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BACK-END REPEATER ELEMENT INTEGRATION TECHNIQUES

BACKGROUND

Repeaters and line drivers are signal amplifying devices that are commonly used to drive
or otherwise propagate signals along lengthy conductors to ensure.that the magnitude of the
signal acquired at the receiving end is sufficiently strong. In the context of semiconductor
interconnects, signal drivers are located all the way down at the semiconductor surface below a
given interconnect and are expected to drive the electrical signals the entire length of the above

interconnect.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A illustrates a cross-sectional view of an integrated circuit (IC) including an
integrated repeater device configured in accordance with an embodiment of the present
disclosure.

Figure 1B illustrates a cross-sectional view of an IC including an integrated repeater
device configured in accordance with another embodiment of the present disclosure.

Figure 2A illustrates a cross-sectional view of an IC including an integrated repeater
device configured in accordance with another embodiment of the present disclosure.

Figure 2B illustrates a cross-sectional view of an IC including an integrated repeater
device configured in accordance with another embodiment of the present disclosure.

Figure 3 illustrates a plan view of an example alignment of a repeater device with landing
pad portions associated with interconnects of a host IC, in accordance with an embodiment of the
present disclosure.

Figures 4A—4F illustrate an IC fabrication process flow for forming an IC, in accordance
with an embodiment of the present disclosure.

Figure 5 illustrates a computing system implemented with integrated circuit structures or
devices formed using the disclosed techniques in accordance with an example embodiment.

These and other features of the present embodiments will be understood beter by reading
the following detailed description, taken together with the figures herein described. In the
drawings, each identical or nearly identical component that is illustrated in various figures may
be represented by a like numeral. For purposes of clarity, not every component may be labeled
in every drawing. Furthermore, as will be appreciated, the figures are not necessarily drawn to
scale or intended to limit the described embodiments to the specific configurations shown. For

instance, while some figures generally indicate straight lines, right angles, and smooth surfaces,
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an actual implementation of the disclosed techniques may have less than perfect straight lines

and right angles, and some features may have surface topography or otherwise be non-smooth,
given real-world limitations of fabrication processes. In short, the figures are provided merely to

show example structures.

DETAILED DESCRIPTION

Techniques are disclosed for integrating a back-end repeater device with an integrated
circuit (IC) chip or die. One embodiment of the present disclosure includes a separately
manufactured repeater that is electrically coupled at a given upper interconnect layer (or layers)
to locally boost the back-end signal in those layer(s). Power to the repeater can be provisioned
from either of a nearby frontside power source or backside power source, as the case may be,
rather than from the semiconductor layer, thereby avoiding use of routing resources through
intervening interconnect layers. In accordance with some embodiments, the separately
manufactured repeater device may be coupled directly to an upper back-end-of-line (BEOL)
interconnect layer of a host IC by a flip-and-bond process, local or otherwise proximate to a
frontside power source of the host IC. In still other embodiments, a host IC may undergo a
backside reveal process through which backside interconnects are revealed, and the repeater
device may be coupled directly therewith, local or otherwise proximate to a backside power

source. Numerous configurations and variations will be apparent in light of this disclosure.

General Overview

Typical back-end interconnects are disposed above the transistors of the semiconductor
or so-called device layer of a host IC. The interconnects, which can be metal or other electrically
conductive lines, for example, may be disposed in one or more so-called interconnect layers,
with vias connecting the lines of the device layer and/or different interconnect layers. One or
more insulating materials or air gaps may separate the lines and vias. The interconnect layers are
normally referred to by number (e.g., metal layer 0, metal layer 1, metal layer 2, and so on),
increasing with each consecutive back-end-of-line (BEOL) layer progressing away from the
underlying device layer. Electrical signals from the device layer are transported through a given
interconnect (or plurality of interconnects) to an intended destination of the host IC (e.g., such as
an electrode or device contact at the IC frontside or backside surface). Electrical signals destined
for upper interconnect layers, such as BEOL metal layers 8 or 9, for example, may weaken as
they travel through various intervening interconnect layers. Thus, such signals can benefit from
being strengthened using repeaters. With existing IC architectures, however, back-end repeaters

are deployed at the semiconductor layer, which may not be sufficient to boost a signal at upper
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interconnect layers. In addition, even if a repeater were to be simply provisioned local to a given -

upper layer, such a configuration would call for routing not only the signal being boosted, but
also power signals (V. and V) to the repeater from all the way down at the device layer of the
semiconductor surface. Such a configuration, therefore, would consume routing resources (i.e.,
space within a given IC) that might be better used for routing other conductors of the IC being
fabricated.

Thu.s, and in accordance with some embodiments of the present disclosure, techniques are
disclosed for integrating a back-end repeater device with an integrated circuit (IC) chip or die.
One example embodiment includes a separately manufactured repeater that is electrically
coupled at a given upper BEOL metal layer (or layers) to locally boost the back-end signal at
those upper layer(s). Power to the repeater (e.g., V¢ and V) can be provisioned from either of a
nearby frontside power source or backside power source, as the case may be, rather than from the
semiconductor layer, thereby avoiding use of routing resources between the semiconductor layer
and the repeater. In accordance with some embodiments, a repeater device configured as
described herein may undergo a flip-and-bond process through which the repeater device may be
coupled, for example, directly with a BEOL metal layer (e.g., metal layer 8 or 9) of a host IC,
local (or otherwise proximate) to a frontside power source. In accordance with some other
embodiments, a host IC may undergo a backside reveal process through which backside
interconnects are revealed, and the repeater device may be coupled directly therewith, local (or
otherwise proximate) to a backside power source.

