0012] FIGS. 1-7 illustrate forming seal rings in a wafer
according to an illustrative embodiment;

[0013] FIG. 8 is a cross-sectional view illustrating a wafer
with seal rings according to an illustrative embodiment; and
[0014] FIG.9 is a cross-sectional view illustrating an elec-
tronic package according to an illustrative embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0015] The making and using of the presently preferred
embodiments are discussed in detail below. It should be
appreciated, however, that the present invention provides
many applicable inventive concepts that can be embodiedin a
wide variety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make and
use the invention, and do not limit the scope of the invention.
[0016] With reference now to FIG. 1, there is shown a
cross-sectional diagram of a portion of wafer 50. The portion
illustrated includes an active circuit region 140, a seal ring
region 160, and TSV regions 180. In preferred embodiments,
anactive circuit region 140 defines a wafer surface area where
semiconductor devices are formed in its underlying substrate
area and coupled together to make functional circuit units; a
seal ring region 160 defines a wafer surface area where one or
more seal rings are formed in the wafer, preferably encom-
passing an adjacent active circuit region, in an effort to block
moistures or other undesirable chemical agents from diffus-
ing into an active circuit region 140 during the various wafer
processing steps; a TSV region defines a wafer surface area
where a through-silicon via is to be formed passing through
watfer 50 in accordance to a pre-determined arrangement. The
regions 140, 160, and 180 are typically formed adjacent to
each other, but they may also be in separate locations on wafer
50. One skilled in the art will recognize that numerous active
regions, seal ring regions, and TSV regions can, and typically
will, be formed ona given die. For illustration, only one active
region 140 is shown.

[0017] Wafer 50 comprises semiconductor substrate 100,
which is typically silicon (Si), but may also be made of silicon
germanium (SiGe), gallium arsenide (GaAs), gallium ars-
enide-phosphide (GaAsP), indium phosphide (InP), gallium
aluminum arsenic (GaAlAs), indium gallium phosphide (In-
GaP), and the like, and illustrates devices 101 processed in
active circuit region 140 in substrate 100. Wafer 100 could be
a bulk wafer or could be a silicon-on-insulator (SOI) or simi-
lar type of wafer. While only three devices 101 are shown,
there may be many active and passive semiconductor devices
101 formed in substrate 100.

[0018] Insulatinglayer (also sometimes referred to as inter-
layer dielectric ILD layer) 102 is deposited on substrate 100
of wafer 50. In an embodiment, materials used to form ILD
layer 102 include silicon dioxide (SiO,), un-doped silicate

Jul. 29,2010

glass (USG), phosphosilicate glass (PSG) and the like. A
photolithography process may be used to pattern ILD layer
102, defining the electrical connections (contacts) 105 to the
devices 101 previously formed in semiconductor substrate
100. An etch process, such as an anisotropic dry etch process,
can be performed after the photolithography to form contact
openings in ILD layer 102. Afterward, electrical contacts 105
to devices 101 may be formed by filling conductive materials
in the contact openings by a metallization process, such as a
metallic chemical vapor deposition (CVD) process. Conduc-
tive materials used to form contacts 105 include aluminum
(AL), copper (Cu), tungsten (W), cobalt (Co), other metal or
metal alloy, although other suitable conductive materials or
processes may be also used to form contacts 105. A planariza-
tion process, such as a chemical mechanical polishing
(CMP), may be then performed on the substrate surface to
remove the excess contact materials, providing a substan-
tially flat substrate surface preferable for the subsequent pro-
cessing steps. In preferred embodiments, a barrier layer, such
as atitanium nitride (TiN) layer (not show), may be formed by
a suitable process on the bottom of the contact openings prior
to the formation of contact 105. A barrier layer may prevent
any metals deposited in the metallization process from leach-
ing into ILD layer 102 and substrate 100.

