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REDUCING IN-PLANE DISTORTION FROM
WAFER TO WAFER BONDING USING A
DUMMY WAFER

TECHNICAL FIELD

[0001] The present disclosure relates to the field of wafer
to watfer bonding. More specifically, the present disclosure is
related to reducing in-plane distortion from wafer to wafer
bonding using a dummy wafer.

BACKGROUND

[0002] Insome wafer to wafer bonding (e.g., fusion bond-
ing), two wafers may be brought into close proximity to one
another (e.g., with surfaces thereof about 30 to a few
hundred microns apart) and bonding may be initiated by
locally deforming one or both of the wafers to make local
contact between the wafers (e.g., without an adhesive). The
wafers then bond to one another via propagation of the local
contact to full bonding of the wafers. In particular, the
wafers may remain attached due to interfacial surface adhe-
sion (e.g., a van der Waals bond). Such techniques may
provide undesirable distortions in one or both of the wafers
and/or undesirable stress between the wafers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is an illustration of an apparatus with
reduced in-plane distortion (from wafer to wafer bonding)
based on the use of a dummy wafer, according to various
embodiments.

[0004] FIG. 2 is an illustration of local deformation of a
wafer when bonding the wafer to a dummy wafer, according
to various embodiments.

[0005] FIG. 3 is an illustration of a process of reducing
in-plane distortion (from wafer to wafer bonding) based on
the use of a dummy wafer, according to various embodi-
ments.

[0006] FIG. 4 is graph of max distortion per wafer during
the process of FIG. 3, according to various embodiments.
[0007] FIG. 5 is a flow chart of a process for reducing
in-plane distortion (from wafer to wafer bonding) using a
dummy wafer, according to various embodiments.

[0008] FIG. 6 is an illustration of a computing device built
in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0009] Described herein are systems and methods of
reducing in-plane distortion from wafer to wafer bonding
using a dummy wafer (e.g., one or more dummy wafers). In
the following description, various aspects of the illustrative
implementations will be described using terms commonly
employed by those skilled in the art to convey the substance
of their work to others skilled in the art. However, it will be
apparent to those skilled in the art that the embodiments
described herein 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 illustrative
implementations. However, it will be apparent to one skilled
in the art that the described embodiments may be practiced
without the specific details. In other instances, well-known
features are omitted or simplified in order not to obscure the
illustrative implementations.
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[0010] Various operations will be described as multiple
discrete operations, in turn, in a manner that is most helpful
in understanding the present disclosure; however, the order
of description should not be construed to imply that these
operations are necessarily order dependent. In particular,
these operations need not be performed in the order of
presentation.

[0011] The terms “over,” “under,” “between,” and “on” as
used herein refer to a relative position of one material layer
or component with respect to other layers or components.
For example, one layer disposed over or under another layer
may be directly in contact with the other layer or may have
one or more intervening layers. Moreover, one layer dis-
posed between two layers may be directly in contact with the
two layers or may have one or more intervening layers. In
contrast, a first layer “on” a second layer is in direct contact
with that second layer. Similarly, unless explicitly stated
otherwise, one feature disposed between two features may
be in direct contact with the adjacent features or may have
one or more intervening layers.

[0012] Implementations of the disclosed embodiments
may form a device layer, e.g., a substrate, such as a semi-
conductor substrate. Thereafter structures and/or processes
may be formed or carried out, respectively, on the substrate
. In one implementation, the semiconductor substrate may be
a crystalline substrate formed using a bulk silicon or a
silicon-on-insulator substructure. In other implementations,
the semiconductor substrate may be formed using alternate
materials, which may or may not be combined with silicon,
that include but are not limited to germanium, indium
antimonide, lead telluride, indium arsenide, indium phos-
phide, gallium arsenide, indium gallium arsenide, gallium
antimonide, or other combinations of group III-V or group
IV materials. Although a few examples of materials from
which the substrate may be formed are described here, any
material that may serve as a foundation upon which a
semiconductor device may be built falls within the spirit and
scope of the present disclosure.

[0013] A plurality of transistors, such as metal-oxide-
semiconductor field-effect transistors (MOSFET or simply
MOS transistors), may be fabricated on the substrate. In
various implementations of the disclosed embodiments, the
MOS transistors may be planar transistors, nonplanar tran-
sistors, or a combination of both. Nonplanar transistors
include FinFET transistors such as double-gate transistors
and tri-gate transistors, and wrap-around or all-around gate
transistors such as nanoribbon and nanowire transistors.
Although the implementations described herein may illus-
trate only planar transistors, it should be noted that the
disclosed embodiments may also be carried out using non-
planar transistors.

