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conductor layer bonded to a bulk region of a wafer or a
substrate, in which the semiconductor layer can be bonded to
the bulk region using electromagnetic radiation. Additional
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INTRODUCE IONS INTO A DONOR WAFER IN PROXIMITY
TO AREGION HAVING MODIFIERS IN THE DONOR WAFER

120

BOND A PRODUCT WAFER AND THE DONOR WAFER TOGETHER

AN

IRRADIATE THE MODIFIERS WITH ELECTROMAGNETIC
RADIATION TO DISUNITE A BULK REGION OF THE DONOR
WAFER FROM THE PRODUCT WAFER WITH THE PRODUCT

WAFER BONDED TO A FILM FROM THE DONOR WAFER,
ELECTROMAGNETIC RADIATION TUNED TO A FREQUENCY

CORRELATED TO ABSORPTION BY THE MODIFIERS

FIG. 1
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IMPLANT HYDROGEN IONS AND/OR HELIUM IONS INTO A SILICON
DONOR WAFER IN PROXIMITY TO A REGION HAVING MODIFIERS

20

BOND A SILICON PRODUCT WAFER AND THE SILICON

DONOR WAFER TOGETHER SUCH THAT THE SURFACE

OF THE SILICON DONOR WAFER BONDS TO AN OXIDE
LAYER OF THE SILICON PRODUCT WAFER

20

EXPOSE THE MODIFIERS TO MICROWAVES TO DISUNITE
A BULK REGION OF THE SILICON DONOR WAFER FROM THE
SILICON PRODUCT WAFER WITH THE OXIDE LAYER OF THE
SILICON PRODUCT WAFER BONDED TO A SILICON FILM FROM
THE SILICON DONOR WAFER, THE MICROWAVES TUNED TO A
FREQUENCY CORRELATED TO ABSORPTION BY THE MODIFIERS

FIG. 2




Patent Application Publication Jul. 11,2013 Sheet 2 of 7 US 2013/0175662 A1

WA
AN

— 368
— 38

\

\

—~ 34

AY

N
W3 3N

¢ o o A2

FIG. 3

N
— 33

\

\

—336
—~ 338
— 334

\

\

W
W3 3N

FIG. 4



Patent Application Publication Jul. 11,2013 Sheet 3 of 7 US 2013/0175662 A1

N

[V

AN
N0<
A 36
A 38
>
A 34
200 4 /32‘34. o RN
Fy
A IR
330<
A 3%
A3
A 334
.
L~ WA L~ W3-
40 < e o o

FIG. 6



Patent Application Publication Jul. 11,2013 Sheet 4 of 7 US 2013/0175662 A1

M
AR

— 316
-3\
— 324

\

AN

AN

R
03 B3N
s o o A9

FIG. 7

N
— 33

AY

— 336
— 338
— 334

AY

AN

\

WM —a
WA L~ W3-\

FIG. 8



Patent Application Publication Jul. 11,2013 Sheet 5 of 7 US 2013/0175662 A1

40

PROVIDE MODIFIERS TO AN INTERFACE REGION OF AN
PRODUCT WAFER HAVING A SEMICONDUCTOR LAYER
BONDED ONTO A BILK REGION OF THE PRODUCT WAFER,
THE INTERFACE REGION DISPOSED BETWEEN THE BONDED
SEMICONDUCTOR LAYER AND THE BULK REGION
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STRENGTHEN THE BONDING OF THE SEMICONDUCTOR
LAYER TO THE BULK REGION OF THE PRODUCT WAFER
BY IRRADIATING THE INTERFACE REGION WITH
ELECTROMAGNETIC RADIATION, THE ELECTROMAGNETIC
RADIATION TUNED TO A FREQUENCY CORRELATED TO
ABSORPTION BY THE MODIFIERS

FIG. 9
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PROVIDE AN INTERFACE REGION WITH MODIFIERS, THE
INTERFACE REGION DISPOSED BETWEEN A BULK SILICON REGION
AND A BONDED SILICON LAYER IN A SILICON PRODUCT LAYER

50

STRENGTHEN THE BONDING OF THE SILICON LAYER TO THE

SILICON PRODUCT WAFER BY IRRADIATING THE INTERFACE

REGION WITH MICROWAVES, THE MICROWAVES TUNED TO A
FREQUENCY CORRELATED TO ABSORPTION BY THE MODIFIERS

FIG. 10
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SEMICONDUCTOR MATERIAL
MANUFACTURE

PRIORITY APPLICATIONS

[0001] This is a divisional of U.S. application Ser. No.
13/088,863, filed Apr. 18, 2011 that is a divisional of U.S.
application Ser. No. 12/365,734, filed Feb. 4, 2009, now
issued as U.S. Pat. No. 7,927,975, which are incorporated
herein by reference in their entirety.

BACKGROUND

[0002] Power consumption during operation of a silicon
microchip can be reduced using silicon on insulator (SOI)
technology. The use of SOI technology can not only result in
lower power consumption but also in an increased speed of
operation of integrated circuits due to a reduction in stray
capacitance. For SOI structures, thin layers of silicon on
insulator can be fabricated using several well known tech-
niques such as separation by implantation of oxygen (SI-
MOX), separation by plasma implantation of oxygen (SPI-
MOX), silicon on sapphire (SOS), bonded wafer processes on
silicon, and silicon bonded on sapphire.

[0003] Bonded wafer processes on silicon involve tech-
nologies to bond monocrystalline silicon materials onto semi-
conductor wafers and oxidation processes to form the semi-
conductor on insulator. In these technologies, a portion of one
or both of the bonded wafers is removed, typically, by pol-
ishing methods. Another process to remove large portions of
a bonded wafer uses a “smart cut” technology. “Smart cut”
technology generally refers to a process in which a material is
implanted into a silicon substrate to a particular depth and
ultimately utilized to crack the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1 shows features of a method for forming a film
on a wafer using electromagnetic radiation, according to vari-
ous embodiments of the invention.