[0019] Illustrated in FIG. 2, another dielectric layer 104,
such as Si0, is added on the substrate through a CVD process,
for example. A photolithography process may be used to
pattern dielectric layer 104, and an etch process, such as an
anisotropic dry etch process, can be performed after the
lithography to cut trenches in dielectric layer 104. A metalli-
zation process, such as a metallic CVD process or an electro-
plating may be performed on wafer 50 filling the trenches
with metallic conducting materials, where conductive fea-
tures in a first interconnect metal layer (also sometimes
referred to as M1 layer) are needed. The conducting materials
used to form the first interconnect metal layer may comprise
Cu, AL, W, and the like. A planarization process, such as a
CMP process, may be then performed on the substrate surface
to remove the metal outside the trenches, leaving only the
desired metal features. Prior to the metallization process, a
very thin layer of barrier material may be deposited by a
process, such as a sputtering process, to line the trenches and
act as a diffusion barrier to the first interconnect metal mate-
rial.

[0020] In preferred embodiments, the metal features
formed in the first interconnect metal layer includes metal
features M11 that are formed in the active circuit region 140
and are typically used to provide electrical connections
among the various semiconductor devices 101 formed in
substrate 100 or electrical connections between a device 101
and conductive features in an overlying interconnect layer. It
is noted, however, the metal features formed in the first inter-
connect metal layer after the metallization process also
include metal features M12 in a seal ring region 160. A metal
feature M12 in a seal ring region 160 forms a bottom portion
of'a seal ring. The processing steps of forming a seal ring in a
seal ring region 160 will be described in detail below.
[0021] FIGS. 3a-3b illustrates forming a first inter-metal
dielectric layer (also sometimes referred to as IMD layer) 110
over the substrate. In an embodiment, the first IMD layer
comprises a low-k porous organic dielectric material selected
from a group consisting of organic silicate glass (OSG),
porous methylsilsesquioxane (p-MSQ), and hydrogen silses-
quioxane (HSQ), although other organic dielectric materials
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comprising C, O and H may be also used. In another embodi-
ment, inorganic porous low-k materials, such as carbon-
doped silicon oxide layer or fluorine-doped silicate glass
(FSG), may be used to form the first IMD layer 110. In an
additional embodiment, other suitable dielectric materials,
such as silicon dioxide (SiO,) and phosphosilicate glass
(PSG) may be also used. A dual damascene process is then
performed to form via openings and trenches in the first IMD
layer 110. A metallization process, such as a metallic CVD
process or an electroplating process may be performed on
watfer 50 filling the via openings and trenches with metallic
conducting materials, forming vias and conductive features in
the first IMD layer 110 preferably through a common pro-
cessing flow. Vias thus formed in the first IMD layer 110 are
generally referred as “vial,” and conductive features formed
from the above dual damascene process are also generally
referred to as M2 features in the second interconnect metal
layer. Vial and M2 features formed in the first IMD layer 110
are typically coupled to the metal features previously formed
in the first interconnect layer. The conducting materials used
to form vial and M2 features may comprise Cu, AL, W, and
the like, although other suitable conductors may be also used.
Similarly, a planarization process, such as a CMP process,
may be then performed on the substrate surface to remove the
excess metal outside the trenches and to provide the desired
flat substrate surface for the subsequent processing steps.

[0022] 1t is shown from FIG. 3a that the metal features
formed in the first IMD layer include metal traces M21 in the
active circuit region 140, which are typically used to provide
electrical connections among the various semiconductor
devices 101 and the metal traces in the various interconnect
metal layers. The metal features formed in the first IMD layer
110 also include metal feature M22 in a seal ring region 160.
Metal feature M22 overlies a metal feature M12 previously
formed in the first interconnect metal layer, and are substan-
tially aligned with the edge of an underlying metal plate M12.
FIG. 354 illustrates that metal feature M22 is a ring of square
shape that is aligned with the edges of the underlying metal
feature M12 and is coupled to M12 through a first and a
second vial rings “V1R1” and “V1R2” in the first IMD layer
110.

