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DUMMY WAFERS IN 3DIC PACKAGE
ASSEMBLIES

TECHNICAL FIELD

[0001] This disclosure relates generally to the packaging of
integrated circuits, and more particularly to the packaging of
three-dimensional integrated circuits (3DICs) using dummy
wafers.

BACKGROUND

[0002] With the evolving of semiconductor technologies,
semiconductor dies are becoming increasingly smaller and
thinner. As a result, semiconductor packages are becoming
more compact.

[0003] Package technologies can be divided into two cat-
egories. One category of packaging is referred to as chip-level
packaging, in which dies are sawed from wafers before they
are packaged. Advantageously, only “known-good-dies” are
packaged. Another advantageous feature of this packaging
technology is the possibility of forming fan-out chip pack-
ages, which means that the /O pads on a die can be redistrib-
uted to a greater area than the die, and hence the number of /O
pads packed on the surfaces of the dies can be increased.
[0004] After dies are bonded to a wafer, the resulting struc-
ture, including the dies and the wafer, have an uneven surface
due to the height of the dies and the gaps between the dies.
This results in process difficulty in subsequent process steps,
such as die sawing. Further, the wafer may be thin, and hence
with the uneven surface and possible relative great thickness
of the dies, the wafer is prone to breakage.

[0005] Molding compounds may be filled between the gaps
of dies to planarize the surface of the resulting packaging
structure. However, molding compounds typically have low
thermal conductivities, and the resulting three-dimensional
integrated circuits (3DICs) also have a low heat-dissipating
capability. In addition, with the more compact 3DICs, more
heat is generated in the 3DIC, making the heat dissipation a
serious issue.

SUMMARY

[0006] In accordance with one aspect, a package structure
includes a first die, and a second die over and bonded to the
first die. The second die has a size smaller than a size of the
first die. A dummy chip is over and bonded to the first die. The
dummy chip includes a portion encircling the second die. The
dummy chip includes a material selected from the group
consisting essentially of silicon and a metal.

[0007] Other embodiments are also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a more complete understanding of the embodi-
ments, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0009] FIGS. 1 through 6B are cross-sectional views, a
perspective view, and a top view of intermediate stages in the
manufacturing of a package structure in accordance with an
embodiment, wherein a dummy wafer is bonded to a bottom
wafer after a die-to-wafer process is performed; and

[0010] FIGS. 7 through 10 illustrate cross-sectional views
of intermediate stages in the manufacturing of a package
structure in accordance with an alternative embodiment,
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wherein top dies are bonded to a dummy wafer, and the
resulting structure is bonded to a bottom wafer; and

[0011] FIGS. 11 through 13 are cross-sectional views and
top views of package structures in accordance with yet other
embodiments; and

[0012] FIGS. 14 through 23 are cross-sectional views of
intermediate stages in the manufacturing of the package
structures shown in FIGS. 11 and 13.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0013] The making and using of the embodiments of the
disclosure are discussed in detail below. It should be appre-
ciated, however, that the embodiments provide many appli-
cable inventive concepts that can be embodied in a wide
variety of specific contexts. The specific embodiments dis-
cussed are merely illustrative and do not limit the scope of the
disclosure.

[0014] A novel package structure and the method of form-
ing the same are presented. The intermediate stages of manu-
facturing an embodiment are illustrated. The variations of the
embodiment are then discussed. Throughout the various
views and illustrative embodiments, like reference numbers
are used to designate like elements.

[0015] Referring to FIG. 1, bottom wafer 10 is mounted on
carrier wafer 12. Bottom wafer 10 may include integrated
circuits (not shown), such as complementary metal-oxide-
semiconductor (CMOS) transistors, capacitors, resistors, and
the like. Carrier wafer 12 may be a glass wafer, and bottom
wafer 10 may be mounted onto carrier wafer 12 through an
ultra-violet (UV) glue (not shown), for example. In alterna-
tive embodiments, carrier wafer 12 may be formed of other
commonly used materials, such as organic materials, ceram-
ics, or the like. Bottom wafer 10 comprises a plurality of
bottom chips/dies 10' therein. Metal bumps 16, which may be
copper bumps, solder bumps, or the like, are formed on the
top side of bottom wafer 10.

