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INTEGRATED CIRCUIT PACKAGE AND
METHOD OF FORMING THEREOF

PRIORITY CLAIM AND CROSS-REFERENCE

[0001] This application is a divisional of U.S. application
Ser. No. 17/361,924, filed on Jun. 29, 2021, which claims
priority to U.S. Provisional Application No. 63/174,622,
filed on Apr. 14, 2021 and entitled “Semiconductor Package
and Manufacturing Method Thereof,” which applications
are hereby incorporated by reference herein as if reproduced
in its entirety.

BACKGROUND

[0002] The semiconductor industry has experienced rapid
growth due to ongoing improvements in the integration
density of a variety of electronic components (e.g., transis-
tors, diodes, resistors, capacitors, etc.). For the most part,
improvement in integration density has resulted from itera-
tive reduction of minimum feature size, which allows more
components to be integrated into a given area. As the
demand for shrinking electronic devices has grown, a need
for smaller and more creative packaging techniques of
semiconductor dies has emerged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0004] FIG. 1 illustrates a cross-sectional view of an
integrated circuit device, in accordance with some embodi-
ments.

[0005] FIGS. 2A through 2F illustrate cross-sectional
views of intermediate steps during a process for forming a
memory cube, in accordance with some embodiments.
[0006] FIGS. 3A through 3D illustrate cross-sectional
views of intermediate steps during a process for forming a
HBM device, in accordance with some embodiments.
[0007] FIGS. 4A through 41 are cross-sectional views of
intermediate steps during a process for forming an integrated
circuit package 1000, in accordance with some embodi-
ments.

[0008] FIG. 5A illustrates a cross-sectional view of an
integrated circuit package 2000, in accordance with some
embodiments.

[0009] FIGS. 5B through SH are cross-sectional views of
intermediate steps during a process for forming the inte-
grated circuit package 2000, in accordance with some
embodiments.

[0010] FIG. 6A illustrates a cross-sectional view of an
integrated circuit package 3000, in accordance with some
embodiments.

[0011] FIGS. 6B through 6G are cross-sectional views of
intermediate steps during a process for forming the inte-
grated circuit package 3000, in accordance with some
embodiments.

[0012] FIG. 7A illustrates a cross-sectional view of an
integrated circuit package 4000, in accordance with some
embodiments.

Jan. 18, 2024

[0013] FIGS. 7B through 7G are cross-sectional views of
intermediate steps during a process for forming the inte-
grated circuit package 4000, in accordance with some
embodiments.

[0014] FIG. 8A illustrates a cross-sectional view of an
integrated circuit package 5000, in accordance with some
embodiments.

[0015] FIGS. 8B through 8F are cross-sectional views of
intermediate steps during a process for forming the inte-
grated circuit package 5000, in accordance with some
embodiments.

[0016] FIG. 9A illustrates a cross-sectional view of an
integrated circuit package 6000, in accordance with some
embodiments.

[0017] FIGS. 9B through 9G are cross-sectional views of
intermediate steps during a process for forming the inte-
grated circuit package 6000, in accordance with some
embodiments.

DETAILED DESCRIPTION

[0018] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the invention. Specific examples of components and
arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are
not intended to be limiting. For example, the formation of a
first feature over or on a second feature in the description
that follows may include embodiments in which the first and
second features are formed in direct contact, and may also
include embodiments in which additional features may be
formed between the first and second features, such that the
first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters in the various examples. This repetition is
for the purpose of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments
and/or configurations discussed.

[0019] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0020] Various embodiments provide methods applied to,
but not limited to, the formation of an integrated circuit
package that includes a first integrated circuit device bonded
to a second integrated circuit device (e.g., to form a logic
device), and a memory device. A total thickness of the first
integrated circuit device and the second integrated circuit
device is smaller than a thickness of the memory device, and
the integrated circuit package further includes a support
substrate over the first integrated circuit device and the
second integrated circuit device. The total thickness of the
first integrated circuit device, the second integrated circuit
device and the support substrate is equal to or greater than
the thickness of the memory device. Advantageous features
of one or more embodiments disclosed herein may include
allowing for a more even surface that can be used to
implement thermal solutions (e.g. a heat spreader may be
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attached to top surfaces of the support substrate and the
memory device) and help improve heat dissipation effi-
ciency in the integrated circuit package. In addition, the
support substrate used can be of any thickness to accom-
modate different types of memory devices that may have
different thicknesses.

[0021] FIG. 1 is a cross-sectional view of an integrated
circuit device 10, in accordance with some embodiments.
The integrated circuit device 10 may be a logic die (e.g.,
central processing unit (CPU), graphics processing unit
(GPU), system-on-a-chip (SoC), microcontroller, etc.), a
memory die (e.g., dynamic random access memory
(DRAM) die, static random access memory (SRAM) die,
etc.), a power management die (e.g., power management
integrated circuit (PMIC) die), a radio frequency (RF) die, a
sensor die, a micro-electro-mechanical-system (MEMS) die,
a signal processing die (e.g., digital signal processing (DSP)
die), a front-end die (e.g., analog front-end (AFE) dies), the
like, or a combination thereof. The integrated circuit device
10 is formed in a wafer (not shown), which includes
different device regions. In some embodiments, multiple
wafers will be stacked to form a wafer stack, which is
singulated in subsequent processing to form multiple die
stacks. In some embodiments, a wafer is singulated to form
aplurality of integrated circuit devices 10, which are stacked
in subsequent processing to form multiple die stacks. The
integrated circuit device 10 may be processed according to
applicable manufacturing processes to form integrated cir-
cuits. For example, the integrated circuit device 10 may
include a semiconductor substrate 12, an interconnect struc-
ture 14, conductive vias 16, die connectors 22, and a
dielectric layer 24.

[0022] The semiconductor substrate 12 may be silicon,
doped or undoped, or an active layer of a semiconductor-
on-insulator (SOI) substrate. The semiconductor substrate
12 may include other semiconductor materials, such as
germanium; a compound semiconductor including silicon
carbide, gallium arsenic, gallium phosphide, indium phos-
phide, indium arsenide, and/or indium antimonide; an alloy
semiconductor including SiGe, GaAsP, AllnAs, AlGaAs,
GalnAs, GalnP, and/or GalnAsP; or combinations thereof.
Other substrates, such as multi-layered or gradient sub-
strates, may also be used. The semiconductor substrate 12
has an active surface (e.g., the surface facing upwards in
FIG. 1), sometimes called a front side, and an inactive
surface (e.g., the surface facing downwards in FIG. 1),
sometimes called a back side.

[0023] Devices may be formed at the active surface of the
semiconductor substrate 12. The devices may be active
devices (e.g., transistors, diodes, etc.), capacitors, resistors,
etc. The inactive surface may be free from devices. An
inter-layer dielectric (ILD) is over the active surface of the
semiconductor substrate 12. The ILD surrounds and may
cover the devices. The ILD may include one or more
dielectric layers formed of materials such as Phospho-
Silicate Glass (PSG), Boro-Silicate Glass (BSG), Boron-
Doped Phospho-Silicate Glass (BPSG), undoped Silicate
Glass (USG), or the like.

[0024] The interconnect structure 14 is over the active
surface of the semiconductor substrate 12. The interconnect
structure 14 interconnects the devices at the active surface of
the semiconductor substrate 12 to form an integrated circuit.
The interconnect structure 14 may be formed by, for
example, metallization patterns in dielectric layers. The
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metallization patterns include metal lines and vias formed in
one or more dielectric layers. The metallization patterns of
the interconnect structure 14 are electrically coupled to the
devices at the active surface of the semiconductor substrate
12.

[0025] The conductive vias 16 are formed extending into
the interconnect structure 14 and/or the semiconductor sub-
strate 12. The conductive vias 16 are electrically coupled to
metallization patterns of the interconnect structure 14. As an
example to form the conductive vias 16, recesses can be
formed in the interconnect structure 14 and/or the semicon-
ductor substrate 12 by, for example, etching, milling, laser
techniques, a combination thereof, and/or the like. A thin
dielectric material may be formed in the recesses, such as by
using an oxidation technique. A barrier layer 18 may be
conformally deposited in the openings, such as by CVD,
atomic layer deposition (ALD), physical vapor deposition
(PVD), thermal oxidation, a combination thereof, and/or the
like. The barrier layer 18 may be formed from an oxide, a
nitride, or an oxynitride, such as titanium nitride, titanium
oxynitride, tantalum nitride, tantalum oxynitride, tungsten
nitride, a combination thereof, and/or the like. A conductive
material 20 may be deposited over the barrier layer 18 and
in the openings. The conductive material 20 may be formed
by an electro-chemical plating process, CVD, PVD, a com-
bination thereof, and/or the like. Examples of conductive
materials are copper, tungsten, aluminum, silver, gold, a
combination thereof, and/or the like. Excess of the conduc-
tive material 20 and the barrier layer 18 is removed from the
surface of the interconnect structure 14 and/or the semicon-
ductor substrate 12 by, for example, a chemical-mechanical
polish (CMP). Remaining portions of the barrier layer 18
and the conductive material 20 form the conductive vias 16.
[0026] In the embodiment illustrated, the conductive vias
16 are not yet exposed at the back side of the integrated
circuit device 10. Rather, the conductive vias 16 are buried
in the semiconductor substrate 12. As will be discussed in
greater detail below, the conductive vias 16 will be exposed
at the back side of the integrated circuit device 10 in
subsequent processing. After exposure, the conductive vias
16 can be referred to as through-silicon vias or through-
substrate vias (TSVs).

[0027] The die connectors 22 are at a front side of the
integrated circuit device 10. The die connectors 22 may be
conductive pillars, pads, or the like, to which external
connections are made. The die connectors 22 are in and/or
on the interconnect structure 14. The die connectors 22 can
be formed of a metal, such as copper, titanium, aluminum,
the like, or a combination thereof, and can be formed by, for
example, plating, or the like.

[0028] The dielectric layer 24 is at the front side of the
integrated circuit device 10. The dielectric layer 24 is in
and/or on the interconnect structure 14. The dielectric layer
24 laterally encapsulates the die connectors 22, and the
dielectric layer 24 is laterally coterminous (within process
variations) with sidewalls of the integrated circuit device 10.
The dielectric layer 24 may be an oxide such as silicon
oxide, PSG, BSG, BPSG, or the like; a nitride such as silicon
nitride or the like; a polymer such as polybenzoxazole
(PBO), polyimide, a benzocyclobutene (BCB) based poly-
mer, or the like; the like; or a combination thereof. The
dielectric layer 24 may be formed, for example, by spin
coating, lamination, chemical vapor deposition (CVD), or
the like. In some embodiments, the dielectric layer 24 is
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formed after the die connectors 22, and may bury the die
connectors 22 such that the top surface of the dielectric layer
24 is above the top surfaces of the die connectors 22. In
some embodiments, the die connectors 22 after formed after
the dielectric layer 24, such as by a damascene process, e.g.,
single damascene, dual damascene, or the like. After for-
mation, the die connectors 22 and the dielectric layer 24 can
be planarized using, e.g., a CMP process, an etch back
process, the like, or combinations thereof. After planariza-
tion, the top surfaces of the die connectors 22 and dielectric
layer 24 are coplanar (within process variations) and are
exposed at the front side of the integrated circuit device 10.
In another embodiment, the die connectors 22 are formed
after the dielectric layer 24, such as by a plating process, and
are raised connectors (e.g., microbumps) such that the top
surfaces of the die connectors 22 extend above the top
surface of the dielectric layer 24.

[0029] FIGS. 2A through 2F are cross-sectional views of
intermediate steps during a process for forming a memory
cube 50, in accordance with some embodiments. Unless
specified otherwise, like reference numerals in FIGS. 2A
through 2F (as well as subsequent Figures) represent like
components in the embodiment shown in FIG. 1 formed by
like processes. Accordingly, the process steps and applicable
materials may not be repeated herein. As will be discussed
in greater detail below, FIGS. 2A through 2F illustrate a
process in which a memory cube 50 is formed by stacking
multiple wafers that include first integrated circuit devices
on a carrier substrate 52. The first integrated circuit devices
may each have a structure similar to the integrated circuit
device 10 discussed above with reference to FIG. 1, and in
an embodiment may be memory devices. Subsequently, the
first integrated circuit devices may also be referred to as
memory devices 11. Stacking of wafers to form a memory
cube 50 in one device region 52A of the carrier substrate 52
is illustrated, but it should be appreciated that the carrier
substrate 52 may have any number of device regions, and a
memory cube 50 may be formed in each device region. The
memory cube 50 is formed in a top-down (or reverse)
manner by wafer-on-wafer (WoW) stacking, where a wafer
for the top layer of the memory cube 50 is provided, and
wafers for underlying layers of the memory cube 50 are
subsequently stacked on the top wafer. The wafer stack is
singulated to form multiple memory cubes 50. The memory
cubes 50 are tested after formation to reduce or prevent
subsequent processing of known bad memory cubes 50.

[0030] Subsequently, the memory cube 50 may be used in
the formation of a high bandwidth memory (HBM) device
100 (shown subsequently in FIG. 3D). Specifically, as will
be discussed in greater detail below, the memory cube 50
can be further stacked on a second integrated circuit device
to form a HBM device. The second integrated circuit device
may have a structure similar to the integrated circuit device
10 discussed above with reference to FIG. 1, and in an
embodiment may be a logic device. Subsequently, the sec-
ond integrated circuit device may be referred to as logic
device 13.

[0031] In FIG. 2A, a carrier substrate 52 is provided, and
a release layer 54 is formed on the carrier substrate 52. The
carrier substrate 52 may be a glass carrier substrate, a
ceramic carrier substrate, or the like. The carrier substrate 52
may be a wafer, such that multiple memory cubes 50 can be
formed on the carrier substrate 52 simultaneously.
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[0032] The release layer 54 may be formed of a polymer-
based material, which may be removed along with the
carrier substrate 52 from the overlying structures that will be
formed in subsequent steps. In some embodiments, the
release layer 54 is an epoxy-based thermal-release material,
which loses its adhesive property when heated, such as a
light-to-heat-conversion (LTHC) release coating. In other
embodiments, the release layer 54 may be an ultra-violet
(UV) glue, which loses its adhesive property when exposed
to UV lights. The release layer 54 may be dispensed as a
liquid and cured, may be a laminate film laminated onto the
carrier substrate 52, or may be the like. The top surface of
the release layer 54 may be leveled and may have a high
degree of planarity.

[0033] A wafer 56A is stacked on the carrier substrate 52.
The wafer 56A comprises multiple integrated circuit
devices, such as a memory device 11A in the device region
52A. The memory device 11A will be singulated in subse-
quent processing to be included in the memory cube 50. The
memory device 11A includes a semiconductor substrate
12A, an interconnect structure 14A, conductive vias 16A,
and a dielectric layer 24 A, but does not include die connec-
tors in the dielectric layer 24 A at this step of processing. The
wafer 56A is stacked face-down on the carrier substrate 52
so that a major surface of the dielectric layer 24A faces/
contacts the carrier substrate 52. As will be discussed in
greater detail below, the memory cube 50 is attached to
another integrated circuit device after singulation. Reflow-
able connectors are used to attach the memory cube 50 to the
other integrated circuit device. In some embodiments, die
connectors may be formed in the dielectric layer 24A (see
below, FIG. 2E). The die connectors are formed after wafer
stacking is completed, to prevent damage to the die connec-
tors during wafer stacking.

[0034] In FIG. 2B, the wafer 56A is thinned. The thinning
may be by a CMP process, a grinding process, an etch back
process, the like, or combinations thereof, and is performed
on the inactive surface of the semiconductor substrate 12A.
The thinning exposes the conductive vias 16A. After the
thinning, surfaces of the conductive vias 16A and the
inactive surface of the semiconductor substrate 12A are
coplanar (within process variations). As such, the conductive
vias 16 A are exposed at the back side of the memory device
11A.

[0035] In FIG. 2C, a wafer 56B is stacked over the carrier
substrate 52. In particular, the front side of the wafer 56B is
attached to the back side of the wafer 56 A. The wafer 56B
comprises multiple integrated circuit devices, such as a
memory device 11B in the device region 52A. The memory
device 11B will be singulated in subsequent processing to be
included in the memory cube 50. The memory device 11B
includes a semiconductor substrate 12B, an interconnect
structure 14B, conductive vias 16B, die connectors 22B, and
a dielectric layer 24B.

