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INTEGRATED CIRCUIT PACKAGE SYSTEM
WITH MOUNTING STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This is a divisional of co-pending U.S. patent appli-
cation Ser. No. 12/239,774 filed Sep. 27, 2008.

TECHNICAL FIELD

[0002] The present invention relates generally to an inte-
grated circuit package system and more particularly to an
integrated circuit package system having a mounting struc-
ture.

BACKGROUND ART

[0003] Increased miniaturization of components, greater
packaging density of integrated circuits (“ICs”), higher per-
formance, and lower cost are ongoing goals of the computer
industry. Semiconductor package structures continue to
advance toward miniaturization, to increase the density of the
components that are packaged therein while decreasing the
sizes of the products that are made therefrom. This is in
response to continually increasing demands on information
and communication products for ever-reduced sizes, thick-
nesses, and costs, along with ever-increasing performance.
[0004] These increasing requirements for miniaturization
are particularly noteworthy, for example, in portable infor-
mation and communication devices such as cellular phones,
hands-free cellular phone headsets, personal data assistants
(“PDA’ s”), camcorders, notebook computers, and so forth.
All of these devices continue to be made smaller and thinner
to improve their portability. Accordingly, large-scale IC
(“LSI”) packages that are incorporated into these devices are
required to be made smaller and thinner. The package con-
figurations that house and protect LSI require them to be
made smaller and thinner as well.

[0005] Many conventional semiconductor (or “chip”)
packages are of the type where a semiconductor die is molded
into a package with a resin, such as an epoxy molding com-
pound. Numerous package approaches stack multiple inte-
grated circuit dice or package in package (PIP) or a combi-
nation. Other approaches include package level stacking or
package on package (POP).

[0006] Thus, a need still remains for an integrated circuit
package system providing low cost manufacturing, improved
yield, and improved reliability. In view of the ever-increasing
need to save costs and improve efficiencies, it is more and
more critical that answers be found to these problems.
[0007] Solutions to these problems have been long sought
but prior developments have not taught or suggested any
solutions and, thus, solutions to these problems have long
eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

[0008] The present invention provides an integrated circuit
package system includes providing a mountable structure
having a contact pad and an inner pad; mounting an integrated
circuit device having a linear through channel over the mount-
able structure with the linear through channel traversing
between an integrated circuit device first side and an inte-
grated circuit device second side; and connecting the linear
through channel exposed on the integrated circuit device sec-
ond side to the inner pad.
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[0009] Certain embodiments of the invention have other
aspects in addition to or in place of those mentioned or obvi-
ous from the above. The aspects will become apparent to
those skilled in the art from a reading of the following detailed
description when taken with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.11is atop view of the integrated circuit package
system 100 in a first embodiment of the present invention;
[0011] FIG. 2 is a cross-sectional view of the integrated
circuit package system along line 2-2 of FIG. 1;

[0012] FIG. 3 is atop view of an integrated circuit package
system 300 in a second embodiment of the present invention;
[0013] FIG. 4 is a cross-sectional view of the integrated
circuit package system along line 4-4 of FIG. 3;

[0014] FIG. 5is atop view of a package in package system
500 with a first example application of the integrated circuit
package system 100 in a third embodiment of the present
invention;

[0015] FIG. 6 is a cross-sectional view of the package in
package system along line 6-6 of FIG. 5; and

[0016] FIG.7isaflow chartof an integrated circuit package
system for manufacture of the integrated circuit package sys-
tem in an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0017] The following embodiments are described in suffi-
cient detail to enable those skilled in the art to make and use
the invention. It is to be understood that other embodiments
would be evident based on the present disclosure, and that
system, process, or mechanical changes may be made without
departing from the scope of the present invention.

[0018] In the following description, numerous specific
details are given to provide a thorough understanding of the
invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid
obscuring the present invention, some well-known circuits,
system configurations, and process steps are not disclosed in
detail. Likewise, the drawings showing embodiments of the
system are semi-diagrammatic and not to scale and, particu-
larly, some of the dimensions are for the clarity of presenta-
tion and are shown greatly exaggerated in the drawing F1Gs.
Generally, the invention can be operated in any orientation.
[0019] In addition, where multiple embodiments are dis-
closed and described having some features in common, for
clarity and ease of illustration, description, and comprehen-
sion thereof, similar and like features one to another will
ordinarily be described with like reference numerals. The
embodiments have been numbered first embodiment, second
embodiment, etc. as a matter of descriptive convenience and
are not intended to have any other significance or provide
limitations for the present invention.