[0005] FIG. 2 shows features of a method for forming a
silicon layer on a silicon wafer using microwaves, according
to various embodiments of the invention.

[0006] FIGS. 3-4 illustrate product wafers and donor
wafers prior to bonding these wafers together as discussed,
for example, with respect to FIGS. 1-2, according to various
embodiments of the invention.

[0007] FIGS. 5-6 illustrate product wafers and donor
wafers bonded together with electromagnetic radiation
applied to the combination as discussed, for example, with
respect to FIGS. 1-2, according to various embodiments of
the invention.

[0008] FIGS. 7-8 illustrate product wafers and donor
wafers after disuniting these wafers bonded together as dis-
cussed, for example, with respect to FIGS. 1-2, according to
various embodiments of the invention

[0009] FIG. 9 shows features of a method for strengthening
the bonding of a semiconductor layer to a wafer, according to
various embodiments of the invention.

[0010] FIG. 10 shows features of a method for strengthen-
ing the bonding of a silicon layer to a silicon wafer, according
to various embodiments of the invention.

[0011] FIGS. 11-12 illustrate product wafers having a
semiconductor layer bonded thereon being subjected to elec-
tromagnetic radiation to strengthen the bonding of the semi-
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conductor layer to the product wafer, according to various
embodiments of the invention.

[0012] FIG. 13 illustrates a finished wafer 700, according to
various embodiments of the invention.

[0013] FIG. 14 shows a block diagram of various features
of an electronic system, according to various embodiments of
the invention.

DETAILED DESCRIPTION

[0014] The following detailed description refers to the
accompanying drawings that show, by way of illustration,
various embodiments of the invention. These embodiments
are described in sufficient detail to enable those skilled in the
art to practice these and other embodiments. Other embodi-
ments may be utilized, and structural, logical, and electrical
changes may be made to these embodiments. The various
embodiments are not necessarily mutually exclusive, as some
embodiments can be combined with one or more other
embodiments to form new embodiments. The following
detailed description is, therefore, not to be taken in a limiting
sense.

[0015] In various embodiments, a fabrication process
includes bonding two watfers together and then disuniting the
two wafers leaving a portion of one wafer bonded to the other
wafer, where exposure to electromagnetic radiation is used to
facilitate the separation. By the disunite of two entities A and
B that are bonded together, it is meant that the entities A and
B are no longer bonded at the region of disunion, that is,
covalent bonds are broken in the lattice of A and B that are
bonded together. Disuniting may also be referred to as deb-
onding. After disuniting, weak attractive forces between the
two debonded entities may or may not still be in effect. The
portion of the one wafer that remains bonded with the other
wafer can be a semiconductor layer or a combination of a
semiconductor layer on a dielectric layer. Exposure to elec-
tromagnetic radiation can include tuning the electromagnetic
radiation to a frequency based on modifiers in the wafers. The
electromagnetic radiation can also be tuned to a power level
based on the modifiers in the wafers.

[0016] A modifier in a material structure, such as a wafer, is
a material in the material structure whose composition is
different from material that forms the bulk of the material
structure. For example, a modifier in a germanium wafer can
be an element that is different from germanium and is not part
of'the lattice of the germanium wafer. A modifier in a material
structure, such as a wafer, can be an impurity of the material
structure such that the modifier is an atomic species that is
different from the bulk material of the material structure. In
various embodiments, a modifier can be material introduced
into the material structure to be used as a dopant. A dopant,
herein, is a material different from the bulk material in a
material structure, where the dopant, once activated, provides
an enhancement to a characteristic of the bulk material. For
example, a dopant can provide an increase in carrier concen-
tration in a semiconductor material matrix. In various
embodiments, a modifier can be an activated dopant.

[0017] In various embodiments, a fabrication process
includes exposing a wafer to electromagnetic radiation to
activate modifiers as dopants in the wafer, where the wafer
includes a portion of material donated from another wafer.
Activation of a dopant comprises transferring the dopant from
an interstitial position in a material structure into a lattice site
of the material structure. The portion of material donated
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from another wafer can be a semiconductor layer or a com-
bination of a semiconductor layer on a dielectric layer.
[0018] Exposure to electromagnetic radiation can include
tuning the electromagnetic radiation to a frequency based on
the dopants in the wafer. The electromagnetic radiation can
also be tuned to a power level based on the dopants in the
wafers.

[0019] FIG.1 shows features of a method for forming a film
on a wafer using electromagnetic radiation, according to vari-
ous embodiments. At 110, ions are introduced into a donor
wafer in proximity to a region of the donor wafer. The region
includes or will include modifiers that are of material or
materials that are different from bulk material of the donor
wafer. The region is at a distance from a surface of the donor
wafer. The term “donor wafer” indicates at least of portion of
the wafer is to be used by another entity, such as another wafer
or a substrate with devices formed therein. In various embodi-
ments, a semiconductor wafer can be used as a donor wafer.
The semiconductor wafer can be realized as an essentially
monocrystalline wafer. Depending on the application, the
donor watfer can be in the form of a semiconductor wafer that
is substantially polycrystalline or amorphous, where the
semiconductor wafer includes a semiconductor material that
is single crystalline and is arranged as a top layer across the
semiconductor wafer. Alternatively, the donor wafer may be
constructed as a substantially non-semiconductor wafer that
includes a semiconductor layer, which may be configured as
a single crystal that is arranged as a top layer across the
non-semiconductor wafer.