[0036] The wafer 56 A and the wafer 56B are back-to-face
bonded, e.g., are directly bonded in a back-to-face manner
by hybrid bonding, such that the back side of the wafer 56 A
is bonded to the front side of the wafer 56B. Specifically,
dielectric-to-dielectric bonds and metal-to-metal bonds are
formed between the wafer 56A and the wafer 56B. In the
illustrated embodiment, a dielectric layer 58 and die con-
nectors 60 are formed at the back side of the wafer 56A and
are used for hybrid bonding.
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[0037] The dielectric layer 58 is formed at the back side of
the wafer 56 A, such as on the semiconductor substrate 12A.
The dielectric layer 58 is laterally coterminous (within
process variations) with sidewalls of the memory device
11A. The dielectric layer 58 may be an oxide such as silicon
oxide, PSG, BSG, BPSG, or the like; a nitride such as silicon
nitride or the like; a polymer such as polybenzoxazole
(PBO), polyimide, a benzocyclobutene (BCB) based poly-
mer, or the like; the like; or a combination thereof. The
dielectric layer 58 may be formed, for example, by spin
coating, lamination, chemical vapor deposition (CVD), or
the like. In some embodiments (discussed in greater detail
below), the semiconductor substrate 12A is recessed before
forming the dielectric layer 58 so that the dielectric layer 58
surrounds the conductive vias 16A.

[0038] The die connectors 60 are formed at the back side
of the wafer 56A, and are in physical contact with the
conductive vias 16A. The die connectors 60 may be con-
ductive pillars, pads, or the like, to which external connec-
tions are made. The die connectors 60 can be formed of a
metal, such as copper, aluminum, or the like, and can be
formed by, for example, plating, or the like. The die con-
nectors 60 are electrically connected to integrated circuits of
the memory device 11A by the conductive vias 16A. After
formation, the dielectric layer 58 and the die connectors 60
are planarized using, e.g., a CMP process, an etch back
process, the like, or combinations thereof. After planariza-
tion, the top surfaces of the die connectors 60 and dielectric
layer 58 are coplanar (within process variations) and are
exposed at the back side of the wafer 56A.

[0039] The dielectric layer 58 is bonded to the dielectric
layer 24B through dielectric-to-dielectric bonding, without
using any adhesive material (e.g., die attach film), and the
die connectors 60 are bonded to the die connectors 22B
through metal-to-metal bonding, without using any eutectic
material (e.g., solder). The bonding may include a pre-
bonding and an annealing. During the pre-bonding, a small
pressing force is applied to press the wafer 56B against the
wafer 56 A. The pre-bonding is performed at a low tempera-
ture, such as room temperature, such as a temperature in the
range of 15° C. to 30° C., and after the pre-bonding, the
dielectric layer 24B and the dielectric layer 58 are bonded to
each other. The bonding strength is then improved in a
subsequent annealing step, in which the dielectric layer 24B
and the dielectric layer 58 are annealed at a high tempera-
ture, such as a temperature in the range of 140° C. to 500°
C. After the annealing, bonds, such as fusions bonds, are
formed bonding the dielectric layer 24B and the dielectric
layer 58. For example, the bonds can be covalent bonds
between the material of the dielectric layer 58 and the
material of the dielectric layer 24B. The die connectors 22B
and the die connectors 60 are connected to each other with
a one-to-one correspondence. The die connectors 22B and
the die connectors 60 may be in physical contact after the
pre-bonding, or may expand to be brought into physical
contact during the annealing. Further, during the annealing,
the material of the die connectors 22B and the die connectors
60 (e.g., copper) intermingles, so that metal-to-metal bonds
are also formed. Hence, the resulting bonds between the
wafer 56 A and the wafer 56B are hybrid bonds that include
both dielectric-to-dielectric bonds and metal-to-metal
bonds.

[0040] In another embodiment, the die connectors 60 are
omitted. The dielectric layer 58 is bonded to the dielectric
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layer 24B through dielectric-to-dielectric bonding, without
using any adhesive material (e.g., die attach film), and the
conductive vias 16A are bonded to the die connectors 22B
through metal-to-metal bonding, without using any eutectic
material (e.g., solder).

[0041] In yet another embodiment, the dielectric layer 58
and the die connectors 60 are omitted. The semiconductor
substrate 12A may be bonded to the dielectric layer 24B
through dielectric-to-dielectric bonding, without using any
adhesive material (e.g., die attach film), and the conductive
vias 16 A may be bonded to the die connectors 22B through
metal-to-metal bonding, without using any eutectic material
(e.g., solder). For example, an oxide, such as a native oxide,
a thermal oxide, or the like, may be formed on the inactive
surface of the semiconductor substrate 12A, and may be
used for the dielectric-to-dielectric bonding.

[0042] In FIG. 2D, the steps described above are repeated
so that wafers 56C, 56D, 56E, 56F, 56G, 56H are stacked
over the carrier substrate 52. The wafers 56C, 56D, 56E,
56F, 56G, 56H ecach comprise multiple integrated circuit
devices, such as, respectively, memory devices 11C, 11D,
11E, 11F, 11G, 11H in the device region 52A. The memory
devices 11C, 11D, 11E, 11F, 11G, 11H will be singulated in
subsequent processing to be included in the memory cube
50. Each of the wafers 56C, 56D, 56E, 56F, 56G, 56H is
directly bonded to, respectively, the wafers 56B, 56C, 56D,
56E, 56F, 56G in a back-to-face manner by hybrid bonding.
The last wafer that is stacked, e.g., the wafer 56H, may not
be thinned, such that conductive vias 16H of the wafer 56H
remain electrically insulated.

[0043] In FIG. 2E, a carrier substrate debonding is per-
formed to detach (or “debond”) the carrier substrate 52 from
the wafer stack, e.g., the wafer 56A. In accordance with
some embodiments, the debonding includes projecting a
light such as a laser light or an UV light on the release layer
54 so that the release layer 54 decomposes under the heat of
the light and the carrier substrate 52 can be removed.
Removing the carrier substrate 52 exposes the major surface
of the upper memory device (e.g., the memory device 11A)
of the memory cube 50. The wafer stack is then flipped over
and placed on a tape (not shown).

[0044] Die connectors 22A are then formed for the top
layer of the memory cube 50, e.g., at a front side of the wafer
56A. The die connectors 22A are used to subsequently
connect the memory cube to another device such as e.g. a
wafer 102 (see below, FIG. 3C). The die connectors 22A
may be formed of a similar material and by a similar method
as the die connectors 60 as described above in respect to
FIG. 2C. The die connectors 60 are electrically connected to
integrated circuits of the memory device 11A by the con-
ductive vias 16A. After formation, the dielectric layer 24A
and the die connectors 22A are planarized using, e.g., a CMP
process, an etch back process, the like, or combinations
thereof. After planarization, the top surfaces of the die
connectors 22A and dielectric layer 24 A are coplanar (within
process variations) and are exposed at the front side of the
wafer 56A.

[0045] In FIG. 2F, a singulation process is performed
along scribe line regions, e.g., between the device region
52A and adjacent device regions. The singulation may be by
sawing, laser cutting, or the like. The singulation process can
be performed before or after the die connectors 22A are
formed. The singulation separates the device region 52A
from adjacent device regions. The resulting, singulated
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memory cube 50 is from the device region 52A. The
memory devices of the memory cube 50 are laterally coter-
minous (within process variations) after singulation.
[0046] It should be appreciated that the memory cube 50
may include any number of layers. In the embodiment
shown, the memory cube 50 includes eight layers. In another
embodiment, the memory cube 50 includes more or less than
eight layers, such as two layers, four layers, sixteen layers,
thirty two layers, or the like.

[0047] After formation of the memory cube 50 is complete
(e.g., after formation of the die connectors 22A and singu-
lation of the memory cube 50), the resulting memory cube
50 is tested by use of a probe 62. The probe 62 is physically
and electrically connected to the die connectors 22A. The
die connectors 22A are used to test the memory cube 50,
such that only known good memory cubes are used for
further processing. The testing may include testing of the
functionality of the memory devices 11A, 11B, 11C, 11D,
11E, 11F, 11G, 11H, or may include testing for known open
or short circuits that may be expected based on the design of
the memory devices. During the testing, all of the memory
devices of the memory cube 50 may be tested in a daisy-
chain manner.

[0048] FIGS. 3A through 3D are cross-sectional views of
intermediate steps during a process for forming a HBM
device 100, in accordance with some embodiments. As will
be discussed in greater detail below, FIGS. 3A through 3D
illustrate a process in which the HBM device 100 is formed
by stacking the memory cube 50 on a second integrated
circuit device (e.g., the logic device 13L, see FIG. 3A). The
second integrated circuit device is a bare die, which can be
formed in a wafer 102. Formation of the HBM device 100
in one device region 102A of the wafer 102 is illustrated, but
it should be appreciated that the wafer 102 may have any
number of device regions, and a HBM device 100 may be
formed in each device region.

[0049] In FIG. 3A the wafer 102 is obtained. The wafer
102 comprises a logic device 131 in the device region 102A.
The logic device 13L will be singulated in subsequent
processing to be included in the HBM device 100. The logic
device 13L can be an interface device, buffer device, con-
troller device, or the like for the memory devices of the
memory cube 50. In some embodiments, the logic device
13L provides the input/output (I/O) interface for the HBM
device 100. The logic device 13L includes a semiconductor
substrate 121, an interconnect structure 14L, conductive
vias 161, die connectors 221, and a dielectric layer 24L..
[0050] The die connectors 22L are used for connections to
other devices, such as devices in an integrated circuit
package in which the HBM device 100 can be implemented.
In some embodiments, the die connectors 22L are conduc-
tive bumps that are suitable for use with reflowable connec-
tors, such as microbumps, extending through the dielectric
layer 24L.. The die connectors 22[. may have substantially
vertical sidewalls (within process variations). In the illus-
trated embodiment, the die connectors 221 are formed
through the dielectric layer 24L. to couple the metallization
patterns of the interconnect structure 14L.. As an example to
form the die connectors 221, openings are formed in the
dielectric layer 241, and a seed layer is formed over the
dielectric layer 241, and in the opening. In some embodi-
ments, the seed layer is a metal layer, which may be a single
layer or a composite layer comprising a plurality of sub-
layers formed of different materials. In some embodiments,
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the seed layer comprises a titanium layer and a copper layer
over the titanium layer. The seed layer may be formed using,
for example, PVD or the like. A photoresist is then formed
and patterned on the seed layer. The photoresist may be
formed by spin coating or the like and may be exposed to
light for patterning. The pattern of the photoresist corre-
sponds to the die connectors 22L.. The patterning forms
openings through the photoresist to expose the seed layer. A
conductive material is formed in the openings of the pho-
toresist and on the exposed portions of the seed layer. The
conductive material may be formed by plating, such as
electroplating or electroless plating, or the like. The con-
ductive material may comprise a metal, such as copper,
nickel, titanium, tungsten, aluminum, or the like. Then, the
photoresist and portions of the seed layer on which the
conductive material is not formed are removed. The photo-
resist may be removed by an acceptable ashing or stripping
process, such as using an oxygen plasma or the like. Once
the photoresist is removed, exposed portions of the seed
layer are removed, such as by using an acceptable etching
process, such as by wet or dry etching. The remaining
portions of the seed layer and conductive material form the
die connectors 22L.

[0051] In FIG. 3B, the wafer 102 is thinned. The thinning
may be by a CMP process, a grinding process, an etch back
process, the like, or combinations thereof, and is performed
on the inactive surface of the semiconductor substrate 12L.
The thinning exposes the conductive vias 16L.. After the
thinning, surfaces of the conductive vias 16L. and the inac-
tive surface of the semiconductor substrate 12L. are coplanar
(within process variations). As such, the conductive vias 161,
are exposed at the back side of the logic device 13L.
[0052] A dielectric layer 104 is then formed over the wafer
102, e.g., at the back side of the logic device 13L. The
dielectric layer 104 may be formed of a similar material and
by a similar method as the dielectric layer 58 described with
respect to FIG. 2C. Die connectors 106 are then formed
extending through the dielectric layer 104. The die connec-
tors 106 may be formed of a similar material and by a similar
method as the die connectors 22A described with respect to
FIG. 2E. For example, the die connectors 106 may be
conductive pillars, pads, or the like that are suitable for use
with metal-to-metal bonding, without using any eutectic
material (e.g., solder). The die connectors 106 are physically
connected to the conductive vias 161, and are electrically
connected to integrated circuits of the logic device 13L by
the conductive vias 16L.

[0053] In FIG. 3C, a memory cube 50 is attached to the
wafer 102, e.g., to the back side of the logic device 13L.. The
wafer 102 and the memory cube 50 are back-to-face bonded,
e.g., are directly bonded in a back-to-face manner by hybrid
bonding, such that the back side of the wafer 102 is bonded
to the front side of the memory cube 50. Specifically,
dielectric-to-dielectric bonds are formed between the dielec-
tric layer 104 of the wafer 102 and the dielectric layer 24A
of the memory cube 50, and metal-to-metal bonds are
formed between the die connectors 106 of the wafer 102 and
the die connectors 22A of the memory cube 50. The hybrid
bonding of the wafer 102 and the memory cube 50 may be
performed using similar methods as described above for the
hybrid bonding of the wafer 56A and the wafer 56B in
respect to FIG. 2C.

[0054] In FIG. 3D, an encapsulant 112 is formed on and
around the various components. After formation, the encap-
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sulant 112 encapsulates the memory cube 50 and contacts a
top surface of the dielectric layer 104 and each memory
device of the memory cube 50. The encapsulant 112 may be
a molding compound, epoxy, or the like. The encapsulant
112 may be applied by compression molding, transfer mold-
ing, or the like, and may be formed over the wafer 102 such
that the memory cube 50 is buried or covered. The encap-
sulant 112 may be applied in liquid or semi-liquid form and
then subsequently cured. A planarization process is option-
ally performed on the encapsulant 112 to expose the memory
cube 50. After the planarization process, top surfaces of the
memory cube 50 and the encapsulant 112 are coplanar
(within process variations). The planarization process may
be, for example, a chemical-mechanical polish (CMP), a
grinding process, or the like. In some embodiments, the
planarization may be omitted, for example, if the memory
cube 50 is already exposed.

[0055] A singulation process is then performed along
scribe line regions, e.g., around the device region 102A. The
singulation may be by sawing, laser cutting, or the like. The
singulation process separates the device region 102A (com-
prising the logic device 13L) from adjacent device regions
to form an HBM device 100 comprising the logic device
13L. The singulated logic device 131 has a greater width
than each memory device of the memory cube 50. After
singulation, the logic device 131 and the encapsulant 112 are
laterally coterminous (within process variations).

[0056] Conductive connectors 114 are formed on the die
connectors 22L.. The conductive connectors 114 may be ball
grid array (BGA) connectors, solder balls, metal pillars,
controlled collapse chip connection (C4) bumps, micro
bumps, electroless nickel-electroless palladium-immersion
gold technique (ENEPIG) formed bumps, or the like. The
conductive connectors 114 may include a conductive mate-
rial such as solder, copper, aluminum, gold, nickel, silver,
palladium, tin, the like, or a combination thereof. In some
embodiments, the conductive connectors 114 are formed by
initially forming a layer of solder through evaporation,
electroplating, printing, solder transfer, ball placement, or
the like. Once a layer of solder has been formed on the
structure, a reflow may be performed in order to shape the
material into the desired bump shapes. In another embodi-
ment, the conductive connectors 114 comprise metal pillars
(such as a copper pillar) formed by a sputtering, printing,
electro plating, electroless plating, CVD, or the like. The
metal pillars may be solder free and have substantially
vertical sidewalls. In some embodiments, a metal cap layer
is formed on the top of the metal pillars. The metal cap layer
may include nickel, tin, tin-lead, gold, silver, palladium,
indium, nickel-palladium-gold, nickel-gold, the like, or a
combination thereof and may be formed by a plating pro-
cess. The conductive connectors 114 may be formed before
or after the singulation process. The conductive connectors
114 will be used for external connection (discussed further
below).