In accordance with some embodiments, electrical connection of an integrated repeater
element directly at an upper metal layer, such as BEOL metal layers 8 and 9 (generally referred
to herein as Metal8 and Metal9 layers, respectively), may serve to boost or otherwise enhance
back-end signal locally. Given that such end-of-line Metal8/Metal9 layers are relatively close to
the power supply source of a given host IC, in some cases, an integrated repeater of this
configuration may simplify back-end routing requirements, freeing up considerable routing
resources and thus allowing for more functionality to be provided on the host IC chip or die. In
some instances, in this type of configuration, back-end lithography constraints that otherwise
would result from typical repeater routing requirements may be eased, reducing fabrication cost.
In some cases, resistance-capacitance (RC) delay may be reduced, speeding up digital signal
propagation and communications in critical circuits using repeaters provided as described herein.

Although reference to Metal8/Metal9 layers is made herein with respect to some example
embodiments, note that any interconnect configuration having a plurality of interconnect layers
can employ the techniques provided herein, wherein upper or end-of-line interconnect layers are

bonded with a repeater layer. Further note that once a repeater layer is installed in a given
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location of an interconnect stack, additional interconnect layers then can be further fabricated on

that repeater layer, so as to provide one or more intermediate repeater layers, as well as end-of-
line repeaters.

In accordance with some embodiments, use of the disclosed techniques may be detected,
for example, by transmission electron microscopy (TEM), scanning electron microscopy (SEM),
or other visual inspection of a given IC having an integrated repeater layer connected directly
with a Metal8/Metal9 layer (or other intermediate or upper interconnect layer of a host IC) or

connected directly with a backside interconnect, as described herein.

Structure and Operation

Figure 1A illustrates a cross-sectional view of an integrated circuit (IC) 100a including an
integrated repeater device 300 configured in accordance with an embodiment of the present
disclosure. Figure 1B illustrates a cross-sectional view of an IC 100a including an integrated
repeater device 300 configured in accordance with another embodiment of the present disclosure.
Figure 2A illustrates a cross-sectional view of an IC 100b including an integrated repeater device
300 configured in accordance with another embodiment of the present disclosure. Figure 2B
illustrates a cross-sectional view of an IC 100b including an integrated repeater device 300
configured in accordance with another embodiment of the present disclosure. For consistency
and ease of understanding of the present disclosure, ICs 100a and 100b hereinafter may be
collectively referred to generally as an IC 100, except where separately enumerated.

As can be seen from the figures, IC 100 includes a semiconductor substrate 102 and a
transistor device layer 104 disposed adjacent (e.g., on or otherwise over) semiconductor substrate
102. Semiconductor substrate 102 may have any of a wide range of configurations. For
instance, in some embodiments, semiconductor substrate 102 may be a bulk semiconductor
substrate, a semiconductor-on-insulator (XOI, where X represents a semiconductor material)
structure, a semiconductor wafer, or a multi-layered structure. The material composition of
semiconductor substrate 102 may be customized, as desired for a given target application or end-
use. For instance, in some cases, semiconductor substrate 102 may be formed from any one, or
combination, of silicon (Si), germanium (Ge), and silicon-germanium (SiGe), among others.
Transistor device layer 104 can include any quantity and any type(s) of transistor devices, as
desired for a given target application or end-use. Other suitable materials and configurations for
semiconductor substrate 102 and transistor device layer 104 will depend on a given application
and will be apparent in light of this disclosure.

IC 100 further includes one or more dielectric layers 106 and one or more interconnects

108. In accordance with some embodiments, a given dielectric layer 106 may be disposed
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adjacent (e.g., on or otherwise over) transistor device layer 104, and one or more interconnects

108 may be disposed therein, such as is generally shown by IC 100a in Figures 1A-1B. In
accordance with some other embodiments, one or more dielectric layers 106 may be disposed
adjacent (e.g., on or otherwise over) a backside of semiconductor substrate 102, and one or more
interconnects 108 may be disposed therein, such as is generally shown by IC 100b in Figures
2A-2B.

A given dielectric layer 106 can be formed from any suitable dielectric material(s), as
will be apparent in light of this disclosure. For instance, in some cases, a given dielectric layer
106 may be formed from an oxide such as silicon dioxide (SiO;), aluminum oxide (Al,O3),
hafnium oxide (HfO;), zirconium dioxide (ZrO.), tantalum pentoxide (Ta,Os), titanium dioxide
(TiOy), or lanthanum oxide (La;O3). In some cases, a given dielectric layer 106 may be formed
from a carbon (C)-doped oxide. In some cases, a given dielectric layer 106 may be formed from
a nitride such as silicon nitride (SizN,) or a carbide such as silicon carbide (SiC). In a more
general sense, and in accordance with some embodiments, dielectric layer 106 may be formed
from any one, or combination, of the aforementioned materials. Also, the dimensions of a given
dielectric layer 106 can be customized as desired for a given target application or end-use. In
some cases, a given dielectric layer 106 may be an inter-layer dielectric (ILD).

