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(57) Abstract: Embodiments of the present disclosure describe tech-
niques and configurations associated with forming a landing structure
for a through-silicon via (TSV) using interconnect structures of inter-
connect layers. In eon embodiment, an apparatus includes a semicon-
ductor substrate having a first surface and a second surface opposite to
the first surtace, a device layer disposed on the first surface ot the semi-
conductor substrate, the device layer including one or more transistor
devices, interconnect layers disposed on the device layer, the intercon-
nect layers including a plurality of interconnect structures and one or
more through-silicon vias disposed between the first surface and the
second surface, wherein the plurality of interconnect structures include
interconnect structures that are electrically coupled with the one or
more TSVs and contigured to provide one or more corresponding land-
ing structures of the one or more TSVs. Other embodiments may be de-
scribed and/or claimed
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LANDING STRUCTURE FOR THROUGH-SILICON VIA

Cross Reference to Related Applications

The present application claims pricrity to U.S. Patent Application No.
13/728,817, fled December 21, 2012, entifled "LANDING STRUCTURE FOR
THROUGH-SILICON VIA” the entire disclosure of which is hersby incorporated
by reference.

Field

Embodirments of the prasent disclosure generally relate o the field of
integrated circuits, and more particularly, to techniques and configurations
associated with forming a landing structure for a through-silicon via using
interconnect layers of a die.

Background

Integrated circuit (IC) devices such as 1T dies (hereinafter “dies”} and
associated packaging configurations continue o shrink to smaller dimensions {o
accommodaie mobile computing devices and other small form facior
implementations. One emerging solution o couple IC devices may include the
formation of through-silicon vias (TSVs) through a backside of a die to provide
electrical routing through the die for another die. However, providing a landing
structure for the TSVs on a fronisids of the dis may be challenging. For example,
the TSVs may have a dimension that is much larger than a maximum dimension
allowed by design rules for interconnect siructures patterned in the interconnect
layers of present dies. Such discrepancy in dimension of the TSVs with the
dimensions of the design rules may preclude the formation of a single, contiguous
landing structure that is commensurate in size with a TSV, particularly for lower
interconnect layers ciosest 1o the transistors formed on the semiconductor
substrale of the die where design rules are more stringent than for upper
interconnect lavers. Qverlay and critical dimension variation in the formation of
the interconnect structures may further exacerbate this challenge. Hmay be
desirable to position the lfanding structure for a TSY formed from the backside of
the semiconductor substrate in the interconnect layers closest (o the
semiconductor substrate of the die to avoid the challenges associated with

peneirating mulliple interconnect layers to connedt (o the landing structure.
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Brief Description of the Drawings

Embodiments will be readily understood by the following detailed
description in conjunclion with the accompanying drawings. To facililate this
description, like reference numerals designate like structural elements.
Embodiments are illustraled by way of example and not by way of limitation in the
figures of the accompanying drawings.

FIG. 1 schematically lusirates an example {op view of a die in wafer form
and in singulated form, in accordance with some embodiments.

FiG. 2 schematically ilusirates an example cross-section side view of an
integrated circuit (IC) package assembly, in accordance with some embodiments.

FIG. 3 schematically iHlustrates an example cross-section side view of a
portion of a die having a landing structure for a through-silicon via (TSV), in
accordance with some embodiments.

FIGS. 4A-K schematically illusirate a landing structure subsequent {o
various fabrication operations, in accordance with some embodiments.

FIG. 44 schematically illustrates an example top view of a landing struciure
subsequent to formation of a first irench layer on a device layer, in accordance
with some embodiments,

FIG. 4B schematically illustrates an exampile cross-section view of the
landing structure of FIG. 44, in accordances with some embodiments.

FIG. 4C schematically fllustrates an example top view of the landing
structure subsequent to formation of a second trench layer on the first trench
laver, in accordance with some embodiments.

FIG. 4D schematically illusirates an exampie cross-section view of the
landing structure of FIG. 4C, in accordance with some embodiments.

FIG. 4E schematically ilustrates an example top view of the landing
structure subsequent o formation of a first via layer on the first trench laver, in
accordance with some embodiments.

FIG. 4F schematically illustrates an exampile cross-section view of the
landing structure of FIG. 4E, in accordance with some embodiments.

FIG. 4G schematicaily illusirates an example cross-section view of an
alternative configuration of the landing structure of FIG. 4, in accordance with

some embodiments.
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FIG. 4H schematically lllusirates another example cross-section view of the
landing structure of FIG. 4E, in accordance with some embodiments.

FIG. 41 schematically illusirates yet another example cross-section view of
the landing struciure of FIG. 4E, in accordance with some embodiments.

FIG. 4J schematically illustrates siili yet another example cross-section
view of the landing structure of FIG. 4E, in accordance with some embodiments.

FIG. 4K schematically illustrates an exampie cross-section view of the
landing struciure subsequent to forming one or more interconnect lavers on the
second trench layer and removing material of the device layer lo expose the
landing structure, in accordance with some embodiments.

FIG. 5 is a flow diagram for a method of fabricating a die having a landing
structure for a TSY, in accordance with some embodiments.

FIG. 6 schematically ilusirales a computing device that may include one or
more components having a landing structure described herein, in accordance with
some embodiments.

Detalled Description

Embodiments of the present disclosure include techniquss and
configurations associated with forming a landing structure {(e.g., landing pad)fora
through-silicon via {TSV) using interconnect lavers. In the following description,
various aspects of the lllustrative implementations will be described using terms
commoniy employed by those skilled in the arl {o convey the substance of their
waork to others skilled in the arl. However, it will be apparent o those skilied in the
art that the present invention may be practiced with only some of the described
aspects. For purposes of explanation, specific numbers, materials and
configurations are set forth in order to provide a thorough understanding of the
flustrative implementations. However, it will be apparent to one skilled in the art
that the present invention may be praciiced without the specific detalls. In other
inslances, well-known fealures are omitled or simplified in order not o obscure
the iHustrative implementations.

In the following detailed descriplion, reference is made o the
accompanying drawings which form a part hereof, wherein like numerals
designate like paris throughout, and in which is shown by way of illustration
embodimenis in which the subject matier of the present disclosure may be

practiced. {tis {o be understood that other embodiments may be ulilized and
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structural or logical changes may be made without departing from the scope of the
present disclosure. Therefore, the following detailed description is not {o be taken
in a limiting sense, and the scope of embodiments is defined by the appended
claims and their equivalents.

For the purposes of the present disclosure, the phrase "A and/or B” means
(A}, (B), or (A and B). For the purposes of the present disclosure, the phrase “A,
B, and/or C" means (A), (B), (C), {Aand B), (Aand C), (B and C), or (A, Band C).