[0057] FIGS. 4A through 4l are cross-sectional views of
intermediate steps during a process for forming an integrated
circuit package 1000, in accordance with some embodi-
ments. FIGS. 4A through 4D show cross-sectional views of
the formation of a bottom wafer 250A. FIGS. 4E through 4G
show cross-sectional views of intermediate steps in the
formation of a stack 200. FIG. 4E shows the bonding of the
bottom wafer 250A to a top die 250B, in accordance with
embodiments. Each bottom wafer 250A may comprise a

Jan. 18, 2024

logic die (e.g., central processing unit (CPU), graphics
processing unit (GPU), microcontroller, etc.), a memory die
(e.g., dynamic random access memory (DRAM) die, static
random access memory (SRAM) die, etc.), a power man-
agement die (e.g., power management integrated circuit
(PMIC) die), a radio frequency (RF) die, an interface die, a
sensor die, a micro-electro-mechanical-system (MEMS) die,
a signal processing die (e.g., digital signal processing (DSP)
die), a front-end die (e.g., analog front-end (AFE) dies), the
like, or combinations thereof (e.g., a system-on-a-chip (SoC)
die). The bottom wafer 250A may include different die
regions that are singulated in subsequent steps to form a
plurality of die regions.

[0058] In FIG.4A, a semiconductor substrate 252, and an
interconnect structure 254 over the semiconductor substrate
252 are shown. The semiconductor substrate 252 may be a
substrate of silicon, doped or undoped, or an active layer of
a semiconductor-on-insulator (SOI) substrate. The semicon-
ductor substrate 252 may include other semiconductor mate-
rials, such as germanium; a compound semiconductor
including silicon carbide, gallium arsenide, gallium phos-
phide, indium phosphide, indium arsenide, and/or indium
antimonide; an alloy semiconductor including silicon-ger-
manium, gallium arsenide phosphide, aluminum indium
arsenide, aluminum gallium arsenide, gallium indium
arsenide, gallium indium phosphide, and/or gallium indium
arsenide phosphide; or combinations thereof. Other sub-
strates, such as multi-layered or gradient substrates, may
also be used. The semiconductor substrate 252 has an active
surface 253 (e.g., the surface facing upward in FIG. 4A) and
an inactive surface (e.g., the surface facing downward in
FIG. 4A). The active surface 253 may also be referred to as
the active device layer 253. Devices are at the active surface
253 of the semiconductor substrate 252. The devices may be
active devices (e.g., transistors, diodes, etc.), capacitors,
resistors, etc. The inactive surface may be free from devices.

[0059] The interconnect structure 254 is over the active
surface 253 of the semiconductor substrate 252, and is used
to electrically connect the devices of the semiconductor
substrate 252 to form an integrated circuit. The interconnect
structure 254 may include one or more dielectric layer(s)
and respective metallization layer(s) in the dielectric layer
(s). Acceptable dielectric materials for the dielectric layers
include oxides such as silicon oxide or aluminum oxide;
nitrides such as silicon nitride; carbides such as silicon
carbide; the like; or combinations thereof such as silicon
oxynitride, silicon oxycarbide, silicon carbonitride, silicon
oxycarbonitride or the like. Other dielectric materials may
also be used, such as a polymer such as polybenzoxazole
(PBO), polyimide, a benzocyclobuten (BCB) based poly-
mer, or the like. The metallization layer(s) may include
conductive vias and/or conductive lines to interconnect the
devices of the semiconductor substrate 252. The metalliza-
tion layer(s) may be formed of a conductive material, such
as a metal, such as copper, cobalt, aluminum, gold, combi-
nations thereof, or the like. The interconnect structure 254
may be formed by a damascene process, such as a single
damascene process, a dual damascene process, or the like.
[0060] In some embodiments, a contact pad 251 may be
formed in the interconnect structure 254 to which external
connections are made to the interconnect structure 254 and
the devices of the active layer 253. The contact pad 251 is
disposed over the active surface 253. The contact pad 251
may comprise copper, aluminum (e.g., 28K aluminum), or
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another conductive material. The contact pad 251 may not
be explicitly shown in subsequent figures.

[0061] InFIG. 4B, asupport substrate 255 is bonded to the
inactive surface of the semiconductor substrate 252. The
support substrate 255 may include a bulk substrate or a
wafer, and may be formed of a material such as silicon,
ceramic, heat conductive glass, a metal such as copper or
iron, or the like. The support substrate 255 may be free of
any active or passive devices. In an embodiment, the support
substrate 255 may include metallization layer(s) on a top
surface of the support substrate 255. In some embodiments,
the support substrate is formed of a material that produces a
low amount of residue during CMP, such as silicon.
[0062] The support substrate 255 is bonded to the inactive
surface of the semiconductor substrate 252 using a suitable
technique such as fusion bonding, or the like. For example,
in various embodiments, the support substrate 255 may be
bonded to the semiconductor substrate 252 using bonding
layers 227a/b on the surfaces of and support substrate 255
and the semiconductor substrate 252, respectively. In some
embodiments, the bonding layers 227a/b may each comprise
silicon oxide formed on the surfaces of the support substrate
255 and the semiconductor substrate 252, respectively by a
deposition process, such as chemical vapor deposition
(CVD), physical vapor deposition (PVD), or the like. In
other embodiments, the bonding layers 227a/6 may be
formed by the thermal oxidation of silicon surfaces on the
support substrate 255 and the semiconductor substrate 252,
respectively.

[0063] Prior to bonding, at least one of the bonding layers
227a/b may be subjected to a surface treatment. The surface
treatment may include a plasma treatment. The plasma
treatment may be performed in a vacuum environment. After
the plasma treatment, the surface treatment may further
include a cleaning process (e.g., a rinse with deionized
water, or the like) that may be applied to one or both bonding
layers 227a/b. The support substrate 255 is then aligned with
the semiconductor substrate 252 and the two are pressed
against each other to initiate a pre-bonding of the support
substrate 255 to the semiconductor substrate 252. The pre-
bonding may be performed at room temperature (between
about 21 degrees and about 25 degrees). The bonding time
may be shorter than about 1 minute, for example. After the
pre-bonding, the semiconductor substrate 252 and the sup-
port substrate 255 are bonded to each other. The bonding
process may be strengthened by a subsequent annealing
step. For example, this may be done by heating the semi-
conductor substrate 252 and the support substrate 255 to a
temperature in a range from 140° C. to 500° C. The bonding
layers 227a/b may not be shown in subsequent figures.
[0064] FIG. 4C shows a thinning process applied to the
support substrate 255 after the support substrate 255 and the
semiconductor substrate 252 are bonded as shown previ-
ously in FIG. 4B. The thinning process may include grinding
or CMP processes, or other acceptable processes performed
on a surface of the support substrate 255 in order to reduce
the thickness of the support substrate 255. After the thinning
process, the support substrate 255 may have a first substrate
height S1.

[0065] In FIG. 4D, conductive connectors 256 are shown
which may be in and/or on the interconnect structure 254 of
the bottom wafer 250A. For example, the conductive con-
nectors 256 may be part of an upper metallization layer of
the interconnect structure 254. The conductive connectors
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256 can be formed of a metal, such as copper, aluminum, or
the like, and can be formed by, for example, plating, or the
like. The conductive connectors 256 may be conductive
pillars, pads, or the like, to which external connections are
made.

[0066] A dielectric layer 258 is in and/or on the intercon-
nect structure 254. For example, the dielectric layer 258 may
be an upper dielectric layer of the interconnect structure 254.
The dielectric layer 258 laterally encapsulates the conduc-
tive connectors 256. The dielectric layer 258 may be an
oxide, a nitride, a carbide, a polymer, the like, or a combi-
nation thereof. The dielectric layer 258 may be formed, for
example, by spin coating, lamination, chemical vapor depo-
sition (CVD), or the like. Initially, the dielectric layer 258
may bury the conductive connectors 256, such that the top
surface of the dielectric layer 258 is above the top surfaces
of the conductive connectors 256. The conductive connec-
tors 256 may be exposed through the dielectric layer 258 by
a removal process that can be applied to the various layers
to remove excess materials over the conductive connectors
256. The removal process may be a planarization process
such as a chemical mechanical polish (CMP), an etch-back,
combinations thereof, or the like. After the planarization
process, top surfaces of the die connectors 256 and the
dielectric layer 258 are coplanar (within process variations).
In an embodiment, a first height H1 between a top surface
of the dielectric layer 258 and a bottom surface of the
semiconductor substrate 252 is less than or equal to 780 pm.
[0067] In FIG. 4E, the top die 250B is bonded to the
bottom wafer 250A to form a system-on-integrated-chip
(SolC) device. It should be appreciated that embodiments
may be applied to other three-dimensional integrated circuit
(3DIC) packages. The top die 250B may be formed in a
wafer, which may include different die regions that are then
singulated to form a plurality of top dies 250B. The top die
250B includes a semiconductor substrate 252, an intercon-
nect structure 254, and may include an active surface 253,
which are similar to those described for FIG. 4A. In addi-
tion, the top die 250B may comprise conductive connectors
259, and a dielectric layer 260 which may be in and/or on the
interconnect structure 254 of the top die 250B. The conduc-
tive connectors 259 may be formed using like processes and
like materials as the conductive connectors 256. The dielec-
tric layer 260 may be formed using like processes and like
materials as the dielectric layer 258.

[0068] In some embodiments, the top die 250B is a logic
die, and the bottom wafer 250A is used as an interface to
bridge the logic die to memory devices (e.g., memory
devices 11 of the HBM device 100 shown in FIG. 41), and
to translate commands between the logic die and the
memory devices. In some embodiments, the top die 250B
and the bottom wafer 250A are bonded such that the active
surfaces 253 are facing each other (e.g., are “face-to-face”
bonded). Conductive vias 262 may be formed through the
top die 250B to allow external connections to be made to the
stack 200 (shown subsequently in FIG. 4G). The conductive
vias 262 may be through-substrate vias (TSVs), such as
through-silicon vias or the like. The conductive vias 262
extend through the semiconductor substrate 252 of the top
die 250B, to be physically and electrically connected to the
metallization layer(s) of the interconnect structure 254.
[0069] The bottom wafer 250A is bonded to the top die
250B, for example, using a hybrid bonding process that may
be similar to that described previously for the bonding of
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wafer 56A to the wafer 56B in FIG. 2C above. The hybrid
bonding process directly bonds the dielectric layer 258 of
the bottom wafer 250A to the dielectric layer 260 of the top
die 250B through fusion bonding. In an embodiment, the
bond between the dielectric layer 258 and the dielectric layer
260 may be an oxide-to-oxide bond. The hybrid bonding
process further directly bonds the conductive connectors 256
of the bottom wafer 250A and the conductive connectors
259 of the top die 250B through direct metal-to-metal
bonding. Thus, the bottom wafer 250A and the top die 250B
are electrically connected.

[0070] In FIG. 4F, insulating material 264 is formed over
the bottom watfer 250A and the top die 250B. The insulating
material 264 surrounds the top die 250B and may comprise
a dielectric material such as a silicon oxide, or the like,
formed by a CVD or PECVD process. A planarization step
such as CMP, or the like, may then be performed to level top
surfaces of the insulating material 264 with a top surface of
the top die 250B. The planarization step may further expose
the conductive vias 262 of the top die 250B.

[0071] FIG. 4G shows the formation of contact pads 268
and a dielectric layer 266 over the stack 200. The dielectric
layer 266 may be an oxide such as silicon oxide, PSG, BSG,
BPSG, or the like; a nitride such as silicon nitride or the like;
a polymer such as polybenzoxazole (PBO), polyimide, a
benzocyclobutene (BCB) based polymer, or the like; the
like; or a combination thereof. The dielectric layer 266 may
be formed, for example, by spin coating, lamination, chemi-
cal vapor deposition (CVD), or the like. The contact pads
268 may be used for connections to other devices. In some
embodiments, the contact pads are conductive bumps that
are suitable for use with reflowable connectors, such as
microbumps, extending through the dielectric layer 266. In
the illustrated embodiment, the contact pads 268 are formed
through the dielectric layer 266. As an example to form the
contact pads 268, openings are formed in the dielectric layer
266, and a seed layer is formed over the dielectric layer 266
and in the opening. In some embodiments, the seed layer is
a metal layer, which may be a single layer or a composite
layer comprising a plurality of sub-layers formed of different
materials. In some embodiments, the seed layer comprises a
titanium layer and a copper layer over the titanium layer. The
seed layer may be formed using, for example, PVD or the
like. A photoresist is then formed and patterned on the seed
layer. The photoresist may be formed by spin coating or the
like and may be exposed to light for patterning. The pattern
of the photoresist corresponds to the contact pads 268. The
patterning forms openings through the photoresist to expose
the seed layer. A conductive material is formed in the
openings of the photoresist and on the exposed portions of
the seed layer. The conductive material may be formed by
plating, such as electroplating or electroless plating, or the
like. The conductive material may comprise a metal, such as
copper, nickel, titanium, tungsten, aluminum, or the like.
Then, the photoresist and portions of the seed layer on which
the conductive material is not formed are removed. The
photoresist may be removed by an acceptable ashing or
stripping process, such as using an oxygen plasma or the
like. Once the photoresist is removed, exposed portions of
the seed layer are removed, such as by using an acceptable
etching process, such as by wet or dry etching. The remain-
ing portions of the seed layer and conductive material form
the contact pads 268. In an embodiment, a second height H2

Jan. 18, 2024

between a top surface of the dielectric layer 266 and a
bottom surface of the dielectric layer 260 may be in a range
from 15 pm to 30 um.

[0072] After the formation of the contact pads 268, con-
ductive connectors 270 are formed on the contact pads 268.
The conductive connectors 270 may be ball grid array
(BGA) connectors, solder balls, metal pillars, controlled
collapse chip connection (C4) bumps, micro bumps, elec-
troless nickel-electroless palladium-immersion gold tech-
nique (ENEPIG) formed bumps, or the like. The conductive
connectors 270 may include a conductive material such as
solder, copper, aluminum, gold, nickel, silver, palladium, tin,
the like, or a combination thereof. In some embodiments, the
conductive connectors 270 are formed by initially forming a
layer of solder through evaporation, electroplating, printing,
solder transfer, ball placement, or the like. Once a layer of
solder has been formed on the structure, a reflow may be
performed in order to shape the material into the desired
bump shapes. In another embodiment, the conductive con-
nectors 270 comprise metal pillars (such as a copper pillar)
formed by a sputtering, printing, electro plating, electroless
plating, CVD, or the like. The metal pillars may be solder
free and have substantially vertical sidewalls. In some
embodiments, a metal cap layer is formed on the top of the
metal pillars. The metal cap layer may include nickel, tin,
tin-lead, gold, silver, palladium, indium, nickel-palladium-
gold, nickel-gold, the like, or a combination thereof and may
be formed by a plating process.

[0073] Advantages can be achieved as a result of the
formation of the integrated circuit package 1000 that
includes the top die 250B bonded to the bottom wafer 250A
(e.g., to form a logic device), and the HBM device 100. The
integrated circuit package 1000 further includes the support
substrate 255 over the top die 250B and the bottom wafer
250A. The total thickness of the top die 250B, the bottom
wafer 250A and the support substrate 255 is equal to or
greater than the thickness of the HBM device 100. These
advantages include allowing for a more even surface that
can be used to implement thermal solutions (e.g. a heat
spreader may be attached to top surfaces of the support
substrate 255 and the HBM device 100) to help improve heat
dissipation efficiency in the integrated circuit package 1000.
The support substrate 255 also functions as a heat spreader
and dissipates heat from the stack 200. In addition, the
support substrate 255 used can be of any thickness to
accommodate different types of memory devices that may
have different thicknesses.

[0074] InFIG. 4H, the stack 200 and HBM device 100 are
bonded to a structure 310 using the conductive connectors
270 and the conductive connectors 114, respectively. The
structure 310 may comprise a redistribution structure. The
structure 310 includes dielectric layers 312 and metallization
layers 314 (sometimes referred to as redistribution layers or
redistribution lines) among the dielectric layers 312. For
example, the structure 310 may include a plurality of met-
allization layers 314 separated from each other by respective
dielectric layers 312. The metallization layers 314 of the
structure 310 are connected to the memory devices 11 of the
HBM device 100, and the top die 250B and bottom wafer
250A of the stack 200 through the conductive connectors
114 and the conductive connectors 270, respectively. The
conductive connectors 270 and the conductive connectors
114 may be bonded to redistribution lines 370 of the
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structure 310 by reflowing the conductive connectors 270
and the conductive connectors 114 using a flip chip bonding
process.