[0023] It should be noted that, the first and the second vial
rings “V1R1” and “V1R2” are shown as a double ring struc-
ture encircling the active circuit region 140 for illustrative
purposes only. Other embodiments may use a single vial ring
configuration, for example, to reduce footprint. Also, the vial
rings in FIG. 36 are shown as square rings for illustrative
purposes only. Other embodiments may have different vial
ring shapes, such as squares, rectangles, polygon shapes that
preferably match the periphery of an active circuit region. A
vial ring in preferred embodiments is not limited to any
specific shape, but preferably, is a closed ring substantially
aligned with the periphery of an active circuit region, thereby
preventing undesirable agents from diffusing into an active
circuit region through a porous IMD layer during the various
wafer processing steps. It should further be noted that the seal
ring need not be a complete “ring.” It is within the contem-
plated scope of the present invention that in some embodi-
ments, rings M12, M22, etc. will be only partial structures
with gaps between adjacent portions of the ring. In other
words, the rings could be comprised of a series of separate
islands that collectively form a ring structure, but which do
not form a continuous, unbroken structure. In yet other
embodiments, the features need not form a complete ring at
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all, provided the features are of sufficient placement and size
to prevent deleterious affects of the TSV formation processes
from impacting the active region. In one such embodiment,
the metal features could be simply rectangular structures
(seen from plan view) interposed between TSV and portions
of active region 140.

[0024] In FIG. 4, it is shown that similar processing steps
may be repeated to form metal traces M31 and via2 in a
second IMD layer 112, metal traces M41 and via3 in a third
IMD layer 114 in the active circuit region 140. In the seal ring
region 160, metal ring M32 is formed in IMD layer 112, and
metal ring M42 is formed in IMD layer 114. Metal rings M42,
M32 and M22 overlie and substantially aligned with each
other, and are coupled through via3 rings V3R2 and V3R1 in
IMD layer 114, via2 rings V2R2 and V2R1 in IMD layer 112,
and vial rings V1R1 and V1R2. In an embodiment, the outer
edges of the metal rings M42, M32 and M22 are substantially
aligned with the outer edges of via rings V3R2, V2R2 and
V1R2. Although only four interconnect metal layers are
shown in FIG. 4, it is understood that similar metal features
can be formed in the upper interconnect metal layers as well
until the uppermost interconnect metal layer. Therefore, M41
and M42 in FIG. 4 may also indicate similar metal features
formed in upper interconnect metal layers. Up to this point,
there is formed a stacking structure 120 in the seal ring region
160 of wafer 50, which encompasses an adjacent active cir-
cuit region 140 in the IMD layers. In preferred embodiments,
stacking structures 120 thus formed on a wafer is also inter-
changeably referred to as seal ring 120. Again, while four
metal layers are shown in the illustrative embodiments, the
present invention is equally applicable to process flows hav-
ing any number of metal layers.

[0025] Illustrated in FIG. 5, a mask layer is formed on wafer
50. The mask layer is patterned and etched using photolithog-
raphy and etch processes known in the art to form a patterned
mask layer 115, forming openings exposing the wafer surface
ina TSV region 180 where TSVs are to be formed in wafer 50.
The patterned mask layer 115 is preferably a hard mask layer
comprising a dielectric material, such as silicon nitride
(SiNx) or silicon dioxide (SiO,), in a single or multiple-layer
configuration, although other suitable organic or inorganic
hard mask materials may be also used. Alternatively, a pat-
terned photoresist may be also used to form patterned mask
layer 115. In an embodiment where silicon nitride is used for
the patterned mask layer 430, it preferably has a thickness of
about 50 pum to about 500 um.