The description may use perspective-based descriptions such as
top/botiom, horizontalivertical, infout, over/under and the like. Such descriptions
are merely used fo Tacilitate the discussion and are not intended to restrict the
application of embodiments described herain to any particular orientation.

The description may use the phrases “in an embodiment,” or “in
embodiments,” which may each refer {0 one or more of the same or different
embodiments. Furthermore, the terms “comprising,” “including,” "having,” and the
like, as used with respect o embodiments of the present disclosure, are
SYNONYMOouUSs.

The term “coupled with,” along with its derivatives, may be used herein.
“‘Coupled” may mean one or more of the following. "Coupled” may mean that two
or more elements are in direct physical or electrical coniact. However, “coupled”
may also mean that two or more elements indirectly contact each other, but yet
still cooperate or interact with each other, and may mean that one or more other
elements are coupled or connected betweean the slements that are said o be
coupled with each other. The term “direclly coupled” may mean that two or
elemenis are in direct contact.

In varicus embodiments, the phrase “a first feature formed, deposited, or
otherwise disposed on a second featurs,” may mean that the first feature is
formed, deposited, or disposed over the second feature, and at least a part of the
first feature may be in direct coniact (e.g., direct physical and/or electrical contact)
or indirect contact {e.g., having one or more other feature between the first teature
and the second fealure} with at least a part of the second feature.

FIG. 1 schematically illustrates an example fop view of an inlegrated circuit
(1C) die {hereinafier “die 101"} in wafer form 10 and in singulated form 100, in
accordance with some embodiments. In some embodiments, the dis 101 may be

one of a plurality of dies {e.g., dies 101, 1014, 181b} of a wafer 11. The wafer 11
-4 -
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may include a semiconducior subsirate composed of a semiconductor material
such as, for example, silicon {Si) or other suifable semiconductor material.
individual dies may include circuitry 103 formed on a surface of the water 11. The
circuitry 103 may include, for example, an active layer {e.g., aclive layer 202 of
FIGS. 2-3) including a landing structure (e.g., landing structure 314 of FIG. 3} as
described herein. Each of the dies {e.g., dies 101, 101a, 101b)y may be a
repeating unit of a semiconductor product that includes landing siructures (e.g.,
landing structure 314 of FIG. 3) for through-silicon vias {e.g., through-silicon via
204a of FIG. 3} as described herein. The dies may comport with embodiments
described, for example, in gonnection with FIGS. 2-3.

After a fabrication process of the semiconductor product is complete, the
wafer 11 may undergo a singulation process in which each of the dies {e.g., die
101} is separaled from one another (o provide discrete “chips” of the
semiconductor product. The wafer 11 may be any of a variety of sizes. In some
embodiments, the wafer 11 has a diameter ranging from about 25.4 mm {0 about
450 mm. The wafer 11 may include other sizes and/or other shapes in other
embodiments. According to various embodiments, the landing structures
described herein may be part of a die 101 in wafer form 10 or singuiated form 100
depending on whether the wafer 11 has been singuiated or nol. Landing
structures as described herein may be incerporated in a die 101 for logic or
memory, or combinations thereof.

FIG. 2 schematically ilusirates an example cross-section side view of an
integrated circuit (IC) package assembly 200, in accordance with some
embodiments. The IC package assembly 200 represents one example stacked
configuration of a first die 201a coupled with a package substrate 210 using dig
interconnects 206a and a second die 201b coupled with the first die 2013 using
die interconnects 208b, according o various embodiments. FiG. 3 schematically
fllustrates an example cross-saclion side view of a portion 300 of a die having a
landing structure {e.g., interconnect structures 352a, 352b indicated by 314,
hereinafier “landing structure 3147} for a through-silicon via {TSV) 2044, in
accordance with some embodiments. For example, FIG. 3 may depict the portion
300 of the first die 201a of FIG. 2, according to various embodiments. The TSY
204a may be a TSV of one or more TSVs (hereinafler “TSVs 204"} of FIG. 2.

-5
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Referring to both FIGS. 2 and 3, in some embodiments, the first die 201a
may include a processor and the second die 201b may include memory. The first
die 201a and/or the second die 201b may be configured o perform other functions
in other embodiments. For example, in some embodiments, the first die 201a
may be configured to funclion as memory, an application specific infegrated circuit
{ASIC), processor, or combinations thereof,

in the depicted configuration, the first die 201a is coupled with the package
substrate 210 in a flip-chip configuration and the second die 201b is coupled with
the first die 201a in a flip-chip configuration. The IC package assembly 200 is not
limited to the configuration depicted in FIG. 2 and may include a wide variety of
other suitable configurations in other embodiments. For example, in some
embodimentis additional dies may be stacked on the second die 201b and/or the
first die 201a may be coupled with a component other than the package substrale
210G, The IC package assembly 200 may include, Tor example, combinations of
flip-chip and wire-bonding techniques, interposers, multi-chip package
corfigurations including system-on-chip (SoC}) and/or package-on-package {(PoP}
configurations to roule elecirical signals in some embodiments.

In some embodiments, the first die 201a may include a semiconducior
substrate 205 composed of a semiconductor material. The semiconductor
substrate 205 may be composed of n-type or p-type material systems and may
include, for example, a crystalline subsirate formed using a bullc silicon or a
stlicon-on-insulator substruciure. in some embodiments, the semiconducior
substrate 205 may be formed using allernatle materials, which may or may not be
combined with silicon, that include but are not limited to germanium, indium
antimonide, lead telluride, indium arsenids, indium phosphide, gallium arsenide, or
gallium antimonide. Other group -V, -V or group IV material systems may also
be used {o form the semiconducior substrate 205 according o various
embodiments,

The semiconductor subsirate 205 may have a first surface 200a and a
second surface 205k opposite o the first surface 2053, as can be sean. An aclive
layer 202 may be formed on the first surface 205z of the semiconductor substrate
205 of the first die 201a. The active layer 202 may include, for example, a device
fayer 316 including transistor devices 316a, 316b and interconnect layers 302

formed on the device layer 316. Although the fransistor devices 316a, 316b

-8 -
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depict planar devices, the transisior devices 316a, 316b may include a wide
variety of other configurations including multi-gate devices such as, for example,
dual-gate, tri-gate, and/or gate-all-around {GAA) configurations in other
embodimenis.

The first surface 2053 of the semiconductor substrate 205 may be referred
to as a “front-side” or “getive surface.” The active surface may be a surface on
which the fransistor devices 3186a, 316b are formed. The second surface 205b
may be referred o as a “back-side” or “inactive surface.” The aclive layer 202
may be referred 0 as “aclive” because the active layer 202 is formed on the active
surface.