[0020] At 120, a product wafer and the donor wafer are
bonded together at the surfaces of the donor wafer and the
product wafer. The term “product wafer” indicates that the
wafer or at least of portion of the wafer is to be used as or in
a final product. A completed product wafer may be provided
as a wafer arranged with a plurality of segments, where each
segment includes circuitry to perform electronic tasks. Each
segment can be in the form of an individual die. Additionally,
individual segments can be from a completed wafer and can
be packaged as integrated circuits (ICs) for use in electronic
apparatus.

[0021] The product wafer and the donor wafer can be
bonded together using a number of individual processes or
combinations of processes. The process can be conducted by
bonding the product wafer to the donor wafer. The process
can be conducted by bonding the donor wafer to the product
wafer. The product wafer and the donor wafer may be bonded
together with the product wafer disposed on the donor wafer
or with the donor wafer disposed on the product wafer. The
product wafer may have undergone some processing before
bonding to the donor wafer. The processing can include vari-
ous types of processing. The product wafer can contain
devices and/or interconnections formed within the product
wafer prior to bonding to the donor wafer. Alternatively, the
product wafer can be bonded to the donor wafer without
forming devices and/or interconnections within the product
wafer prior to bonding to the donor wafer. Additionally, the
donor wafer may have undergone some processing before
bonding with the product water. The processing can include
various types of processing. The donor wafer can contain
devices and/or interconnections formed within the donor
wafer prior to bonding with the product wafer, where the
devices and/or interconnections are in a region of the donor
wafer that is to be donated as material to the product wafer.
Alternatively, the donor wafer can be bonded with the product
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wafer without forming devices and/or interconnections
within the donor wafer prior to bonding with the product
wafer.

[0022] In various embodiments, the product wafer can
include a dielectric layer disposed across the surface of the
product wafer such that the product wafer and the donor wafer
are bonded together at the dielectric layer. The dielectric layer
of the product wafer, at which the donor wafer contacts the
product layer during bonding, may be realized in various
forms. For example, the dielectric layer may be formed as an
oxide layer, a layer of native oxide of the underling product
wafer, an insulating nitride layer, an insulating oxynitride
layer, a high-k dielectric layer, a low-x dielectric layer, or
combinations thereof. High-k dielectric and low-k dielectric
are defined referenced to dielectric constants being above or
below, respectively, the dielectric constant of silicon dioxide,
which is approximately 3.9. The selection of dielectric mate-
rial to which the donor wafer is bonded may depend on the
application or applications to which the product wafer may be
used. In various embodiments, the dielectric layer of the
product wafer is a top layer of a product wafer, where the
product wafer includes devices embedded in the product
wafer below this dielectric top layer prior to bonding the
product wafer and the donor wafer together.

[0023] In various embodiments, the donor wafer can
include a dielectric layer disposed across the surface of the
donor wafer such that the donor wafer and the product wafer
are bonded together at the dielectric layer. The dielectric layer
of the donor wafer at which the product wafer contacts the
donor layer during bonding may be realized in various forms.
For example, the dielectric layer may be formed as an oxide
layer, a layer of native oxide of the underling product wafer,
an insulating nitride layer, an insulating oxynitride layer, a
high-k dielectric layer, a low-k dielectric layer, or combina-
tions thereof. The selection of dielectric material to which the
product wafer is bonded may depend on the application or
applications to which the product wafer may be used.

[0024] With a dielectric material formed as a layer across a
top surface of the donor wafer, ions introduced into the donor
wafer are in proximity to a region of the donor wafer that is
some distance from a bottom surface of the dielectric layer.
The bottom surface of the dielectric layer is a surface that is
opposite the top of the donor wafer, where the top and bottom
surface of the dielectric layer are spaced apart by the thick-
ness of the dielectric layer. In such embodiments, the donor
wafer is used to donate material that includes a semiconductor
layer and a dielectric layer with the dielectric layer disposed
across a surface of the semiconductor layer. Optionally, the
semiconductor layer of such a material combination may
have undergone some type of processing before bonding. In
various embodiments, such processing may include forming
devices and/or interconnections.

[0025] At 130, the modifiers are irradiated with electro-
magnetic radiation to disunite a bulk region of the donor
wafer from the product wafer with the product wafer bonded
to a film from the donor wafer. The film from the donor wafer
can be a semiconductor layer that is bonded to the product
wafer. The film from the donor wafer can be a semiconductor
layer that is bonded to a dielectric layer of the product wafer.
The film from the donor wafer can be a combination of a
semiconductor layer on a dielectric layer, where the dielectric
layer of the combination is bonded to the product wafer.
[0026] Irradiating the modifiers can provide localized heat-
ing of the donor wafer such that bubbles grow at the material
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implanted as ions causing the disuniting of a bulk region of
the donor wafer from the product wafer with the product
watfer bonded to a film from the donor wafer. The electromag-
netic radiation can be tuned to a frequency correlated to
absorption by the modifiers. Tuning to a frequency includes
generating the electromagnetic radiation with a peak fre-
quency that is absorbed by the modifiers. The selection of the
frequency of absorption by the modifiers may be correlated to
the material in which the modifiers are disposed such that
energy absorbed by the modifiers can be coupled to the mate-
rial implanted as ions in the donor wafer. The power level of
the electromagnetic radiation can be adjusted based on the
application. The frequency and power level can be selected
such that irradiation causes the bubbles to grow such as to
coalesce across the bonded structure to provide the desired
disunion. These bubbles can be viewed as voids or platelets.
[0027] Once the bulk region of the donor wafer is disunited
from the product wafer, one of the two wafers can be sepa-
rated from the other depending on the relative position of the
wafers during processing, even though the film from the
donor wafer remains bonded to the product wafer. The sepa-
ration can be performed by a lifting process. The lifting of one
wafer from the other may be accomplished using a vacuum or
other controllable device essentially without exerting any
substantial energy or force at the location at which the deb-
onded wafers contact each other.