[0016] FIG. 2 illustrates the die-to-wafer bonding, in which
top dies 18 are bonded onto bottom wafer 10, for example,
through flip-chip bonding. Top dies 18 may be smaller in size
than the respective bottom chips 10' in bottom wafer 10.
Again, top dies 18 may include integrated circuits (not
shown), such as CMOS transistors, therein. The bonding
between top dies 18 and bottom wafer 10 may involve the
reflow of solder bumps or direct copper-to-copper bonding,
depending on the types of metal bumps 16 and/or the bumps
ontop dies 18. After the bonding process, underfill 20 may be
filled into the gaps between top dies 18 and bottom wafer 10.
In an embodiment, underfill 20 is cured before the process
shown in FIG. 3A is performed. Alternatively, no curing
process is performed before the process shown in FIG. 3A is
performed, and underfill 20 is cured after dummy wafer 24
(not shown in FIG. 2, please refer to FIGS. 3A and 3B) is
mounted onto bottom wafer 10.

[0017] FIGS. 3A and 3B illustrate a perspective view and a
cross-sectional view, respectively, of the bonding of dummy
wafer 24 onto bottom wafer 10. Dummy wafer 24 may have
a similar size and a similar shape as bottom wafer 10. Further,
dummy wafer 24 includes a plurality of openings 26, each
corresponding to one of top dies 18 in the size and the loca-
tions. Openings 26 may be through-openings that penetrate
from one side of dummy wafer 24 to the opposite side.
Dummy wafer 24 may have a good thermal conductivity,
which may be greater than about 20 W/m-° C., for example.
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Alternatively, dummy wafer 24 has a thermal conductivity
equal to or greater than the thermal conductivity of silicon.
Dummy wafer 24 may be a silicon wafer, a metal wafer, or
may be formed of any other thermally conductive materials.
No active and/or passive integrated circuit devices, or sub-
stantially no active and/or passive integrated circuit devices
(such as transistors, capacitors, resistors, and the like), are
formed in dummy wafer 24. The bonding of dummy wafer 24
includes coating adhesive 30 (FIG. 3B) on a surface of
dummy wafer 24, aligning openings 26 to top dies 18, and
attaching dummy wafer 24 onto bottom wafer 10. A curing
process may then be performed to cure adhesive 30. In the
embodiment, underfill 20 was not cured in preceding process
steps, it may also be cured simultaneously. Adhesive 30 may
also have a good thermal conductivity, for example, greater
than about 10 W/m-° C., or even greater than about 30 W/m-°
C. Further, the thermal conductivity of adhesive 30 may be
equal to or greater than that of silicon. Exemplary materials of
adhesive 30 include a TIM material, indium, or the like.
Referring to FIG. 3B, after dummy wafer 24 is mounted onto
bottom wafer 10, top dies 18 extend into openings 26 and are
exposed through openings 26.

[0018] Next, as shown in FIG. 4A, thermally conductive
material 32 with a good thermal conductivity, for example,
greater than about 10 W/m-° C., is filled into the gaps between
top dies 18 and dummy wafer 24 and is then cured. In an
embodiment, as shown in FIG. 4A, back surfaces 18a of top
dies 18 are substantially level with top surface 24a of dummy
wafer 24. In alternative embodiments, as shown in FIG. 4B,
back surfaces 18a of top dies 18 are lower than top surface
24a of dummy wafer 24. Accordingly, thermally conductive
material 32 may be dispensed to the back surfaces of top dies
18, so that the resulting three-dimensional integrated circuit
(3DIC) structure has a flat top surface.