The transistor device 316a may represent one or more transistor devices
that are configured to operate when the first die 201a is powered on and the
dummy fransisior device 316b may represent one or more dummy transistor
devices that are configured o not operate whean the first die 201a is powsred on.
The fransistor device 316a and the dummy transistor device 316b may each
include, for example, source/drain elements 350 and gale struciures 348
configured o control fiow of current between the source/drain elements 350. The
transisior device 316a may further include contacts 358 {e.g., via-type structures)
that are configured o provide electrical contact between interconnect layers 302
and the device layer 316. The dummy transistor device 316b may not include one
or more of such contacts 358 in some embodiments. The dummy transistor
devices {e.g., dummy transistor device 316b) may not be electrically connecled {o
the landing structures {e.g., landing structure 314} in order o reduce g risk of
reverse bias leakage to the semiconducior substrale 205 once the TSVs 204
(8.9., TSV 204a) are formed and electrically connecied to the landing structures.

According to various embodiments, the one or more dummy ransistor
devices {e.g., dummy fransistor device 316b) may provide dummification in the
device layer 316. The dummification may be used to prevent or mitigate
depopulation due o patlem design requiremaents. For exampls, in some
embodiments, the TSVs 204 may be formed through the device laver 316 to
connect to the landing structures {e.g., landing structure 314} and the one or more
dummy fransistors {e.g., dummy transistor device 316b) may provide a uniform
patiern density to facilitate high quality fabrication of surrounding active transisiors

{e.g., transistor device 316a}. The one or more dummy fransistor devices {e.g.,

-7 -
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dummy fransistor device 316b) may be disposed between the one or more
transisior devices {e.g., transistor device 316a} and the TSVs 204 {e.g., TSV
204a). During formation of the TSVs 204, some of the dummy transistor devices
{not shown} in the device layer 316 may be removed by an eiching process. In
other embodiments, the device layer 316 may not include dummy transistor
devices {e.g., dummy transistor device 316b).

The interconnect layers 302 may include irench layers 318, 322, 327, 330,
334, 338, 342 and via layers 320, 324, 328, 332, 336, 340 arranged in an
alternating configuration, as can be seen. For exampie, the trench layers 318,
332, 327, 330, 334, 338, 342 may include trench structures 352a (e.g., metal
lines) electrically coupled together by via structures 352b (e.g., holes filled with
metal} of the via layers 320, 324, 328, 332, 336, 340. The interconnect layers 302
may include electrically insulalive material referred (o as interlayer dielectric (LD}
326 disposed in each of the french layers 318, 322, 327, 330, 334, 338, 342 and
the via layers 320, 324, 328, 332, 336. The ILD 326 may include, for sxampie,
oxide or nitride materials such as, for example, silicon oxide, silicon nitride,
carbon-doped oxide {CBO) and the like. According to various embodiments, the
trench struciures 352a and/or via structures 352b may be compaosed of a metal
such as, for example, copper. The trench structures 352a, via structures 352b
and/or ILD 326 may be composed of other suitable materials in other
embodiments.

The active layer 202 may turther include one or more pads 344 and a
passivation layer 346 formed on the interconnect layers 302. The one or more
pads 344 may be electrically coupled with the trench structures 352a and via
siructures 352b to route slectrical signals. The passivation layer 346 may be
composed of a polymer such as, for example, polyimide or similar material to
protect underlying components of the active layer 202 from deleterious ambient
effects such as oxidation. Die interconnects 206a may be formed on the one or
more bond pads 344 {o further route the electrical signals.

The particular configuration of components of the IC package assembily
200 and the portion 300 is merely one example for the sake of discussion and
subject matier of the present disclosure is not limited {o the depicted embodiment.
For example, the trench structures 352a and via structures 352b may be

configured according to a wide variety of suitable circuit designs for routing of
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elecirical signals, according to various embediments. The interconnect layers 302
may include more or fewer trench layers and/or via layers than depicted according
to various embodiments, Although each of the trench layers 318, 322, 327, 330,
334, 338, 342 and via layers 320, 324, 328, 332, 336, 340 are delineated by a
boundary for ease of discussion, in some embodiments, a trench layer and
adjacent via layer of the trench layers 318, 322, 327, 330, 334, 338, 342 and via
layers 320, 324, 328, 332, 336, 340 may include material of the corresponding
trench structures 352a and via structures 352b andfor ILD 326 that is deposited in
a single operation {o form a contiguous material structure. For example, in some
embodiments, adjacent pairs of trench layers 318, 322, 327, 330, 334, 338, 342
and via layers 320, 324, 328, 332, 338, 340 may be formed according to dual-
damascene, self-aligned via (SAV) or other suilable fechniques. The size of
components of the IC package assembly 200 of FIG. 2 and the portion 300 of FIG.
3 are not drawn {0 scale,

in some embodiments, the interconnect lavers 302 may include first
interconnect structures {e.g., trench structures 352a and via structures 352b
indicated by 315, hereinafter “first inferconnect structures 3157 configured to
route electrical signais to one or more iransistor devices {(hereinafter “transistor
device 316a") of the device layer 316. For example, the first interconnect
structures 315 may be configured {0 route the electrical signals between the
fransistor device 316a and electrical componentis sxiermnal o the first die 201a.
The electrical signals may be routed belween the interconnect layers 302 and the
package subsirate 210 using die interconnects 206a. The first inferconnect
siructures 315 may include trench struciures 352a of the trench layer 318 that are
not disposed at an inlerface 354 of the TSVs 204 (e.g., TSV 204a) and the
interconnect layers 302.

in some embodiments, the IC package assembly 200 may include package
interconnects 212 configured to route electrical signals between the first die 2013
{and/or the second die 201b) and other electrical components external to the IC
package assembly 200 including, for example, a circuit board such as a
motherboard {e.q., motherboard 802 of FIG. 6). According o various
embodiments, the package substrate 210 may be composed of a polymer,

ceramic, giass, or semiconductor material having electrical routing features

- -
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formed therein {o elecirically couple the die interconnects 206a and the package
interconnects 212.

The interconnects 206a, 206b, 212 may include any of a wide variely of
suitable structures and/or materials including, for example, bumps, pillars or balls
formed using metals, alloys, solderable material, or combinations thereof. The
interconnects 208a, 206b, 212 may include other suitable structures and/or
materials in other embodiments.

The active layer 202 may include second interconnect structures {e.g.,
trench structures 352a and via struciures 352b indicated by 317, hersinafter
“second interconnect structures 3177} configured to route electrical signals
through the T3Vs 204 such as, for example, TSV 204a. The TSVs 204 may be
formed between opposing surfaces {e.g., first surface 205a and second surface
205} of the semiconductor subsirate 205 1o electrically couple fealures disposed
on the opposing surfaces. The term “TSV” may generally apply to a through-hole
vig formed in a semiconductor material of the semiconductor subsirate even when
the semiconductor material is composed of a material other than silicon.