[0028] With the electromagnetic radiation provided at a
frequency correlated to absorption by the modifiers, the com-
bination of donor wafer and product wafer can be irradiated
with electromagnetic radiation such that absorption of energy
can be controlled. The electromagnetic radiation can be
applied such that excitation of material is localized at or near
the region in which the ions are implanted. At appropriate
frequencies, absorption can be substantially directed to the
modifiers that are at or sufficiently near the region of ion
implantation in the donor wafer such that energy absorbed by
the modifiers couples into the region of ion implantation.
Coupling the energy into the region of ion implantation
allows for localized heating of the donor wafer.

[0029] Conventional processing of films from donor wafers
using material implanted as ions typically are performed at
iso-thermal temperatures ranging from 500° C. to 800° C. or
higher. In various embodiments, the combination of product
watfer and donor wafer may be heated to iso-thermal tempera-
tures less than or about equal to 350° C., depending on the
materials used in the process. The localized heating allows for
lower processing temperatures than is conventionally used in
similar processes. Further, tuning the irradiated electromag-
netic radiation allows for the control of the amount of energy
that is imparted as to maintain the localized heating at the
desired regions of heating. In tuning to a selected frequency
and power level, the concentration of the modifiers to be used
for the disunion can be taken into account in the overall
selection of frequency and power for the disunion process for
a particular material composition of the donor wafer.

[0030] Tuning the electromagnetic radiation may include
generating the electromagnetic radiation at a power level that
activates the irradiated modifiers as dopants in the donor
wafer. Activation of a dopant comprises transferring the
dopant from an interstitial position in a material structure into
a lattice site of the material structure. Activating the dopants
in the regions near the material implanted as ions, using the
exposure to the electromagnetic radiation that provides the
coupling of energy for disunion, allows for the activation of
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these dopants without processing the wafer structure that high
temperatures conventionally associated with activating
dopants. The radiation can also heal lattice damage from
implantation.

[0031] Irradiation of the dopants with electromagnetic
radiation may include limiting exposure of the electromag-
netic radiation to the donor watfer. The electromagnetic radia-
tion exposure can be provided by directing the electromag-
netic radiation to the surface of the donor wafer that is
opposite to the surface of the donor wafer at which the donor
wafer is bonded to the product wafer. The electromagnetic
radiation exposure can also be provided by directing the
electromagnetic radiation to a side of the donor wafer that is
at angle to the surface of the donor wafer that is bonded to the
product wafer.

[0032] Tuning the electromagnetic radiation can be corre-
lated to the basic composition of the donor wafer, the selec-
tion of the modifiers in the desired region of localized heating,
the selection of the concentration of these modifiers, the
mixture of the material implanted as ions and modifiers in the
region, and other factors that impact localized absorption and
coupling at the desired region. Such factors provide charac-
teristic features to the donor wafer such that energy from
exposure to electromagnetic radiation is preferentially
coupled to the desired region. The frequency selected may be
based on frequencies that are not substantially absorbed by
the basic composition of the donor wafer but are significantly
absorbed by the modifiers and/or mixture of modifiers and
material implanted as ions for the disunion process. In various
embodiments, the amount of absorption by the basic compo-
sition of the donor wafer and the amount of absorption by the
modifiers and/or mixture of modifiers and material implanted
as ions may be based on various factors including, but not
limited to, the spatial amount of localized heating desired and
the amount of heating of the combination of product and
donor wafer that is acceptable for a particular application.
[0033] Coupling energy, provided from exposing the modi-
fiers to electromagnetic energy, to the region of implanted
ions allows bubbles to grow at the implanted ions. With the
bubbles growing such that the bubbles coalesce across the
donor wafer, a bulk region of the donor wafer disunites from
the product wafer with a film of the donor wafer remaining
bonded to the product wafer. With the product wafer, having
the bonded film from the donor wafer, disunited from the
donor wafer, the product wafer can be separated from the
donor wafer. For example, the product wafer may be lifted
from lying on the donor wafer. Alternatively, with the product
wafer, having the bonded film from the donor wafer, disunited
from the donor wafer, the donor water may be separated from
the product wafer. For example, the donor wafer may be lifted
from lying on the product wafer.

[0034] After separating the donor wafer and product wafer,
surfaces of the product and donor wafers may optionally be
processed to compensate for residual damage due to the sepa-
ration process. After separating the donor wafer and product
wafer, the product wafer can be provided as a final product
that is used as input material for further processing, or it can
be processed as a final product containing a plurality of pro-
cessed dies or as a plurality of processed dies. After separat-
ing the donor wafer and product wafer, the donor wafer may
be used to donate films to generate other product wafers.
[0035] FIG. 2 shows features of a method for forming a
silicon layer on a silicon wafer using microwaves, according
to various embodiments. At 210, hydrogen ions and/or helium
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ions are implanted into a silicon donor wafer in proximity to
a region that has modifiers or will have modifiers introduced
later in processing. lons of other light weight elements may be
used as the implanted ions. The region containing the modi-
fiers is at a distance from a surface of the donor wafer. The
modifiers may include, but are not limited to, such elements
as phosphorous, arsenic, boron, other elements that may be
used as dopants, and combinations of such dopants.