[0019] Referring to FIG. 5, in the embodiments wherein
dummy wafer 24 is a dummy silicon wafer, metal pillars 34
may be optionally formed in dummy wafer 24. The formation
of' metal pillars 34 may include forming openings in dummy
wafer 24, for example, by etching, and then filling the open-
ings with a metallic material, such as copper, tungsten, alu-
minum, or the like. As a result of the etching process, the
resulting metal pillars 34 may have a top diameter D1 greater
than a bottom diameter D2. The formation of metal pillars 34
may be performed before or after dummy wafer 24 is bonded
to bottom wafer 10. Metal pillars 34 may extend to the hot
spots of bottom wafer 10, wherein the hot spots are where
excess heat is generated during the usage of bottom die 10'
(refer to FIG. 6A), which is sawed from bottom wafer 10.
Alternatively, metal pillars 34 may be formed substantially
uniformly in dummy wafer 24. Metal pillars 34 may extend to
contact, but not penetrate, adhesive 30. Alternatively, metal
pillars 34 may contact bottom wafer 10.

[0020] Carrier wafer 12 may then be demounted from bot-
tom wafer 10, for example, by exposing the UV glue to a UV
light. The resulting packaging structure, which is an inte-
grated wafer that includes bottom wafer 10 and top dies 18, is
then sawed into a plurality of dies. One of the resulting dies is
illustrated in FIGS. 6A and 6B, which are a cross-sectional
view and a top view, respectively. Each of the resulting dies
includes bottom die 10" and top die 18. In a top view as shown
in FIG. 6B, top die 18 is encircled by dummy chip 24', which
is a portion separated from dummy wafer 24. Further, ther-
mally conductive material 32 may also encircle top die 18. It
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is observed that outer edges 24'6 of dummy chip 24' are
vertically aligned to outer edges 10'5 of bottom die 10'.
[0021] A heat sink (not shown) may also be attached to
dummy chip 24', and either be in direct contact with metal
pillars 34 and dummy chip 24', or thermally coupled to metal
pillars 34, dummy chip 24', and top dies 18 through a thermal
interface material (TIM) (not shown). Accordingly, the heat
generated in bottom dies 10" may dissipate upward since
metal pillars 34 and dummy chip 24' have high thermal con-
ductivities. Accordingly, both bottom dies 10" and top dies 18
have heat dissipation paths that have high thermal conduc-
tivities.

[0022] FIGS. 7 through 9 illustrate an alternative embodi-
ment. Like elements in this embodiment and subsequent
embodiments are denoted using like reference numerals as in
the preceding embodiments, and the details of the respective
materials and the processes may also be essentially the same
as in the preceding embodiments, unless specified otherwise.
Referring to FIG. 7, bottom wafer 10 is mounted onto carrier
wafer 12, followed by the dispensing of underfill 20 to cover
metal bumps 16.

[0023] Referring to FIG. 8, dummy wafer 24 is provided, in
which a plurality of openings 26 are formed. Openings 26
only penetrate partially into dummy wafer 24. In other words,
depth D of openings 26 is smaller than thickness T of dummy
wafer 24. Depth D of openings 26 may be close to the thick-
ness of subsequently bonded top dies 18 (not shown in FIG. 8,
please refer to FIG. 9). Thermally conductive material 32,
which may be an adhesive, is then coated onto dummy wafer
24.

[0024] Next, as shown in FIG. 9, top dies 18 are placed and
secured in openings 26 by thermally conductive material 32,
with bumps 19 of top dies 18 being aligned to the positions of
metal bumps 16 in bottom wafer 10 (referto FIG. 7). After top
dies 18 are secured, bumps 19 may be slightly higher than top
surface 24a of dummy wafer 24. Referring to FIG. 10, top
dies 18 and dummy wafer 24 are mounted onto bottom wafer
10. A pressure is applied so that bumps 19 penetrate through
underfill 20 to contact metal bumps 16. A bonding process
may then be performed to bond top dies 18 to bottom wafer
10, wherein the bonding process may include the reflow of
solder bumps or a direct copper-to-copper bonding, depend-
ing on the types of metal bumps 16 and/or bumps 19. Further,
a curing process may be performed to cure underfill 20 and
thermally conductive material 32.