[0014] Each MOS transistor includes a gate stack formed
of at least two layers, a gate dielectric layer and a gate
electrode layer. The gate dielectric layer may include one
layer or a stack of layers. The one or more layers may
include silicon oxide, silicon dioxide (SiO,) and/or a high-k
dielectric material. The high-k dielectric material may
include elements such as hafhium, silicon, oxygen, titanium,
tantalum, lanthanum, aluminum, zirconium, barium, stron-
tium, yttrium, lead, scandium, niobium, and zinc. Examples
of high-k materials that may be used in the gate dielectric
layer include, but are not limited to, hafnium oxide, hafnium
silicon oxide, lanthanum oxide, lanthanum aluminum oxide,
zirconium oxide, zirconium silicon oxide, tantalum oxide,
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titanium oxide, barium strontium titanium oxide, barium
titanium oxide, strontium titanium oxide, yttrium oxide,
aluminum oxide, lead scandium tantalum oxide, and lead
zinc niobate. In some embodiments, an annealing process
may be carried out on the gate dielectric layer to improve its
quality when a high-k material is used.

[0015] The gate electrode layer is formed on the gate
dielectric layer and may consist of at least one P-type
workfunction metal or N-type workfunction metal, depend-
ing on whether the transistor is to be a PMOS or an NMOS
transistor. In some implementations, the gate electrode layer
may consist of a stack of two or more metal layers, where
one or more metal layers are workfunction metal layers and
at least one metal layer is a fill metal layer. Further metal
layers may be included for other purposes, such as a barrier
layer.

[0016] Fora PMOS transistor, metals that may be used for
the gate electrode include, but are not limited to, ruthenium,
palladium, platinum, cobalt, nickel, and oxygen-containing
metal alloys such as conductive metal oxides, e.g., ruthe-
nium oxide. A P-type metal layer will enable the formation
of a PMOS gate electrode with a workfunction that is
between about 4.9 eV and about 5.2 eV. For an NMOS
transistor, metals that may be used for the gate electrode
include, but are not limited to, hafnium, zirconium, titanium,
tantalum, aluminum, alloys of these metals, and carbon-
containing metal alloys such as metal carbides of these
metals, for example hafnium carbide, zirconium carbide,
titanium carbide, tantalum carbide, and aluminum carbide.
An N-type metal layer will enable the formation of an
NMOS gate electrode with a workfunction that is between
about 3.9 eV and about 4.2 eV.

[0017] In some implementations, when viewed as a cross-
section of the transistor along the source-channel-drain
direction, the gate electrode may consist of a “U”-shaped
structure that includes a bottom portion substantially parallel
to the surface of the substrate and two sidewall portions that
are substantially perpendicular to the top surface of the
substrate. In another implementation, at least one of the
metal layers that form the gate electrode may simply be a
planar layer that is substantially parallel to the top surface of
the substrate and does not include sidewall portions sub-
stantially perpendicular to the top surface of the substrate. In
further implementations of the disclosed embodiments, the
gate electrode may consist of a combination of U-shaped
structures and planar, non-U-shaped structures. For
example, the gate electrode may consist of one or more
U-shaped metal layers formed atop one or more planar,
non-U-shaped layers.

[0018] In some implementations of the disclosed embodi-
ments, a pair of sidewall spacers may be formed on opposing
sides of the gate stack that bracket the gate stack. The
sidewall spacers may be formed from materials such as
silicon, nitrogen, carbon, and oxygen, for example silicon
nitride, silicon oxide, silicon carbide, silicon nitride doped
with carbon, and silicon oxynitride. Processes for forming
sidewall spacers are well known in the art and generally
include deposition and etching process steps. In an alternate
implementation, a plurality of spacer pairs may be used, for
instance, two pairs, three pairs, or four pairs of sidewall
spacers may be formed on opposing sides of the gate stack.
[0019] As is well known in the art, source and drain
regions are formed within the substrate adjacent to the gate
stack of each MOS transistor. The source and drain regions
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are generally formed using either an implantation/diffusion
process or an etching/deposition process. In the former
process, dopants such as boron, aluminum, antimony, phos-
phorous, or arsenic may be ion-implanted into the substrate
to form the source and drain regions. An annealing process
that activates the dopants and causes them to diffuse further
into the substrate typically follows the ion implantation
process. In the latter process, the substrate may first be
etched to form recesses at the locations of the source and
drain regions. An epitaxial deposition process may then be
carried out to fill the recesses with material that is used to
fabricate the source and drain regions. In some implemen-
tations, the source and drain regions may be fabricated using
a silicon alloy such as silicon germanium or silicon carbide.
In some implementations the epitaxially deposited silicon
alloy may be doped in situ with dopants such as boron,
arsenic, or phosphorous. In further embodiments, the source
and drain regions may be formed using one or more alternate
semiconductor materials such as germanium or a group
II1-V material or alloy. And in further embodiments, one or
more layers of metal and/or metal alloys may be used to
form the source and drain regions.