[0036] At 220, a silicon product wafer is bonded together
with the silicon donor wafer such that an oxide layer of the
silicon product wafer bonds to the surface of the silicon donor
wafer. The process can be performed by bonding the product
wafer to the donor wafer. The process can be performed by
bonding the donor wafer to the product wafer. The product
wafer and the donor wafer may be bonded together with the
product wafer disposed on the donor wafer or with the donor
wafer disposed on the product wafer. The oxide layer may be
formed as an oxide of silicon, which may be formed as a
native silicon oxide. Alternatively, a dielectric layer other
than an oxide layer may be used. Such a dielectric layer may
be formed as an insulating nitride layer, an insulating oxyni-
tride layer, a high-k dielectric layer, a low-k dielectric layer,
or combinations thereof. The selection of dielectric layer to
which the silicon donor wafer is bonded may depend on the
application or applications to which the silicon product wafer
may be used. In various embodiments, the oxide layer, or
other dielectric layer, of the silicon product wafer comprises
a top layer of a silicon product wafer that includes devices
embedded in the bulk silicon of the silicon product wafer
prior to bonding the silicon product wafer and the silicon
donor wafer together. Alternatively, a silicon product wafer
without a surface oxide layer, or a surface dielectric layer, can
be bonded together with the donor wafer such that silicon to
silicon direct bonding is attained without an interstitial mate-
rial.

[0037] At 230, the modifiers are exposed to microwaves to
disunite a bulk region of the silicon donor wafer separating
the donor wafer from the product wafer and leaving a portion
of'the donor wafer bonded to the oxide surface of the product
wafer. The microwaves can be tuned to a frequency correlated
to absorption by the modifiers. In this manner, the silicon
donor wafer can be locally heated by the microwaves, at the
region where the hydrogen ions and/or helium ions were
implanted, such that bubbles at the hydrogen and/or helium
grow to an extent resulting in the disunion. The power level of
the microwaves can be adjusted based on the application. The
microwaves may be tuned to a peak frequency ranging from
1.4 gigahertz to as high as 80 or 100 gigahertz. In various
embodiments, a range from 2.4 to 8.5 gigahertz is used. In
various embodiments, a range from 5.7 GHz to 6.0 GHz is
used. In various embodiments, the microwaves are tuned to
about 5.8 GHz. The power imparted by the microwaves can be
controlled to regulate the localization of the heating. The
exposure to microwaves may be conducted with the wafers at
a general iso-thermal wafer temperature less than 350° C. The
iso-thermal wafer temperature may be considered a reference
temperature of the wafer, which is not the local temperature in
the region of interest, where the electromagnetic radiation is
absorbed and energy is transferred.

[0038] Tuning the microwaves may include providing the
microwaves at a power level that activates modifiers as
dopants in the silicon donor wafer. The power level of the
microwaves can be controlled to regulate the temperature of
the combination of the silicon product wafer and the silicon
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donor wafer such that activation of these dopants can be
performed without processing the silicon product wafer /
silicon donor structure at high temperatures conventionally
associated with activating dopants. Tuning of the microwaves
can be correlated to adjusting the material composition of the
silicon donor wafer by selection of the dopants used for
disunion and the concentration of these dopants. For example,
a concentration of a dopant in a silicon dopant wafer can
range from about 10'* cm™ to about 10'® cm~>. Introducing
these dopant-based changes to the region of the silicon donor
wafer allows for preferential absorption from the tuning the
frequency of the microwaves and for coupling energy from
the microwave absorption to the region of implanted ions for
disunion.

[0039] FIGS. 3-4 illustrate product wafers and donor
wafers prior to bonding these wafers together in various
embodiments as discussed, for example, with respect to
FIGS. 1-2. FIG. 3 shows a product wafer 320 and a donor
watfer 310. Product wafer 320 may optionally have a dielec-
tric layer 324 as a top layer on a bulk region 322, where the
dielectric layer 324 can be bonded with donor wafer 310.
Additionally, product wafer 320 can optionally have devices
and/or interconnections 323-1 . . . 323-N formed in product
wafer 320 before being bonded to donor wafer 310. Donor
watfer 310 includes a region 316 in which ions are implanted.
Region 316 separates a bulk region 312 of donor wafer 310
from a layer 318. Layer 318 from donor wafer 310 will
provide a relatively thin film layer to product wafer 320 at the
conclusion of the process of forming a thin layer on and
substantially across product wafer 320.

[0040] FIG. 4 shows a configuration of a product wafer 340
and a donor wafer 330 prior to bonding. Product wafer 340
can optionally have devices and/or interconnections 343-1 . .
. 343-N formed in product wafer 340 before being bonded to
donor wafer 330. In this configuration, donor wafer 330
includes a dielectric layer 334 rather than configuring a
dielectric layer on a product wafer as an embodiment as
shown in FIG. 3. Dielectric layer 334 is separated from a
region 336, in which ions are implanted, by layer 338. Region
336 separates the combination of layer 338 and dielectric
layer 334 from bulk region 332. Donor wafer 330 will be
bonded to product wafer 340 with the bonding of dielectric
layer 334 to product wafer 340. Alternatively, both product
wafer 340 and donor wafer 330 can each include a dielectric
layer at which product wafer 340 and donor wafer 330 are
bonded together. Such dielectric layers can be composed of
the same elemental composition or the dielectric layers can be
formed of dielectric compositions having different elements.

[0041] FIGS. 5-6 illustrate product wafers and donor
wafers bonded together with electromagnetic radiation
applied to the combination in various embodiments as dis-
cussed, for example, with respect to FIGS. 1-2. FIG. 5 shows
product wafer 320 and donor wafer 310 of FIG. 3 bonded
together with electromagnetic radiation 315 applied. FIG. 6
shows product wafer 340 and donor wafer 330 of FIG. 4
bonded together with electromagnetic radiation 335 applied.
FIGS. 5 and 6 show electromagnetic radiation 315 and 335,
respectively, applied at a surface of the donor wafer opposite
the surface of donor wafers 310 and 330 that bond to product
wafers 320 and 340, respectively. Alternatively, the radiation
may be applied by focusing the radiation in the vicinity of
layer 316 around the combined structure or at the surface of
product wafers 320 and 340 opposite the surface of product
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wafers 320 and 340 that bond to donor wafers 310 and 330,
respectively, depending on the structure in the bulk of product
wafers 320 and 340.