[0075] In some embodiments, the dielectric layers 312 are
formed of a polymer, which may be a photosensitive mate-
rial such as PBO, polyimide, a BCB-based polymer, or the
like, and may be patterned using a lithography mask. In
other embodiments, the dielectric layers 312 are formed of
a nitride such as silicon nitride; an oxide such as silicon
oxide, PSG, BSG, BPSG; or the like. The dielectric layers
312 may be formed by spin coating, lamination, CVD, the
like, or a combination thereof. The metallization layers 314
each include conductive vias and/or conductive lines. The
conductive vias extend through the dielectric layers 312, and
the conductive lines extend along the dielectric layers 312.
The conductive vias and the conductive lines may comprise
a conductive material that may be formed by plating, such
as electroplating or electroless plating, or the like. The
conductive material may comprise a metal or a metal alloy,
such as copper, titanium, tungsten, aluminum, the like, or
combinations thereof.

[0076] Conductive connectors 382 are formed on the
structure 310. The conductive connectors 382 may be con-
nected to metallization layers 314 of the structure 310. For
example, the conductive connectors 382 may be formed on
under-bump metallizations (UBMs) 316 of the structure
310. The conductive connectors 382 may comprise solder
balls and/or bumps, such as controlled collapse chip con-
nection (C4) bumps, or the like. The conductive connectors
382 may be formed of a conductive material that is reflow-
able, such as solder, copper, aluminum, gold, nickel, silver,
palladium, tin, the like, or a combination thereof. In some
embodiments, the conductive connectors 382 are formed by
initially forming a layer of solder through methods such as
evaporation, electroplating, printing, solder transfer, ball
placement, or the like. Once a layer of solder has been
formed on the structure, a reflow may be performed in order
to shape the conductive connectors 382 into desired bump
shapes.

[0077] In accordance with an alternate embodiment, the
structure 310 may comprise an interposer, and a redistribu-
tion structure on the interposer. The stack 200 and HBM
device 100 may be bonded to topmost redistribution lines of
the redistribution structure using the conductive connectors
270 and the conductive connectors 114, respectively. In this
way, the bottom wafer 250A and the top die 250B of the
stack 100, and the memory devices 11 of the HBM device
100 may be electrically connected to conductive vias of the
interposer through the conductive connectors 270, the con-
ductive connectors 114 and the redistribution structure.
[0078] In FIG. 41, an encapsulant 272 is then formed on
and around the various components. After formation, the
encapsulant 272 encapsulates the stack 200 and the HBM
device 100. The encapsulant 272 also surrounds the con-
ductive connectors 270 and the conductive connectors 114.
The encapsulant 272 may be a molding compound, epoxy, or
the like. The encapsulant 272 may be applied by compres-
sion molding, transfer molding, or the like, and may be
formed such that the stack 100 and the HBM device 100 are
buried or covered. The encapsulant 272 may be applied in
liquid or semi-liquid form and then subsequently cured. A
planarization process may then be performed on the encap-
sulant 272 to expose a top surface of the HBM device 100
and a top surface of the support substrate 255. After the
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planarization process, top surfaces of the HBM device 100,
the support substrate 255 and the encapsulant 272 are
coplanar (within process variations). The planarization pro-
cess may be, for example, a chemical-mechanical polish
(CMP), a grinding process, or the like. In an embodiment, a
third height H3 of the HBM device 100 may be larger than
900 um. In an embodiment, the sum of the first height H1,
the second height H2, and the first substrate height S1 is
equal to or larger than the third height H3. In an embodi-
ment, a top surface of the support substrate 255 is at the
same level as a top surface of the HBM device 100. In an
embodiment, the top surface of the support substrate 255 is
higher than the top surface of the HBM device 100. The
support substrate 255 acts as a heat spreader and dissipates
heat from the stack 200. Because of the exposed top surface
of the support substrate 255, a larger amount of heat can be
dissipated through the support substrate 255 and the reli-
ability of the stack 200 is improved.

[0079] In accordance with an alternate embodiment, an
underfill may formed between the structure 310, and the
HBM device 100 and the stack 200 prior to forming the
encapsulant 272. The underfill may surround the conductive
connectors 270 and the conductive connectors 114 and may
reduce stress and protect the joints resulting from the
reflowing of the conductive connectors 270 and the conduc-
tive connectors 114. The underfill 316 may be formed by a
capillary flow process after the HBM device 100 and the
stack 100 are attached, or may be formed by a suitable
deposition method before the HBM device 100 and the stack
100 are attached. The material of the underfill may be a
liquid epoxy, deformable gel, silicon rubber, the like, or a
combination thereof. However, any suitable material may be
used for the underfill.

[0080] Still referring to FIG. 41, the integrated circuit
package 1000 is then mounted on a package substrate 386
using the conductive connectors 382. The package substrate
386 includes a substrate core 384 and bond pads 388 over
the substrate core 384. The substrate core 384 may be made
of a semiconductor material such as silicon, germanium,
diamond, or the like. Alternatively, compound materials
such as silicon germanium, silicon carbide, gallium arsenic,
indium arsenide, indium phosphide, silicon germanium car-
bide, gallium arsenic phosphide, gallium indium phosphide,
combinations of these, and the like, may also be used.
Additionally, the substrate core 384 may be a SOI substrate.
Generally, an SOI substrate includes a layer of a semicon-
ductor material such as epitaxial silicon, germanium, silicon
germanium, SOI, SGOI, or combinations thereof. The sub-
strate core 384 is, in one alternative embodiment, based on
an insulating core such as a fiberglass reinforced resin core.
One example core material is fiberglass resin such as FR4.
Alternatives for the core material include bismaleimide-
triazine BT resin, or alternatively, other PCB materials or
films. Build up films such as ABF or other laminates may be
used for substrate core 384.

[0081] The substrate core 384 may include active and
passive devices (not shown). A wide variety of devices such
as transistors, capacitors, resistors, combinations of these,
and the like may be used to generate the structural and
functional requirements of the design for the device stack.
The devices may be formed using any suitable methods.
[0082] The substrate core 384 may also include metalli-
zation layers and vias (not shown), with the bond pads 388
being physically and/or electrically coupled to the metalli-
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zation layers and vias. The metallization layers may be
formed over the active and passive devices and are designed
to connect the various devices to form functional circuitry.
The metallization layers may be formed of alternating layers
of dielectric (e.g. low-k dielectric material) and conductive
material (e.g., copper) with vias interconnecting the layers of
conductive material and may be formed through any suitable
process (such as deposition, damascene, dual damascene, or
the like). In some embodiments, the substrate core 384 is
substantially free of active and passive devices.

[0083] In some embodiments, the conductive connectors
382 are reflowed to attach the conductive connectors 382 to
the bond pads 488. The conductive connectors 382 eclectri-
cally and/or physically couple the package substrate 386,
including metallization layers in the substrate core 384, to
the integrated circuit package 1000. In some embodiments,
a solder resist is formed on the substrate core 384. The
conductive connectors 382 may be disposed in openings in
the solder resist to be electrically and mechanically coupled
to the bond pads 388. The solder resist may be used to
protect areas of the substrate core 384 from external damage.
[0084] In some embodiments, an underfill may be formed
between the integrated circuit package 1000 and the package
substrate 386 and surrounding the conductive connectors
382, to reduce stress and protect the joints resulting from the
reflowing of the conductive connectors 382. The underfill
may be formed by a capillary flow process after the inte-
grated circuit package 1000 is attached or may be formed by
a suitable deposition method before the integrated circuit
package 1000 is attached. The conductive connectors 382
may have an epoxy flux (not shown) formed thereon before
they are reflowed with at least some of the epoxy portion of
the epoxy flux remaining after the integrated circuit package
1000 is attached to the package substrate 386. This remain-
ing epoxy portion may act as the underfill.

[0085] The integrated circuit package 1000 that comprises
the HBM device 100 and the stack 100 is an example a
three-dimensional integrated circuit (3DIC) package. The
embodiments described herein may be applied to, but are not
limited to, embodiments that include a chip-on-wafer (CoW)
package, a chip-on-wafer-on-substrate (CoWoS) package,
an integrated fan-out (InFO) package, or the like.

[0086] FIG. 5A illustrates a cross-sectional view of an
integrated circuit package 2000, in which a stack 400 and a
HBM device 100 are shown bonded and electrically con-
nected to a structure 310 using conductive connectors 270
and conductive connectors 114, respectively. FIGS. 5B
through 5H illustrate cross-sectional views of intermediate
steps in the forming of the stack 400, in accordance with an
alternate embodiment. Unless specified otherwise, like ref-
erence numerals in the integrated circuit package 2000, (and
subsequently discussed embodiments) represent like com-
ponents in the integrated circuit package 1000 of FIGS. 4A
through 41, that are formed by like processes, and unless
specified otherwise, like reference numerals in the stack 400,
(and subsequently discussed embodiments) represent like
components in the stack 200 of FIGS. 4A through 41, that are
formed by like processes. Accordingly, the process steps and
applicable materials may not be repeated herein.

[0087] In FIG. 5B, a semiconductor substrate 252, and an
interconnect structure 254 over the semiconductor substrate
252 are shown, similar to those shown previously in FIG.
4A. In FIG. 5C, a support substrate 255 is bonded to an
inactive surface of the semiconductor substrate 252. The
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support substrate 255 may include a bulk substrate or a
wafer, and may be formed of a material such as silicon,
ceramic, heat conductive glass, a metal such as copper or
iron, or the like. The support substrate 255 may be free of
any active or passive devices. In an embodiment, the support
substrate 255 may include metallization layer(s) on a top
surface of the support substrate 255. In some embodiments,
the support substrate is formed of a material that produces a
low amount of residue during CMP, such as silicon.

[0088] The support substrate 255 is bonded to the inactive
surface of the semiconductor substrate 252 using a suitable
technique such as hybrid bonding, or the like. For example,
a dielectric layer 274 is formed over the support substrate
255 and a dielectric layer 276 is formed over the semicon-
ductor substrate 252. The dielectric layer 274 and the
dielectric layer 276 may be an oxide, a nitride, a carbide, a
polymer, the like, or a combination thereof. The dielectric
layers 274 and 276 may be formed, for example, by spin
coating, lamination, chemical vapor deposition (CVD), or
the like. The dielectric layers 274 and 276 may then be
patterned and openings formed in the dielectric layers 274
and 276. Conductive connectors 280 are then formed in the
dielectric layer 276 and conductive connectors 278 are
formed in the dielectric layer 274. The conductive connec-
tors 270 and 280 are formed of a metal, such as copper,
aluminum, or the like, and can be formed by, for example,
plating, or the like. The conductive connectors 278 and 280
may comprise conductive pillars, pads, or the like, to which
external connections are made. The conductive connectors
278 may be exposed through the dielectric layer 274 by a
removal process that can be applied to the various layers to
remove excess materials over the conductive connectors
278, and the conductive connectors 280 may be exposed
through the dielectric layer 276 by a removal process that
can be applied to the various layers to remove excess
materials over the conductive connectors 280. The removal
process may be a planarization process such as a chemical
mechanical polish (CMP), an etch-back, combinations
thereof, or the like. After the planarization process, top
surfaces of the die connectors 278 and the dielectric layer
274 are coplanar (within process variations), and top sur-
faces of the die connectors 280 and the dielectric layer 276
are coplanar (within process variations).

[0089] The hybrid bonding process then directly bonds the
dielectric layer 274 of the support substrate 255 to the
dielectric layer 276 of the semiconductor substrate 252
through fusion bonding. In an embodiment, the bond
between the dielectric layer 274 and the dielectric layer 276
may be an oxide-to-oxide bond. The hybrid bonding process
further directly bonds the conductive connectors 278 of the
support substrate 255 and the conductive connectors 280 of
the semiconductor substrate 252 through direct metal-to-
metal bonding. The hybrid bonding process may be similar
to that described previously for the bonding of wafer 56 A to
the wafer 56B in FIG. 2C above.

[0090] FIG. 5D shows a thinning process applied to the
support substrate 255 after the support substrate 255 and the
semiconductor substrate 252 are bonded as shown previ-
ously in FIG. 5C. The thinning process may include grinding
or CMP processes, or other acceptable processes performed
on a surface of the support substrate 255 in order to reduce
the thickness of the support substrate 255. After the thinning
process, the height between a top surface of the support
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substrate 255 and a bottom surface of the dielectric layer 274
may be a second substrate height S2.

[0091] In FIG. 5E, conductive connectors 256 are formed
in and/or on the interconnect structure 254 to form a bottom
wafer 450A. For example, the conductive connectors 256
may be part of an upper metallization layer of the intercon-
nect structure 254. The conductive connectors 256 can be
formed of a metal, such as copper, aluminum, or the like, and
can be formed by, for example, plating, or the like. The
conductive connectors 256 may be conductive pillars, pads,
or the like, to which external connections are made.
[0092] A dielectric layer 258 is in and/or on the intercon-
nect structure 254. For example, the dielectric layer 258 may
be an upper dielectric layer of the interconnect structure 254.
The dielectric layer 258 laterally encapsulates the conduc-
tive connectors 256. The dielectric layer 258 may be an
oxide, a nitride, a carbide, a polymer, the like, or a combi-
nation thereof. The dielectric layer 258 may be formed, for
example, by spin coating, lamination, chemical vapor depo-
sition (CVD), or the like. Initially, the dielectric layer 258
may bury the conductive connectors 256, such that the top
surface of the dielectric layer 258 is above the top surfaces
of the conductive connectors 256. The conductive connec-
tors 256 may be exposed through the dielectric layer 258 by
a removal process that can be applied to the various layers
to remove excess materials over the conductive connectors
256. The removal process may be a planarization process
such as a chemical mechanical polish (CMP), an etch-back,
combinations thereof, or the like. After the planarization
process, top surfaces of the die connectors 256 and the
dielectric layer 258 are coplanar (within process variations).
In an embodiment, a fourth height H4 between a top surface
of the dielectric layer 258 and a bottom surface of the
dielectric layer 276 may be less than or equal to 780 pm.
[0093] InFIG. 5F, a top die 450B is bonded to the bottom
wafer 450A to form a system-on-integrated-chip (SolC)
device. It should be appreciated that embodiments may be
applied to other three-dimensional integrated circuit (3DIC)
packages. The top die 450B may be formed in a wafer,
which may include different die regions that are then sin-
gulated to form a plurality of top dies 450B. The top die
450B includes a semiconductor substrate 252, an intercon-
nect structure 254, and may include an active surface 253,
which are similar to those described for FIG. 4A. In addi-
tion, the top die 450B may comprise conductive connectors
259, and a dielectric layer 260 which may be in and/or on the
interconnect structure 254 of the top die 450B. The conduc-
tive connectors 259 may be formed using like processes and
like materials as the conductive connectors 256. The dielec-
tric layer 260 may be formed using like processes and like
materials as the dielectric layer 258.

[0094] In some embodiments, the top die 4508 is a logic
die, and the bottom wafer 450A is used as an interface to
bridge the logic die to memory devices (e.g., memory
devices 11 of the HBM device 100 shown in FIG. 5A), and
to translate commands between the logic die and the
memory devices. In some embodiments, the top die 4508
and the bottom wafer 450A are bonded such that the active
surfaces 253 are facing each other (e.g., are “face-to-face”
bonded). Conductive vias 262 may be formed through the
top die 4508 to allow external connections to be made to the
stack 400 (shown subsequently in FIG. 5H). The conductive
vias 262 may be through-substrate vias (TSVs), such as
through-silicon vias or the like. The conductive vias 262

Jan. 18, 2024

extend through the semiconductor substrate 252 of the top
die 450B, to be physically and electrically connected to the
metallization layer(s) of the interconnect structure 254.

[0095] The bottom wafer 450A is bonded to the top die
450B, for example, using a hybrid bonding process that may
be similar to that described previously for the bonding of
wafer 56A to the wafer 56B in FIG. 2C above. The hybrid
bonding process directly bonds the dielectric layer 258 of
the bottom wafer 450A to the dielectric layer 260 of the top
die 450B through fusion bonding. In an embodiment, the
bond between the dielectric layer 258 and the dielectric layer
260 may be an oxide-to-oxide bond. The hybrid bonding
process further directly bonds the conductive connectors 256
of the bottom wafer 450A and the conductive connectors
259 of the top die 450B through direct metal-to-metal
bonding. Thus, the bottom wafer 450A and the top die 450B
are electrically connected.

[0096] In FIG. 5G, insulating material 264 is formed over
the bottom water 450A and the top die 450B. The insulating
material 264 surrounds the top die 450B and may comprise
a dielectric material such as a silicon oxide, or the like,
formed by a CVD or PECVD process. A planarization step
such as CMP, or the like, may then be performed to level top
surfaces of the insulating material 264 with a top surface of
the top die 450B. The planarization step may further expose
the conductive vias 262 of the top die 450B.