[0020] One or more interlayer dielectrics (ILD) are depos-
ited over the MOS transistors. The ILD layers may be
formed using dielectric materials known for their applica-
bility in integrated circuit structures, such as low-k dielectric
materials. The dielectric materials may include elements
such as silicon, oxygen, carbon, nitrogen, fluorine, and
hydrogen. Examples of dielectric materials that may be used
include, but are not limited to, silicon dioxide (SiO,), carbon
doped oxide (CDO), silicon nitride, organic polymers such
as perfluorocyclobutane or polytetrafluoroethylene, fluoro-
silicate glass (FSG), and organosilicates such as silsesqui-
oxane, siloxane, or organosilicate glass. The IL.D layers may
include pores or air gaps to further reduce their dielectric
constant.

[0021] Some wafer bonding processes (e.g., for manufac-
turing silicon-on-insulator wafers) may result in large IPD
(in plane distortions) residuals. An IPD residuals may add
alignment difficulty in subsequent patterning steps. Some
wafer bonding processes may include adjusting tool settings
in the wafer bonding equipment (such as: striker force,
striker velocity, wafer gap, or vacuum chucking conditions)
to attempt to reduce IPD.

[0022] Some embodiment disclosed herein utilize one or
more dummy wafers in the bonding process to compensate
and reduce the IPD in the target wafer. The dummy wafer
may effectively gain an IPD that is the inverse of the IPD of
the target wafer, and act to reduce its overall IPD.

[0023] Simulation analysis of a simple three wafer case
indicates that distortions may be reduced by 2x or more. In
addition, any reductions obtained with the multiple wafer
proposed here will be added to any improvement based on
tool setting changes (e.g., 2x further reduction from any
reduction associated with tool setting changes).

[0024] In some bonding processes, one wafer of a pair of
wafers may be held flat on a chuck. The other wafer of the
pair may be pushed in the center with a striker. The force
imparted by the striker may result in adhesion at the inter-
face and a stress wave to propagate radially effectively
“zipping” the wafers and bonding them. The distortions and
in-plane deformations generated by the stress wave may be
transferred to both wafers of the pair. In particular, the
wafers may end up with distortions that are opposite and
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equal in magnitude (the wafer contacted with the striker may
receive a distortion associated stretch applied by the striker,
and the other wafer receive an opposite distortion, e.g., a
distortion associated with a compression when the wafer
contact with the striker is allowed to relax after the stretch
from the striker).

[0025] In some embodiments, one or more dummy wafers
may be bonded to a target wafer to impart a selected
distortion signature on the wafer. When an additional wafer
is then bonded to the wafer arrangement (e.g., bonded to the
target wafer) producing additional distortion, all distortions
may be superimposed effectively resulting in small distor-
tions for a selected. The target wafer (e.g., a wafer between
a dummy wafer and the additional wafer in some embodi-
ments) may include a distortion having a magnitude that is
less than a magnitude of the distortion signature.

[0026] FIG. 1 is an illustration of an apparatus 100 with
reduced in-plane distortion (from wafer to wafer bonding)
based on the use of a dummy wafer, according to various
embodiments. The apparatus 100 may be formed using a
first wafer 11 (e.g., the dummy wafer), a second wafer 12
(e.g., to provide a carrier wafer for the device layer 33), and
a third wafer 13 (which may be partially removed (e.g.,
ground) following bonding to form the device layer 33, in
some embodiments, or fully removed in other embodiments
(the device layer 33 may have been provided on the second
wafer 12 prior to bonding and the third wafer 13 may be
removed completely). The dashed lines indicate that the
apparatus 100 may include only a carrier wafer and the
device layer 33 corresponding to the second wafer 12 and
the third wafer 13, respectively. The first wafer 11 and the
third wafer 13 may be removed during formation of the
apparatus 100 for instance by a grinding process (the first
wafer 11 may be partially or fully removed and the third
wafer 13 may be fully or partially removed).

[0027] In other embodiments, formation of an apparatus
similar to apparatus 100 may include providing a target
wafer and one or more dummy wafers (e.g., a pair of wafers
including the target wafer and a single dummy wafer, in
some embodiments). A plural wafer arrangement may be
formed by bonding the target wafer and the one or more
dummy wafers. An additional wafer may be bonded to the
plural wafer arrangement, and a device layer may be formed
from the additional wafer.