[0042] FIGS. 7-8 illustrate product wafers and donor
wafers after disuniting these wafers bonded together in vari-
ous embodiments as discussed, for example, with respect to
FIGS. 1-2. FIG. 7 shows donor wafer 311 lifted from product
wafer 321 after these wafers are disunited from being bonded
together as shown in FIG. 5. Donor wafer 311 is donor wafer
310 modified by the process of donating a layer to product
wafer 320. Donor wafer 311 is now available to donate
another film onto another product wafer. Similarly, product
wafer 321 is product wafer 320 modified by the process of
acquiring a layer from donor wafer 310. Product wafer 321 is
now available as a final product wafer or for further process-
ing, which may include generating a number of processed
dies.

[0043] FIG. 8 shows donor wafer 331 lifted from product
wafer 341 after these wafers are disunited from being bonded
together as shown in FIG. 6. Donor wafer 331 is donor wafer
330 modified by the process of donating a layer to product
wafer 340. Donor wafer 331 is now available to donate
another film onto another product wafer. Similarly, product
wafer 341 is product wafer 340 modified by the process of
acquiring a layer from donor wafer 330. Product wafer 341 is
now available as a final product wafer or for further process-
ing, which may include generating a number of processed
dies.

[0044] FIG. 9 shows features of a method for strengthening
the bonding of a semiconductor layer to a wafer, according to
various embodiments. At 410, modifiers are provided to an
interface region of a product wafer having a semiconductor
layer bonded onto a bulk region of the product wafer, where
the interface region is disposed between the bonded semicon-
ductor layer and the bulk region a product wafer. Various
processes may have been used to construct the product wafer
having the semiconductor layer bonded on the bulk region of
the product wafer.

[0045] For example, such a product wafer configuration
can be constructed from generating the semiconductor layer
from a donor wafer. The donation process of the semiconduc-
tor layer can include bonding the donor wafer to the product
wafer at a surface of the donor wafer, implanting ions into a
region of the donor wafer at a distance from the surface, and
imparting energy to the material implanted as ions to disunite
the donor wafer from the product wafer with the semiconduc-
tor layer remaining bonded to the product wafer. The
imparted energy at the material implanted as ions to disunite
the bonded product and donor wafers can be provided by
heating the bonded combination of watfers. The imparted
energy to disunite the bonded product and donor wafers at the
region of ion implantation can also be provided from applying
a force at the implanted ions to cause a fracture across the
combination in a direction substantially parallel with the
bonded surfaces of the wafers. The imparted energy at the
region of ion implantation to disunite the bonded product and
donor wafers can be provided by irradiating modifiers with
electromagnetic radiation in proximity of the material
implanted as ions, in accordance with various embodiments,
for example, as discussed with respect to FIGS. 1-8. Energy
can be coupled from irradiation of the modifiers to the region
of'ion implantation. With the irradiation provided by electro-
magnetic radiation tuned to a frequency and power correlated
with properties of the modifiers in the material matrix of the
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donor wafer, the energy imparted by the electromagnetic
radiation provides for localized heating at the region of ion
implantation.

[0046] In various embodiments in which a bonded semi-
conductor layer is generated from a donor wafer, the modifi-
ers may be formed in the donor wafer prior to bonding to the
product wafer. Alternatively, the modifiers may be formed
after bonding the donor wafer and the product wafer together,
either before or after disuniting the donor wafer from the
product wafer. The modifiers used to facilitate strengthening
of the bonding of the semiconductor layer to the product
wafer can be of the same composition of elements that is used
to disunite the donor wafer, which donates the semiconductor
layer, from the product wafer to which the donated semicon-
ductor layer is bonded. Alternatively, the modifiers used to
facilitate strengthening of the bonding of the semiconductor
layer to the product wafer can be of a different composition of
elements that is used to disunite a donor wafer from the
product wafer to which the donated semiconductor layer is
bonded. The selection of modifiers and concentrations of the
modifiers can depend on the material composition of the
bonded semiconductor layer and the material composition of
the bulk region of the product wafer. The selection of modi-
fiers and concentrations of the modifiers may also depend on
the material composition of a dielectric region that may be
disposed between the bulk region and the bonded semicon-
ductor layer in various embodiments.

[0047] At 420, the bonding of the semiconductor layer to
the bulk region of the product wafer is strengthened by irra-
diating the interface region with electromagnetic radiation.
The electromagnetic radiation can be tuned to a frequency
correlated to absorption by the modifiers. The power level of
the electromagnetic radiation can be adjusted based on the
application to couple energy to the interface region. The
selection of the frequency and power level can be correlated
to the selection of modifiers and their concentrations with
respect to the material composition of the bonded semicon-
ductor layer and the material composition of the bulk region
of the product wafer. The selection of the frequency and
power level may also be correlated to the material composi-
tion of a dielectric region that may be disposed between the
bulk region and the bonded semiconductor layer in various
embodiments.