A given interconnect 108 can be formed from any suitable electrically conductive
material(s), as will be apparent in light of this disclosure. For instance, in some cases, a given
interconnect 108 may be formed from any one, or combination, of metals, such as copper (Cu),
aluminum (Al), tungsten (W), nickel (Ni), cobalt (Co), silver (Ag), gold (Au), titanium (Ti), and
tantalum (Ta), among others. Also, the dimensions and geometry (e.g., cross-sectional profile)
of a given interconnect 108 can be customized as desired for a given target application or end-
use. As discussed below, a given interconnect 108 may include or otherwis¢ be configured to
serve as a lahding pad 314 (Figure 3) for a given bump connection 312. Other suitable materials
and configurations for transistor device layer 104, dielectric layer(s) 106, and interconnect(s) 108
will depend on a given application and. will be apparent in light of this disclosure.

In accordance with some embodiments, a repeater device 300 may be integrated in (or
otherwise connected with) IC 100. As can be seen from the figures, in some embodiments,
repeater device 300 may include a semiconductor substrate 302, a transistor device layer 304
disposed adjacent (e.g., on or otherwise over) semiconductor substrate 302, one or more
dielectric layers 306 disposed adjacent (e.g., on or otherwise over) transistor device layer 304,
and one or more interconnects 308 disposed within dielectric layer(s) 306. In some instances,

repeater device 300 generally may be referred to, in part or in whole, as a repeater chiplet.
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As will be appreciated in light of this disclosure, semiconductor substrate 302 may be

formed with any of the example materials and configurations discussed above, for instance, with
respect to semiconductor substrate 102. Also, as with transistor device layer 104 (discussed
above), transistor device layer 304 may include any quantity and type(s) of transistor devices, as
desired for a given target application or end-use, in accordance with some embodiments. As will
be further appreciated in light of this disclosure, dielectric layer(s) 306 and interconnect(s) 308
may be formed with any of the example materials and configurations discussed above, for
instance, with respect to dielectric layer(s) 106 and interconnect(s) 108, in accordance with some
embodiments. In some cases, repeater device 300 may include interconnects 308 of the same
material composition, whereas in some other cases, interconnects 308 of different material
composition may be provided. Other suitable materials and configurations for repeater device
300 and its constituent components will depend on a given application and will be apparent in
light of this disclosure.

In accordance with some embodiments, repeater device 300 further may include or
otherwise be provided with one or more bump connections 312. Bump connection(s) 312 can be
formed from any suitable electrically conductive material(s), as will be apparent in light of this
disclosure, and in some cases may be formed with any of the example materials discussed above,
for instance, with respect to interconnect(s) 108 and interconnect(s) 308. Bump connection(s)
312 may be configured to provide electronic contact between a given interconnect 308 of
repeater device 300 and a given interconnect 108 of a host IC 100, as well as physical bonding of
repeater device 300 with a given interconnect 108 of the host IC 100. In some instances, bump
connection(s) 312 may be pre-fabricated on interconnect(s) 308 of repeater device 300 during
processing and then aligned and connected with desired interconnect(s) 108 (or other IC chip or
die wiring) during subsequent processing (e.g., such as during a process flow like that described
below, for instance, with respect to Figures 4A—4F). In some cases, a plurality of interconnects
308 of repeater device 300 may be connected with a plurality of interconnects 108 of a host IC
100 (e.g., such as is generally shown in each of Figures 1B and 2B). Numerous suitable
configurations and variations will be apparent in light of this disclosure.

In accordance with some embodiments, connection of repeater device 300 with IC 100
may be provided by the bonding of one or more bump connections 312 with one or more landing
pad portions 112 associated with interconnects 108 of IC 100. For instance, consider Figure 3,
which illustrates a plan view of an example alignment of a repeater device 300 with landing pad
portions 112 associated with interconnects 108 of a host IC 100, in accordance with an
embodiment of the present disclosure. A given bump connection 312 may be configured to land

substantially aligned (e.g., coarsely aligned or otherwise aligned within a given tolerance) with a
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corresponding landing pad portion 112. Connection of a given bump connection 312 with a

given landing pad 314 may be provided by any suitable standard, custom, or proprietary
technique(s), as will be apparent in light of this disclosure.

In accordance with some embodiments, a repeater device 300 may be connected with
interconnect(s) 108 disposed over a frontside of semiconductor substrate 102, such as is
generally shown by IC 100a in Figures 1A—1B. In some cases, a repeater device 300 may be
connected with frontside interconnect(s) 108, for example, disposed at a back-end-of-line
(BEOL) metal layer 8 (generally referred to as a Metal8 layer). In some other cases, a repeater
device 300 may be connected with frontside interconnect(s) 108, for example, disposed at a
BEOL metal layer 9 (generally referred to as a Metal9 layer). The present disclosure is not
intended to be limited only to connection of a repeater device 300 at Metal8/Metal9 layers of a
host IC 100, however, as in a more general sense, and in accordance with some embodiments, a
repeater device 300 may be connected at any given metal layer, especially any given upper metal
layer (e.g., BEOL metal layers 5, 6, 7, 8, 9, 10, or higher) of a host IC 100, as desired for a given
target application or end-use. In some cases, a repeater device 300 may be connected, for
example, with frontside interconnect(s) 108 disposed at a topmost BEOL metal layer of a host IC
100. In some other cases, a repeater device 300 may be connected, for example, with frontside
interconnect(s) 108 disposed at a BEOL metal layer that is directly subjacent a topmost BEOL
metal layer of a host IC 100 (i.e., a penultimate BEOL metal layer). In some other cases, a
repeater device 300 may be connected, for example, with frontside interconnect(s) 108 disposed
at a BEOL metal layer that is not directly superjacent transistor device layer 104 of a host IC 100
and not the topmost or penultimate BEOL metal layer. In some instances, a combination of any
one or more of the aforementioned configurations may be employed. Numerous ‘other such
configurations and variations will be apparent in light of this disclosure.