[0025] In the resulting structure, the gaps between top dies
18 and the sidewalls of openings 26 may be partially filled
with underfill 20, which is squeezed into the gaps when
dummy wafer 24 is mounted onto bottom wafer 10. However,
gaps 40, which are unfilled parts of openings 26, may still
remain unfilled.

[0026] In subsequent process steps, metal pillars 34 (refer
to FIGS. 5, 6A, and 6B) may be optionally formed in dummy
wafer 24 and extend to the hot spots of bottom wafer 24,
followed by the removal of carrier wafer 12 and the sawing of
the resulting package structure. A heat sink (not shown) may
also be attached to dummy chip 24' in the resulting package
structure. The details of the processes were discussed refer-
ring to FIGS. 5 and 6A, and hence are not repeated herein.
[0027] FIG. 11 illustrates a package structure in accordance
with an alternative embodiment. In this embodiment, top die
18 is bonded to interposer die 110', which may be a discrete
die that has already been sawed from a wafer, or a part of
un-diced wafer. Underfill 147 is also dispensed. Dummy chip
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24' comprises a portion encircling top die 18. In an embodi-
ment, as shown in FIG. 11, dummy chip 24' further comprises
a thin layer directly over top die 18. In alternative embodi-
ment, no thin layer of dummy chip 24' is directly over top die
18, and top die 18 is located in a through-opening in dummy
chip 24', which through-opening is shown in FIG. 3A as
opening 26.

[0028] Interposer die 110' is substantially free from inte-
grated circuit devices, including active devices, such as tran-
sistors and passive devices, such as capacitors and resistors.
In other words, interposer die 110" includes connections, such
as metal lines, vias, and bond pads, but is not used to form
integrated circuit devices. Interposer die 110' comprises sub-
strate 112, which may be formed of a semiconductor material,
such as silicon or a dielectric material. Metal lines and vias
114 are formed in interposer die 110" as redistribution lines
(RDLs), wherein RDLs 114 may include a plurality of layers
formed in a plurality of dielectric layers. Further, through-
substrate vias (TSVs) 116 may be formed in substrate 112.
[0029] Interposer die 110" and top die 18 are bonded, for
example, through solder bumps 119. Alternatively, direct
metal-to-metal bonding may be used. Accordingly, RDLs 114
are electrically connected to the devices in top die 18. Ther-
mally conductive material 32 is filled in the space between top
die 18 and dummy chip 24'. Underfill 20 may be filled into the
space between top die 18 and interposer die 110' to protect the
bonding.

[0030] Dummy chip 24' is further bonded to interposer die
110". In an embodiment, adhesive 128 is used to join dummy
chip 24' to interposer die 110'. In alternative embodiments,
dummy chip 24' and interposer die 110" are bonded through
bond pads, which are shown in FIGS. 12A, 12B, and 12C.
Referring to FIG. 12B, which is a bottom view of dummy chip
24', bond pad 132 is formed on a surface (the surface facing
interposer die 110" in FIGS. 11 and 12A) of dummy chip 24'.
In an embodiment, bond pad 132 is formed as aring, although
it may be separated into a plurality of discrete portions
aligned as a ring. Bond pad 132 (FIG. 12A) may include
portions 132A and 132B, with portion 132A protruding
beyond the surface of dummy chip 24' further than portion
132B. Similarly, FIG. 12C illustrates a top view of interposer
die 110', wherein bond pad 134 is formed on the surface of
interposer die 110'. Although each of FIGS. 12B and 12C
only illustrates one bond pad ring 132 and one bond pad ring
134, respectively, more bond pad rings or discrete bond pads
may be formed. Bond pads 132 and 134 may be dummy pads
that are not electrically connected to any device in top die 18
and die 146.