[0028] Referring again to apparatus 100, a first wafer 11
and a second wafer 12 are bonded, e.g., direct bonded (also
referred to as fusion bonded) using any known bonding
process. For instance, the first wafer 11 may be held on a
chuck (not shown) and a striker (not shown) may make
contact with the second wafer 12, which may ultimately
cause the first wafer 11 to receive a first distortion that is
opposite and equal in magnitude to a second distortion
imparted to the second wafer 12 by the striker. The second
distortion may be imparted at a time of contact of the striker
with the second wafer 12 (during stretching of the second
wafer 12 by the striker). FIG. 2 is an illustration of local
deformation (e.g., stretching) of the second wafer 12 when
bonding the second wafer 12 to a dummy wafer (e.g., first
wafer 11), according to various embodiments. The contact-
ing side of the first wafer 11 and/or the second wafer 12 may
include a passivation layer (not shown), such as a buried
oxide (BOX) layer, a layer of silicon nitride, or the like, or
combinations thereof.
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[0029] Referring again to FIG. 1, when the plural wafer
arrangement is allowed to relax (not shown), and the first
distortion may be associated with compression of the first
wafer 11 based on the second distortion. Relaxation may
include a reduction in magnitude of the second distortion
(and the reduced second distortion may be equal and oppo-
site to the first distortion).

[0030] The third wafer 13 may be bonded to the plural
wafer arrangement (here, to the second wafer 12) using a
similar bonding process. For instance, the plural wafer
arrangement may remain on the chuck (e.g., the first wafer
11 may remain on the chuck, with a first side of the second
wafer 12 bonded to the first wafer 11) or the plural wafer
arrangement could have been removed from a bonder,
annealed, and bought back into the bonder. The third wafer
13 may be moved into close proximity to the second
opposite side of the second wafer 12, and contact may be
made onto the third wafer 13 with the striker. This may
impart a third distortion (due to stretching) at a time of the
contact. When the plural wafer arrangement including the
third wafer 13 is allowed to relax, the third wafer 13 may
impart compression on the second wafer 12, which may be
opposite to the reduced second distortion on the second
wafer 12. This may further reduce the second distortion on
the second wafer 12.

[0031] Thereafter, the first wafer 11 (e.g., the dummy
wafer) may be removed (e.g., completely removed by grind-
ing), and the third wafer 13 may be removed (e.g., partially
or fully removed by grinding to provide the device layer 33).
While some distortion may remain in the device layer 33, it
may be significantly less than distortion of device layers of
some other bonding processes.

[0032] FIG. 3 is an illustration of a process 300 of reduc-
ing in-plane distortion (from wafer to wafer bonding) based
on the use of a dummy wafer 311, according to various
embodiments. In operation (a), the dummy wafer 311 is
placed on the chuck 301 (e.g., a bottom side of the dummy
wafer 311 is held flat by the chuck 301). In some embodi-
ments, dummy wafer 311 may be allowed to slide in the
wafer’s in-plane direction.

[0033] A wafer 312 is brought into close proximity to the
dummy wafer 311, and a striker (not shown) may be used to
bond (e.g., fusion bond) the wafer 312 to the dummy wafer
312 (initially without distortion to the dummy wafer 311).
The deformation by the striker imparts distortion indicated
by arrows 352 into the wafer 312 (e.g., a 100 nm stretch).
The length of the arrows 352 is proportional to a magnitude
of the current distortion, and the arrows 352 are outward
facing to indicate distortion from stretching.

[0034] In operation (b), the plural wafer arrangement is
allowed to relax, which imparts distortion in the first wafer
311 (again, here and throughout this diagram proportion is
indicated by arrow length). The distortion in the second
wafer 312 is reduced by a corresponding amount, as indi-
cated by arrows 362. In embodiments in which the stretch to
the second wafer 312 is 100 nm, relaxation may provide —50
and +50 nm distortion in wafer 311 and wafer 312, respec-
tively.

[0035] In operation (c), a wafer 313 is brought into close
proximity to the other side of wafer 312, and a striker (not
shown) may be used to bond (e.g., fusion bond) the wafer
313 to the wafer 312. The deformation by the striker imparts
distortion 373 into the wafer 313 (the —-50 nm distortion as
indicated by arrows 361).
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[0036] In operation (d), the plural wafer arrangement is
allowed to relax, which imparts opposite distortion into the
second wafer 312. As indicated by arrows 382, the opposite
distortion reduces distortion already present in the wafer 312
from bonding to the dummy wafer 311 (and distortion in the
wafer 313 is correspondingly reduced as indicated by arrows
383). Distortion in the dummy wafer 311 may increase
during the relaxation, as indicated by arrows 381.

