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NESTED INTEGRATED CIRCUIT PACKAGE ON PACKAGE SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION(S)

This application claims the benefit of U.S. Provisional Patent Application serial
number 60/650,279 filed February 4, 2005, and the subject matter thereof is hereby

incorporated herein by reference thereto.

TECHNICAL FIELD

The present invention relates generally to integrated circuit package systems, and

more particularly to a system for Package in Packages (PIP) or Package on Package (POP).

BACKGROUND ART

In order to conserve the amount of surface area, or “real-estate,” consumed by
integrated circuits on a carrier substrate, such as a circuit board, various types of 'increased
density packages have been developed. Among these types of increased density packages is
the so-called "multi-chip module" (MCM). Some types of multi-chip modules include
assemblies of integrated circuits that are stacked one on top of another. The amount of
surface area on a carrier substrate that may be saved by stacking integrated circuits is readily
apparent.

The system of increasing semiconductor density on a circuit board by stacking
semiconductor packaged devices one on top of another is commonly referred to a “package to
package” or a “package on package” assembly. One problem with the current package to
package system assembly is difficulties caused by irregularities in the flatness/coplanarity of
the lower package. Another problem results from the increased stiffness of the overall
assembly, which can lead to reduced board level reliability. Still another problem can arise
from poor heat dissipation from the upper package.

The typical package on package stacked semiconductor assembly uses an interposer
structure between the first package and the second package. A second package fits mounts
onto a interposer substrate using a ball grid array (BGA) interface. The interposer substrate
provides electrical contact points at the peripheral boundary. The second package electrically
couples to the first substrate through the ball grid array (BGA) interface through the
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interposer substrate then connected to the first substrate. This packaging system and design
requires additional interposer structure and manufacturing steps to create the package on
package assembly with degraded electrical performance.

Thus, a need still remains for a package on package (POP) semiconductor package
with a stacking substrate assembly to stack the multiple packages without intermediate
structures, such a s an interposer. In view of the ever-increasing need to save cost and
improve efficiencies, it is increasingly critical that answers be found to these problems.

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

The present invention provides a package on package system including providing a
first substrate having a first integrated circuit thereon and a second substrate having a second
integrated circuit thereon, the second substrate having a recess provided therein. The first
and second substrates are mounted having the first integrated circuit at least partially nested

in the recess.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned or obvious from the above. The advantages 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

FIG. 1 is a cross-section of an integrated circuit package on package system in
accordance with an embodiment of the present invention;

FIG. 2 is a more detailed cross-section of the second substrate shown in FIG. 1;

FIG. 3 is 2 more detailed cross-section of the first package shown in FIG. 1;

FIG. 4 is a more detailed cross-section of the second package shown in FIG. 1;

FIG. 5 is a more detailed cross-section of the first package of FIG. 3 nested in the
second package of FIG. 4;
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FIG. 6 is a cross-section of a package on package system after assembly and a second
backend process;

FIG. 7 is a more detailed cross-section of the second substrate of FIG. 2 prior to
assembly;

FIG. 8 is a more detailed cross-section of the second substrate of FIG. 2 in accordance
with another embodiment of the present invention; and

FIG. 9 is a flow chart of a package on package system for manufacturing an integrated
circuit package on package system in accordance with a further embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

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 system configurations, and process steps are not disclosed in detail.
Likewise, the drawings showi}lg embodiments of the invention are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
are shown greatly exaggerated in the figures. Generally, the device can be operated in any
orientation. The same numbers are used in all the figures to relate to the same elements.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the die or package or substrate, regardless of its orientation. The term
“yertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
“on”, “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the horizontal plane. The term
“processing” as used herein includes deposition of material or photoresist, patterning,
exposure, development, etching, cleaning, and/or removal of the material or photoresist as
required in forming a described structure.

Referring now to FIG. 1, therein is shown a cross-section of an integrated circuit
package on package (POP) system 100 in accordance with the present invention. The
integrated circuit package on package system 100 comprises a first package 102 stacked

below a second package 104.
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The first package 102 comprises a first substrate 106, wherein the first substrate 106
comprises a top surface 122 and a bottom surface 124, and a first set of integrated circuits
126 mounted on the top surface 122.

The second package 104 comprises a second substrate 110, wherein the second
substrate 110 comprises a top surface 118 and a bottom surface 120, and a second set of
integrated circuits 402 of FIG. 4 mounted on the top surface 118. A second ball grid array
(BGA) interface 108 is on the bottom surface 120 of the second substrate 110, wherein the
second ball grid array (BGA) interface 108 provides electrical, mechanical, and thermal
connectivity between the first substrate 106 and the second substrate 110. The bottom surface
120 of the second substrate 110 comprises a predefined recess 112 to nest the first set of
integrated circuits 126 mounted on the top surface 122 on the first substrate 106.

A first ball grid array (BGA) interface 116 is on the bottom surface 124 of the first
substrate 106, wherein the first ball grid array (BGA) interface 116 provides electrical,
mechanical, and thermal connectivity between the first substrate 106 and an external printed
circuit board (not shown). For illustrative purposes, the electrical and mechanical interface
between the first package 102 and the second package 104 is a ball grid array (BGA)
interface 116 in this embodiment, although it is understood that other coupling mechanisms
may be used in accordance with the principles of the present invention.

Referring now to FIG. 2, therein is shown a more detailed cross-section of the second
substrate 110 shown in FIG. 1. The second substrate 110 has the predefined recess 112 to
provide a clearance for the first set of integrated circuits 126 mounted on the top surface 122
on the first substrate 106 of FIG. 1.