[0031] FIG. 12A illustrates a cross-sectional view of a
structure with dummy chip 24' bonded to interposer die 110".
Inanembodiment, bond pads 132 and 134 are metal pads, and
the bonding may be a direct metal-to-metal bonding. Accord-
ingly, the protruding portion 132A of bond pad 132 is bonded
to bond pad 134. In alternative embodiments, a solder (not
shown) may be used to bond pads 132 and 134, wherein the
solder may be an eutectic solder. In yet other embodiments,
bond pads 132 and 134 are formed of oxides and are bonded
through oxide-to-oxide bonding. It is appreciated that bond
pad 134 may also have the cross-sectional shape as the illus-
trated bond pad 132 in FIG. 12B, while bond pad 132 may
also have the cross-sectional shape as bond pad 134 in FIG.
12C.

[0032] Referring back to FIG. 11, RDLs 118 may be
formed on the bottom side of substrate 112, and hence RDLs
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114 and RDLs 118 are on opposite sides of substrate 112.
Although only one layer of RDLs 118 is illustrated, RDLs
118 may include a plurality of layers. Solder bumps 140 are
formed on the bottom surface of interposer die 110' and are
electrically coupled to TSVs 116, RDLs 114 and 118, and/or
top die 18. Further, solder bumps 140 may be used to bond
interposer die 110' to an additional electrical component 142,
which may be a package substrate, a printed circuit board
(PCB), or the like. Underfill 143 may be filled into the space
between electrical component 142 and interposer die 110' to
protect the bonding.

[0033] In an embodiment, die 146 (also referred to as a
second-tier die, with top die 18 also referred to as being a
first-tier die) is also bonded to interposer die 110", wherein top
die 18 and die 146 are on opposite sides of interposer die 110'.
Die 146 may also be electrically coupled to top die 18 and
solder bumps 140 through the connections in interposer die
110". Top die 18 and die 146 may be different types of dies.
For example, top die 18 may be a logic die, such as a central
computing unit (CPU) die, while die 146 may be a memory
die. Die 146 may be relatively thin compared to the dimension
of'solder bumps 140 so that die 146 fits into the space between
electrical component 142 and interposer die 110'.

[0034] FIG. 13 illustrates yet another embodiment, this
embodiment is similar to the embodiment shown in FIG. 11,
except an additional dummy chip 150" is bonded to interposer
die 110", and is located between interposer die 110" and solder
bumps 140. Dummy chip 150' may be formed of silicon or a
dielectric material. Again, dummy chip 150' comprises no
integrated circuit devices, such as transistors, resistors, and
capacitors formed thereon. Electrical connections, such as
TSVs 152 are formed in dummy chip 150", and may be elec-
trically connected to die 146 and/or top die 18 through TSV
116. In this embodiment, dummy chip 150' may include
opening 154, in which die 146 and thermally conductive
material 156 are located. The process for bonding dummy
chip 150" to interposer die 110' may be similar to what is
shown in FIGS. 8 through 10 or FIGS. 12A through 12C.
[0035] InFIG.11, dueto the existence of die 146, a portion
of'the bottom surface of interposer die 110’ is not available for
forming solder bumps 140. In the embodiment shown in FIG.
13, however, more solder bumps 140 may be formed since
some of the solder bumps 140 (denoted as 140') may be
formed directly under die 146. This may be achieved, for
example, by forming one or more layers of RDLs 158 to route
connections from solder bumps 140' to TSVs 152.

[0036] A brief process flow for forming the structure in
FIG. 11 is shown in FIGS. 14 through 22. For simplicity, the
details of'the structure shown in FIG. 11 may not be shown in
FIGS. 14 through 22. Referring to FIG. 14, substrate 112 of
interposer wafer 110 is provided, and TSVs 116 are formed in
substrate 112. RDLs 114 are then formed over substrate 112
and electrical connected to TSVs 116. Further, bumps or bond
pads 117 are formed on the surface of interposer wafer 110,
wherein bumps/pads 117 may be solder bumps or metal
bumps, such as copper bumps, which may further be covered
by a nickel layer (not shown). Bond pad 134 (not shown), as
shown in FIGS. 12A and 12C, may also be formed on the
surface of interposer wafer 110.