According to various embodiments, a subsst of the second interconnect
siructures 317 may be configured {o provide one or more landing structures (e.g.,
the landing struclure 314) corresponding with the T8Vs 204 (e.g., TSV 204a).
The second inferconnedt structures 317 of ihe landing structures {g.g., landing
struciure 314) may include, for exampls, trench structures 352a of a first trench
laver {hereinafter "MT1 laver 3187} that are disposed at an interface (2.g.,
interface 354) of the TSVs 204 (e.g., TSV 204a) and the inlerconnect fayers 302
such as, for example, the second interconnect structures 317, The second
interconnect structures 317 of the landing structures (e.g., landing structure 314)
may further include via structures 352b of a first via layer (hereinafter “VA1 layer
3207} that are disposed at the interface 354, As can be seen, the VAT layer 320
may be disposed on the MT1 laver 318 and is directly adjgcent to the MT1 layer
318. The MT1 layer 318 may be positioned closest to the device layer 318
relative o other trench layers (e.g., trench layers 322, 327, 330, 334, 338, 342) of
the interconnect layers 302, In other embodiments, the landing structures may
include trench structures 352a and via structures 352b of other trench layers
and/or via layers of the interconnect laver 302. The landing structures may be

placed anywhere in the stack of inferconnect layer 302 where the TSVs 204 are
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intended to terminate and electrically couple with the second interconnect
structures 317.

The trench structures 352a of the MT1 layer 318 may be configured in a
patiern {e.g., a grid patiern} having regions between the trench siructures 352a.
The viag structures 352b may be disposed, at least in part, In the regions belween
the trench structures 3523, as can be seen. In some sembodiments, the sscond
interconnect structures 317 of the landing siructures {e.g., landing structure 314}
may further include trench structures 352a of a second trench layer (hereinafter
‘MTZ layer 322} that are disposed direcily on the via structures 352b of the VA1
layer 320, as can be seen. The MTZ layer 322 may provide a rench patiern in
which via structures 352b of the VA1 layer 320 will be patterned {o fill the spaces
of the underlying grid in the MT1 layer 318.

The landing structures {e.g., landing structure 314} may include second
interconnect structures 317 of the MT1 layer 318 and the VA1 layer 320 that are
configured to provide a caich-cup structurs that receives or “caiches” the via eich
and/or deposited material of the TSVs 204 (e.g., TSV 204a). in some
embodiments, the landing structures {e.g., landing structure 314) may provide g
metallic etch stop that allows a low elch rale or provides “selective” eich material
to significantly slow a TSV eich process that is tuned to eich semiconductor
material of the semiconducior substrale 205 and diglectric materials {(e.g., LD
328} used to form the VA1 layer 320. The interface 354 may include surfaces
substantially disposed at alternating planes corresponding with the trench
structures 352a and the via structures 352b of the landing structure 314 {o provide
a gap-tooth profile, as can be seen.

The landing structures {e.g., landing siructure 314) of the aclive layer 202
may be configured to receive a terminating end of the TSVs 204 {(e.g., TSV 204a).
That is, the TSVs 204 may be configured to land on the landing structures {e.g.,
landing structure 314). Material of the TSVs 204 may be in direct electrical
contact with material of the landing structures {e.g., landing structure 314). Such
direct slectrical contact may include electrical contact through a barrier laver of the
TSVs 204 in some embodiments.

In some embodiments, The TSVs 204 {e.g., TSV 204a) may include a
barrier material deposited to form a thin barrier layer on the french structures 3523

and via structures 352b of the landing structures {e.q., landing structure 314) at
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the interface 354 prior to depositing metal to fill the TSV 204a. The barrier
material may include any of a wide variely of suitable materials. For example, in
embodiments where the metal of the TSV 204a is copper (Cu), the barrier material
may include tilanium nitride (TiN), tantalum nitride (TaN), or combinations thereof.
The barrier material may be electrically conductive. Other suitable barrier
materials may be used in other embodiments.

in some embodiments, the barrier material may be deposited on an
electrically insulative {ayer 356 that may be deposited on surfaces of the
semiconductor substrate 205 that are disposed bebween metlal of the TSV 204a
and semiconducior material of the semiconductor substrate 205. The elecirically
insulative laver 356 may be composed of an oxide or nitride material such as, for
example, silicon nitride (SN} or silicon dioxide {Si0,) to prevent or reduce leakage
in the TSV 204a. The barrier laver, if used, may prevent or reduce diffusion of the
metal of the TSV 204a. In embodiments where the electrically insulative layer 356
is not used, the barrier material may be deposited to form a layer on the surfaces
of the semiconductor subsirate 205 {2.q., in a configuration similar as depicted for
the electrically insulalive layer 358},

According to various embodiments, the second interconnect structures 317
may be configured to roule electrical signals such as, for example, input/output
{(1/0) signals or power/ground between the TSVs 204 and the die inlerconnecis
206a. For example, the second interconnect structures 317 may be configured (o
route the slectrical signals between ancther electrical component such as, for
example, the second die 201b and the package substirate 210 {e.g., by way of die
interconnects 208h, TSVs 204, and die interconnecis 206a). In some
embodiments, the second inferconnect structures 317 and the landing struciures
{e.g., landing structure 314} together with the TSVs 204 may be configured o
route electrical signals such as, for example, VO signais or power/ground between
the one or more fransistors {e.g., transisior device 318a) of the first die 2012 and
circuiiry of the second die 201b. The first die 201a and the second die 2010 may
be electrically coupled o communicate or route power/ground signals through the
TSVs 204 (e.g., TSV 204a) and the landing siructures {(e.g., landing structure 314}
of the active layer 202

in some embodiments, a width, W1, of the trench structures 3523 of the

MT1 layer 318 may range from 50 nanometers (nm) to 150 nm. A width, W2, of
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the TSVYs 204 {e.g., TSV 204a) may be greater than 1 micron. In some
embodiments, the widih W2 may range from 5 microns to 30 microns. The widths
W1 and W2 may have other suiiable values in other embodiments.

in some embodiments, the TSVs 204 may be formed in a dis shadow of 3
die (2.g., second die 201b) that is coupled or to be coupled with the first die 201a.
For example, the die shadow includes g region of the first die 201a direcily
underlying the second die 201b. In some embodiments, the TEVs 204 may be
formed in a central region of the first die 201a.