[0037] In operation (e), wafers 311 and 313 may be
ground. For instance, dummy wafer 311 may be ground off
completely (which may leave a grinding artifact on the
smooth surface of wafer 312). Wafer 313 may be thinned to
a target thickness (e.g., similar to a silicon-on-insulator
wafer configuration, also a passivation layer (not shown)
may exist on one or both of the wafers 312 and 313). Wafer
313 may be partially ground off in some embodiments, as
indicated by thin remainder 315, which may be referred to
as a “wafer of interest”—to be used for a device layer.
[0038] The thin remainder 315 may no longer resist the
distortion in the wafer 312, which may cause the wafer 312
to relax (eliminating distortion as indicated by no arrows in
wafer 312). This may change (e.g., increase) distortion in the
thin remainder 315. However, as the magnitude of the
distortion indicated by arrows 382 is relatively small due to
use of the dummy wafer 311, total distortion in the thin
remainder 315 as indicated by arrows 393 may be signifi-
cantly less than total distortion without using of a dummy
layer (for instance, arrows 393 are significantly shorter than
arrows 352). Also, the distortion indicated by arrows 393
may correspond to stretching, which may be opposite a
significantly greater magnitude distortion corresponding to
compression in device layers formed based on some other
bonding processes.

[0039] Simulations were performed to verify that the use
of one or more dummy wafers may reduce distortion in the
wafer of interest. In a pair of wafers bonded without any
dummy wafer (e.g., a first wafer and a second wafer with a
100 nm stretch), an approximately 100 nm absolute value
distortion has been observed in the wafer of interest follow-
ing grinding. In contrast, in arrangement similar to the
arrangement described in FIG. 3, even with a 100 nm
stretch, only an approximately 50 nm absolute value distor-
tion has been observed in the wafer of interest following
grinding.

[0040] FIG. 4 is graph 400 of max distortion per wafer
during the process 300 of FIG. 3, according to various
embodiments. The lines 401, 402, and 403 indicate distor-
tion for wafers 311, 312, and 313 (FIG. 3), respectively. In
operation (a), an approximately 100 nm distortion may be
observed in wafer 312 as indicated by line 402. In operation
(b), approximately 50 nm and -50 nm distortions may be
observed in wafer 312 and dummy wafer 311, respectively
(as indicated by lines 402 and 401, respectively). In opera-
tion (c), approximate distortions of 100 nm, 50 nm, and -50
nm may be observed in wafers 313, 312, and 311, respec-
tively. In operation (d), approximate distortions of 66.6 nm,
33.3 nm, and -83.6 nm may be observed in wafers 313, 312,
and 311, respectively. In operation (e), the thin wafer
remainder 315 may include a 50 nm distortion signature.
[0041] FIG. 5 is a flow chart of a process 500 for reducing
in-plane distortion (from wafer to wafer bonding) using a
dummy wafer, according to various embodiments. In block
501, a first wafer and a second water may be provided. The
first wafer may include one or more dummy wafers.
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[0042] In block 502, one of the first and second wafers
may be distorted (e.g., stretched by a striker) to bond the first
and second wafers to provide a plural wafer arrangement.
For example, the second wafer may be stretched, in some
embodiments.

[0043] Inblock 503, the plural wafer arrangement may be
allowed to relax to shift distortion into the other of the first
and second wafers. For example, distortion may shift from
the second wafer into one or more dummy wafers, in some
embodiments.

[0044] In block 504, a third wafer may be distorted (e.g.,
stretched) to bond the third wafer and the plural wafer
arrangement. In block 505, the plural wafer arrangement
may be allowed to relax to shift distortion from the third
wafer into the plural wafer arrangement. This may include
shifting distortion into a wafer that already includes distor-
tion. For instance, the second wafer may have a distortion
opposite a distortion of the one or more dummy wafers, and
distortion shifting in block 505 may reduce the distortion
already present in the second wafer.

[0045] In block 506, the plural wafer arrangement may be
thinned. In some embodiments, each of the dummy wafers
may be removed (partially or completely). In some embodi-
ments, the third wafer may be thinned to form a device layer.
This may relieve the second wafer of its distortion, which
may be received by the device layer. However, an absolute
value of the received distortion may be less than an absolute
value of a greatest distortion present in the second wafer
during process 500. In other embodiments, the device layer
may have existed prior to bonding, e.g., the third wafer may
be fully removed to expose the device layers.

[0046] In any of the embodiments discussed herein, one or
more active layers may be on a device layer on a wafer.
Some or all of the active layers may be formed following
bonding, or some or all of the active layers may be formed
prior to bonding (e.g., present on a device layer that is
present on a wafer prior to bonding).