[0020] For expository purposes, the term “horizontal” as
used herein is defined as a plane parallel to the plane or
surface of the integrated circuit, regardless of its orientation.
The term “vertical” refers to a direction perpendicular to the
horizontal as just defined. Terms, such as “above”, “below”,
“bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the
horizontal plane.
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[0021] The term “on” means there is direct contact among
elements. The term “processing” as used herein includes
deposition of material, patterning, exposure, development,
etching, cleaning, molding, and/or removal of the material or
as required in forming a described structure. The term “sys-
tem” as used herein means and refers to the method and to the
apparatus of the present invention in accordance with the
context in which the term is used.

[0022] Referring now to FIG. 1, therein is shown a top view
of an integrated circuit package system 100 in a first embodi-
ment of the present invention. The top view depicts an inte-
grated circuit device 102, such as a stack of integrated circuit
dies, mounted over a mountable structure 104, such as a
substrate. The integrated circuit device 102 can have an inte-
grated circuit device first side 105. The integrated circuit
device first side 105 can provide a first level 106 of the
integrated circuit package system 100. The integrated circuit
device 102 can have mounting pads 108 exposed at the inte-
grated circuit device first side 105.

[0023] The mountable structure 104 can have a mountable
structure first side 110. The mountable structure first side 110
can provide a second level 112 of the integrated circuit pack-
age system 100. The mountable structure 104 can have con-
tact pads 114 exposed from the mountable structure first side
110.

[0024] Referring now to FIG. 2, therein is shown a cross-
sectional view of the integrated circuit package system 100
along line 2-2 of FIG. 1. The cross-sectional view depicts the
integrated circuit device 102 as the first level 106 of the
integrated circuit package system 100. The cross-sectional
view also depicts the mountable structure 104 as the second
level 112 of the integrated circuit package system 100.
[0025] The integrated circuit device 102 can be formed by
a stack of devices. For example, the integrated circuit device
102 can include a first integrated circuit 215, such as an
integrated circuit die, and a second integrated circuit 217,
such as an integrated circuit die, mounted over the first inte-
grated circuit 215. An insulator 219, such as a dielectric layer,
can be between the first integrated circuit 215 and the second
integrated circuit 217.

[0026] The integrated circuit device 102 can have linear
through channels 216, such as a through silicon via, connect-
ing the integrated circuit device first side 105 to an integrated
circuit device second side 218 of the integrated circuit device
102. The linear through channels 216 can traverse between
the integrated circuit device first side 105 and the integrated
circuit device second side 218 in a direct, linear, and continu-
ous fashion.

[0027] Forillustrative purposes, the integrated circuit pack-
age system 100 includes the linear through channels 216 in a
vertical configuration between the integrated circuit device
first side 105 and the integrated circuit device second side
218, although it is understood that the integrated circuit pack-
age system 100 can have the linear through channels 216 in a
different configuration. For example, the linear through chan-
nels 216 can be in an obtuse angle between the integrated
circuit device first side 105 and the integrated circuit device
second side 218.

[0028] The integrated circuit device 102 includes active
circuitry (not shown) fabricated thereto. The active circuitry
can be fabricated at the integrated circuit device first side 105
or the integrated circuit device second side 218.

[0029] The linear through channels 216 can be exposed on
the integrated circuit device first side 105 forming the mount-
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ing pads 108. The integrated circuit device first side 105 can
be used to mount additional devices that are not shown. The
linear through channels 216 can be exposed on the integrated
circuit device second side 218 forming interconnect pads 220.

[0030] The mountable structure 104 can include a protec-
tive layer 222, such as a solder mask, and a conductive layer
224, such as a routing trace, and an insulation layer 228. The
conductive layer 224 can be over the insulation layer 228. The
protective layer 222 can be over the conductive layer 224 and
the insulation layer 228.