[0097] FIG. 5H shows the formation of contact pads 268
and a dielectric layer 266 over the stack 400. The dielectric
layer 266 may be an oxide such as silicon oxide, PSG, BSG,
BPSG, or the like; a nitride such as silicon nitride or the like;
a polymer such as polybenzoxazole (PBO), polyimide, a
benzocyclobutene (BCB) based polymer, or the like; the
like; or a combination thereof. The dielectric layer 266 may
be formed, for example, by spin coating, lamination, chemi-
cal vapor deposition (CVD), or the like. The contact pads
268 may be used for connections to other devices. In some
embodiments, the contact pads are conductive bumps that
are suitable for use with reflowable connectors, such as
microbumps, extending through the dielectric layer 266. In
the illustrated embodiment, the contact pads 268 are formed
through the dielectric layer 266. As an example to form the
contact pads 268, openings are formed in the dielectric layer
266, and a seed layer is formed over the dielectric layer 266
and in the opening. In some embodiments, the seed layer is
a metal layer, which may be a single layer or a composite
layer comprising a plurality of sub-layers formed of different
materials. In some embodiments, the seed layer comprises a
titanium layer and a copper layer over the titanium layer. The
seed layer may be formed using, for example, PVD or the
like. A photoresist is then formed and patterned on the seed
layer. The photoresist may be formed by spin coating or the
like and may be exposed to light for patterning. The pattern
of the photoresist corresponds to the contact pads 268. The
patterning forms openings through the photoresist to expose
the seed layer. A conductive material is formed in the
openings of the photoresist and on the exposed portions of
the seed layer. The conductive material may be formed by
plating, such as electroplating or electroless plating, or the
like. The conductive material may comprise a metal, such as
copper, nickel, titanium, tungsten, aluminum, or the like.
Then, the photoresist and portions of the seed layer on which
the conductive material is not formed are removed. The
photoresist may be removed by an acceptable ashing or
stripping process, such as using an oxygen plasma or the
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like. Once the photoresist is removed, exposed portions of
the seed layer are removed, such as by using an acceptable
etching process, such as by wet or dry etching. The remain-
ing portions of the seed layer and conductive material form
the contact pads 268. In an embodiment, a fifth height H5
between a top surface of the dielectric layer 266 and a
bottom surface of the dielectric layer 260 may be in a range
from 15 pm to 30 pm. In an embodiment, the sum of the
fourth height H4, the fifth height H5, and the second
substrate height S2 is equal to or larger than the third height
H3. In an embodiment, a top surface of the support substrate
255 is at the same level as a top surface of the HBM device
100. In an embodiment, the top surface of the support
substrate 255 is higher than the top surface of the HBM
device 100.

[0098] After the formation of the contact pads 268, con-
ductive connectors 270 are formed on the contact pads 268.
The conductive connectors 270 may be ball grid array
(BGA) connectors, solder balls, metal pillars, controlled
collapse chip connection (C4) bumps, micro bumps, elec-
troless nickel-electroless palladium-immersion gold tech-
nique (ENEPIG) formed bumps, or the like. The conductive
connectors 270 may include a conductive material such as
solder, copper, aluminum, gold, nickel, silver, palladium, tin,
the like, or a combination thereof. In some embodiments, the
conductive connectors 270 are formed by initially forming a
layer of solder through evaporation, electroplating, printing,
solder transfer, ball placement, or the like. Once a layer of
solder has been formed on the structure, a reflow may be
performed in order to shape the material into the desired
bump shapes. In another embodiment, the conductive con-
nectors 270 comprise metal pillars (such as a copper pillar)
formed by a sputtering, printing, electro plating, electroless
plating, CVD, or the like. The metal pillars may be solder
free and have substantially vertical sidewalls. In some
embodiments, a metal cap layer is formed on the top of the
metal pillars. The metal cap layer may include nickel, tin,
tin-lead, gold, silver, palladium, indium, nickel-palladium-
gold, nickel-gold, the like, or a combination thereof and may
be formed by a plating process.

[0099] Advantages can be achieved as a result of the
formation of the integrated circuit package 2000 that
includes the top die 450B bonded to the bottom wafer 450A
(e.g., to form a logic device), and the HBM device 100. The
integrated circuit package 2000 further includes the support
substrate 255 over the top die 450B and the bottom wafer
450A. The total thickness of the top die 450B, the bottom
wafer 450A and the support substrate 255 is equal to or
greater than the thickness of the HBM device 100. These
advantages include allowing for a more even surface that
can be used to implement thermal solutions (e.g. a heat
spreader may be attached to top surfaces of the support
substrate 255 and the HBM device 100) to help improve heat
dissipation efficiency in the integrated circuit package 2000.
The support substrate 255 also functions as a heat spreader
and dissipates heat from the stack 400. Because of the
exposed top surface of the support substrate 255, a larger
amount of heat can be dissipated through the support sub-
strate 255 and the reliability of the stack 400 is improved. In
addition, the support substrate 255 used can be of any
thickness to accommodate different types of memory
devices that may have different thicknesses.

[0100] FIG. 6A illustrates a cross-sectional view of an
integrated circuit package 3000, in which a stack 500 and a
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HBM device 100 are shown bonded and electrically con-
nected to a structure 310 using conductive connectors 270
and conductive connectors 114, respectively. FIGS. 6B
through 6G illustrate cross-sectional views of intermediate
steps in the forming of the stack 500, in accordance with an
alternate embodiment. Unless specified otherwise, like ref-
erence numerals in the integrated circuit package 3000, (and
subsequently discussed embodiments) represent like com-
ponents in the integrated circuit package 1000 of FIGS. 4A
through 41, that are formed by like processes, and unless
specified otherwise, like reference numerals in the stack 500,
(and subsequently discussed embodiments) represent like
components in the stack 200 of FIGS. 4A through 41, that are
formed by like processes. Accordingly, the process steps and
applicable materials may not be repeated herein.

[0101] FIG. 6B shows a cross-sectional view of a bottom
wafer 550A. Each bottom watfer 550A may comprise a logic
die (e.g., central processing unit (CPU), graphics processing
unit (GPU), microcontroller, etc.), a memory die (e.g.,
dynamic random access memory (DRAM) die, static ran-
dom access memory (SRAM) die, etc.), a power manage-
ment die (e.g., power management integrated circuit (PMIC)
die), a radio frequency (RF) die, an interface die, a sensor
die, a micro-electro-mechanical-system (MEMS) die, a sig-
nal processing die (e.g., digital signal processing (DSP) die),
a front-end die (e.g., analog front-end (AFE) dies), the like,
or combinations thereof (e.g., a system-on-a-chip (SoC)
die). The bottom wafer 550A may include different die
regions that are singulated in subsequent steps to form a
plurality of die regions.

[0102] In FIG. 6B, a semiconductor substrate 252, and an
interconnect structure 254 over the semiconductor substrate
252 are shown. The semiconductor substrate 252 may be a
substrate of silicon, doped or undoped, or an active layer of
a semiconductor-on-insulator (SOI) substrate. The semicon-
ductor substrate 252 may include other semiconductor mate-
rials, such as germanium; a compound semiconductor
including silicon carbide, gallium arsenide, gallium phos-
phide, indium phosphide, indium arsenide, and/or indium
antimonide; an alloy semiconductor including silicon-ger-
manium, gallium arsenide phosphide, aluminum indium
arsenide, aluminum gallium arsenide, gallium indium
arsenide, gallium indium phosphide, and/or gallium indium
arsenide phosphide; or combinations thereof. Other sub-
strates, such as multi-layered or gradient substrates, may
also be used. The semiconductor substrate 252 has an active
surface 253 (e.g., the surface facing upward in FIG. 6B) and
an inactive surface (e.g., the surface facing downward in
FIG. 6B). The active surface 253 may also be referred to as
the active device layer 253. Devices are at the active surface
253 of the semiconductor substrate 252. The devices may be
active devices (e.g., transistors, diodes, etc.), capacitors,
resistors, etc. The inactive surface may be free from devices.

[0103] The interconnect structure 254 is over the active
surface 253 of the semiconductor substrate 252, and is used
to electrically connect the devices of the semiconductor
substrate 252 to form an integrated circuit. The interconnect
structure 254 may include one or more dielectric layer(s)
and respective metallization layer(s) in the dielectric layer
(s). Acceptable dielectric materials for the dielectric layers
include oxides such as silicon oxide or aluminum oxide;
nitrides such as silicon nitride; carbides such as silicon
carbide; the like; or combinations thereof such as silicon
oxynitride, silicon oxycarbide, silicon carbonitride, silicon
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oxycarbonitride or the like. Other dielectric materials may
also be used, such as a polymer such as polybenzoxazole
(PBO), polyimide, a benzocyclobuten (BCB) based poly-
mer, or the like. The metallization layer(s) may include
conductive vias and/or conductive lines to interconnect the
devices of the semiconductor substrate 252. The metalliza-
tion layer(s) may be formed of a conductive material, such
as a metal, such as copper, cobalt, aluminum, gold, combi-
nations thereof, or the like. The interconnect structure 254
may be formed by a damascene process, such as a single
damascene process, a dual damascene process, or the like.
[0104] In some embodiments, a contact pad 251 may be
formed in the interconnect structure 254 to which external
connections are made to the interconnect structure 254 and
the devices of the active layer 253. The contact pad 251 is
disposed over the active surface 253. The contact pad 251
may comprise copper, aluminum (e.g., 28K aluminum), or
another conductive material. The contact pad 251 may not
be explicitly shown in subsequent figures.

[0105] Conductive vias 262 may be formed through the
bottom wafer 550 A to allow external connections to be made
to the stack 500 (shown subsequently in FIG. 6G). The
conductive vias 262 may be through-substrate vias (TSVs),
such as through-silicon vias or the like. The conductive vias
262 extend through the semiconductor substrate 252 of the
bottom wafer 550A, to be physically and electrically con-
nected to the metallization layer(s) of the interconnect
structure 254.

[0106] Still referring to FIG. 6B, conductive connectors
259 are shown which may be in and/or on the interconnect
structure 254 of the bottom wafer 550A. For example, the
conductive connectors 259 may be part of an upper metal-
lization layer of the interconnect structure 254. The conduc-
tive connectors 259 can be formed of a metal, such as
copper, aluminum, or the like, and can be formed by, for
example, plating, or the like. The conductive connectors 259
may be conductive pillars, pads, or the like, to which
external connections are made.

[0107] A dielectric layer 260 is in and/or on the intercon-
nect structure 254. For example, the dielectric layer 260 may
be an upper dielectric layer of the interconnect structure 254.
The dielectric layer 260 laterally encapsulates the conduc-
tive connectors 259. The dielectric layer 260 may be an
oxide, a nitride, a carbide, a polymer, the like, or a combi-
nation thereof. The dielectric layer 260 may be formed, for
example, by spin coating, lamination, chemical vapor depo-
sition (CVD), or the like. Initially, the dielectric layer 260
may bury the conductive connectors 259, such that the top
surface of the dielectric layer 260 is above the top surfaces
of the conductive connectors 259. The conductive connec-
tors 259 may be exposed through the dielectric layer 260 by
a removal process that can be applied to the various layers
to remove excess materials over the conductive connectors
259. The removal process may be a planarization process
such as a chemical mechanical polish (CMP), an etch-back,
combinations thereof, or the like. After the planarization
process, top surfaces of the die connectors 259 and the
dielectric layer 260 are coplanar (within process variations).
[0108] InFIG. 6C, a top die 550B is bonded to the bottom
wafer 550A to form a system-on-integrated-chip (SolC)
device. It should be appreciated that embodiments may be
applied to other three-dimensional integrated circuit (3DIC)
packages. The top die 550B may be formed in a wafer,
which may include different die regions that are then sin-
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gulated to form a plurality of top dies 550B. The top die
550B includes a semiconductor substrate 252, an intercon-
nect structure 254, and may include an active surface 253,
which are similar to those described for FIG. 6B. In addition,
the top die 550B may comprise conductive connectors 256,
and a dielectric layer 258 which may be in and/or on the
interconnect structure 254 of the top die 550B. The conduc-
tive connectors 256 may be formed using like processes and
like materials as the conductive connectors 259 (described
previously in FIG. 6B). The diclectric layer 258 may be
formed using like processes and like materials as the dielec-
tric layer 260 (described previously in FIG. 6B). In an
embodiment, the top die 550B has a sixth height H6 that may
be less or equal to 780 pm.

[0109] In some embodiments, the top die 550B is a logic
die, and the bottom wafer 550A is used as an interface to
bridge the logic die to memory devices (e.g., memory
devices 11 of the HBM device 100 shown in FIG. 6A), and
to translate commands between the logic die and the
memory devices. In some embodiments, the top die 550B
and the bottom wafer S50A are bonded such that the active
surfaces 253 are facing each other (e.g., are “face-to-face”
bonded).

[0110] The bottom wafer 550A is bonded to the top die
550B, for example, using a hybrid bonding process that may
be similar to that described previously for the bonding of
wafer 56A to the wafer 56B in FIG. 2C above. The hybrid
bonding process directly bonds the dielectric layer 260 of
the bottom wafer 550A to the dielectric layer 258 of the top
die 550B through fusion bonding. In an embodiment, the
bond between the dielectric layer 260 and the dielectric layer
258 may be an oxide-to-oxide bond. The hybrid bonding
process further directly bonds the conductive connectors 259
of the bottom wafer 550A and the conductive connectors
256 of the top die 550B through direct metal-to-metal
bonding. Thus, the bottom wafer 550 A and the top die 550B
are electrically connected.

[0111] In FIG. 6D, insulating material 222 is formed over
the bottom watfer 550A and the top die 550B. The insulating
material 222 surrounds the top die 550B and may comprise
a dielectric material such as a silicon oxide, or the like,
formed by a CVD or PECVD process. A planarization step
such as CMP, or the like, may then be performed to level top
surfaces of the insulating material 222 with a top surface of
the top die 550B.

[0112] InFIG. 6E, a support substrate 255 is bonded to top
surfaces of the insulating material 222, and the inactive
surface of the semiconductor substrate 252 of the top die
550B. The support substrate 255 may include a bulk sub-
strate or a wafer, and may be formed of a material such as
silicon, ceramic, heat conductive glass, a metal such as
copper or iron, or the like. The support substrate 255 may be
free of any active or passive devices. In an embodiment, the
support substrate 255 may include metallization layer(s) on
a top surface of the support substrate 255. In some embodi-
ments, the support substrate is formed of a material that
produces a low amount of residue during CMP, such as
silicon. In an embodiment, the height of the support sub-
strate 255 may be a third substrate height S3.

[0113] The support substrate 255 is bonded to the top
surfaces of the insulating material 222, and the inactive
surface of the semiconductor substrate 252 of the top die
550B using a suitable technique such as fusion bonding, or
the like. For example, in various embodiments, the support
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substrate 255 may be bonded to the semiconductor substrate
252 and the insulating material 222 using bonding layer
227a on the surface of the support substrate 255 and bonding
layer 227b on the surfaces of the semiconductor substrate
252, and the insulating material 222. In some embodiments,
the bonding layers 227a/b may each comprise silicon oxide
formed on the surfaces of the semiconductor substrate 252,
the insulating material 222, and the support substrate 255 by
a deposition process, such as chemical vapor deposition
(CVD), physical vapor deposition (PVD), or the like. In
other embodiments, a portion of the bonding layer 2275 on
the semiconductor substrate 252 and the bonding layer 227a
on the support substrate 255 may be formed by the thermal
oxidation of silicon surfaces on the semiconductor substrate
252 and the support substrate 255, respectively.

[0114] Prior to bonding, at least one of the bonding layers
227a/b may be subjected to a surface treatment. The surface
treatment may include a plasma treatment. The plasma
treatment may be performed in a vacuum environment. After
the plasma treatment, the surface treatment may further
include a cleaning process (e.g., a rinse with deionized
water, or the like) that may be applied to at least one of the
bonding layers 227a/b. The support substrate 255 is then
aligned with the semiconductor substrate 252 and the insu-
lating material 222, and pressed against each other to initiate
a pre-bonding of the support substrate 255 to the semicon-
ductor substrate 252 and the insulating material 222. The
pre-bonding may be performed at room temperature (be-
tween about 21 degrees and about 25 degrees). The bonding
time may be shorter than about 1 minute, for example. After
the pre-bonding, the semiconductor substrate 252 and the
insulating material 222 are bonded to the support substrate
255. The bonding process may be strengthened by a subse-
quent annealing step. For example, this may be done by
heating the semiconductor substrate 252, insulating material
222, and the support substrate 255 to a temperature in a
range from 140° C. to 500° C. The bonding layers 227a/b
may not be shown in subsequent figures.