[0047] FIG. 6 illustrates a computing device 1200 in
accordance with various embodiments of the present disclo-
sure. The computing device 1200 may include a number of
components. In one embodiment, these components are
attached to one or more motherboards. In an alternate
embodiment, some or all of these components are fabricated
onto a substrate, such as a device layer with reduced in-plane
distortion from wafer to wafer bonding based on the use of
one or more dummy wafers. In some embodiments, any of
the components may be formed on apparatus 100 described
with reference to FIG. 1 or any other embodiment of an
apparatus with reduced in-plane distortion described herein.
The components in the computing device 1200 include, but
are not limited to, an integrated circuit die 1202 and at least
one communications logic unit 1208. In some implementa-
tions the communications logic unit 1208 is fabricated
within the integrated circuit die 1202 while in other imple-
mentations the communications logic unit 1208 is fabricated
in a separate integrated circuit chip that may be bonded to a
substrate or motherboard that is shared with or electronically
coupled to the integrated circuit die 1202. The integrated
circuit die 1202 may include a CPU 1204 as well as on-die
memory 1206, often used as cache memory, that can be
provided by technologies such as embedded DRAM
(eDRAM), SRAM, or spin-transfer torque memory (STT-
MRAM).
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[0048] Computing device 1200 may include other com-
ponents that may or may not be physically and electrically
coupled to the substrate. These other components include,
but are not limited to, volatile memory 1210 (e.g., DRAM),
non-volatile memory 1212 (e.g., ROM or flash memory), a
graphics processing unit 1214 (GPU), a digital signal pro-
cessor 1216, a crypto processor 1242 (e.g., a specialized
processor that executes cryptographic algorithms within
hardware), a chipset 1220, at least one antenna 1222 (in
some implementations two or more antenna may be used),
a display or a touchscreen display 1224, a touchscreen
controller 1226, a battery 1228 or other power source, a
power amplifier (not shown), a voltage regulator (not
shown), a global positioning system (GPS) device 1228, a
compass 1230, a motion coprocessor or sensors 1232 (that
may include an accelerometer, a gyroscope, and a compass),
a microphone (not shown), a speaker 1234, a camera 1236,
user input devices 1238 (such as a keyboard, mouse, stylus,
and touchpad), and a mass storage device 1240 (such as hard
disk drive, compact disk (CD), digital versatile disk (DVD),
and so forth). The computing device 1200 may incorporate
further transmission, telecommunication, or radio function-
ality not already described herein. In some implementations,
the computing device 1200 includes a radio that is used to
communicate over a distance by modulating and radiating
electromagnetic waves in air or space. In further implemen-
tations, the computing device 1200 includes a transmitter
and a receiver (or a transceiver) that is used to communicate
over a distance by modulating and radiating electromagnetic
waves in air or space.

[0049] The communications logic unit 1208 enables wire-
less communications for the transfer of data to and from the
computing device 1200. The term “wireless” and its deriva-
tives may be used to describe circuits, devices, systems,
methods, techniques, communications channels, etc., that
may communicate data through the use of modulated elec-
tromagnetic 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
communications logic unit 1208 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, Infrared (IR), Near Field Commu-
nication (NFC), Bluetooth, derivatives thereof, as well as
any other wireless protocols that are designated as 3G, 4G,
5@, and beyond. The computing device 1200 may include a
plurality of communications logic units 1208. For instance,
a first communications logic unit 1208 may be dedicated to
shorter range wireless communications such as Wi-Fi, NFC,
and Bluetooth and a second communications logic unit 1208
may be dedicated to longer range wireless communications
such as GPS, EDGE, GPRS, CDMA, WiMAX, LTE, Ev-
DO, and others.

[0050] The processor 1204 of the computing device 1200
includes one or more devices, such as transistors or metal
interconnects, which may be formed on any substrate
described herein. In some embodiments, the processor 1204
may include one or more layers formed on the device layer
33 of FIG. 1. The term “processor” may refer to any device
or portion of a device that processes electronic data from
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registers and/or memory to transform that electronic data
into other electronic data that may be stored in registers
and/or memory.

[0051] The communications logic unit 1208 may also
include one or more devices, such as transistors or metal
interconnects, that are formed in accordance with embodi-
ments described herein. In some embodiments, the commu-
nications logic unit 1208 may include one or more layers
formed on the device layer 33 of FIG. 1.

[0052] In various embodiments, the computing device
1200 may be a laptop computer, a netbook computer, a
notebook computer, an ultrabook computer, a smartphone, a
dumbphone, a tablet, a tablet/laptop hybrid, 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,
aportable music player, or a digital video recorder. In further
implementations, the computing device 1200 may be any
other electronic device that processes data.