[0037] Next, as shown in FIG. 15, top dies 18 are bonded to
interposer wafer 110, followed by applying underfill 20.
Dummy wafer 24 (not shown) is then bonded to interposer
wafer 110, as shown in FIG. 16. The openings in dummy
wafer 24 are used to host top dies 18, and may be filled with
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a suitable amount of thermally conductive material 32. Alter-
natively, the openings may be through-openings similar to
openings 26 in FIGS. 3A and 3B. The bonding of dummy
wafer 24 to interposer wafer 110 is essentially the same as
bonding dummy wafer 24 to bottom wafer 10 (FIGS. 1
through 10), and hence is not discussed in detail herein.
Further, the bonding methods may include the scheme shown
in FIGS. 12A through 12C.

[0038] Referring to FIG. 17, the structure shown in FIG. 16
is flipped upside down and a thinning (grinding) is performed
to substrate 112 so that TSVs 116 are exposed. FIGS. 18 and
19 illustrate the formation of RDLs 118 (which include metal
pads 118') and bumps/pads 119 (FIG. 19). As is known in the
art, the formation of RDLs 118 and bumps/pads 119 may
include forming metal pads, forming a dielectric layer, such
as polyimide layer over the metal pads (not shown), forming
openings in the dielectric layer (not shown) to expose the
metal pads, forming under-bump metallurgy (not shown) in
the openings and contacting the metal pads, and forming
bumps/pads 119 on the UBMs. Again, as is known in the art,
bumps/pads 119 may be solder bumps or other types of metal
bumps, such as copper bumps, wherein a nickel layer may be
formed to cover the copper bumps.

[0039] InFIG. 20, dies 146 are bonded to interposer wafer
110, and underfill 147 is also applied into the space between
dies 146 and interposer wafer 110. Solder bumps 140 are then
formed on bumps/pads 119, as shown in FIG. 21.

[0040] Referring to FIG. 22, the structure shown in FIG. 21
is taped, for example, by adhering blue tape 160 to solder
bumps 140. In an embodiment, dummy wafer 24 is grinded
from the top surface to a suitable thickness, and thermally
conductive material 32 may, or may not, be exposed after the
step of grinding. In alternative embodiments, no grinding is
performed. The resulting structure may then be diced, with
each of the resulting dies (refer to FIG. 11) including inter-
poser die 110" as a resulting portion of interposer wafer 110,
dummy chip 24" as a resulting portion of dummy wafer 24, top
die 18, and possibly die 146.

[0041] The process steps for forming the structure shown in
FIG. 13 are similar to the embodiment shown in FIGS. 14
through 22. The initial steps are essentially the same as shown
in FIGS. 14 through 18. After the formation of the structure
shown in FIG. 18, dummy wafer 150 (with dummy chip 150'
being part of diced dummy wafer 150) may be bonded to
interposer wafer 110. TSVs 152 are then formed in dummy
wafer 150 and electrically coupled to bond pads 118. The
resulting structure is shown in FIG. 23. Dummy wafer 150
comprises openings for accommodating dies 146. The forma-
tion of the remaining RDLs 158 and solder bumps 140 (FIG.
13) are essentially the same as shown in FIGS. 21 and 22, and
hence are not repeated herein.

[0042] It is observed that dummy wafer 24 has a good
thermal conductivity, and hence the heat generated in bottom
chip 10" and top die 18 (FIG. 6A) may be easily dissipated.
Further, when dummy wafer 24 is formed of silicon, the
coefficient of thermal expansion (CTE) of dummy wafer 24
may be the same as that of the substrates in bottom chip 10'
and top die 18, resulting in a low stress in the resulting 3DIC
structure. Furthermore, with a planar surface of the 3DIC
structure, as a result of dummy wafer 24, top dies 18, and
possibly thermally conductive material 32, the likelihood of
breakage of bottom wafer 10 is reduced, even if bottom wafer
10 is thin.
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[0043] Although the embodiments and their advantages
have been described in detail, it should be understood that
various changes, substitutions, and alterations can be made
herein without departing from the spirit and scope of the
embodiments as defined by the appended claims. Moreover,
the scope of the present application is not intended to be
limited to the particular embodiments of the process,
machine, manufacture, and composition of matter, means,
methods and steps described in the specification. As one of
ordinary skill in the art will readily appreciate from the dis-
closure, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps. In addition, each claim constitutes a sepa-
rate embodiment, and the combination of various claims and
embodiments are within the scope of the disclosure.