FIGS. 4A-K schematically iHlusirate a landing structure subsequent to
various fabrication operations, in accordance with some embeodiments. According
to various embodiments, the landing structure may be formed by patlterning
muitiple layers (e.g., interconnect layers 302 of FIG. 3) of a backend interconnect
stack. The patterning may include, for example, lithography and/or etch
processes performed on deposited dielectric {(e.g., ILD 326 of FIG. 3) and/or metal
materials according to weli-known techniques including, for example, dual-
damascene and/or SAVY techniques. The SAV technique is depicled in connection
with FIGS. 4A-F. According to various embodiments, the landing structure may
be formed using relatively modest extensions of each layer's {e.g., MT1 layer 318,
VAT laver 320, MT2 layer 322 of FIG. 3) design rules for process compatibility
{e.g., maximum process compatibility).

FIG. 44 schematically fllustrates an example top view of a landing structure
subsequent to formation of a first trench layer 418 on a device layer 416, FIG. 4B
schernatically illusirales an example cross-section view of the landing structure of
FIG. 4A {e.g., glong line AB}). The device layer 416, first trench layer 418, LD 426
and trench structures 452a may comport with embodimentis described in
connection with the respective device layer 316, MT1 layer 318, ILD 326 and
french structures 352a described in connection with FIG. 3.

Referring (o both FIGS. 4A and 48, material of the trench struciures 452a
may be deposited and/or patterned o provids the trench structures 452a in a grid
corfiguration, as can be seen. For example, material of the ILD 326 may be
deposited and patlerned with trench-shaped recesses that are subsequently filled
with metal of the trench structures 452a. A polishing process may be used to

provide a planar surface of the first trench layer 418. The landing structure may
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include regions {e.g., region 460} between the french structures 452a of the grid
pattern, as can be seen.

A pitch, P1, between adjacent vertical trencheas of the trench siruciures
452a may range from 60 nim to 300 nm. A pitch, P2, between adjacent horizontal
frenches of the trench structures 452a may range from 60 nm to 300 nm. The
pitches P1 and P2 may have other values in other embodiments.

FIG. 4C schematically fllustrates an example top view of the landing
structure subsequent to formation of a second trench layer 422 on the first trench
layer 418. FIG. 4D schematically illusirates an example cross-section view of the
landing structure of FIG. 4C {e.g., along line CD). The second trench laver 422
and associated trench structures 452a may comport with embodimentis described
in connection with the respective MT2 laver 322 and associated trench structures
352a of FIG. 3. The LD 426 depicted in FIG. 4D may not be depicted in the top
view of FIG. 4C for the sake of clarity.

Referring to both FIGS. 4C and 4B, The second trench layer 422 may be
formed in accordance with an SAY trench-first backend process flow where the
second trench layer 422 is formed prior {o forming a first via laver {e.g., first via
layer 420 of FIGS. 4k and 4F). For example, material of the LD 426 may be
deposited on the first trench layer 418 and patterned with trench-shaped recessed
that are filled with material of the trench siructures 452a and polishead 1o provide a
planar surface of the second trench layer 422,

in the top view of FIG. 4C, an MT1 reference label ("MT1")is used to
indicate the perpendicular trenches of the trench struclures 452a of the first trench
layer 418 and an MT2 reference label ("MT2"} is used {o indicate the paralisl
trenches of the trench structures 452a of the second irench layer 422, As can be
seen, the trench structures 452a (e.g., MT2) of the second trench layer 422 may
have a widih, W3, that is grealer than the width W1 of the trench structures 4523
{e.g., MT1} of the first trench layer 418 such that g portion of the trench structures
452a of the second trench laver 422 overlaps the french structures 452a of the
first rench layer 418 and covers the regions {e.g., region 460) between the trench
siructures 452a of the first french layer 418. According to various embodiments, a
pitch, P3, belween adjacent trench structures 452a of the second trench layer 422

may range from 60 nm o 300 nm. The pitch P3 may have other values in other
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embodiments. LD 426 may be disposed between the rench structures 452a of
the respective first trench layer 418 and the second trench layer 422,

The trench structures 452a of the respective first trench layer 418 and the
second trench layer 422 may be colored differently in FIGS. 4C and 40 to more
clearly depict the different layers in the top view of FIG. 4C. The trench structures
4523 may be composed of a same malerial in some embodiments. The french
structures 452a of the second trench layver 422 may be configured to serve as a
routing laver for electrical signals between a TSV {e.g., T3V 204a of FIG. 3} and
other interconnect layers {(e.g., interconnect fayers 324, 327, 328, elc. of FIG. 3.

FIG. 4E schematically lustrates an example top view of the landing
structure subseqguent fo formation of a first via layer 420 on the first trench layer
418. FIG. 4F schematically llustrates an example cross-section view of the
landing structure of FIG. 4E {(&.9., along line EF). The first via layer 420 and
associaled via structures 452b may compori with embodiments described in
connection with the respective VAT layer 320 and associated via structures 352b
of FIG. 3. The LD 4286 may not be depicted in the op view for the sake of clarily.

Referring to both FIGS. 4k and 4F, the first via layer 420 may be formed in
accordance with an SAV {fechnigue where the via structures 452 are formed after
the trench structures 452a of the second trench layer 422 are patterned in the ILD
426.

in the top view of FIG. 4k, a VA1 reference label ("VA17) is used to indicaie
an example via structure of the via structures 452b of the first via layer 420. As
can be seen, the via siructures 452b (e.g., VA1) of the first via layer 420 may have
g width, W4, at a top portion of the via struclures 452b that is the same or similar
o the width, W3, of the trench struclures 452a {e.g., MT2) of the second trench
laver 422 and a width, W5, at a bottom portion of the via structures 452b that is
the same or less than the pilch P1 such that the bottom portion of the via
structures 452b is disposed in the regions {e.g., region 460} between the trench
structures 452a {e.g., MT1} of the first french layer 418. The via structures 452b
{e.g., VA1) may have a width, W5, that is greater than the pilch, P2, The via
structures 452b may have circular or angular {e.g., rectangular) profiles, or
combinations thereof, according o various embodiments.

The trench structures 452a of the respective first trench layer 418 and the

second trench layer 422 and the via structures 4520 of the first via layer 420 may
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be colored differenily in FIGS. 4E and 4F o more dlearly depict the different layers
in the top view of FIG. 4E. The trench structures 452a and the via structures 4520
may be composed of a same maierial in some embodiments.,

FIG. 4G schematically illusirates an example cross-section view of an
alternative configuration of the landing structure of FiG. 4k {e.g., along line EF).

In FIG. 4G, the width W5, of the bottorm portion of the via struciures 452b may be
smaller than the pitch P1 such that the meatal of the via structures 452b of the first
vig laver 420 is not in direct contact with metal of the trench structures 452a of the
first rench layer 418. {LD 426 may be disposed between the via structures 452b
of the first via layer 420 and the trench structures 452z of the first french layer
418. Other embodiments may include combinations of the configurations
described in connection with FIGS. 4F and 4G.