[0026] Remaining in FIG. 5, wafer 50 is then processed
with a first etch process, preferably a dry, anisotropic etch
process, to remove IMD layers in the patterned TSV region
180. In an embodiment, IMD layers 114, 112 and 110 com-
prises similar low-k dielectric materials, the first etch process
has a high etch selectivity rate of low-k material to the dielec-
tric layer 104. The first etch process proceeds into wafer 50
until the IMD layers under the patterned TSV region are
substantially removed. Afterwards, wafer 50 is processed
with a second etch process, preferably a dry, anisotropic etch
process, in the recesses created from previous processing step
to remove the material of dielectric layer 104 and IL.D layer
102 under the patterned TSV region. Subsequently, wafer 50
is processed with a third etch process, preferably a dry, aniso-
tropic etch process, in the recesses created from previous
processing step to remove substrate material under the pat-
terned TSV region. In an embodiment, the third etch process
is a time-controlling anisotropic plasma etch process that
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etches silicon to create deep recesses in silicon substrate 100.
After the etch processes, deep recesses 116 are formed in the
TSV regions 180 on wafer 50, as shown.

[0027] TItis noted, during the above etch processes applied
to create recesses 116, moisture and the various etchants
employed in the etch processes may diffuse into the IMD
layers, which typically comprise porous dielectric materials
in advanced processing technology. However, as can be
appreciated, the diffusion of these undesired species is sub-
stantially blocked from diffusing into an adjacent active cir-
cuit region 140 on wafer 50 by seal ring 120, which is formed
from previous process steps sealing the active circuit region
140. After the formation of the TSV recesses in wafer 50,
patterned mask layer 114 may be subsequently removed by
known processing techniques.

[0028] Illustrated in FIG. 6, a metallization process, such as
metallic CVD or metal plating, may be subsequently per-
formed on wafer 50, filling copper (Cu) or the suitable con-
ductive materials in the TSV recesses to form TSVs 125 in
wafer 50. Other suitable conductive materials, such as alumi-
num (Al), tungsten (W), cobalt (Co), gold (Au), silver (Ag),
platinum (Pt), silicon (Si) and other suitable deposition pro-
cesses may be also used to form TSVs 125. A CMP process
may be performed afterwards on the substrate to remove
excess TSV materials and provide the desired flat substrate
surface for the subsequent processing steps. Optionally, a
barrier layer 117, such as a titanium nitride (TiN) layer and/or
ametal seed layer (not shown), may be formed conformally in
the TSV recesses by suitable processes, such as CVD or
physical vapor deposition (PVD), prior to the metallization
process of forming TSVs 125. A barrier layer 117 in TSV
recesses may prevent any conducting TSV material from
leaching into any active portions of the circuitry of wafer 50.
[0029] FIG. 7 illustrates that that an insulating layer 116 is
formed atop the wafer 50 surface from previous processing
steps (e.g., FIG. 6). Insulating layer 116 insulates devices and
interconnect metal features in wafer 50 from any other cir-
cuitry or devices in any wafers/dies bonded to wafer 50.
Insulating layer 116 may also prevent any harmful materials
from leaching into any active portions of the circuitry of wafer
50. In an embodiment, PSG, undoped silicate glass (USG) or
silicon nitride is deposited through a plasma enhanced CVD
(PECVD) to form insulating layer 116, although other suit-
able materials and processes may be also used. Conductive
interfaces 115 are patterned and formed in insulating layer
116 through techniques known in the art, providing electrical
connections between conductive features in an active circuit
region 140 to a contact pad 135, and electrical connection
between a TSV 125 to a contact pad 135.