What is claimed is:

1. A package structure comprising:

a first die;

a second die over and bonded to the first die, wherein the
second die has a size smaller than a size of the first die;
and

a dummy chip over and bonded to the first die, wherein the
dummy chip comprises a portion encircling the second
die, and wherein the dummy chip comprises a material
selected from the group consisting essentially of silicon
and a metal.

2. The package structure of claim 1, wherein the dummy

chip is a dummy silicon chip.

3. The package structure of claim 2 further comprising
metal pillars extending from a top surface to a bottom surface
of the dummy chip.

4. The package structure of claim 1, wherein the first die is
an interposer die substantially free from active devices.

5. The package structure of claim 4 further comprising a
third die bonded to the interposer die, wherein the second die
and the third die are on opposite sides of the interposer die.

6. The package structure of claim 5 further comprising
solder bumps on a surface of the interposer die, wherein the
solder bumps and the third die are on a same side of the
interposer die.

7. The package structure of claim 5 further comprising a
dummy silicon die bonded to the interposer die, wherein the
dummy silicon die and the second die are on opposite sides of
the interposer die, and wherein the dummy silicon die com-
prises an opening, with the third die being in the opening.

8. The package structure of claim 7 further comprising
solder bumps on a side of the dummy silicon die and electri-
cally connected to through-silicon vias in the dummy silicon
die, wherein the interposer die and the solder bumps are on
opposite sides of the dummy silicon die.

9. The package structure of claim 1, wherein the first die
comprises active devices.

10. The package structure of claim 1, wherein the dummy
chip is a dummy metal chip.

11. The package structure of claim 1, wherein the dummy
chip comprises an opening extending from a top surface to a
bottom surface of the dummy chip, with the second die
extending into the opening.
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12. The package structure of claim 1, wherein the dummy
chip comprises an opening extending from a bottom surface
to an intermediate level of the dummy chip, wherein the
dummy chip comprises a portion covering the opening, and
wherein the second die extends into the opening.

13. The package structure of claim 12 further comprising a
gap in the opening and horizontally between a sidewall of the
second die and a sidewall of the dummy chip.

14. The package structure of claim 1 further comprising a
thermally conductive material horizontally between and con-
tacting the dummy chip and the second die.

15. The package structure of claim 1, wherein the first die
is a un-separated portion of a bottom wafer, and the dummy
chip is a un-separated portion of a dummy wafer, and wherein
the package structure further comprises a plurality of second
dies in a plurality of openings in the dummy wafer, with the
plurality of second dies being bonded to the bottom wafer.

16. A package structure comprising:

an interposer die substantially free from integrated circuit

devices formed therein;

afirst die over and bonded to the interposer die, wherein the

first die has a horizontal size smaller than a horizontal
size of the interposer die; and

Sep. 8§, 2011

a dummy chip substantially free from integrated circuit
devices over and bonded to the interposer die, wherein
the dummy chip comprises a portion encircling the first
die, and wherein the dummy chip comprises a material
selected from the group consisting essentially of silicon
and a metal.

17. The package structure of claim 16 further comprising a
second die bonded to the interposer die, wherein the first die
and the second die are on opposite sides of the interposer die.

18. The package structure of claim 17 further comprising a
dummy silicon die bonded to the interposer die, wherein the
dummy silicon die and the first die are on opposite sides of the
interposer die, and wherein the dummy silicon die comprises
an opening, with the second die being in the opening.

19. The package structure of claim 18 further comprising
solder bumps on a side of the dummy silicon die and electri-
cally connected to through-silicon vias in the dummy silicon
die, wherein the interposer die and the solder bumps are on
opposite sides of the dummy silicon die.

20. The package structure of claim 18 further comprising a
thermally conductive material filling a remaining portion of
the opening not occupied by the second die.
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