In accordance with some other embodiments, a repeater device 300 may be connected
with interconnect(s) 108 disposed over a backside of semiconductor substrate 102, such as is
generally shown by IC 100b in Figures 2A-2B. In configurations such as that of IC 100b, a
power supply may be disposed over the backside semiconductor substrate 102, and, using a
back-side reveal process, a repeater device 300 may be connected with backside interconnect(s)
108 such that V. and Vi may be delivered from the backside of semiconductor substrate 102 to
the local repeater device 300. Numerous suitable configurations and variations for connection of
repeater device 300 with a given IC 100 will be apparent in light of this disclosure.

As previously noted, in accordance with some embodiments, repeater device 300 may be
manufactured separately from and subsequently connected with an IC 100. In some instances,

in the connection process (e.g., which may involve a flip-and-bond process), the physical
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orientation of repeater device 300 may be inverted. Thus, as generally shown in Figures 1A-1B,

for example, repeater device 300 may be upside-down, such that transistor device layer 304 is
located physically above dielectric layer(s) 306 and interconnect(s) 308, and semiconductor
substrate 302 is located physically above transistor device layer 304. Contrariwise, consider the
repeater device 300 of each of Figures 2A and 2B, which does not have an inverted orientation.

Numerous suitable configurations and variations will be apparent in light of this disclosure.

Methodology

Figures 4A—4F illustrate an integrated circuit (IC) fabrication process flow for forming an
IC, in accordance with an embodiment of the present disclosure. The process flow of Figures
4A—4F can be uséd, for example, in integrating a repeater device 300 with an IC 100, in
accordance with an embodiment of the present disclosure. In a more general sense, and in
accordance with some embodiments, the process flow of Figures 4A—4F can be utilized, in part
or in whole, to attach a repeater device 300 (e.g., repeater chiplet) to a semiconductor chip or die.

The process flow m:ely begin as in Figure 4A, which illustrates a cross-sectional view 402
of a repeater device 300 configured in accordance with an embodiment of the present disclosure.
In this example case, repeater device 300 includes two neighboring regions of transistor device
layer(s) 304, dielectric layer(s) 306, and interconnect(s) 308 disposed over a commonly shared
semiconductor substrate 302. The present disclosure is not intended to be so limited, however,
as in other embodiments, a lesser quantity (e.g., one) or a greater quantity (e.g., three, four; five,
or more) of regions of repeater chiplet elements may be disposed over a commonly shared
semiconductor substrate 302, as desired. In some cases in which multiple repeater chiplets are
present, neighboring chiplets may be physically separated, in part or in whole, by a scribe trench
314, which may be formed using any suitable standard, custom, or proprietary technique(s), as
will be apparent in light of this disclosure.

The process flow may continue as in Figure 4B, which illustrates a cross-sectional view
404 of the repeater device 300 of Figure 4A after flipping and bonding with a temporary carrier
substrate 200 via an adhesive layer 202, in accordance with an embodiment of the present
disclosure. Adhesive layer 202 can be any suitable temporary adhesive bonding material(s),
such as, for example, a solvent-release adhesive, a laser-release adhesive, or a thermal-release
adhesive, among others. Bonding of repeater device 300 with carrier substrate 200 may be
performed using any suitable standard, custom, or proprietary technique(s), as will be apparent in
light of this disclosure. For consistency and ease of understanding of the present disclosure, the
combination of a repeater device 300 and a carrier substrate 200 (as bonded by an adhesive layer

202) generally may be referred to hereinafter as Portion A.
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The process flow may continue as in Figure 4C, which illustrates a cross-sectional view

406 of the Portion A of Figure 4B after thinning semiconductor substrate 302 of repeater device
300, in accordance with an embodiment of the present disclosure. Thinning may be performed
via any suitable standard, custom, or proprietary technique(s), as will be apparent in light of this
disclosure. In some cases, any one, or combination, of a chemical-mechanical planarization
(CMP) process and an etch-and-clean process may be utilized. In an example case,
semiconductor substrate 302 may be thinned down until scribe trench 314 is reached.

The process flow may continue as in Figure 4D, which illustrates a cross-sectional view
408 of the Portion A of Figure 4C after inversion and alignment with an IC 100, in accordance
with an embodiment of the present disclosure. As discussed above, bump connection(s) 312 of
repeater device 300 may be made to substantially align with landing pad portion(s) 112 of
interconnect(s) 108 of IC 100 for bonding therewith, in accordance with some embodiments.

The process flow may continue as in Figure 4E, which illustrates a cross-sectional view
410 of the Portion A of Figure 4D after bonding with IC 100, in accordance with an embodiment
of the present disclosure. As discussed above, bump connection(s) 312 of repeater device 300
may be bonded with corresponding landing pad portion(s) 112 of interconnect(s) 108 of IC 100
using any suitable standard, custom, or proprietary technique(s), as will be apparent in light of
this disclosure.

The process flow may continue as in Figuré 4F, which illustrates a cross-sectional view
412 of the Portion A of ngure 4E éﬂer separation of a repeater device 300 therefrom, in
accordance with an embodiment of the present disclosure. As can be seen, a repeater device 300
that has been bonded with IC 100 may be released from adhesive layer 202 and dislodged from
carrier substrate 200 along one or more scribe trenches 314. Additional repeater devices 300, if
any, may remain bonded with carrier substrate 200, and the resultant Portion A’ may be made
available for optional reuse in additional processing. For instance, Portion A’ optionally may be
used in another round of fabrication according to the process flow of Figures 4A—4F (e.g., in
attaching another repeater device 300 or other repeater chiplet to a semiconductor chip or die) or
any other suitable fabrication process, as will be apparent in light of this disclosure.