[0030] An additional dielectric layer 118 is formed atop the
wafer 50 surface. Materials and processing techniques used to
form insulating layer 116 may be used to form dielectric layer
118, although other suitable materials and processes may be
also used. Bonding pads 135 are formed in dielectric layer
118 and are electrically coupled to the metal features in the
active circuit region 140 and TSVs in the TSV regions 180
through conductive interfaces 115 embedded in insulating
layer 116. Conductive materials used to form bonding pads
135 comprise aluminum (Al), copper (Cu), tungsten (W),
cobalt (Co), gold (Au), silver (Ag), a copper-tin alloy, a gold-
tin alloy, an indium-gold alloy, a lead-tin alloy, or the like,
although other suitable conductive materials may be also
used. It is also noted that conductive interfaces 115 may be a
direct connection between a bonding pad and an underlying
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conductive feature in an active circuit region 140 or a TSV
125, as shown. A conductive interface 115 may also comprise
an indirect connection through a conductive redistribution
feature formed in insulating layer 116. The various embodi-
ments of the present invention are not limited to only direct
connections between a bonding pad 135 and an underlying
conductive feature or a TSV.

[0031] The substrate 100 may be then thinned from a back-
side 138 through known techniques, such as back grinding,
etching, CMP, or the like, and portions of substrate 100 are
removed to reveal contact points with TSVs 125. The elevated
portion of TSVs 125 over the back-side 138 of substrate 100
may facilitate bonding wafer 50 to another integrated circuit
wafer or die. Wafer 50 processed through the above process-
ing steps may be bonded to other integrated circuit wafers and
dies through bonding pads 135 on the front-side or through
the elevated portion of TSVs 125 over the back-side 138.
[0032] FIG. 8 illustrates that wafer 50 from FIG. 7 may be
further processed to form insulating layer 116, dielectric layer
118, conductive interface 115, bonding pads 135 over the
back-side 138 of substrate 100 with similar materials and
processing techniques used for the similar features formed
previously over the front-side of wafer 50. Wafer 50 thus
processed may be bonded to other integrated circuit wafers
and dies from both sides. As one advantageous feature, bond-
ing pads 135 on the back-side of wafer 50 may adapt TSVs
125 in wafer 50 having a first pitch to other integrated circuit
watfers and dies with bonding pads having a different pitch. As
another advantageous feature, insulating layer 116 and
dielectric layer 118 on the back-side of wafer 50 may prevent
undesirable species from leaching into wafer 50 from the
substrate 100 during the various wafer processing steps.
[0033] In an embodiment, a TSV 125 formed through the
above processing steps may be electrically coupled to devices
101 in wafer 50 through metal traces in the various intercon-
nect metal layers. In another embodiment, a TSV 125 thus
formed may be used as a “feed-through” passing the wafer 50,
coupling devices in a wafer bonded to one side of wafer 50 to
devices in a wafer bonded to the other side of wafer 50.
[0034] Itshould be noted that, although the term “wafer” is
used to illustrate the preferred embodiments, in practice,
watfer 50 may be either a wafer or a die, thus a stacking die
structure comprising wafer 50 in preferred embodiments may
have a die-to-die stacking configuration, a die-to-wafer stack-
ing configuration, or a wafer-to-wafer stacking configuration.
[0035] FIG. 9 illustrates a sectional view of an electronic
package 300 embodying a 3D stacking die structure in one
preferred embodiment. The 3D stacking die structure com-
prises a die 50 with aseal ring 120, such as that described with
respect to FIG. 8. Die 50 is electrically coupled to an overly-
ing die 60 through bonding pads 135 on a back-side bonding
surface of die 50 and corresponding bonding pads 135 on a
front-side bonding surface of die 60. Die 60 may also have
bonding pads on other its bonding surfaces. In an embodi-
ment, die 60 may be a semiconductor die similar to die 50,
which includes semiconductor devices (not shown) from in
substrate 100 and interconnect traces (not shown) formed in
dielectric layer 240. However, die 60 may also be a die with
heterogeneous devices optimized to other system functions.
[0036] The bond pads 135 on the back-side of die 50 are
attached to package substrate 350 through solder balls 355,
which in turn make electrical connection to a printed circuit
board (not shown) through package leads 365. FIG. 9 illus-
trates that the stacking die structure made of dies 50 and 60 is
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attached to package substrate 350 to form IC package 300 in
aflip-chip ball grid array (BGA) configuration. It is noted that
other IC packaging schemes may be also used to package a
stacking die structure in the preferred embodiments. As
another example, the stacked dies may be solder-bonded
directly to a printed circuit board. The specific packaging
scheme illustrated herein is not intended to limit the embodi-
ments of the present invention in any way. Also, stacking die
structures in the preferred embodiments may include dozens
or even hundreds or more of bonding contacts, such as bond-
ing pads, contacts, balls, leads, etc., for making electrical
connection to an IC package, for example, although only a
number of bonding pads 135 and solder balls 355 are shown.