[0048] FIG. 10 shows features of a method for strengthen-
ing the bonding of a silicon layer to a silicon wafer, according
to various embodiments. At 510, an interface region in a
silicon product wafer, having a silicon layer bonded onto the
silicon product wafer, is provided with modifiers, where the
interface region is disposed in the product silicon wafer
between a bulk silicon region and the bonded silicon layer.
The silicon layer may be formed from a silicon donor wafer
by bonding the silicon donor wafer to the silicon product
wafer at a surface of the silicon donor wafer, implanting
hydrogen and/or helium ions into a region of the silicon donor
wafer at a distance from the surface, and imparting energy to
the implanted hydrogen and/or helium to disunite the silicon
donor wafer from the product wafer with the silicon layer
bonded to the silicon product wafer. The hydrogen and/or
helium ions can be implanted into the silicon donor wafer
before bonding together with the silicon product wafer. In
various embodiments, an oxide layer, to which the bonded
silicon layer is attached, is disposed on the bulk silicon region
of the silicon product wafer with the oxide layer contacting
the interface region. Furthermore, the silicon product wafer
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optionally can include devices constructed therein prior to
forming the bonded silicon layer. In various embodiments,
the imparted energy to disunite the silicon donor wafer from
the product silicon wafer with the silicon layer bonded to the
product wafer can be generated by irradiating modifiers
within the donor wafer with microwaves. Absorption of the
microwaves couples energy to the region of ion implantation
to disunite the wafers. Activation energy in the doped region
can be provided in such a manner that is equivalent to heating
the bulk structure to 500° C. or greater to disunite the wafers.

[0049] The modifiers in the interface region can include
such elements as phosphorous, arsenic, boron, other elements
that may be used as dopants in silicon, and combinations of
such dopants. The concentration of a dopant in the interface
region can range from about 10"* cm™ to about 10'® cm™.
Other concentrations of dopants can be used depending on the
desired doping profile for the completed product wafer.

[0050] At520, the bonding of the silicon layer to the silicon
product wafer is strengthened by irradiating the interface
region with microwaves. The microwaves can be tuned to a
frequency correlated to absorption by the modifiers in the
interface region. The power level of the microwaves can be
adjusted based on the application to couple energy to the
interface region. The frequency and power of the microwave
energy can be tuned in correlation with the elemental com-
position of modifiers in the silicon product wafer and with the
concentrations of such modifiers. Additionally, the interface
region can be irradiated with microwaves at a power level to
activate modifiers as dopants in the silicon matrix. The energy
coupled by the microwaves can be targeted to an activation
energy equivalent to 800° C. or greater bulk temperature to
strengthen silicon to oxide bonding. The energy coupled by
the microwaves can be targeted to an activation energy
equivalent to 1000° C. or greater bulk temperature to
strengthen direct silicon to silicon bonding. Coupling by
microwaves provides bonding strengthening energy without
the subjecting devices in the product silicon wafer to these
equivalent temperatures. The interface region in the silicon
structure can be exposed to microwaves having a peak fre-
quency in the range from 5.7 GHz to 6.0 GHz.

[0051] FIGS. 11-12 illustrates product wafers having a
semiconductor layer bonded thereon being subjected to elec-
tromagnetic radiation to strengthen the bonding of the semi-
conductor layer to the product wafer, according to various
embodiments. FIG. 11 shows a product wafer 620 having a
semiconductor layer 618 bonded on bulk region 622 of prod-
uct wafer 620. Product wafer 620 also includes a dielectric
region 624 to which semiconductor layer 618 is bonded. An
interface region 625 having modifiers, which can be selected
as dopants for the material of semiconductor layer 618, is
disposed as part of semiconductor layer 618. Alternatively,
modifiers can be disposed in interface region 625 as part of
dielectric region 624. Additionally, product wafer 620 can
optionally have devices and/or interconnections 623-1 . . .
623-N formed in bulk region 622 of product wafer 620. Such
a product wafer, as illustrated in FIG. 11, may be fabricated
according to various embodiments as discussed, for example,
with respect to FIGS. 1-10. Electromagnetic radiation 615
can be directed to product wafer 620, where electromagnetic
radiation 615 can be tuned to a frequency correlated to
absorption by modifiers in interface region 625. The power
level of electromagnetic radiation 615 can be adjusted based
on the application.
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[0052] FIG. 12 shows a product wafer 640 having a semi-
conductor layer 638 bonded on bulk region 642 of product
watfer 640. Unlike product wafer 620, product wafer 640 does
not include a dielectric region to which semiconductor layer
638 is bonded. An interface region 645 having modifiers,
which can be selected as dopants for the material of semicon-
ductor layer 638, is disposed as part of semiconductor layer
638. Alternatively, modifiers can be disposed in interface
region 645 of bulk region 642 to which semiconductor layer
638 is bonded. Additionally, product wafer 640 can option-
ally have devices and/or interconnections 643-1 . . . 643-N
formed in bulk region 642 of product wafer 640. Such a
product wafer, as illustrated in FIG. 6B, may be fabricated
according to various embodiments as discussed, for example,
with respect to FIGS. 1-10. Electromagnetic radiation 635
can be directed to product wafer 640, where electromagnetic
radiation 635 can be tuned to a frequency correlated to
absorption by modifiers in interface region 645. The power
level of the electromagnetic radiation 635 can be adjusted
based on the application.

[0053] FIG. 13 illustrates a finished wafer 700, according to
various embodiments. Wafer 700 can be provided as a semi-
conductor on insulator wafer in which a plurality of dies 705
can be fabricated. Alternatively, water 700 can be provided as
a semiconductor on insulator wafer in which the plurality of
dies 705 structures that have been processed to provide elec-
tronic functionality and are awaiting singulation from wafer
700 and packaging. Wafer 700 can be fabricated in accor-
dance with embodiments related to FIGS. 1-12.

[0054] Each die 705 may include devices and or intercon-
nections in the bulk of wafer 700 with other devices to be
formed in a semiconductor layer bonded to the bulk of wafer
700. Using various masking and processing techniques, dies
705 can be further processed to include functional circuitry
such that each die 705 is fabricated as an integrated circuit
with the same functionality and packaged structure as the
other die on wafer 700. Alternatively, using various masking
and processing techniques, various sets of die 705 can be
processed to include functional circuitry such that not all of
the dies 705 are fabricated as an integrated circuit with the
same functionality and packaged structure as the other dies on
wafer 700. A packaged die having circuits integrated thereon
providing electronic capabilities is herein referred to as an
integrated circuit (IC). Performance of such semiconductor
based electronic devices can be improved through the
enhancement of fabrication processes for semiconductor on
insulator structures in accordance with various embodiments
as described herein.