At this point in the process flow, there are a wide range of options for how to optionally
proceed with further fabrication. For instance, in accordance with some embodiments, additional
layer(s) of metal or dielectric materials (or both) can be formed over the available topography,
bringing the constituent metal and/or dielectric layers of IC 100 (e.g., the non-repeater die) up to
and, optionally, beyond the top surface of repeater device 300 (e.g., résulting in an IC more or
less similar to IC 100 of Figures 1A or 1B). Any desired quantity of adjacent layers of

interconnects 108 and further formation of dielectric layer(s) 106 may be provided.
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Furthermore, it should be noted that, as generally shown in Figure 4F, repeater device 300 may

be coupled with IC 100 in a top-side up (e.g., right-side up) orientation, such that semiconductor
substrate 302 is physically positioned beneath transistor device layer 304), but the present
disclosure is not intended to be so limited. For instance, as generally shown in Figures 1A and
1B, repeater device 300 may be coupled with IC 100 in a top-side down (e.g., upside down)
orientation, such that transistor device layer 304 is physically positioned beneath semiconductor
substrate 302. To that end, in the example context of the process flow of Figures 4A—4F, a given
repeater device 300 could be transferred to a host IC 100 instead without use of a temporary
carrier substrate 200 (or adhesive layer 202), in accordance with another embodiment. This
would allow repeater device 300 to be directly coupled with IC 100, such that semiconductor
substrate 302 resides over transistor device layer 304. In a more general sense, and in
accordance with some embodiments, repeater device 300 can be coupled with a given host IC
100 in any given orientation, as desired for a given target application or end-use. Numerous

suitable configurations and variations will be apparent in light of this disclosure.

Example System

Figure 5 illustrates a computing system 1000 implemented with integrated circuit
structures or devices formed using the disclosed techniques in accordance with an example
embodiment. As can be seen, the computing system 1000 houses a motherboard 1002. The
motherboard 1002 may include a number of components, including, but not limited to, a
processor 1004 and at least one communication chip 1006, each of which can be physically and
electrically coupled to the motherboard 1002, or otherwise integrated therein. As will be
appreciated, the motherboard 1002 may be, for example, any printed circuit board, whether a
main board, a daughterboard'mounted on a main board, or the only board of system 1000, etc.
Depending on its applications, computing system 1000 may include one or more other
components that may or may not be physically and electrically coupled to the motherboard 1002.
These other components may include, but are not limited to, volatile memory (e.g., DRAM),
non-volatile memory (e.g., ROM), a graphics processor, a digital signal processor, a crypto
processor, a chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a
battery, an audio codec, a video codec, a power amplifier, a global positioning system (GPS)
device, a compass, an accelerometer, a gyroscope, a speaker, a camera, and a mass storage
device (such as hard disk drive, compact disk (CD), digital versatile disk (DVD), and so forth).
Any of the components included in computing system 1000 may include one or more integrated
circuit structures or devices formed using the disclosed techniques in accordance with an

example embodiment. In some embodiments, multiple functions can be integrated into one or
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more chips (e.g., for instance, note that the communication chip 1006 can be part of or otherwise

integrated into the processor 1004).

The communication chip 1006 enables wireless communications for the transfer of data
to and from the computing system 1000. The term “wireless” and its derivatives may be used to
describe circuits, 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 1006 may implement
any of a number of wireless standards or protocols, including, but not limited to, Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
and beyond. The computing system 1000 may include a plurality of communication chips 1006.
For instance, a first communication chip 1006 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second communication chip 1006 may be
dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WiIMAX, LTE, Ev-DO, and others.

The processor 1004 of the computing system 1000 includes an integrated circuit die
packaged within the processor 1004. In some embodiments, the integrated circuit die of the
processor includes onboard circuitry that is implemented with one or more integrated circuit
structures or devices formed using the disclosed techniques, as variously described herein. The
term “processor” may refer to any device or portion of a device that processes, for instance,
electronic data from registers and/or memory to transform that electronic data into other
electronic data that may be stored in registers and/or memory.

The communication chip 1006 also may include an integrated circuit die packaged within
the communication chip 1006. In accordance with some such example embodiments, the
integrated circuit die of the communication chip includes one or more integrated circuit
structures or devices formed using the disclosed techniques as described herein. As will be
appreciated in light of this disclosure, note that multi-standard wireless capability may be
integrated directly into the processor 1004 (e.g., where functionality of any chips 1006 is
integrated into processor 1004, rather than having separate communication chips). Further note
that processor 1004 may be a chip set having such wireless capability. In short, any number of
processor 1004 and/or communication chips 1006 can be used. Likewise, any one chip or chip

set can have multiple functions integrated therein.
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In various implementations, the computing device 1000 may be a laptop, a netbook, a

notebook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra-mobile PC, a
mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-top box, an
entertainment control unit, a digital camera, a portable music player, a digital video recorder, or
any other electronic device that processes data or employs one or more integrated circuit

structures or devices formed using the disclosed techniques, as variously described herein.

Further Example Embodiments

The following examples pertain to further embodiments, from which numerous
permutations and configurations will be apparent.