[0031] The contact pads 114 can be formed by exposing the
conductive layer 224 through a hole 229 in the protective
layer 222. For illustrative purposes, the mountable structure
104 is shown with the contact pads 114 exposed by the mount-
able structure first side 110. Although, it is understood that the
mountable structure 104 can have the contact pads 114
exposed at a mountable structure second side 230 of the
mountable structure 104. A channel height 231 is the distance
between the contact pads 114 and the mounting pads 108
exposed at the integrated circuit device first side 105.

[0032] The integrated circuit device 102 can be mounted
over and connected to the mountable structure 104. The inter-
connect pads 220 can be aligned with inner pads 232 of the
mountable structure 104. The inner pads 232 can be exposed
from the mountable structure first side 110 and below the
integrated circuit device 102. The inner pads 232 can be used
for connecting the mountable structure 104 and the integrated
circuit device 102. A mounting interconnect 234, such a
micro solder ball, a stud bump, or a solder bump, can connect
the interconnect pads 220 and the inner pads 232.

[0033] The mounting interconnect 234 can connect the
integrated circuit device 102 and the mountable structure 104
by a number of processes. For example, thermal compression
bonding can be used to bond the inner pads 232 and the
interconnect pads 220 with the mounting interconnect 234.

[0034] An underfill 236 can be between the integrated cir-
cuit device 102 and the mountable structure 104 forming a
hermetic seal. The underfill 236 can surround the mounting
interconnect 234 without covering or contaminating the con-
tact pads 114.

[0035] Referring now to FIG. 3, therein is shown a top view
of an integrated circuit package system 300 in a second
embodiment of the present invention. The top view depicts an
integrated circuit device 302, such as an integrated circuit die,
mounted over a mountable structure 304, such as an inte-
grated circuit die or a semiconductor die. The integrated
circuit device 302 can have an integrated circuit device first
side 305. The integrated circuit device first side 305 can
provide a first level 306 of the integrated circuit package
system 300. The integrated circuit device 302 can have
mounting pads 308 exposed at the integrated circuit device
first side 305.

[0036] The mountable structure 304 can have a mountable
structure first side 310. The mountable structure first side 310
can provide a second level 312 of the integrated circuit pack-
age system 300. The mountable structure 304 can have con-
tact pads 314 exposed from the mountable structure first side
310.

[0037] Referring now to FIG. 4, therein is shown a cross-
sectional view of the integrated circuit package system 300
along line 4-4 of FIG. 3. The cross-sectional view depicts the
integrated circuit device 302 as the first level 306 of the
integrated circuit package system 300. The cross-sectional
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view also depicts the mountable structure 304 as the second
level 312 of the integrated circuit package system 300.
[0038] The integrated circuit device 302 can be formed by
a stack of devices. For example, the integrated circuit device
302 can include a first integrated circuit 415, such as an
integrated circuit die, and a second integrated circuit 417,
such as an integrated circuit die, mounted over the first inte-
grated circuit 415. An insulator 419, such as a dielectric layer,
can be between the first integrated circuit 415 and the second
integrated circuit 417.

[0039] The integrated circuit device 302 can have linear
through channels 416, such as a through silicon via, connect-
ing the integrated circuit device first side 305 to an integrated
circuit device second side 418 of the integrated circuit device
302. The linear through channels 416 can traverse between
the integrated circuit device first side 305 and the integrated
circuit device second side 418 in a direct, linear, and continu-
ous fashion.

[0040] Forillustrative purposes, the integrated circuit pack-
age system 300 includes the linear through channels 416 in a
vertical configuration between the integrated circuit device
first side 305 and the integrated circuit device second side
418, although it is understood that the integrated circuit pack-
age system 300 can have the linear through channels 416 in a
different configuration. For example, the linear through chan-
nels 416 can be in an obtuse angle between the integrated
circuit device first side 305 and the integrated circuit device
second side 418.

[0041] The integrated circuit device 302 includes active
circuitry (not shown) fabricated thereto. The active circuitry
can be fabricated at the integrated circuit device first side 305
or the integrated circuit device second side 418.