FIG. 4H schematically illustrates another example cross-section view of the
landing structure of FIG. 4k (8.9, along line GH). The landing struciure of FIG.
4H may comport with embodiments described in connection with FIGS. 4F and
4. As can be seen in FIG. 4H, in the cross-section along line GH of FIG. 4, the
trench struciure 452a of the first rench layer 418 may be g continuous trench
siructure in some embodiments. In soms embodimeants, a botiom portion of the
via structures 452b may land (e.q., in direct comntact) on the trench structures 452a
of the first trench layer 418.

FIG. 41 schematically illustrates yet ancther example cross-section view of
the {anding structure of FIG. 4E {e.g., along line 1J}. The landing structure of FIG.
41 may comport with embodiments described in connection with FIGS. 4F and 4G,
As can be seen in FIG. 41, in the cross-sachion along line N of FiG. 4E, the trench
siructure 452a of the second trench layer 422 may be a continuous french
structure in some embodiments. In some embodiments, a bottom portion of the
via struciures 462b may float between the trench structures 452a of the first
french layer 418.

FIG. 44 schematically illusirates still vet another example cross-section
view of the landing structure of FIG. 4E {e.g., along line KL}. The landing
siructure of FIG. 4J may comport with embodiments described in connection with
FIGS. 4F and 4G. As can be seen in FIG. 44, in the cross-section along line KL of
FIG. 4E, the trench structures 452a of the first trench {ayer 418 and the second

french layer 422 may be continuous trench structures in some embodiments. In
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some embodiments, a bottom portion of the via structures 452b may land (e.g., in
direct contact) on the trench struciures 452a of the first trench layer 418.

FIG. 4K schematically lllustrates an example cross-section view (8.g.,
along line EF of FIG. 4k} of the landing struciure subseguent o forming one or
more interconnect lavers (2.g., second via layer 424 with via structures 452a) on
the second trench layer 422 and removing malerial of the device layer (8.g.,
device layer 416 of FIGS. 4E-F) to expose an interface 454 of the landing
structure. Referring to FIGS. 3 and 4K, in some embodiments, T3V 204a may be
formed by recessing the second surface 205b of the semiconductor substrate 206
and removing material of the device layer 316 (including dummy transistor devices
in some embodiments) by eich processes o expose the inlerface 354, 454 of the
landing structure 314, Material of the TSV 204a may be deposiied in the recess
formed in the second surface 205h to provide the T8V 204a. The interfacs 454
may comport with embodiments described in connection with the interface 354,

FIG. § is a flow diagram for a method 500 of fabricaling a die {e.q., first die
201a of FIG. 2} having a landing struciure {e.9., landing structure 314 of FiG. 3}
for a TSV (e8.g., T8V 204z of FIG. 3}, in accordance with some embodiments.
Muitiple landing struciures Tor corresponding muitiple TSVs may be formed using
similar techniques. The method 500 may comport with techniques described in
connection with FIGS. 1 through 4K and vice versa.

At 502, the method 500 may include providing a semiconducior substrate
{e.g., semiconductor subsirate 205 of FIG. 3) having a first surface (e.g., first
surface 2053 of FIG. 3) and a second surface (e.g., second surface 205b of FIG.
3) opposite o the first surface.

Al 504, the method 500 may include forming a device layer (e.g., device
fayer 316 of FIG. 3) including one or more transistor devices (2.g., transisior
device 316a of FiG. 3. In some embodiments forming the device layer may
further include forming one or more dummy lransistor devices {e.g., dummy
transistor device 316b of FIG. 3} in a region where one or more ToVs {(e.g., TSV
204a of FIG. 3} are {o be formed.

AL 506, the method 500 may include forming interconnect layers {e.g.,
interconnect layers 302 of FIG. 3) on the device layer, the inferconnect layers
including interconnect structures {e.q., second interconnect structures 317 of FIG.

3} configured {o provide one or more fanding structures (e.g., landing structure
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314 of FIG. 3) for one or more corresponding TSVs {e.g., TSY 204a of FIG. 3}
Forming the interconnect lavers may further include forming interconnect
siructures {(e.g., first interconnect structures 315 of FIG. 3) that are configured fo
route electrical signais to the one or more transistor devices {e.g., transisior
device 316a of FIG. 3). The second interconnect structures may be formed by
forming a first trench layer {e.g., MT1 layer 318 of FIG. 3} on the device layer, the
first trench layer including trench struciures {(e.q., french structures 352a of FIG. 3)
configured in a grid pattern having regions between the trench struciures and
forming a first via layer (e.g., VAT layer 320} on the first french layer, the first via
layer including via structures {2.g., via structures 352b of FIG. 3} at least partially
disposed in the regions between the trench structures.

Forming the second interconnect struciures may further include forming a
second trench layer (&.g., MT2 layer 322 of FIG. 3) on the first via layer. The
second trench layer may include trench struciures disposed on the via structures
of the first via layer. The second interconnect structures may be formed using any
suitable technique, including, for example, well-known dual-damascene or SAV
processes. In some embodimenis, the first interconnect struciures may he formed
as part of a same process used o form the second inferconnect structures {e.g.,
same deposition, eich, and/or lithography operations).

At 508, the method 500 may further include forming one or more TSVs
{e.g., TSV 204a of FIG. 3) betwsen the first surface and the second surface, the
one or more T8Vs being electrically coupled with the one or more corresponding
landing structures. In some embodiments, forming the one or more TSVs
includes removing material of the semiconducior substrale {e.g., through the
second surface of the semiconducior substrate} and the device layer {o form an
opening that exposes the one or more landing structures. The material of the
semiconductor substrate and the device layer {e.g., including dummy transistor
device in some embodiments) may be removed using any suitable well-known
etch processes. Removal of the material of the semiconductor substrate may
expose an interface {e.g., interface 354 of FIG. 3} of the landing structures. An
electrically conductive material may be deposited using any suitable technique to
fill the opening and provide an electrical pathway o the landing structures from

the second surface of the semiconducior substrate.
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in some embodiments forming the one or more TSYs may further include
forming an electrically insulative layer {e.g., electrically insulative layer 356 of FIG.
3) on surfaces of the semiconductor substrate in the opening prior to depositing
the elecirically conductive material. In some embodiments, forming the one or
more TSVs may further include forming a barrier layer on the electrically insulative
fayer and/or the one or more landing structures {(e.g., on the interface) prior o
depositing the electrically conductive material. in some embodiments, forming the
barrier layer may be performed subsequent to forming the electrically insulative
laver.