Example 1 is an integrated circuit including: a first semiconductor substrate; a first
transistor device layer disposed over the first semiconductor substrate; first and second
interconnects disposed over the first semiconductor substrate; and a repeater device including: a
second semiconductor substrate; a second transistor device layer disposed on the second
semiconductor substrate; a dielectric layer disposed on the second transistor device layer; and a
first metal line disposed within the dielectric layer and in direct electronic contact with the first
and second interconnects. '

Example 2 includes the subject matter of any of Examples 1 and 3—12, wherein the first
and second interconnects are disposed over a frontside of the first semiconductor substrate.

Example 3 includes the subject matter of any of Examples 1-2 and 4-12, wherein the
first and second interconnects are disposed over a frontside of the first semiconductor substrate,
over the first transistor device layer, at a back-end-of-line (BEOL) metal layer 8 of the integrated
circuit.

Example 4 includes the subject matter of any of Examples 1-3 and 5-12, wherein the
first and second interconnects are disposed over a frontside of the first semiconductor substrate,
over the first transistor device layer, at a back-end-of-line (BEOL) metal layer 9 of the integrated
circuit.

Example 5 includes the subject matter of any of Examples 14 and 6-12, wherein the
first and second interconnects are disposed over a frontside of the first semiconductor substrate,
over the first transistor device layer, at a topmost back-end-of-line (BEOL) metal layer of the
integrated circuit.

Example 6 includes the subject matter of any of Examples 1-5 and 7-12, wherein the
first and second interconnects are disposed over a frontside of the first semiconductor substrate,
over the first transistor device layer, at a back-end-of-line (BEOL) metal layer that is directly

subjacent a topmost BEOL metal layer of the integrated circuit.
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Example 7 includes the subject matter of any of Examples 1—6 and 8-12, wherein the

first and second interconnects are disposed over a frontside of the first semiconductor substrate,
over the first transistor device layer, at a back-end-of-line (BEOL) metal layer that is not direg:tly
superjacent the first transistor device layer of the integrated circuit.

Example 8 includes the subject matter of any of Examples 1-7 and 9-12, wherein the
first and second interconnects are disposed over a backside of the first semiconductor substrate.

Example 9 includes the subject matter of any of Examples 1-8 and 10-12, wherein the
repeater device further includes a second metal line disposed within the dielectric layer.

Example 10 includes the subject matter of Example 9, wherein the first and second metal
lines are of different material composition.

Example 11 includes the subject matter of any of Examples 1-10 and 12, wherein direct
electronic contact between the first metal line of the repeater device and the first and second
interconnects is provided by an electrically conductive bump connection.

Example 12 includes the subject matter of any of Examples 1-11, wherein: the first
interconnect includes a first landing pad portion with which the first metal line of the repeater
device is in direct electronic contact; and the second interconnect includes a second landing pad
portion with which the first metal line of the repeater device is in direct electronic contact.

Example 13 is a method of fabricating an integrated circuit, the method including:
providing a repeater device including: a first semiconductor substrate; a first transistor device on
the first semiconductor substrate; a dielectric layer on the first transistor device layer; and a first
metal line within the dielectric layer; and bonding the repeater device with the integrated circuit,
the integrated circuit including: a second semiconductor substrate; a second transistor device
layer disposed over the second semiconductor substrate; and first and second interconnects
disposed over the second semiconductor substrate and in direct electronic contact with the first
metal line of the repeater device.

Example 14 includes the subject matter of any of Examples 13 and 15-24, wherein the
first and second interconnects are disposed over a frontside of the first semiconductor substrate.

Example 15 includes the subject matter of any of Examples 13—-14 and 16-24, wherein
the first and second interconnects are disposed over a frontside of the second semiconductor
substrate, over the second transistor device layer, at a back-end-of-line (BEOL) metal layer 8 of
the integrated circuit.

Example 16 includes the subject matter of any of Examples 13—15 and 17-24, wherein
the first and second interconnects are disposed over a frontside of the second semiconductor
substrate, over the second transistor device layer, at a back-end-of-line (BEOL) ﬁletal layer 9 of

the integrated circuit.
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Example 17 includes the subject matter of any of Examples 13—16 and 18-24, wherein

the first and second interconnects are disposed over a frontside of the first semiconductor
substrate, over the first transistor device layer, at a topmost back-end-of-line (BEOL) metal layer
of the integrated circuit.

Example 18 includes the subject matter of any of Examples 13—-17 and 19-24, wherein
the first and second interconnects are disposed over a frontside of the first semiconductor
substrate, over the first transistor device layer, at a back-end-of-line (BEOL) metal layer that is
directly subjacent a topmost BEOL metal layer of the integrated circuit.

Example 19 includes the subject matter of any of Examples 13—18 and 20-24, wherein
the first and second interconnects are disposed over a frontside of the first semiconductor
substrate, over the first transistor device layer, at a back-end-of-line (BEOL) metal layer that is
not directly superjacent the first transistor device layer of the integrated circuit.

Example 20 includes the subject matter of any of Examples 13—19 and 21-24, wherein

- bonding the repeater device with the integrated circuit includes: bonding the repeater device with

a temporary carrier substrate; thinning the first semiconductor substrate of the repeater device;
bonding the first metal iine of the repeater device with the first and second interconnects of the
integrated circuit; and separating the temporary carrier substrate from fhe repeater device.

Example 21 includes the subject matter of Example 20, wherein bonding the repeater
device with the temporary carrier substrate is provided via at least one of a solvent-release
adhesive layer, a laser-release adhesive layer, and a thermal-release adhesive layer.