[0115] In FIG. 6F, a planarization step such as CMP, or the
like, may then be performed to expose the conductive vias
262 of the bottom wafer 550A. After the planarization step,
a top surface of the semiconductor substrate 252 of the
bottom wafer 550A is level with top surfaces of the con-
ductive vias 262.

[0116] FIG. 6G shows the formation of contact pads 268
and a dielectric layer 266 over the stack 500. The dielectric
layer 266 may be an oxide such as silicon oxide, PSG, BSG,
BPSG, or the like; a nitride such as silicon nitride or the like;
a polymer such as polybenzoxazole (PBO), polyimide, a
benzocyclobutene (BCB) based polymer, or the like; the
like; or a combination thereof. The dielectric layer 266 may
be formed, for example, by spin coating, lamination, chemi-
cal vapor deposition (CVD), or the like. The contact pads
268 may be used for connections to other devices. In some
embodiments, the contact pads are conductive bumps that
are suitable for use with reflowable connectors, such as
microbumps, extending through the dielectric layer 266. In
the illustrated embodiment, the contact pads 268 are formed
through the dielectric layer 266. As an example to form the
contact pads 268, openings are formed in the dielectric layer
266, and a seed layer is formed over the dielectric layer 266
and in the opening. In some embodiments, the seed layer is
a metal layer, which may be a single layer or a composite
layer comprising a plurality of sub-layers formed of different
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materials. In some embodiments, the seed layer comprises a
titanium layer and a copper layer over the titanium layer. The
seed layer may be formed using, for example, PVD or the
like. A photoresist is then formed and patterned on the seed
layer. The photoresist may be formed by spin coating or the
like and may be exposed to light for patterning. The pattern
of the photoresist corresponds to the contact pads 268. The
patterning forms openings through the photoresist to expose
the seed layer. A conductive material is formed in the
openings of the photoresist and on the exposed portions of
the seed layer. The conductive material may be formed by
plating, such as electroplating or electroless plating, or the
like. The conductive material may comprise a metal, such as
copper, nickel, titanium, tungsten, aluminum, or the like.
Then, the photoresist and portions of the seed layer on which
the conductive material is not formed are removed. The
photoresist may be removed by an acceptable ashing or
stripping process, such as using an oxygen plasma or the
like. Once the photoresist is removed, exposed portions of
the seed layer are removed, such as by using an acceptable
etching process, such as by wet or dry etching. The remain-
ing portions of the seed layer and conductive material form
the contact pads 268. In an embodiment, a seventh height H7
between a bottom surface of the dielectric layer 260 and a
top surface of the dielectric layer 266 may be in a range from
15 um to 30 pm. In an embodiment, the sum of the sixth
height H6, the seventh height H7, and the third substrate
height S3 is equal to or larger than the third height H3. In an
embodiment, a top surface of the support substrate 255 is at
the same level as a top surface of the HBM device 100. In
an embodiment, the top surface of the support substrate 255
is higher than the top surface of the HBM device 100.

[0117] Advantages can be achieved as a result of the
formation of the integrated circuit package 3000 that
includes the top die 550B bonded to the bottom wafer 550A
(e.g., to form a logic device), and the HBM device 100. The
integrated circuit package 3000 further includes the support
substrate 255 over the top die 550B and the bottom wafer
550A. The total thickness of the top die 550B, the bottom
wafer 550A and the support substrate 255 is equal to or
greater than the thickness of the HBM device 100. These
advantages include allowing for a more even surface that
can be used to implement thermal solutions (e.g. a heat
spreader may be attached to top surfaces of the support
substrate 255 and the HBM device 100) to help improve heat
dissipation efficiency in the integrated circuit package 3000.
The support substrate 255 also functions as a heat spreader
and dissipates heat from the stack 500. Because of the
exposed top surface of the support substrate 255, a larger
amount of heat can be dissipated through the support sub-
strate 255 and the reliability of the stack 500 is improved. In
addition, the support substrate 255 used can be of any
thickness to accommodate different types of memory
devices that may have different thicknesses.

[0118] FIG. 7A illustrates a cross-sectional view of an
integrated circuit package 4000, in which a stack 600 and a
HBM device 100 are shown bonded and electrically con-
nected to a structure 310 using conductive connectors 270
and conductive connectors 114, respectively. FIGS. 7B
through 7G illustrate cross-sectional views of intermediate
steps in the forming of the stack 600, in accordance with an
alternate embodiment. Unless specified otherwise, like ref-
erence numerals in the integrated circuit package 4000, (and
subsequently discussed embodiments) represent like com-
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ponents in the integrated circuit package 1000 of FIGS. 4A
through 41, that are formed by like processes, and unless
specified otherwise, like reference numerals in the stack 600,
(and subsequently discussed embodiments) represent like
components in the stack 200 of FIGS. 4A through 41, that are
formed by like processes. Accordingly, the process steps and
applicable materials may not be repeated herein.

[0119] FIG. 7B shows a cross-sectional view of a bottom
wafer 650A. The bottom wafer 650A may include different
die regions that are singulated in subsequent steps to form a
plurality of die regions. The bottom wafer 650A and the
bottom wafer 550A shown previously in FIG. 6B may be
essentially the same, with like reference numerals represent-
ing like components. Accordingly, the process steps and
applicable materials may not be repeated herein.

[0120] InFIG. 7C, a top die 650B is bonded to the bottom
wafer 650A to form a system-on-integrated-chip (SolC)
device. It should be appreciated that embodiments may be
applied to other three-dimensional integrated circuit (3DIC)
packages. The top die 650B may be formed in a wafer,
which may include different die regions that are then sin-
gulated to form a plurality of top dies 650B. The top die
650B and the top die 550B shown previously in FIG. 6B
may be essentially the same, with like reference numerals
representing like components. Accordingly, the process
steps and applicable materials may not be repeated herein.
[0121] In some embodiments, the top die 6508 is a logic
die, and the bottom wafer 650A is used as an interface to
bridge the logic die to memory devices (e.g., memory
devices 11 of the HBM device 100 shown in FIG. 7A), and
to translate commands between the logic die and the
memory devices. In some embodiments, the top die 6508
and the bottom wafer 650A are bonded such that the active
surfaces 253 are facing each other (e.g., are “face-to-face”
bonded).

[0122] The bottom wafer 650A is bonded to the top die
6508, for example, using a hybrid bonding process that may
be similar to that described previously for the bonding of
wafer 56A to the wafer 56B in FIG. 2C above. The hybrid
bonding process directly bonds the dielectric layer 260 of
the bottom wafer 650A to the dielectric layer 258 of the top
die 650B through fusion bonding. In an embodiment, the
bond between the dielectric layer 260 and the dielectric layer
258 may be an oxide-to-oxide bond. The hybrid bonding
process further directly bonds the conductive connectors 259
of the bottom wafer 650A and the conductive connectors
256 of the top die 650B through direct metal-to-metal
bonding. Thus, the bottom wafer 650A and the top die 650B
are electrically connected.

[0123] In FIG. 7D, insulating material 222 is formed over
the bottom watfer 650A and the top die 650B. The insulating
material 222 surrounds the top die 650B and may comprise
a dielectric material such as a silicon oxide, or the like,
formed by a CVD or PECVD process. A planarization step
such as CMP, or the like, may then be performed to level top
surfaces of the insulating material 222 with a top surface of
the top die 650B.

[0124] Still referring to FIG. 7D, a dielectric layer 276 is
formed over top surfaces of the insulating material 222 and
the top die 650B. The dielectric layer 276 and the may be an
oxide, a nitride, a carbide, a polymer, the like, or a combi-
nation thereof. The dielectric layer 276 may be formed, for
example, by spin coating, lamination, chemical vapor depo-
sition (CVD), or the like. The dielectric layer 276 may then
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be patterned and openings formed in the dielectric layer 276.
Conductive connectors 280 are then formed in the dielectric
layer 276. The conductive connectors 280 are formed of a
metal, such as copper, aluminum, or the like, and can be
formed by, for example, plating, or the like. The conductive
connectors 280 may comprise conductive pillars, pads, or
the like, to which external connections are made. The
conductive connectors 280 may be exposed through the
dielectric layer 276 by a removal process that can be applied
to the various layers to remove excess materials over the
conductive connectors 278. The removal process may be a
planarization process such as a chemical mechanical polish
(CMP), an etch-back, combinations thereof, or the like.
After the planarization process, top surfaces of the die
connectors 280 and the dielectric layer 276 are coplanar
(within process variations). In an embodiment, an eighth
height H8 between a top surface of the dielectric layer 276
and a bottom surface of the dielectric layer 258 may be equal
or less than 780 pm.

[0125] InFIG. 7E, a support substrate 255 is bonded to the
insulating material 222 and the inactive surface of the
semiconductor substrate 252 of the top die 650B. The
support substrate 255 may include a bulk substrate or a
wafer, and may be formed of a material such as silicon,
ceramic, heat conductive glass, a metal such as copper or
iron, or the like. The support substrate 255 may be free of
any active or passive devices. In an embodiment, the support
substrate 255 may include metallization layer(s) on a top
surface of the support substrate 255. In some embodiments,
the support substrate is formed of a material that produces a
low amount of residue during CMP, such as silicon.

[0126] The support substrate 255 is bonded to the inactive
surface of the semiconductor substrate 252 of the top die
650B and the insulating material 222 using a suitable
technique such as hybrid bonding, or the like. For example,
a dielectric layer 274 is formed over the support substrate
255. The dielectric layer 274 may be an oxide, a nitride, a
carbide, a polymer, the like, or a combination thereof. The
dielectric layer 274 may be formed, for example, by spin
coating, lamination, chemical vapor deposition (CVD), or
the like. The dielectric layer 274 may then be patterned and
openings formed in the dielectric layer 274. Conductive
connectors 278 are then formed in the dielectric layer 274.
The conductive connectors 278 are formed of a metal, such
as copper, aluminum, or the like, and can be formed by, for
example, plating, or the like. The conductive connectors 278
may comprise conductive pillars, pads, or the like, to which
external connections are made. The conductive connectors
278 may be exposed through the dielectric layer 274 by a
removal process that can be applied to the various layers to
remove excess materials over the conductive connectors
278. The removal process may be a planarization process
such as a chemical mechanical polish (CMP), an etch-back,
combinations thereof, or the like. After the planarization
process, top surfaces of the die connectors 278 and the
dielectric layer 274 are coplanar (within process variations).
[0127] The hybrid bonding process then directly bonds the
dielectric layer 274 of the support substrate 255 to the
dielectric layer 276 of the semiconductor substrate 252 and
the insulating material 222 through fusion bonding. In an
embodiment, the bond between the dielectric layer 274 and
the dielectric layer 276 may be an oxide-to-oxide bond. The
hybrid bonding process further directly bonds the conduc-
tive connectors 278 of the support substrate 255 to the
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conductive connectors 280 of the semiconductor substrate
252 and the insulating material 222 through direct metal-
to-metal bonding. The hybrid bonding process may be
similar to that described previously for the bonding of wafer
56A to the wafer 56B in FIG. 2C above. In an embodiment,
the height between a top surface of the support substrate 255
and a bottom surface of the dielectric layer 274 may be a
fourth substrate height S4.

[0128] In FIG. 7F, a planarization step such as CMP, or the
like, may then be performed to expose the conductive vias
262 of the bottom wafer 650A. After the planarization step,
a top surface of the semiconductor substrate 252 of the
bottom wafer 650A is level with top surfaces of the con-
ductive vias 262.

[0129] FIG. 7G shows the formation of contact pads 268
and a dielectric layer 266 over the stack 600. The dielectric
layer 266 may be an oxide such as silicon oxide, PSG, BSG,
BPSG, or the like; a nitride such as silicon nitride or the like;
a polymer such as polybenzoxazole (PBO), polyimide, a
benzocyclobutene (BCB) based polymer, or the like; the
like; or a combination thereof. The dielectric layer 266 may
be formed, for example, by spin coating, lamination, chemi-
cal vapor deposition (CVD), or the like. The contact pads
268 may be used for connections to other devices. In some
embodiments, the contact pads are conductive bumps that
are suitable for use with reflowable connectors, such as
microbumps, extending through the dielectric layer 266. In
the illustrated embodiment, the contact pads 268 are formed
through the dielectric layer 266. As an example to form the
contact pads 268, openings are formed in the dielectric layer
266, and a seed layer is formed over the dielectric layer 266
and in the opening. In some embodiments, the seed layer is
a metal layer, which may be a single layer or a composite
layer comprising a plurality of sub-layers formed of different
materials. In some embodiments, the seed layer comprises a
titanium layer and a copper layer over the titanium layer. The
seed layer may be formed using, for example, PVD or the
like. A photoresist is then formed and patterned on the seed
layer. The photoresist may be formed by spin coating or the
like and may be exposed to light for patterning. The pattern
of the photoresist corresponds to the contact pads 268. The
patterning forms openings through the photoresist to expose
the seed layer. A conductive material is formed in the
openings of the photoresist and on the exposed portions of
the seed layer. The conductive material may be formed by
plating, such as electroplating or electroless plating, or the
like. The conductive material may comprise a metal, such as
copper, nickel, titanium, tungsten, aluminum, or the like.
Then, the photoresist and portions of the seed layer on which
the conductive material is not formed are removed. The
photoresist may be removed by an acceptable ashing or
stripping process, such as using an oxygen plasma or the
like. Once the photoresist is removed, exposed portions of
the seed layer are removed, such as by using an acceptable
etching process, such as by wet or dry etching. The remain-
ing portions of the seed layer and conductive material form
the contact pads 268. In an embodiment, a ninth height H9
between a bottom surface of the dielectric layer 260 and a
top surface of the dielectric layer 266 may be in a range from
15 um to 30 pm. In an embodiment, the sum of the eighth
height H8, the ninth height H9, and the fourth substrate
height S4 is equal to or larger than the third height H3. In an
embodiment, a top surface of the support substrate 255 is at
the same level as a top surface of the HBM device 100. In
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an embodiment, the top surface of the support substrate 255
is higher than the top surface of the HBM device 100.
[0130] Advantages can be achieved as a result of the
formation of the integrated circuit package 4000 that
includes the top die 650B bonded to the bottom wafer 650A
(e.g., to form a logic device), and the HBM device 100. The
integrated circuit package 4000 further includes the support
substrate 255 over the top die 650B and the bottom wafer
650A. The total thickness of the top die 650B, the bottom
wafer 650A, and the support substrate 255 is equal to or
greater than the thickness of the HBM device 100. These
advantages include allowing for a more even surface that
can be used to implement thermal solutions (e.g. a heat
spreader may be attached to top surfaces of the support
substrate 255 and the HBM device 100) to help improve heat
dissipation efficiency in the integrated circuit package 4000.
The support substrate 255 also functions as a heat spreader
and dissipates heat from the stack 600. Because of the
exposed top surface of the support substrate 255, a larger
amount of heat can be dissipated through the support sub-
strate 255 and the reliability of the stack 600 is improved. In
addition, the support substrate 255 used can be of any
thickness to accommodate different types of memory
devices that may have different thicknesses.

[0131] FIG. 8A illustrates a cross-sectional view of an
integrated circuit package 5000, in which a stack 700 and a
HBM device 100 are shown bonded and electrically con-
nected to a structure 310 using conductive connectors 270
and conductive connectors 114, respectively. FIGS. 8B
through 8F illustrate cross-sectional views of intermediate
steps in the forming of the stack 700, in accordance with an
alternate embodiment. Unless specified otherwise, like ref-
erence numerals in the integrated circuit package 5000, (and
subsequently discussed embodiments) represent like com-
ponents in the integrated circuit package 1000 of FIGS. 4A
through 41, that are formed by like processes, and unless
specified otherwise, like reference numerals in the stack 700,
(and subsequently discussed embodiments) represent like
components in the stack 200 of FIGS. 4A through 41, that are
formed by like processes. Accordingly, the process steps and
applicable materials may not be repeated herein.