Various operations are described as multiple discrele operations in turn, in
a manner that is most helpful in understanding the claimed subject matier,
However, the order of dascription should not be construed as {o imply that these
operations are nacessarily order dependent. Embodiments of the praesent
disclosure may be implementad into a sysiem {e.g., a computing device} using
any suitable hardware and/or software o configure as desired. FiG. 6
schematically illustrales a computing device 800 that may include one or more
componenis (e.g., first die 2018} having g landing structure (2.g., landing structure
314 of FIG. 3) described herein, in accordance with some embodiments. The
computing device 800 may house a board such as motherboard 602. The
motherboard 602 may include a number of components, including but not imited
to a processor 604 and at least one communication chip 806. The processor 604
may be physically and electrically coupled to the motherboard 602, In some
implementations, the atl least one communication chip 806 may also be physically
and elacirically coupled 1o the motherboard 802, In further implementations, the
communication chip 506 may be part of the processor 604,

Depending on its applications, computing device 800 may include other
components that may or may not be physically and electrically coupled {o the
motherboard 602. These other components may include, but are not limited o,
volatile memory (8.q., DRAM), non-volatile memory {e.g., ROM}, flash memory, a
graphics processor, a digital signal processor, a orypto processor, a chipset, an
antenna, a display, a touchscreen display, a touchscreen controller, a batlery, an
audio codec, a video codec, a power amplifier, a global positioning systam {GPS)

device, a compass, a Geiger counter, an acceleromeler, a gyroscope, a speakaer,
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a camera, and a mass storage device {such as hard disk drive, compact disk
{CD), digital versatile disk (DVD), and so forih).

The communication chip 606 may enable wireless communications for the
transfer of data to and from the computing device 800. The term “wireless” and iis
derivatives may be used o describe circuils, devices, systems, methods,
techniques, communications channels, etc., that may communicate data through
the use of modulated electromagnetic radiation through a non-solid medium. The
term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 808 may
implement any of a number of wireless standards or protocols, including but not
fimited to Instifute for Electrical and Electronic Engineers (IEEE) standards
including Wi-Fi (IEEE 802.11 family), IEEE 802.16 standards {e.g., IEEE 802.16-
2005 Amendment), Long-Term Evolution (LTE) project glong with any
amendments, updates, and/or ravisions (e.g., advanced LTE project, ultra mobile
broadband (UMB) project (also referred to as "3GPP2"), etc.). IEEE 80216
compatible BWA networks are generally referred to as WiMAX networks, an
acronym that stands for Worldwide Interoperability for Microwave Access, which is
a certification mark for products that pass conformity and interoperability tests for
the IEEE 802.16 standards. The communication chip 606 may operate in
accordance with a Global System for Mobile Communication (GSM), General
Packet Radio Service (GPRES), Universal Mobile Telecommunications System
{(UMTS), High Speed Packet Access (HSPA), Evolved HSPA {(E-HSPA), or LTE
network. The communication chip 608 may operate in accordance with Enhanced
Data for GSM Evolution (EDGE), GSM EDGE Radio Access Network (GERAN],
Universal Terrestrial Radio Access Network (LTRAN), or Evolved UTRAN (E-
UTRAN). The communication chip 606 may operate in accordance with Code
Division Multiple Access (COMA), Time Division Multiple Access {TDMAY}, Digital
Enhanced Cordless Telecommunications (DECT), Evolution-Data QOptimized (EV-
DO}, derivatives thereof, as well as any other wirelsss protocols that are
designated as 3G, 40, 5G, and beyond. The communication chip 606 may
operale in accordance with other wireless protocols in other embodiments.

The compuiing device 600 may include a plurality of communication chips
506, Forinstance, a first communication chip 606 may be dedicated o shorter

range wireless communications such as Wi-Fi and Bluetooth and a second
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commiunication chip 606 may be dedicated to longer range wireless
communications such as GPS, EDGE, GPRS, COMA, WIMAX, LTE, Ev-DO, and
others.

The processor 604 of the computing device 600 may include a die {e.g.,
first die 201a of FIG. 2) or IC package assembly {e.g., IC package assembly 200
of FIG. 2) having one or more landing structures {e.g., landing struciure 314 of
FIG. 3) as described herein. For example, the processor 604 may include a die
{e.qg., first die 2012 of FIG. 2) embodied in a package assembly {e.g., IC package
assembly 200 of FIG. 3} that is mounied on the motherboard 602, The term
“‘mrocessor” may refer o any device or portion of a device thal processes
electronic data from registers and/or memory o transform that electronic daia into
other electronic data that may be stored in registers and/or memory.

The communication chip 606 may also include a die {e.g., first die 201a of
FIG. 2) embodied in a package assembly (a.g., IC package assembly 200 of FIG.
2}, In further implementations, another component {(2.g., memory device or other
integrated circuit device) housed within the computing device 800 may (e.g., first
die 201a of FIG. 2) embodied in a package assembly (e.g., IC package assembly
200 of FIG. 2).

in various implementations, the computing device 800 may be a laptop, a
netbook, a notabook, an ulirabook, a smariphone, a tablel, a personal digital
assistant (PDA), an ulira mobile PC, a mobile phone, a deskiop computer, a
server, a printer, a scanner, a monitor, a setiop box, an entertainment control
unit, a digital camera, a portable music player, or a digital video recorder. in
further implementations, the computing device 800 may be any other elecironic
device that processes data.

The above description of lllustrated implementations of the invention,
including what Is described in the Abstract, is not intended o be exhaustive or fo
limit the invention to the precise forms disclosed. While specific implementialions
of, and examples for, the invention are described hersin for Hlustrative purposes,
varicus equivalent modifications are possible within the scope of the invention, as
those skilled in the relevant art will recognize.

These modifications may be made {o the invention in light of the above
detailed description. The terms used in the following claims should not be

construed to limit the invention to the specific implementations disclosed in the
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specification and the claims. Rather, the scope of the invention is {o be
determined entirely by the foliowing claims, which are to be construed in

accordance with established doctrines of claim interpretation.
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Claims

What is claimed is;