EXAMPLES

[0053] Example 1 is an apparatus formed using a dummy
wafer, the apparatus comprising: a device layer fusion
bonded to a first side of a carrier wafer, wherein the dummy
wafer comprises a first wafer and the carrier wafer comprises
a second wafer that is different than the first wafer; wherein
the device layer comprise a portion of a third wafer that is
different than the second wafer; and wherein a second
opposite side of the carrier wafer includes: a removal
process artifact, wherein a distortion signature present in the
portion of the second wafer is indicative of the use of the
dummy wafer fusion bonded to the second side of the carrier
wafer at a location associated with the removal process
artifact, or a remainder of the dummy wafer.

[0054] Example 2 may include the subject matter of
example 1 and/or any other example herein, wherein the
apparatus comprises a silicon on insulator (SOI) device.

[0055] Example 3 may include the subject matter of any of
examples 1-2 and/or any other example herein, wherein the
removal process artifact comprises a ground surface of the
second side of the carrier wafer.

[0056] Example 4 may include the subject matter of any of
examples 1-3 and/or any other example herein,

[0057] Example 5 may include the subject matter of any of
examples 1-4 and/or any other example herein,

[0058] Example 6 is a method of forming a device layer
using a dummy wafer, comprising: distorting one of first and
second wafers to bond the first and second wafers into a
plural wafer arrangement; allowing the plural wafer arrange-
ment to relax to shift distortion into the other of the first and
second wafers; distorting a third wafer to bond the third
wafer and the plural wafer arrangement; following distorting
the third wafer, allowing the plural wafer arrangement to
relax to shift distortion from the third wafer into the plural
wafer arrangement; and removing at least a portion of the
first wafer from the plural wafer arrangement, wherein the
first wafer comprises the dummy wafer.

[0059] Example 7 may include the subject matter of
example 6 and/or any other example herein, further com-
prising removing some of the third wafer from the plural
wafer arrangement to form a device layer from a remainder
of the third wafer
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[0060] Example 8 may include the subject matter of any of
examples 6-7 and/or any other example herein, wherein the
second wafer comprises a carrier wafer.

[0061] Example 9 may include the subject matter of any of
examples 6-8 and/or any other example herein, wherein
removing the at least the portion of the first wafer from the
plural wafer arrangement further comprises grinding off the
first wafer.

[0062] Example 10 may include the subject matter of any
of examples 6-9 and/or any other example herein, wherein
following the grinding the plural wafer arrangement
includes forming a removal process artifact on the second
wafer.

[0063] Example 11 is a system, comprising: a processor; at
least one of a network device, a display, or a memory
coupled to the processor; wherein the processor comprises
an integrated circuit, the integrated circuit including: a
device layer fusion bonded to a first side of a carrier wafer,
wherein the dummy wafer comprises a first wafer and the
carrier wafer comprises a second wafer that is different than
the first wafer; wherein the device layer comprise a portion
of a third wafer that is different than the second wafer; and
wherein a second opposite side of the carrier wafer includes:
a removal process artifact, wherein a distortion signature
present in the portion of the second wafer is indicative of the
use of the dummy wafer fusion bonded to the second side of
the carrier wafer at a location associated with the removal
process artifact, or a remainder of the dummy wafer; and one
or more active layers formed on the device layer.

[0064] Example 12 may include the subject matter of
example 11 and/or any other example herein, wherein the
apparatus comprises a silicon on insulator (SOI) device.

[0065] Example 13 may include the subject matter of any
of'examples 11-12 and/or any other example herein, wherein
the removal process artifact comprises a ground surface of
the second side of the carrier wafer.

[0066] Example 14 may include the subject matter of any
of'examples 11-13 and/or any other example herein, wherein
the first side of the carrier wafer comprises a buried oxide
(BOX) layer.

[0067] Example 15 may include the subject matter of any
of'examples 11-14 and/or any other example herein, wherein
the first side of the carrier wafer comprises an a passivation
layer.

[0068] Example 16 is an apparatus comprising: a dummy
wafer fusion bonded to a first side of a carrier wafer, wherein
the dummy wafer comprises a first wafer and the carrier
wafer comprises a second wafer that is different than the first
wafer; and a third wafer fusion bonded to a second opposite
side of the carrier wafer; wherein the third wafer includes a
distortion signature that is different than a distortion signa-
ture included in the first wafer.

[0069] Example 17 may include the subject matter of
example 16 and/or any other example herein, wherein a
magnitude of the distortion signature of the first wafer is
greater than a magnitude of the distortion signature of the
third wafer.

[0070] Example 18 may include the subject matter of any
of'examples 16-17 and/or any other example herein, wherein
one of the distortion signatures comprises a compression
artifact and the other of the distortion signatures comprises
a stretch artifact.
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[0071] Example 19 may include the subject matter of any
of'examples 16-18 and/or any other example herein, wherein
the first side of the carrier wafer comprises a passivation
layer.