[0037] It should also be noted that each of the example
wafers and dies described and illustrated above are meant to
provide alternative implementations of devices, interconnect
metal features, vias, TSVs, bonding contacts that may be used
with various embodiments of the present invention. In addi-
tional and/or alternative embodiments of the present inven-
tion, any combination of the illustrated options and any
equivalent devices and configurations may be used. The illus-
trated embodiments are not intended to limit the implemen-
tation of the various additional and/or alternative embodi-
ments of the present invention.

[0038] It should further be noted that the different layers
described in the illustrated embodiments may comprise vari-
ous different materials depending on the desired function or
availability that the manufacturer determines. The metals
used for the metalized bonding contacts may be any suitable
metal or alloy, such as copper, tungsten, aluminum, alumi-
num-copper, and the like. Moreover, depending on the
desired use or function of the different dielectric or insulating
layers, any such dielectric material may be used, such as
silicon dioxide, silicon nitride, USG, PSG, low-k dielectric
material, and the like. The present invention is not limited to
use with only a certain limited number of compounds and
materials.

[0039] It should further be noted that the different layers
and recesses in the illustrative embodiments may be depos-
ited or created using any number of a variety of known pro-
cesses. For example, creation of the various layers of oxides,
dielectrics, or other layers may be accomplished through
PVD, CVD, PECVD, atomic layer deposition (ALD), or the
like. Moreover, removing material from the wafer may be
accomplished through dry or wet etching, chemical mechani-
cal polishing CMP, or the like. The present invention is not
limited to any single such method.

[0040] Although the present invention 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 spirit and scope of the
invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, 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 of the present
invention, 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 invention. Accordingly, the appended claims are
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intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:

1. A device comprising:

a first die having a substrate, the substrate having formed
thereon an active circuit region having one or more
semiconductor devices;

a plurality of metal interconnect layers formed over the
substrate, including a top metal interconnect layer;

a through-silicon via (TSV) extending from the top metal
interconnect layer through the substrate;

a seal ring interposed between the active region and the
TSV, the seal ring comprising a plurality of stacked
features formed in respective ones of the plurality of
metal interconnect layers.

2. The device of claim 1 further comprising at least one

additional metal layer above the top metal interconnect layer.

3. The device of claim 1 wherein the seal ring is substan-
tially aligned with a periphery of the active circuit region.

4. The device of claim 1 further comprising:

a dielectric layer over the top metal layer; and

abonding contact on the dielectric layer, wherein the bond-
ing contact is coupled to the TSV and to at least one of
the semiconductor devices through a redistribution fea-
ture in a first insulating layer between the dielectric layer
and the top metal interconnect layer.

5. The device of claim 4 further comprising: a second die,
the first die being coupled to the second die through the
bonding contact on the first substrate and a corresponding
bonding contact on the second die.

6. The device of claim 5 further comprising:

a second dielectric layer over a back-side surface of the first

die; and

a second bonding contact on the second dielectric layer,
wherein the second bonding contact is coupled the TSV
through a second redistribution features in a second
insulating layer between the second dielectric layer and
the back-side surface of the first die.