1. An apparatus comprising:

a semiconductor substrate having a first surface and a second surface
opposite lo the first surface;

a device layer disposed on the first surface of the semiconductor subsirate,
the device layer including one or more transistor devices;

iterconnect lavers disposed on the device layer, the interconnect layers
including a plurality of interconnect structures; and

one or more through-silicon vias (T8Vs) disposed between the first surface
and the second surface, wherein the pluraiity of interconnect structures include

first interconnect structures that are configured to roule elecirical
signals to the one or more transistor devices, and
second interconnect struciures that are electrically coupled with the

one or more TSYs and configured {o provide one or more corresponding

landing structures for the one or more TSVs.
2. The apparatus of claim 1, wherein the second interconnect struciures
include:

trench structures of a first trench layer (MT1) that are disposed al an
interface of the one or more TSVs and at least some of the second interconnect
structures; and

via structures of g first via layer (VA1) that are disposed at the interface, the
VA1 layer bheing disposed on the MT1 layer.
3. The apparatus of claim 2, wherein:

the trench structures are configured in a grid patlern having regions
between the trench structures; and

the via structures are al leas! parliaily disposed in the regions belween the
trench siructures.
4. The apparatus of any of claims 2-3, whersin:

a width of an individual trench structure of the french structures is from 50
nanometers {(nm} to 150 nm; and

a width of a TSV of the one or more TSVs is greater than 1000 nm.
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5. The apparatus of any of claims 2-3, wherein the second inferconnedt
structures further include:

trench structures of a second french layer (MT2) that arg disposed on the
via structures of the VA1 layer, the second irench layer being disposed on the
VAT layer.
8. The apparatus of any of claims 2-3, wherein the first interconnect struciures
include trench structures of the MT1 layer that are not disposed at the interfacs.
7. The apparatus of any of claims 2-3, wherein the MT1 layer is positioned
closest to the device layer relative to other trench lavers of the interconnect layers.
8. The apparatus of any of claims 2-3, wherein the device layer includes one
or more dummy fransisior devices disposed between the one or more transistor
devices and the one or more TSYs.
9. The apparatus of any of claims 1-3, wherein:

the first interconnect structures and the second interconnect structures
comprise copper {Cu);

the one or more TSVs comprise Cu; and

the semiconductor substirate comprises silicon (Si).
10.  The apparatus of claim 8, further comprising:

an electrically insulative layer disposed between the Cu of the one or more
TSVs and the Si of the semiconductor substrate; and

a barrier layer disposed between the Cu of the one or more TSVs and the
Si of the semiconductor subsirate, wherein the electrically insulative laver includes
an oxide or nitride material and the barrier layer includes titanium nitride {TiN} or
tantalum nitride (TaN).
1. A method comprising:

providing a semiconductor substrate having a first surface and a second
surface opposite 10 the first surface;

forming a device layer on the first surface of the semiconductor substrate,
the device layer including one or more transistor devices;

forming interconnect layers on the device layer including first interconnect
siructures that are configured to route electrical signals to the one or more
transisior devices and second interconnect siructures that are configured to
provide one or more landing structures for one or more corresponding through-
silicon vias (TSVs}; and
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forming one or more through-silicon vias (TSVs) between the first surface
and the second surface, wherein the second interconnect struciures are
electrically coupled with the one or more T8Vs.
12.  The method of claim 11, wherein forming the device layer comprises:

forming one or more dummy transistor devices in a region where the one or
more TSVs are {0 be formed.
13.  The method of claim 11, wherein forming the interconnect layers includes
forming the second interconnect struciures by:

forming a first french layer (MT1) on the device layer including trench
siructures configured in a grid patiern having regions between the french
structures; and

forming a first via layer (VA1) on the first trench layer including via
structures at least partially disposed in the regions between the trench structures.
14.  The method of claim 13, whersin forming the second inierconnect
structures further comprises:

forming a second french layer (MT2) on the VA1 layer, wherein the MT2
layer includes trench siructures disposed on the via structures of the VA1 layer,
15.  The method of any of claims 13-14, whersin forming the second
interconnect structures is performed using a dual-damascene or seif-aligned via
(SAV) process.
16.  The method of any of claims 13-14, wherein forming the interconnect layers
includes forming the first interconnect structures by forming the MT1 laver, the
MT1 laver being positioned closest to the device layer relative {o other french
layers of the interconnect iayers.
17.  The method of any of claims 11-14, wherein forming the one or more TSVs
comprises:

removing material of the semiconductor substrate and the device layer to
form an opening that exposes the one or more landing structures; and

depositing an electrically conductive material to fill the opening and provide
an electrical pathway to the landing structures from the second surface of the
semiconductor subsirate.
18.  The method of claim 17, wherein forming the one or more TSVs further

comprises:
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forming an electrically insulative layer on surfaces of the semiconducior
substrate in the opening prior fo depositing the electrically conductive material.
18.  The method of claim 18, wherein forming the one or more TSVs further
comprises:
forming a barrier layer on the electrically insulative layer or the one or more
landing structures prior 1o depositing the electrically conductive material.
20, A sysiem comprising:
a first die including:
a semiconductor subsirate having a first surface and a second
surface opposite 1o the first surfaces;
a device layer disposed on the first surface of the semiconductor
substrate, the device layer including one or more transistor devices;
interconnect layers disposed on the device layer, the inlerconnect
layers including a plurality of interconnect siructures; and
one or more through-silicon vias (TSVs) disposed between the first
surface and the second surface, wherein the pluralily of interconnect
structures include
first inferconnect structures that are configured to route
electrical signals to the one or more transistor devices, and
second interconnect structures that are electrically coupled
with the one or more TSVs and configured o provide one or more
corresponding landing structures for the one or more TSVs;
and
a second die elechrically coupled with the first die through the one or more
TSVs.
21.  The system of claim 20, wherein the second interconnect struciures
include:
trench structures of a first trench layer (MT1) that are disposed al an
iterface of the one or more TSVs and the second interconnect structures; and
via structures of g first via layer (VA1) that are disposed at the interface, the
VA1 layer bheing disposed on the first french layer.
22, The system of claim 20, further comprising:
a package substrate, wherein the first die and the second dis are mounted

in a stacked configuration on the package subsirale and wherein the one or more
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T3Vs are comtigured to route inpul/output (O} signals between the first die and
the second die.
23.  The system of claim 22, wherein:

the first die is a processor,;

the second die is memory;

ihe first die is coupled with the package substraie in a flip-chip
configuration;

the second die is coupled with the first die in a fiip-chip configuration;

the one or more TSVs are disposed in a central region of the first die; and

the one or more TSV3 are configured o route inpult/output (HO) signais
and/or power/ground between the second die and the package substrate.

24.  The sysiem of any of claims 22-23, further comprising:

a circuif board, wherein the package substrate is electrically coupled with
the circuit board and wherein the one or more TSVs are configured to route
elecirical signals between the second die and the circuil board.

25, The system of any of claims 20-23, further comprising one or more of an
antenna, a display, a touchscreen display, a touchscreen controller, a batlery, an
audio codec, a video codec, a power amplifier, a global positioning systam {GPS)
device, a compass, an accelerometer, a gyroscops, a speaker, a camera, or a
mass storage device operatively coupled with the first die or the second die,
wherein the system is one of a laptop, a nethook, a notebook, an ultrabook,
a smariphone, a tablet, a persenal digital assistant (PDA}, an ultra mobile PC, a
mobiie phone, a deskiop computer, a server, a prinler, a scanner, a monitor, a
set-top box, an entertainment control unit, a digital camera, a portable music

player, or a digital video recorder.
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