[0132] FIG. 8B shows a cross-sectional view of a bottom
wafer 750A. Each bottom wafer 750A may comprise a logic
die (e.g., central processing unit (CPU), graphics processing
unit (GPU), microcontroller, etc.), a memory die (e.g.,
dynamic random access memory (DRAM) die, static ran-
dom access memory (SRAM) die, etc.), a power manage-
ment die (e.g., power management integrated circuit (PMIC)
die), a radio frequency (RF) die, an interface die, a sensor
die, a micro-electro-mechanical-system (MEMS) die, a sig-
nal processing die (e.g., digital signal processing (DSP) die),
a front-end die (e.g., analog front-end (AFE) dies), the like,
or combinations thereof (e.g., a system-on-a-chip (SoC)
die). The bottom wafer 750A may include different die
regions that are singulated in subsequent steps to form a
plurality of die regions.

[0133] In FIG. 8B, a semiconductor substrate 252, and an
interconnect structure 254 over the semiconductor substrate
252 are shown. The semiconductor substrate 252 may be a
substrate of silicon, doped or undoped, or an active layer of
a semiconductor-on-insulator (SOI) substrate. The semicon-
ductor substrate 252 may include other semiconductor mate-
rials, such as germanium; a compound semiconductor
including silicon carbide, gallium arsenide, gallium phos-
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phide, indium phosphide, indium arsenide, and/or indium
antimonide; an alloy semiconductor including silicon-ger-
manium, gallium arsenide phosphide, aluminum indium
arsenide, aluminum gallium arsenide, gallium indium
arsenide, gallium indium phosphide, and/or gallium indium
arsenide phosphide; or combinations thereof. Other sub-
strates, such as multi-layered or gradient substrates, may
also be used. The semiconductor substrate 252 has an active
surface 253 (e.g., the surface facing upward in FIG. 8B) and
an inactive surface (e.g., the surface facing downward in
FIG. 8B). The active surface 253 may also be referred to as
the active device layer 253. Devices are at the active surface
253 of the semiconductor substrate 252. The devices may be
active devices (e.g., transistors, diodes, etc.), capacitors,
resistors, etc. The inactive surface may be free from devices.
[0134] The interconnect structure 254 is over the active
surface 253 of the semiconductor substrate 252, and is used
to electrically connect the devices of the semiconductor
substrate 252 to form an integrated circuit. The interconnect
structure 254 may include one or more dielectric layer(s)
and respective metallization layer(s) in the dielectric layer
(s). Acceptable dielectric materials for the dielectric layers
include oxides such as silicon oxide or aluminum oxide;
nitrides such as silicon nitride; carbides such as silicon
carbide; the like; or combinations thereof such as silicon
oxynitride, silicon oxycarbide, silicon carbonitride, silicon
oxycarbonitride or the like. Other dielectric materials may
also be used, such as a polymer such as polybenzoxazole
(PBO), polyimide, a benzocyclobuten (BCB) based poly-
mer, or the like. The metallization layer(s) may include
conductive vias and/or conductive lines to interconnect the
devices of the semiconductor substrate 252. The metalliza-
tion layer(s) may be formed of a conductive material, such
as a metal, such as copper, cobalt, aluminum, gold, combi-
nations thereof, or the like. The interconnect structure 254
may be formed by a damascene process, such as a single
damascene process, a dual damascene process, or the like.
[0135] In some embodiments, a contact pad 251 may be
formed in the interconnect structure 254 to which external
connections are made to the interconnect structure 254 and
the devices of the active layer 253. The contact pad 251 is
disposed over the active surface 253. The contact pad 251
may comprise copper, aluminum (e.g., 28K aluminum), or
another conductive material. The contact pad 251 may not
be explicitly shown in subsequent figures.

[0136] Conductive vias 262 may be formed through the
bottom wafer 750 A to allow external connections to be made
to the stack 700 (shown subsequently in FIG. 8F). The
conductive vias 262 may be through-substrate vias (TSVs),
such as through-silicon vias or the like. The conductive vias
262 extend through the semiconductor substrate 252 of the
bottom wafer 750A, to be physically and electrically con-
nected to the metallization layer(s) of the interconnect
structure 254.

[0137] Still referring to FIG. 8B, conductive connectors
259 are shown which may be in and/or on the interconnect
structure 254 of the bottom wafer 750A. For example, the
conductive connectors 259 may be part of an upper metal-
lization layer of the interconnect structure 254. The conduc-
tive connectors 259 can be formed of a metal, such as
copper, aluminum, or the like, and can be formed by, for
example, plating, or the like. The conductive connectors 259
may be conductive pillars, pads, or the like, to which
external connections are made.
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[0138] A dielectric layer 260 is in and/or on the intercon-
nect structure 254. For example, the dielectric layer 260 may
be an upper dielectric layer of the interconnect structure 254.
The dielectric layer 260 laterally encapsulates the conduc-
tive connectors 259. The dielectric layer 260 may be an
oxide, a nitride, a carbide, a polymer, the like, or a combi-
nation thereof. The dielectric layer 260 may be formed, for
example, by spin coating, lamination, chemical vapor depo-
sition (CVD), or the like. Initially, the dielectric layer 260
may bury the conductive connectors 259, such that the top
surface of the dielectric layer 260 is above the top surfaces
of the conductive connectors 259. The conductive connec-
tors 259 may be exposed through the dielectric layer 260 by
a removal process that can be applied to the various layers
to remove excess materials over the conductive connectors
259. The removal process may be a planarization process
such as a chemical mechanical polish (CMP), an etch-back,
combinations thereof, or the like. After the planarization
process, top surfaces of the die connectors 259 and the
dielectric layer 260 are coplanar (within process variations).

[0139] In FIG. 8C, a top wafer 750B is bonded to the
bottom wafer 750A to form a system-on-integrated-chip
(SolC) device. It should be appreciated that embodiments
may be applied to other three-dimensional integrated circuit
(3DIC) packages. The top wafer 750B may include different
die regions that are singulated in subsequent steps to form a
plurality of die regions. The top wafer 750B includes a
semiconductor substrate 252, an interconnect structure 254,
and may include an active surface 253, which are similar to
those described for FIG. 8B. In addition, the top wafer 750B
may comprise conductive connectors 256, and a dielectric
layer 258 which may be in and/or on the interconnect
structure 254 of the top wafer 750B. The conductive con-
nectors 256 may be formed using like processes and like
materials as the conductive connectors 259 (described pre-
viously in FIG. 8B). The dielectric layer 258 may be formed
using like processes and like materials as the dielectric layer
260 (described previously in FIG. 8B). In an embodiment,
the top wafer 750B has a tenth height Hlo that may be equal
to or less than 780 pum.

[0140] In some embodiments, the top wafer 750B com-
prises a logic die, and the bottom wafer 750A is used as an
interface to bridge the logic die to memory devices (e.g.,
memory devices 11 of the HBM device 100 shown in FIG.
8A), and to translate commands between the logic die and
the memory devices. In some embodiments, the top wafer
750B and the bottom wafer 750A are bonded such that the
active surfaces 253 are facing each other (e.g., are “face-
to-face” bonded).

[0141] The bottom wafer 750A is bonded to the top wafer
750B, for example, using a hybrid bonding process that may
be similar to that described previously for the bonding of
wafer 56A to the wafer 56B in FIG. 2C above. The hybrid
bonding process directly bonds the dielectric layer 260 of
the bottom wafer 750A to the dielectric layer 258 of the top
wafer 750B through fusion bonding. In an embodiment, the
bond between the dielectric layer 260 and the dielectric layer
258 may be an oxide-to-oxide bond. The hybrid bonding
process further directly bonds the conductive connectors 259
of the bottom wafer 750A and the conductive connectors
256 of the top wafer 750B through direct metal-to-metal
bonding. Thus, the bottom wafer 750A and the top wafer
750B are electrically connected.
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[0142] In FIG. 8D, a support substrate 255 is bonded to a
top surface of the inactive surface of the semiconductor
substrate 252 of the top wafer 750B. The support substrate
255 may include a bulk substrate or a wafer, and may be
formed of a material such as silicon, ceramic, heat conduc-
tive glass, a metal such as copper or iron, or the like. The
support substrate 255 may be free of any active or passive
devices. In an embodiment, the support substrate 255 may
include metallization layer(s) on a top surface of the support
substrate 255. In some embodiments, the support substrate is
formed of a material that produces a low amount of residue
during CMP, such as silicon. In an embodiment, the height
of the support substrate 255 may be a fifth substrate height
S5.

[0143] The support substrate 255 is bonded to the top
surfaces of the inactive surface of the semiconductor sub-
strate 252 of the top wafer 750B using a suitable technique
such as fusion bonding, or the like. For example, in various
embodiments, the support substrate 255 may be bonded to
the semiconductor substrate 252 using bonding layers
227a/b on the surfaces of the support substrate 255 and the
semiconductor substrate 252, respectively. In some embodi-
ments, the bonding layers 227a/b may each comprise silicon
oxide formed on the surfaces of the support substrate 255
and the semiconductor substrate 252, respectively by a
deposition process, such as chemical vapor deposition
(CVD), physical vapor deposition (PVD), or the like. In
other embodiments, the bonding layers 227a/b on the sup-
port substrate 255 and the semiconductor substrate 252 may
be formed by the thermal oxidation of silicon surfaces on the
support substrate 255 and the semiconductor substrate 252,
respectively.

[0144] Prior to bonding, one or more of the bonding layers
227a/b may be subjected to a surface treatment. The surface
treatment may include a plasma treatment. The plasma
treatment may be performed in a vacuum environment. After
the plasma treatment, the surface treatment may further
include a cleaning process (e.g., a rinse with deionized
water, or the like) that may be applied to at least one of the
bonding layers 227a/b. The support substrate 255 is then
aligned with the semiconductor substrate 252, and pressed
against each other to initiate a pre-bonding of the support
substrate 255 to the semiconductor substrate 252. The pre-
bonding may be performed at room temperature (between
about 21 degrees and about 25 degrees). The bonding time
may be shorter than about 1 minute, for example. After the
pre-bonding, the semiconductor substrate 252 is bonded to
the support substrate 255. The bonding process may be
strengthened by a subsequent annealing step. For example,
this may be done by heating the semiconductor substrate 252
and the support substrate 255 to a temperature in a range
from 140° C. to 500° C. The bonding layers 227a/b may not
be shown in subsequent figures.

[0145] InFIG. 8E, a planarization step such as CMP, or the
like, may then be performed to expose the conductive vias
262 of the bottom wafer 750A. After the planarization step,
a top surface of the semiconductor substrate 252 of the
bottom wafer 750A is level with top surfaces of the con-
ductive vias 262.

[0146] FIG. 8F shows the formation of contact pads 268
and a dielectric layer 266 over the stack 700. The dielectric
layer 266 may be an oxide such as silicon oxide, PSG, BSG,
BPSG, or the like; a nitride such as silicon nitride or the like;
a polymer such as polybenzoxazole (PBO), polyimide, a
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benzocyclobutene (BCB) based polymer, or the like; the
like; or a combination thereof. The dielectric layer 266 may
be formed, for example, by spin coating, lamination, chemi-
cal vapor deposition (CVD), or the like. The contact pads
268 may be used for connections to other devices. In some
embodiments, the contact pads are conductive bumps that
are suitable for use with reflowable connectors, such as
microbumps, extending through the dielectric layer 266. In
the illustrated embodiment, the contact pads 268 are formed
through the dielectric layer 266. As an example to form the
contact pads 268, openings are formed in the dielectric layer
266, and a seed layer is formed over the dielectric layer 266
and in the opening. In some embodiments, the seed layer is
a metal layer, which may be a single layer or a composite
layer comprising a plurality of sub-layers formed of different
materials. In some embodiments, the seed layer comprises a
titanium layer and a copper layer over the titanium layer. The
seed layer may be formed using, for example, PVD or the
like. A photoresist is then formed and patterned on the seed
layer. The photoresist may be formed by spin coating or the
like and may be exposed to light for patterning. The pattern
of the photoresist corresponds to the contact pads 268. The
patterning forms openings through the photoresist to expose
the seed layer. A conductive material is formed in the
openings of the photoresist and on the exposed portions of
the seed layer. The conductive material may be formed by
plating, such as electroplating or electroless plating, or the
like. The conductive material may comprise a metal, such as
copper, nickel, titanium, tungsten, aluminum, or the like.
Then, the photoresist and portions of the seed layer on which
the conductive material is not formed are removed. The
photoresist may be removed by an acceptable ashing or
stripping process, such as using an oxygen plasma or the
like. Once the photoresist is removed, exposed portions of
the seed layer are removed, such as by using an acceptable
etching process, such as by wet or dry etching. The remain-
ing portions of the seed layer and conductive material form
the contact pads 268. In an embodiment, an eleventh height
H11 between a bottom surface of the dielectric layer 260 and
a top surface of the dielectric layer 266 may be in a range
from 15 pm to 30 pm. In an embodiment, the sum of the
tenth height H10, the eleventh height H11, and the fifth
substrate height S5 is equal to or larger than the third height
H3. In an embodiment, a top surface of the support substrate
255 is at the same level as a top surface of the HBM device
100. In an embodiment, the top surface of the support
substrate 255 is higher than the top surface of the HBM
device 100.

[0147] Advantages can be achieved as a result of the
formation of the integrated circuit package 5000 that
includes the top wafer 750B bonded to the bottom wafer
750A (e.g., to form a logic device), and the HBM device
100. The integrated circuit package 5000 further includes the
support substrate 255 over the top wafer 750B and the
bottom wafer 750A. The total thickness of the top wafer
750B, the bottom wafer 750A, and the support substrate 255
is equal to or greater than the thickness of the HBM device
100. These advantages include allowing for a more even
surface that can be used to implement thermal solutions (e.g.
a heat spreader may be attached to top surfaces of the
support substrate 255 and the HBM device 100) to help
improve heat dissipation efficiency in the integrated circuit
package 5000. The support substrate 255 also functions as a
heat spreader and dissipates heat from the stack 700.
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Because of the exposed top surface of the support substrate
255, a larger amount of heat can be dissipated through the
support substrate 255 and the reliability of the stack 700 is
improved. In addition, the support substrate 255 used can be
of any thickness to accommodate different types of memory
devices that may have different thicknesses.

[0148] FIG. 9A illustrates a cross-sectional view of an
integrated circuit package 6000, in which a stack 800 and a
HBM device 100 are shown bonded and electrically con-
nected to a structure 310 using conductive connectors 270
and conductive connectors 114, respectively. FIGS. 9B
through 9G illustrate cross-sectional views of intermediate
steps in the forming of the stack 800, in accordance with an
alternate embodiment. Unless specified otherwise, like ref-
erence numerals in the integrated circuit package 6000, (and
subsequently discussed embodiments) represent like com-
ponents in the integrated circuit package 1000 of FIGS. 4A
through 41, that are formed by like processes, and unless
specified otherwise, like reference numerals in the stack 800,
(and subsequently discussed embodiments) represent like
components in the stack 200 of FIGS. 4A through 41, that are
formed by like processes. Accordingly, the process steps and
applicable materials may not be repeated herein.

[0149] FIG. 9B shows a cross-sectional view of a bottom
wafer 850A. The bottom wafer 850A may include different
die regions that are singulated in subsequent steps to form a
plurality of die regions. The bottom wafer 850A and the
bottom wafer 750A shown previously in FIG. 8B may be
essentially the same, with like reference numerals represent-
ing like components. Accordingly, the process steps and
applicable materials may not be repeated herein.

[0150] In FIG. 9C, a top wafer 850B is bonded to the
bottom wafer 850A to form a system-on-integrated-chip
(SolIC) device. It should be appreciated that embodiments
may be applied to other three-dimensional integrated circuit
(3DIC) packages. The top wafer 850B may include different
die regions that are singulated in subsequent steps to form a
plurality of die regions. The top wafer 850B and the top
wafer 750B shown previously in FIG. 8C may be essentially
the same, with like reference numerals representing like
components. Accordingly, the process steps and applicable
materials may not be repeated herein.

[0151] In some embodiments, the top wafer 850B com-
prises a logic die, and the bottom wafer 850A is used as an
interface to bridge the logic die to memory devices (e.g.,
memory devices 11 of the HBM device 100 shown in FIG.
9A), and to translate commands between the logic die and
the memory devices. In some embodiments, the top wafer
850B and the bottom wafer 850A are bonded such that active
surfaces 253 are facing each other (e.g., are “face-to-face”
bonded).