[0055] FIG. 14 shows a block diagram of a system 800 that
includes one or more ICs structured with a semiconductor
layer bonded to a bulk region of a substrate, according to
various embodiments. The semiconductor layer and/or the
bulk region of the substrate contain devices and interconnec-
tions that form the circuitry for an IC. The substrate and
semiconductor layer can be provided from a wafer according
to various embodiments discussed herein.

[0056] System 800 includes a controller 802 and a memory
803. In various embodiments, system 800 also includes an
electronic apparatus 807 and peripheral devices 809. One or
more of controller 802, memory 803, electronic apparatus
807, and peripheral devices 809 can be in the form of one or
more ICs. A bus 806 provides electrical conductivity between
and/or among various components of system 800. In an
embodiment, bus 806 includes an address bus, a data bus, and
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a control bus, each independently configured. In an alterna-
tive embodiment, bus 806 uses common conductive lines for
providing one or more of address, data, or control, the use of
which is regulated by controller 802. Controller 802 can be in
the form or one or more processors.
[0057] Electronic apparatus 807 may include additional
memory. Memory in system 800 may be constructed as one or
more types of memory such as, but not limited to, dynamic
random access memory (DRAM), static random access
memory (SRAM), synchronous dynamic random access
memory (SDRAM), synchronous graphics random access
memory (SGRAM), double data rate dynamic ram (DDR),
double data rate SDRAM, and magnetic based memory.
[0058] Peripheral devices 809 may include displays, imag-
ing devices, printing devices, wireless devices, additional
storage memory, and control devices that may operate in
conjunction with controller 802. In various embodiments,
system 800 includes, but is not limited to, fiber optic systems
or devices, electro-optic systems or devices, optical systems
or devices, imaging systems or devices, and information han-
dling systems or devices such as wireless systems or devices,
telecommunication systems or devices, and computers.
[0059] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those of
ordinary skill in the art that any arrangement that is calculated
to achieve the same purpose may be substituted for the spe-
cific embodiments shown. Various embodiments use permu-
tations and/or combinations of embodiments described
herein. It is to be understood that the above description is
intended to be illustrative, and not restrictive, and that the
phraseology or terminology employed herein is for the pur-
pose of description. In addition, in the foregoing Detailed
Description, it can be seen that various features are grouped
together in a single embodiment for the purpose of stream-
lining the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed embodi-
ments require more features than are expressly recited in each
claim. Thus, the following claims are hereby incorporated
into the Detailed Description, with each claim standing on its
own as a separate embodiment.
What is claimed is:
1. An apparatus comprising:
a substrate;
a semiconductor layer bonded to the substrate at an inter-
face; and
a dopant region at the interface of the substrate to the
semiconductor layer, the dopant region including acti-
vated dopants, the activated dopants being a resultant of
microwave radiation strengthening of the bonding of the
semiconductor layer to the substrate.
2. The apparatus of claim 1, wherein the substrate includes
devices.
3. The apparatus of claim 1, wherein the substrate includes
a dielectric layer to which the semiconductor layer bonds to
the substrate.
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4. The apparatus of claim 1, wherein the apparatus is
arranged as a silicon-on-insulator wafer.

5. The apparatus of claim 1 wherein the dopant region
comprises one of phosphorous, arsenic, or boron.

6. The apparatus of claim 3 wherein the dielectric layer
comprises one of: an oxide layer, a layer of native oxide ofthe
underling substrate, an insulating nitride layer, an insulating
oxynitride layer, a high-x dielectric layer, or a low-k dielec-
tric laye.

7. The apparatus of claim 1 wherein the dopant region is
configured to provide an increase in carrier concentration in
the semiconductor layer.

8. The apparatus of claim 1 wherein the dopant region
comprises a modifier.

9. The apparatus of claim 8 wherein the modifier is a
material that is different from silicon.

10. The apparatus of claim 8 wherein the modifier is one a
combination of two or more of: phosphorous, arsenic, or
boron.

11. An apparatus comprising:

a bulk region comprising one of silicon or germanium;

a semiconductor layer bonded to the bulk region at an

interface; and

a dopant region at the interface of the bulk region to the

semiconductor layer, the dopant region including acti-
vated dopants, the activated dopants being a resultant of
microwave radiation strengthening of the bonding of the
semiconductor layer to the substrate and transferring the
dopant from an interstitial position into a material struc-
ture.

12. The apparatus of claim 11 wherein the dopant region
comprises implanted ions.

13. The apparatus of claim 11 wherein the dopant region
comprises voids.

14. The apparatus of claim 11 wherein the interface is
disposed as a portion of a dielectric region between the bulk
region and the bonded semiconductor layer

15. The apparatus of claim 11 wherein the dopant region
comprises a modifier with a concentration ranging from about
10" em™ to about 10'° cm™.

16. The apparatus of claim 11 wherein the apparatus is
arranged as a silicon-on-insulator wafer.

17. The apparatus of claim 11 and further comprising a
dielectric layer, bonded with a donor wafer, between the
semiconductor layer and the bulk region.

18. The apparatus of claim 17 wherein the donor wafer
comprises silicon.

19. The apparatus of claim 15 wherein the modifier and
concentration are responsive to the semiconductive layer.

20. The apparatus of claim 15 wherein the modifier is
configured to increase a carrier concentration in the semicon-
ductor layer.