[0042] The linear through channels 416 can be exposed on
the integrated circuit device first side 305 forming the mount-
ing pads 308. The integrated circuit device first side 305 can
be used to mount additional devices that are not shown. The
linear through channels 416 can be exposed on the integrated
circuit device second side 418 forming interconnect pads 420.
[0043] The mountable structure 304 can include a protec-
tive layer 422, such as a passivation layer, a conductive layer
424, and a semiconductor die 428, such as a silicon substrate
or an integrated circuit die. The conductive layer 424 can be
over the semiconductor die 428. The protective layer 422 can
be over the conductive layer 424 and the semiconductor die
428.

[0044] The contact pads 314 can be formed by exposing the
conductive layer 424 through a hole 429 in the protective
layer 422. A channel height 431 is the distance between the
contact pads 314 exposed at the mountable structure first side
310 and the mounting pads 308 exposed at the integrated
circuit device first side 305.

[0045] The integrated circuit device 302 can be mounted
over and connected to the mountable structure 304. The inter-
connect pads 420 can be aligned with inner pads 432 of the
mountable structure 304. The inner pads 432 can be exposed
from the mountable structure first side 310 and below the
integrated circuit device 302. The inner pads 432 can be used
for connecting the mountable structure 304 and the integrated
circuit device 302. A mounting interconnect 434, such a
micro solder ball, a stud bump, or a solder bump, can connect
the interconnect pads 420 and the inner pads 432.

[0046] The mounting interconnect 434 can connect the
integrated circuit device 302 and the mountable structure 304
by a number of processes. For example, thermal compression
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bonding can be used to bond the inner pads 432 and the
interconnect pads 420 with the mounting interconnect 434.
[0047] An underfill 436 can be between the integrated cir-
cuit device 302 and the mountable structure 304 forming a
hermetic seal. The underfill 436 can surround the mounting
interconnect 434 without covering or contaminating the con-
tact pads 314.

[0048] Referring now to FIG. 5, therein is shown a top view
of a package in package system 500 with a first example
application of the integrated circuit package system 100 in a
third embodiment of the present invention. The top view
depicts an encapsulation 538, such as a cover including an
epoxy molding compound, with a portion of the integrated
circuit package system 100 exposed. The exposed portion of
the integrated circuit package system 100 can include the
integrated circuit device first side 105 and the mounting pads
108.

[0049] Referring now to FIG. 6, therein is shown a cross-
sectional view of the package in package system 500 along
line 6-6 of FIG. 5. A packaged module 640, such as a pack-
aged integrated circuit, can be mounted over a carrier 642,
such as a substrate. The integrated circuit package system 100
can be mounted over the packaged module 640 with an adhe-
sive 644.

[0050] An internal interconnect 646, such as a bond wire or
ribbon bond wire, can connect the carrier 642 to the mount-
able structure 104. The carrier 642 can have carrier pads 648
at a carrier first side 650. The internal interconnect 646 can
connect between the contact pads 114 of the mountable struc-
ture first side 110 and the carrier pads 648. An external inter-
connect 652, such as a solder ball, can be connected to a
carrier second side 654 of the carrier 642.

[0051] The encapsulation 538 can be over the carrier 642,
the packaged module 640, the internal interconnect 646, and
the integrated circuit package system 300 with the mounting
pads 108 exposed. An encapsulation top side 656 of the
encapsulation 538 can be planar with the integrated circuit
device first side 105. The encapsulation top side 656 and the
integrated circuit device first side 105 can form a package in
package system top side 658.

[0052] The package in package system top side 658 can be
used to mount a device 660, such as flip chip or a packaged
integrated circuit. Device interconnects 662, such as solder
balls or solder bumps, can connect the device 660 and the
mounting pads 108 at the package in package system top side
658. For illustrative purposes, the encapsulation top side 656
is shown without connective means. However, it is under-
stood that connective means, such as a thin film deposit, can
be over the encapsulation top side 656 and connected to the
mounting pads 108 exposed at the integrated circuit device
first side 105.