[0152] The bottom watfer 850A is bonded to the top wafer
850B, for example, using a hybrid bonding process that may
be similar to that described previously for the bonding of
wafer 56A to the wafer 56B in FIG. 2C above. The hybrid
bonding process directly bonds the dielectric layer 260 of
the bottom wafer 850A to the dielectric layer 258 of the top
wafer 850B through fusion bonding. In an embodiment, the
bond between the dielectric layer 260 and the dielectric layer
258 may be an oxide-to-oxide bond. The hybrid bonding
process further directly bonds the conductive connectors 259
of the bottom wafer 850A and the conductive connectors
256 of the top wafer 850B through direct metal-to-metal
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bonding. Thus, the bottom wafer 850A and the top wafer
850B are electrically connected.

[0153] In FIG. 9D, a dielectric layer 276 is formed over
top surfaces of the top wafer 850B. The dielectric layer 276
and the may be an oxide, a nitride, a carbide, a polymer, the
like, or a combination thereof. The dielectric layer 276 may
be formed, for example, by spin coating, lamination, chemi-
cal vapor deposition (CVD), or the like. The dielectric layer
276 may then be patterned and openings formed in the
dielectric layer 276. Conductive connectors 280 are then
formed in the dielectric layer 276. The conductive connec-
tors 280 are formed of a metal, such as copper, aluminum,
or the like, and can be formed by, for example, plating, or the
like. The conductive connectors 280 may comprise conduc-
tive pillars, pads, or the like, to which external connections
are made. The conductive connectors 280 may be exposed
through the dielectric layer 276 by a removal process that
can be applied to the various layers to remove excess
materials over the conductive connectors 278. The removal
process may be a planarization process such as a chemical
mechanical polish (CMP), an etch-back, combinations
thereof, or the like. After the planarization process, top
surfaces of the die connectors 280 and the dielectric layer
276 are coplanar (within process variations). In an embodi-
ment, a twelfth height H12 between a top surface of the
dielectric layer 276 and a bottom surface of the dielectric
layer 258 may be less than or equal to 780 pm.

[0154] InFIG. 9E, a support substrate 255 is bonded to an
inactive surface of the semiconductor substrate 252 of the
top wafer 850B. The support substrate 255 may include a
bulk substrate or a wafer, and may be formed of a material
such as silicon, ceramic, heat conductive glass, a metal such
as copper or iron, or the like. The support substrate 255 may
be free of any active or passive devices. In an embodiment,
the support substrate 255 may include metallization layer(s)
on a top surface of the support substrate 255. In some
embodiments, the support substrate is formed of a material
that produces a low amount of residue during CMP, such as
silicon.

[0155] The support substrate 255 is bonded to the inactive
surface of the semiconductor substrate 252 of the top wafer
850B using a suitable technique such as hybrid bonding, or
the like. For example, a dielectric layer 274 is formed over
the support substrate 255. The dielectric layer 274 may be an
oxide, a nitride, a carbide, a polymer, the like, or a combi-
nation thereof. The dielectric layer 274 may be formed, for
example, by spin coating, lamination, chemical vapor depo-
sition (CVD), or the like. The dielectric layer 274 may then
be patterned and openings formed in the dielectric layer 274.
Conductive connectors 278 are then formed in the dielectric
layer 274. The conductive connectors 278 are formed of a
metal, such as copper, aluminum, or the like, and can be
formed by, for example, plating, or the like. The conductive
connectors 278 may comprise conductive pillars, pads, or
the like, to which external connections are made. The
conductive connectors 278 may be exposed through the
dielectric layer 274 by a removal process that can be applied
to the various layers to remove excess materials over the
conductive connectors 278. The removal process may be a
planarization process such as a chemical mechanical polish
(CMP), an etch-back, combinations thereof, or the like.
After the planarization process, top surfaces of the die
connectors 278 and the dielectric layer 274 are coplanar
(within process variations).
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[0156] The hybrid bonding process then directly bonds the
dielectric layer 274 of the support substrate 255 to the
dielectric layer 276 of the semiconductor substrate 252
through fusion bonding. In an embodiment, the bond
between the dielectric layer 274 and the dielectric layer 276
may be an oxide-to-oxide bond. The hybrid bonding process
further directly bonds the conductive connectors 278 of the
support substrate 255 to the conductive connectors 280 of
the semiconductor substrate 252 through direct metal-to-
metal bonding. The hybrid bonding process may be similar
to that described previously for the bonding of wafer 56 A to
the wafer 56B in FIG. 2C above.

[0157] Inanembodiment, the height between a top surface
of the support substrate 255 and a bottom surface of the
dielectric layer 274 may be a sixth substrate height S6.

[0158] In FIG. 9F, a planarization step such as CMP, or the
like, may then be performed to expose the conductive vias
262 of the bottom wafer 850A. After the planarization step,
a top surface of the semiconductor substrate 252 of the
bottom wafer 850A is level with top surfaces of the con-
ductive vias 262.

[0159] FIG. 9G shows the formation of contact pads 268
and a dielectric layer 266 over the stack 800. The dielectric
layer 266 may be an oxide such as silicon oxide, PSG, BSG,
BPSG, or the like; a nitride such as silicon nitride or the like;
a polymer such as polybenzoxazole (PBO), polyimide, a
benzocyclobutene (BCB) based polymer, or the like; the
like; or a combination thereof. The dielectric layer 266 may
be formed, for example, by spin coating, lamination, chemi-
cal vapor deposition (CVD), or the like. The contact pads
268 may be used for connections to other devices. In some
embodiments, the contact pads are conductive bumps that
are suitable for use with reflowable connectors, such as
microbumps, extending through the dielectric layer 266. In
the illustrated embodiment, the contact pads 268 are formed
through the dielectric layer 266. As an example to form the
contact pads 268, openings are formed in the dielectric layer
266, and a seed layer is formed over the dielectric layer 266
and in the opening. In some embodiments, the seed layer is
a metal layer, which may be a single layer or a composite
layer comprising a plurality of sub-layers formed of different
materials. In some embodiments, the seed layer comprises a
titanium layer and a copper layer over the titanium layer. The
seed layer may be formed using, for example, PVD or the
like. A photoresist is then formed and patterned on the seed
layer. The photoresist may be formed by spin coating or the
like and may be exposed to light for patterning. The pattern
of the photoresist corresponds to the contact pads 268. The
patterning forms openings through the photoresist to expose
the seed layer. A conductive material is formed in the
openings of the photoresist and on the exposed portions of
the seed layer. The conductive material may be formed by
plating, such as electroplating or electroless plating, or the
like. The conductive material may comprise a metal, such as
copper, nickel, titanium, tungsten, aluminum, or the like.
Then, the photoresist and portions of the seed layer on which
the conductive material is not formed are removed. The
photoresist may be removed by an acceptable ashing or
stripping process, such as using an oxygen plasma or the
like. Once the photoresist is removed, exposed portions of
the seed layer are removed, such as by using an acceptable
etching process, such as by wet or dry etching. The remain-
ing portions of the seed layer and conductive material form
the contact pads 268. In an embodiment, a thirteenth height
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H13 between a bottom surface of the dielectric layer 260 and
a top surface of the dielectric layer 266 may be in a range
from 15 pm to 30 pm. In an embodiment, the sum of the
twelfth height H12, the thirteenth height H13, and the sixth
substrate height S6 is equal to or larger than the third height
H3. In an embodiment, a top surface of the support substrate
255 is at the same level as a top surface of the HBM device
100. In an embodiment, the top surface of the support
substrate 255 is higher than the top surface of the HBM
device 100.

[0160] Advantages can be achieved as a result of the
formation of the integrated circuit package 6000 that
includes the top wafer 850B bonded to the bottom wafer
850A (e.g., to form a logic device), and the HBM device
100. The integrated circuit package 6000 further includes the
support substrate 255 over the top wafer 850B and the
bottom wafer 850A. The total thickness of the top wafer
850B, the bottom wafer 850A, and the support substrate 255
is equal to or greater than the thickness of the HBM device
100. These advantages include allowing for a more even
surface that can be used to implement thermal solutions (e.g.
a heat spreader may be attached to top surfaces of the
support substrate 255 and the HBM device 100) to help
improve heat dissipation efficiency in the integrated circuit
package 6000. The support substrate 255 also functions as a
heat spreader and dissipates heat from the stack 800.
Because of the exposed top surface of the support substrate
255, a larger amount of heat can be dissipated through the
support substrate 255 and the reliability of the stack 800 is
improved. In addition, the support substrate 255 used can be
of any thickness to accommodate different types of memory
devices that may have different thicknesses.

[0161] The embodiments of the present disclosure have
some advantageous features. The embodiments include the
formation of an integrated circuit package that includes a
first integrated circuit device bonded to a second integrated
circuit device (e.g., to form a logic device), and a memory
device. A total thickness of the first integrated circuit device
and the second integrated circuit device is smaller than a
thickness of the memory device, and the integrated circuit
package further includes a support substrate over the first
integrated circuit device and the second integrated circuit
device. The total thickness of the first integrated circuit
device, the second integrated circuit device and the support
substrate is equal to or greater than the thickness of the
memory device. one or more embodiments disclosed herein
may include allowing for a more even surface that can be
used to implement thermal solutions (e.g. a heat spreader
may be attached to top surfaces of the support substrate and
the memory device) to help improve heat dissipation effi-
ciency in the integrated circuit package. In addition, the
support substrate used can be of any thickness to accom-
modate different types of memory devices that may have
different thicknesses.

[0162] In accordance with an embodiment, a semiconduc-
tor package includes a redistribution structure; a first device
and a second device attached to the redistribution structure,
the first device includes a first die; a substrate bonded to a
first surface of the first die; and a second die bonded to a
second surface of the first die opposite the first surface,
includes a total height of the first die and the second die is
less than a first height of the second device, and includes a
top surface of the substrate is at least as high as a top surface
of the second device; and an encapsulant over the redistri-
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bution structure and surrounding the first device and the
second device. In an embodiment, the bond between the
substrate and the first die includes a fusion bond between a
first bonding layer on the substrate and a second bonding
layer on the first die. In an embodiment, the substrate
includes silicon, ceramic, heat conductive glass, or a metal.
In an embodiment, the second device includes a memory
device. In an embodiment, a top surface of the encapsulant
is coplanar with the top surface of the substrate. In an
embodiment, a second height of the first device is larger than
900 um. In an embodiment, the substrate includes a metal-
lization layer on the top surface of the substrate. In an
embodiment, the semiconductor package further includes a
package substrate attached to an opposite side of the redis-
tribution structure as the first device and the second device;
and an underfill between the redistribution structure and the
package substrate.

[0163] In accordance with an embodiment, a method
includes forming a first device, where forming the first
device includes bonding a first surface of a first die to a
substrate; thinning the substrate to reduce the thickness of
the substrate to a first thickness; and bonding a second
surface of the first die to a second die; attaching the first
device and a second device to a redistribution structure;
encapsulating the first device and the second device with an
encapsulant; and thinning the encapsulant until a top surface
of the encapsulant is coplanar with a top surface of the
substrate. In an embodiment, the substrate includes silicon,
ceramic, heat conductive glass, or a metal. In an embodi-
ment, the top surface of the substrate is at the same height
or higher than a top surface of the second device. In an
embodiment, the first device is a logic device and the second
device is a memory device. In an embodiment, bonding the
first surface of the first die to the substrate includes fusion
bonding a first bonding layer on the substrate to a second
bonding layer on the first die. In an embodiment, bonding
the first surface of the first die to the substrate includes
directly bonding a first dielectric layer on the first die to a
second dielectric layer on the substrate; and directly bonding
first conductive connectors on the first die to second con-
ductive connectors on the substrate.

[0164] In accordance with an embodiment, a method
includes forming a first device, where forming the first
device includes bonding a first surface of a first die to a
second die; bonding a substrate to a top surface of the second
die, where the substrate is free of active or passive devices;
and attaching the first device and a second device to a
redistribution structure; encapsulating the first device and
the second device with an encapsulant; and thinning the
encapsulant until a top surface of the substrate is exposed. In
an embodiment, the method further includes thinning a
second surface of the first die to expose conductive vias;
surrounding the second die with an insulating material; and
bonding the substrate to a top surface of the insulating
material. In an embodiment, bonding the substrate to top
surfaces of the insulating material and the second die
includes directly bonding a first bonding layer on the sub-
strate to a second bonding layer on the insulating material
and the second die. In an embodiment, bonding the substrate
to top surfaces of the insulating material and the second die
includes directly bonding a first dielectric layer on the
substrate to a second dielectric layer on the insulating
material and the second die, and directly bonding first
conductive connectors on the substrate to second conductive
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connectors on the insulating material and the second die. In
an embodiment, the method further includes thinning the
substrate to reduce the thickness of the substrate. In an
embodiment, the method further includes attaching a pack-
age substrate to an opposite side of the redistribution struc-
ture as the first device and the second device; and forming
an underfill between the redistribution structure and the
package substrate.

[0165] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. A semiconductor package comprising:

a redistribution structure;

a first device and a second device attached to the redis-
tribution structure, the first device comprising:

a first die;

a substrate bonded to a first surface of the first die; and

a second die bonded to a second surface of the first die
opposite the first surface, wherein a total height of
the first die and the second die is less than a first
height of the second device, and wherein a top
surface of the substrate is at least as high as a top
surface of the second device; and

an encapsulant over the redistribution structure and sur-
rounding the first device and the second device.

2. The semiconductor package of claim 1, wherein the
bond between the substrate and the first die comprises a
fusion bond between a first bonding layer on the substrate
and a second bonding layer on the first die.

3. The semiconductor package of claim 1, wherein the
substrate comprises silicon, ceramic, heat conductive glass,
or a metal.

4. The semiconductor package of claim 1, wherein the
second device comprises a memory device.

5. The semiconductor package of claim 1, wherein a top
surface of the encapsulant is coplanar with the top surface of
the substrate.

6. The semiconductor package of claim 1, wherein a
second height of the first device is larger than 900 pum.

7. The semiconductor package of claim 1, wherein the
substrate comprises a metallization layer on the top surface
of the substrate.

8. The semiconductor package of claim 1, further com-
prising:

a package substrate attached to an opposite side of the
redistribution structure as the first device and the sec-
ond device; and

an underfill between the redistribution structure and the
package substrate.

9. A semiconductor package comprising:

a first device and a second device coupled to a redistri-
bution structure, the first device comprising:
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a top die;

a bottom die bonded to a first surface of the top die;

a substrate bonded to a second surface of the top die
opposite the first surface, wherein a width of the top
die is smaller than widths of the substrate and the
bottom die; and

an insulating material surrounding the top die and
disposed between the substrate and the bottom die.

10. The semiconductor package of claim 9, wherein the
substrate comprises copper or iron.

11. The semiconductor package of claim 9, wherein a first
bond between the substrate and the top die comprises an
oxide-to-oxide bond between a first dielectric layer on the
substrate and a second dielectric layer on the top die, and a
second bond between the substrate and the top die comprises
a metal-to-metal bond between a first conductive connector
on the substrate and a second conductive connector on the
top die.

12. The semiconductor package of claim 9, wherein a
height of the second device is greater than a combined height
of the top die and the bottom die.

13. The semiconductor package of claim 9, wherein the
redistribution structure is coupled to the first device using
third conductive connectors disposed on a surface of the
bottom die.

14. The semiconductor package of claim 13, further
comprising:

an encapsulant surrounding the first device and the second

device, wherein a material of the encapsulant is differ-
ent from the insulating material.
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15. A semiconductor package comprising:

a redistribution structure;

a logic device coupled to the redistribution structure; and

a memory device coupled to the redistribution structure
and adjacent to the logic device, the logic device
comprising:

a top die;

a bottom die bonded to a first surface of the top die; and

a substrate bonded to a second surface of the top die,
wherein a top surface of the logic device and a top
surface of the memory device are level.

16. The semiconductor package of claim 15, wherein the
substrate is free of any active or passive devices.

17. The semiconductor package of claim 15, wherein
bonds between the substrate and the top die comprise an
oxide to oxide bond between a first bonding layer on the
substrate and a second bonding layer on the top die.

18. The semiconductor package of claim 17, wherein the
first bonding layer and the second bonding layer comprise
silicon oxide.

19. The semiconductor package of claim 15, further
comprising:

a package substrate attached to the redistribution struc-
ture, wherein the redistribution structure is disposed
between the package substrate, and the logic device and
the memory device.

20. The semiconductor package of claim 15, further

comprising:

an underfill disposed between the redistribution structure,
and the logic device and the memory device; and

an encapsulant over the underfill, wherein the encapsulant
surrounds the memory device and the logic device.
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