Example 22 includes the subject matter of Example 20, wherein in bonding the repeater
device with the integrated circuit: a first metal bump of the first metal line of the repeater device
is bonded with a first landing pad portion of the first interconnect of the integrated circuit; and a
second metal bump of the first metal line of the repeater device is bonded with a second landing
pad portion of the second interconnect of the integrated circuit.

Example 23 includes the subject matter of any of Examples 13—22 and 24, wherein the
ﬁr'st and second interconnects are disposed over a backside of the second semiconductor
substrate.

Example 24 includes the subject matter of Example 23, wherein prior to bonding the
repeater device with the integrated circuit, the method further includes: revealing the backside of
the second semiconductor substrate so as to expose the first and second interconnects.

Example 25 is an integrated circuit including: a first semiconductor substrate; a first
transistor device layer disposed over the first semiconductor substrate; a first dielectric layer
disposed over the first transistor device layer; a first plurality of interconnects disposed within

the first dielectric layer; and a repeater device bonded with the first plurality of interconnects and
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including: a second semiconductor substrate; a second transistor device layer disposed over the

second semiconductor substrate; a second dielectric layer disposed over the second transistor
device layer; and a second plurality of interconnects disposed within the second dielectric layer
and in direct electronic contact with the first plurality of interconnects.

Example 26 includes the subject matter of any of Examples 25 and 27-32, wherein the
first plurality of interconnects are disposed over a frontside of the first semiconductor substrate.

Example 27 includes the subject matter of any of Examples 25-26 and 28-32, wherein
the first plurality of interconnects are disposed over a frontside of the first semiconductor
substrate at a back-end-of-line (BEOL) metal layer 8 of the integrated circuit.

Example 28 includes the subject matter of any of Examples 25-27 and 29-32, wherein
the first plurality of interconnects are disposed over a frontside of the first semiconductor
substrate at a back-end-of-line (BEOL) metal layer 9 of the integrated circuit.

Example 29 includes the subject matter of any of Examples 25-28 and 30-32, wherein
the first plurality of interconnects are disposed over a frontside of the first semiconductor
substrate at a topmost back-end-of-line (BEOL) metal layer of the integrated circuit.

Exarhple 30 includes thé subject matter of any of Examples 25-29 and 31-32, wherein
the first plurality of interconnects are disposed over a frontside of the first semiconductor
substrate at a back-end-of-line (BEOL) metal layer that is directly subjacent a topmost BEOL
metal layer of the integrated circuit.

Example 31 includes the subject matter of any of Examples 25-30 and 32, wherein the
first plurality of interconnects are disposed over a frontside of the first semiconductor substrate at
a back-end-of-line (BEOL) metal layer that is not directly superjacent the first transistor device
layer of the integrated circuit.

Example 32 includes the subject matter of any of Examples 25-31, wherein the repeater
device is bonded with the first plurality of interconnects via at least one electrically conductive
bump connection. _ |

Example 33 is an integrated circuit including: a first semiconductor substrate; a first
transistor device layer disposed over a frontside of the first semiconductor substrate; a first
plufality of interconnects disposed over a backside of the first semiconductor substrate; a
repeater device bonded with the first plurality of interconnects and including: a second
semiconductor substrate; a second transistor device layer disposed over the second
semiconductor substrate; a dielectric layer disposed over the second transistor device layer; and a
second plurality of interconnects disposed within the dielectric layer and in direct electronic

contact with the first plurality of interconnects.
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Example 34 includes the subject matter of Example 33, wherein the repeater device is

bonded with the first plurality of interconnects via at least one electrically conductive bump
connection.

The foregoing description of example embodiments has been presented for the purposes
of illustration and description. It is not intended to be exhaustive or to limif the present
disclosure to the precise forms disclosed. Many modifications and variations are possible in
light of this disclosure. It is intended that the scope of the present disclosure be limited not by
this detailed description, but rather by the claims appended hereto. Future-filed applications
claiming priority to this application may claim the disclosed subject matter in a different manner
and generally may include any set of one or more limitations as variously disclosed or otherwise

demonstrated herein.
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CLAIMS

What is claimed is:

1. An integrated circuit comprising:
a first semiconductor substrate; .
a first transistor device layer disposed over the first semiconductor substrate;
first and second interconnects disp(;sed over the first semiconductor substrate; and
a repeater device comprising:
a second semiconductor substrate;
a second transistor device léyer disposed on the second semiconductor substrate;
a dielectric layer disposed on the second transistor device layer; and
a first metal line disposed within the dielectric layer and in direct electronic

contact with the first and second interconnects.

2. The integrated circuit of claim 1, wherein the first and second interconnects are
disposed over a frontside of the first semiconductor substrate, over the first transistor device
layer, at least one of at a back-end-of-line (BEOL) metal layer 8 and at a BEOL metal layer 9 of

the integrated circuit.

3. The integrated circuit of claim 1, wherein the first and second interconnects are
disposed over a frontside of the first semiconductor substrate, over the first transistor device

layer, at a topmost back-end-of-line (BEOL) metal layer of the integrated circuit.

4, The integrated circuit of claim 1, wherein the first and second interconnects are
disposed over a frontside of the first semiconductor substrate, over the first transistor device
layer, at a back-end-of-line (BEOL) metal layer that is directly subjacent a topmost BEOL metal

layer of the integrated circuit.