[0072] Example 20 may include the subject matter of any
of'examples 16-19 and/or any other example herein, wherein
the second side of the carrier wafer comprises a passivation
layer.

[0073] The above description of illustrated implementa-
tions of various embodiments, including what is described in
the Abstract, is not intended to be exhaustive or to limit the
present disclosure to the precise forms disclosed. While
specific implementations of, and examples for, various
embodiments are described herein for illustrative purposes,
various equivalent modifications are possible within the
scope of the present disclosure, as those skilled in the
relevant art will recognize.

What is claimed is:

1. An apparatus formed using a dummy wafer, the appa-
ratus comprising:

a device layer fusion bonded to a first side of a carrier
wafer, wherein the dummy wafer comprises a first
wafer and the carrier wafer comprises a second wafer
that is different than the first wafer;

wherein the device layer comprise a portion of a third
wafer that is different than the second wafer; and

wherein a second opposite side of the carrier wafer
includes:

a removal process artifact, wherein a distortion signa-
ture present in the portion of the second wafer is
indicative of the use of the dummy wafer fusion
bonded to the second side of the carrier wafer at a
location associated with the removal process artifact,
or

a remainder of the dummy wafer.

2. The apparatus of claim 1, wherein the apparatus com-
prises a silicon on insulator (SOI) device.

3. The apparatus of claim 1, wherein the removal process
artifact comprises a ground surface of the second side of the
carrier wafer.

4. The apparatus of claim 1, wherein the first side of the
carrier wafer comprises a buried oxide (BOX) layer.

5. The apparatus of claim 1, wherein the first side of the
carrier wafer comprises a passivation layer.

6. A method of forming a device layer using a dummy
wafer, comprising:

distorting one of first and second wafers to bond the first
and second wafers into a plural wafer arrangement;

allowing the plural wafer arrangement to relax to shift
distortion into the other of the first and second wafers;

distorting a third wafer to bond the third wafer and the
plural wafer arrangement;

following distorting the third wafer, allowing the plural
wafer arrangement to relax to shift distortion from the
third wafer into the plural wafer arrangement; and

removing at least a portion of the first wafer from the
plural wafer arrangement, wherein the first wafer com-
prises the dummy wafer.

7. The method of claim 6, further comprising removing
some of the third wafer from the plural wafer arrangement
to form a device layer from a remainder of the third wafer.

8. The method of claim 7, wherein the second wafer
comprises a carrier wafer.
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9. The method of claim 6, wherein removing the at least
the portion of the first wafer from the plural wafer arrange-
ment further comprises grinding off the first wafer.

10. The method of claim 6, wherein following the grind-
ing the plural wafer arrangement includes forming a removal
process artifact on the second wafer.

11. A system, comprising:

a processor;

at least one of a network device, a display, or a memory

coupled to the processor;

wherein the processor comprises an integrated circuit, the

integrated circuit including:

a device layer fusion bonded to a first side of a carrier
wafer, wherein the dummy wafer comprises a first
wafer and the carrier wafer comprises a second wafer
that is different than the first wafer;

wherein the device layer comprise a portion of a third
wafer that is different than the second wafer; and

wherein a second opposite side of the carrier wafer
includes:

a removal process artifact, wherein a distortion sig-
nature present in the portion of the second wafer
is indicative of the use of the dummy wafer fusion
bonded to the second side of the carrier wafer at a
location associated with the removal process arti-
fact, or a remainder of the dummy wafer; and

one or more active layers formed on the device layer.

12. The system of claim 11, wherein the apparatus com-
prises a silicon on insulator (SOI) device.
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13. The system of claim 11, wherein the removal process
artifact comprises a ground surface of the second side of the
carrier wafer.

14. The system of claim 11, wherein the first side of the
carrier wafer comprises a buried oxide (BOX) layer.

15. The system of claim 11, wherein the first side of the
carrier wafer comprises an a passivation layer.

16. An apparatus comprising:

a dummy wafer fusion bonded to a first side of a carrier
wafer, wherein the dummy wafer comprises a first
wafer and the carrier wafer comprises a second wafer
that is different than the first wafer; and

a third wafer fusion bonded to a second opposite side of
the carrier wafer;

wherein the third wafer includes a distortion signature that
is different than a distortion signature included in the
first wafer.

17. The apparatus of claim 16, wherein a magnitude of the
distortion signature of the first wafer is greater than a
magnitude of the distortion signature of the third wafer.

18. The apparatus of claim 16, wherein one of the
distortion signatures comprises a compression artifact and
the other of the distortion signatures comprises a stretch
artifact.

19. The apparatus of claim 16, wherein the first side of the
carrier wafer comprises a passivation layer.

20. The apparatus of claim 16, wherein the second side of
the carrier wafer comprises a passivation layer.
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