[0053] It has been discovered that the present invention
provides an integrated circuit package system with increased
packaging density, thinner package profile and lowers manu-
facturing cost by providing two levels of connectivity. The
second level or the lower level of connectivity enables manu-
factures to connect the integrated circuit package system to a
base carrier, lowering the profile of the package in package
system. An integrated circuit die having linear through chan-
nels or an integrated circuit device having through silicon vias
provides a first level of the integrated circuit package system
over the second level. Both levels provide electrical connec-
tion to the integrated circuit package system as well as to the
second level or the lower level with the linear through chan-
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nels. The integrated circuit package system can be tested prior
to assembly, improving product yield.
[0054] Referring now to FIG. 7, therein is shown a flow
chart of an integrated circuit package system 700 for a manu-
facture of the integrated circuit package system 100 in an
embodiment of the present invention. The system 700
includes providing a mountable structure having a contact
pad and an inner pad in a block 702; mounting an integrated
circuit device having a linear through channel over the mount-
able structure with a linear through channel traversing
between an integrated circuit device first side and an inte-
grated circuit device second side in a block 704; and connect-
ing the linear through channel exposed on the integrated
circuit device second side to the inner pad in a block 706.
[0055] Yet other important aspects of the embodiments
include that it valuably supports and services the historical
trend of reducing costs, simplifying systems, and increasing
performance.
[0056] These and other valuable aspects of the embodi-
ments consequently further the state of the technology to at
least the next level.
[0057] Thus, it has been discovered that the integrated cir-
cuit package system of the present invention furnishes impor-
tant and heretofore unknown and unavailable solutions, capa-
bilities, and functional aspects for improving reliability in
systems. The resulting processes and configurations are
straightforward, cost-effective, uncomplicated, highly versa-
tile, and effective, can be implemented by adapting known
technologies, and are thus readily suited for efficiently and
economically manufacturing integrated circuit package
devices.
[0058] While the invention has been described in conjunc-
tion with a specific best mode, it is to be understood that many
alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description.
Accordingly, it is intended to embrace all such alternatives,
modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or
shown in the accompanying drawings are to be interpreted in
an illustrative and non-limiting sense.
What is claimed is:
1. An integrated circuit package system comprising:
providing a mountable structure having a contact pad and
an inner pad;
mounting an integrated circuit device having a linear
through channel over the mountable structure with the
linear through channel traversing between an integrated
circuit device first side and an integrated circuit device
second side; and
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connecting the linear through channel exposed on the inte-

grated circuit device second side to the inner pad.

2. The system as claimed in claim 1 wherein providing the
mountable structure includes providing an insulation layer or
a semiconductor die

3. The system as claimed in claim 1 further comprising
forming the integrated circuit device includes:

providing a first integrated circuit; and

mounting a second integrated circuit over the first inte-

grated circuit.

4. The system as claimed in claim 1 further comprising:

mounting the mountable structure over a carrier; and

connecting the contact pad and the carrier; and
encapsulating the carrier and the mountable structure with
the linear through channel exposed.

5. The system as claimed in claim 1 further comprising
forming an encapsulation over the mountable structure with
the linear through channel exposed and with the encapsula-
tion planar with the integrated circuit device first side.

6. An integrated circuit package system comprising:

providing a mountable structure having a contact pad and

an inner pad;
mounting an integrated circuit device having a linear
through channel over the mountable structure with the
contact pad exposed and with the linear through channel
traversing between an integrated circuit device first side
and an integrated circuit device second side; and

connecting a mounting interconnect between the linear
through channel exposed on the integrated circuit device
second side and the inner pad.

7. The system as claimed in claim 6 further comprising
forming an underfill around the mounting interconnect.

8. The system as claimed in claim 6 wherein providing the
mountable structure includes providing the mountable struc-
ture having the protective layer with the contact pad exposed
from the protective layer.

9. The system as claimed in claim 6 wherein mounting the
integrated circuit device having the linear through channel
over the mountable structure includes mounting the inte-
grated circuit device over the inner pad.

10. The system as claimed in claim 6 further comprising:

mounting a packaged module over a carrier;

mounting the mountable structure over the packaged mod-

ule;

connecting the contact pad and the carrier; and

encapsulating the carrier, the packaged module, the mount-

able structure, and the integrated circuit device with the
linear through channel exposed; and

mounting a device over the linear through channel.
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