5. The integrated circuit of claim 1, wherein the first and second interconnects are
disposed over a frontside of the first semiconductor substrate, over the first transistor device
layer, at a back-end-of-line (BEOL) metal layer that is not directly superjacent the first transistor

device layer of the integrated circuit.
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6. The integrated circuit of claim 1, wherein the first and second interconnects are

disposed over a backside of the first semiconductor substrate.

7. The integrated circuit of claim 1, wherein the repeater device further comprises a

second metal line disposed within the dielectric layer.

8. The integrated circuit of any of claims 1-7, wherein direct electronic contact
between the first metal line of the repeater device and the first and second interconnects is

provided by an electrically conductive bump connection.

9. The integrated circuit of any of claims 1;-7, wherein:

the first interconnect includes a first landing pad portion with which the first metal line of
the repeater device is in direct electronic contact; and

the second interconnect includes a second landing pad portion with which the first metal

line of the repeater device is in direct electronic contact.

10. A method of fabricating an integrated circuit, the method comprising:
providing a repeater device comprising:
a first semiconductor substrate;
a first transistor device 6n the first semiconductor substrate;
a dielectric layer on the first transistor device layer; and
a ﬁfst metal line within the dielectric layer; and
bonding the repeater device with the integrated circuit, the integrated circuit comprising:
a second semiconductor substrate;
a second transistor device layer disposed over the second semiconductor
substrate; and .
first and second interconnects disposed over the second semiconductor substrate
and in direct electronic contact with the first metal line of the repeater

device.

11. The method of claim 10, wherein the first and second interconnects are disposed
over a frontside of the second semiconductor substrate, over the second transistor device layer, at
least one of at a back-end-of-line (BEOL) metal layer 8 and at a BEOL metal layer 9 of the

integrated circuit.
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12. The method of claim 10, wherein the first and second interconnects are disposed

over a frontside of the first semiconductor substrate, over the first transistor device layer, at a

topmost back-end-of-line (BEOL) metal layer of the integrated circuit.

13. The method of claim 10, wherein the first and second interconnects are disposed
over a frontside of the first semiconductor substrate, over the first transistor device layer, at a

back-end-of-line (BEOL) metal layer that is at least one of directly subjacent a topmost BEOL

_metal layer of the integrated circuit and not directly superjacent the first transistor device layer of

the integrated circuit.

14. The method of any of claims 10-13, wherein bonding the repeater device with the
integrated circuit comprises:
bonding the repeater device with a temporary carrier substrate;
thinning the first semiconductor substrate of the repeater device;
bonding the first metal line of the repeater device with the first and second interconnects
of the integrated circuit; and

separating the temporary carrier substrate from the repeater device.

15.  The method of claim 14, wherein bonding the repeater device with the temporary
carrier substrate is provided via at least one of a solvent-release adhesive layer, a laser-release

adhesive layer, and a thermal-release adhesive layer.

16. The method of claim 14, wherein in bonding the repeater device with the
integrated circuit:
a first metal bump of the first metal line of the repeater device is bonded with a first
landing pad portion of the first interconnect of the integrated circuit; and
a second metal bump of the first metal line of the repeater device is bonded with a second

landing pad portion of the second interconnect of the integrated circuit.

17. The method of claim 10, wherein the first and second interconnects are disposed

over a backside of the second semiconductor substrate.

18. The method of claim 17, wherein prior to bonding the repeater device with the

integrated circuit, the method further comprises:

19



10

15

20

25

30

35

WO 2017/111775 PCT/US2015/000206
revealing the backside of the second semiconductor substrate so as to expose the first and

second interconnects.

19. An integrated circuit comprising:

a first semiconductor substrate;

a first transistor device layer disposed over the first semiconductor substrate;

a first dielectric layer disposed over the first transistor device layer;

a first plurality of interconnects disposed within the first dielectric layer; and

a repeater device bonded with the first plurality of interconnects and comprising:
a second semiconductor substrate;
a second transistor device layer disposed over the second semiconductor

substrate; .

a second dielectric layer disposed over the second transistor device layer; and

a second plurality of interconnects disposed within the second dielectric layer and

in direct electronic contact with the first plurality of interconnects.

20. The integrated circuit of claim 19, wherein the first plurality of interconnects are

disposed over a frontside of the first semiconductor substrate.

21. The integrated circuit of claim 19, wherein the first plurality of interconnects are
disposed over a frontside of the first semiconductor substrate at a back-end-of-line (BEOL) metal

layer 8 of the integrated circuit.

22.  The integrated circuit of claim 19, wherein the first plurality of interconnects are
disposed over a frontside of the first semiconductor substrate at a back-end-of-line (BEOL) metal

layer 9 of the integrated circuit.

23. The integrated circuit of any of claims 19-22, wherein the repeater device is
bonded with the first plurality of interconnects via at least one electrically conductive bump

connection.

24. An integrated circuit comprising;:
a first semiconductor substrate;
a first transistor device layer disposed over a frontside of the first semiconductor

substrate;
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a first plurality of interconnects disposed over a backside of the first semiconductor

substrate;
a repeater device bonded with the first plurality of interconnects and comprising:
a second semiconductor substrate;
5 a second transistor device layer disposed over the second semiconductor
substrate;
a dielectric layer disposed over the second transistor device layer; and
a second plurality of interconnects disposed within the dielectric layer and in
direct electronic contact with the first plurality of interconnects.
10
25. The integrated circuit of claim 24, wherein the repeater device is bonded with the

first plurality of interconnects via at least one electrically conductive bump connection.
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