7. A method of forming a semiconductor device, the

method comprising:

forming one or more semiconductor devices in an active
circuit region of a first semiconductor die;

forming one or more inter-metal dielectric (IMD) layers
over a front-side surface of the first semiconductor die;

forming interconnect metal features in the active circuit
region, the interconnect metal features being coupled to
the one or more semiconductor devices and being
formed in respective ones of the one or more IMD lay-
ers;

forming a seal ring in the one or more IMD layers, the seal
ring enclosing the interconnect metal features in the
active circuit region;

forming a recess in the one or more IMD layers and in the
first semiconductor die, after the formation of the seal
ring, the recess being separated from the active circuit
region by the seal ring; and

filling the recess with conductive material, thereby forming
a through-silicon via (TSV).

8. The method of claim 7, wherein the seal ring comprises
aplurality of stacked metal rings in a plurality of interconnect
metal layers in the one or more IMD layers, the respective
stacked metal rings being connected together through one or
more via.
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9. The method of claim 7, wherein the seal ring has a shape
selected from a group consisting of a square, a rectangle, a
polygon, a continuous curve, and a discontinuous curve, and
wherein the seal ring is substantially aligned with a periphery
of the active circuit region.

10. The method of claim 7, wherein the seal ring is a
continuous metallic feature surrounding the active circuit
region.

11. The method of claim 7, wherein the forming the plu-
rality of interconnect metal features in the active circuit
region and the forming the seal ring are performed through a
common processing flow.

12. The method of claim 7, wherein the one or more con-
ductive materials is selected from the group consisting essen-
tially of copper, tungsten, aluminum, cobalt, gold, silver,
platinum, silicon and combinations thereof.

13. The method of claim 7 further comprising:

forming a first insulating layer over the one or more IMD

layers;

forming a first dielectric layer on the first insulating layer;

and

forming a first bonding contact on the first dielectric layer,

wherein the first bonding contact is coupled to the TSV
and to at least one of the plurality of interconnect metal
features through a redistribution features in the first
insulating layer.

14. The method of claim 13 further comprising:

forming a second insulating layer on a back-side surface of

the semiconductor die;

forming a second dielectric layer on the second insulating

layer; and

forming a second bonding contact on the second dielectric

layer, wherein the second bonding contact is coupled to
asecond TSVs through a second redistribution feature in
the second insulating layer.

15. The method of claim 13 further comprising: bonding
the first semiconductor die to a second semiconductor die
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through the first bonding contact on the first semiconductor
die and a corresponding bonding contact on the second semi-
conductor die.

16. A method of forming through-silicon-vias (TSV) in a
semiconductor device, the method comprising:

providing a semiconductor substrate;

forming one or more inter-metal dielectric (IMD) layers on

the semiconductor substrate;

forming one or more semiconductor devices in an active

circuit region of the semiconductor substrate;
forming a plurality of interconnect metal features in the
IMD layers in the active circuit region;

forming a seal ring in the IMD layers, the seal ring enclos-
ing the plurality of interconnect metal features in the
active circuit region;

forming one or more recesses in a TSV region of the IMD

layers and the semiconductor substrate, the TSV region
being separated from active circuit region by the seal
ring; and

filling the one or more recesses with one or more conduc-

tive materials, thereby forming one or more TSVs.

17. The method of claim 16, wherein the seal ring com-
prises a plurality of stacked metal rings in the one or more
IMD layers, the stacked metal rings being connected together
through one or more via rings in the one or more IMD layers.

18. The method of claim 16, wherein the forming the active
circuit region and the forming the seal ring are performed
through a common processing flow, prior to the forming the
one or more recesses in the one or more IMD layers in the
TSV region.

19. The method of claim 16, wherein forming a seal ring
comprises forming a plurality of stacked ring features in
respective ones of the IMD layers and interconnecting the
stacked ring features with a plurality of stacked via structures.

20. The method of claim 16, wherein the forming the one or
more recesses is performed at least in part by a first etching
process removing the one or more IMD layers, followed by a
second etch process etching the semiconductor substrate.
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