The predefined recess 112 comprises a hollowed out area along with a recess height
210 on the bottom surface 120 of the second substrate for nesting at least a portion of the first
package 102. The recess height 210 along with the second ball grid array (BGA) interface
108 height accommodates a mold end height 114 of FIG. 1 of the first package 102. For
illustrative purposes, the second substrate 110 is shown as a four-layer substrate having a first
layer 202, a second layer 204, a third layer 206, and a fourth layer 208. Although the second
substrate 110 is shown as four layers, it is understood the number of layers may differ in
accordance with the principles of the present invention.

Referring now to FIG. 3, therein is shown a more detailed cross-section of the first
package 102 shown in FIG. 1. The first package 102 is shown without the first ball grid array
(BGA) interface 116 attached to the bottom surface 124 of the first substrate 106. The first
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package 102 comprising the first set of integrated circuits 126, such as, two stacked
semiconductor dice comprising a top semiconductor die 304 above a bottom semiconductor
die 306, mounted on the first substrate 106.

The top semiconductor die 304 and the bottom semiconductor die 306 are electrically
attached to the top surface 122 of the first substrate 106 by a plurality of wire bond wires 302.
It is understood that other techniques, such as direct attach, TAB, or flip chip, may be used to
electrically couple the top semiconductor die 304 and the bottom semiconductor die 306 to
the top surface 122 of the first substrate 106.

The top surface 122 of the first substrate 106 further comprises a first set of contact
points 308. During assembly, the second ball grid array (BGA) interface 108 of FIG. 1 is
electrically and mechanically coupled to the first set contact points 308. The bottom surface
124 of the first substrate 106 further comprises a plurality of contact sites 310 for providing
electrical, mechanical, and thermal connection to the first ball grid array (BGA) interface
116.

For illustrative purposes, the first set of integrated circuits 126 is shown to comprise
the top semiconductor die 304 and the bottom semiconductor die 306 in a stacked orientation,
although it is understood the relative orientation of the one or more semiconductor need not
be stacked or any combination thereof. In addition, it is understood the top semiconductor die
304 and the bottom semiconductor die 306 may be other elements, such as passive elements
and circuits. Furthermore, it is understood that the one or more semiconductor dice size may
differ or be similar relative to each other. Additionally, it is understood that the one or more
semiconductor dice functionality may differ or be similar.

Referring now to FIG. 4, therein is shown a more detailed cross-section of the second
package 104 shown in FIG. 1. The second package 104 comprises the second set of
integrated circuits 402 mounted on the top surface 118 of the second substrate 110, wherein
the second set of integrated circuits 402 comprise two stacked semiconductor dice comprising
a top semiconductor die 404 above a bottom semiconductor die 406. The top semiconductor
die 404 and the bottom semiconductor die 406 are shown to be electrically coupled to the
second substrate 110 by a plurality of wire bond wires 408. It is understood the techniques,
such as direct attach, TAB, or flip chip, may be used to electrically couple the top
semiconductor die 404 and the bottom semiconductor die 406 to the second substrate 110.

For illustrative purposes, the second set of integrated circuits 402 is shown to

comprise the top semiconductor die 404 and the bottom semiconductor die 406 in a stacked
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orientation, although it is understood the relative orientation of the one or more
semiconductor need not be stacked or any combination thereof. In addition, it is understood
the top semiconductor die 404 and the bottom semiconductor die 406 may be other elements,
such as passive elements and circuits. Furthermore, it is understood that the one or more
semiconductor dice size may differ or be similar relative to each other. Additionally, it is
understood that the one or more semiconductor dice functionality may differ or be similar.

Having the predefined recess 112 relaxes the requirements for the small gap between
the top semiconductor die 304 on the first substrate 106 and the mold end height 114 on the
first substrate 106 so an epoxy molding compound (EMC) having a fine filler size does not
have to be used in the molding process of the first package 102,

The predefined recess 112 provides reduced spacing between the first substrate 106
and the second substrate 110. The integrated circuit package on package system 100 with the
predefined recess 112 also avoids molding problems, and can accommodate various
thicknesses of the top semiconductor die 304 and the bottom semiconductor die 306 as well
as other multi-stack possibilities. In one embodiment, the predefined recess 112 may
comprise a ring-like structure, although it is understood the predefined recess 112 may
comprise different shape and dimension to accommodate the physical dimensions of the first
package 102.

Referring now to FIG. 5, therein is shown a more detailed cross-section of the first
package 102 nested in the second package 104. An epoxy layer 502 on the encapsulant 503
of the first package 102 further connects the first package and the second package. The
second ball grid array (BGA) interface 108 electrically, mechanically, and thermally couples
the bottom surface 120 of the second substrate 110 to the top surface 122 of the first substrate
106.

Referring now to FIG. 6, therein is shown a cross-section of the integrated circuit
package on package system 100 after assembly and a second backend process. The second
backend process includes such processes as solder ball mount (SBM), singulation (SGN), and
external visual inspection (EVI) with the first package 102 further comprising the first ball
grid array (BGA) interface 116 electrically coupling to an external printed circuit board (not
shown).

Referring now to FIG. 7, therein is shown a more detailed cross-section of the second
substrate 110 of FIG. 2 prior to assembly. The second substrate 110 is shown in an

orientation vertically flipped from previous figures, before assembly.
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The top surface 118 comprises a flat, two layer substrate comprising the first layer
202 and the second layer 204 coupled with an adhesive layer 704.

The first layer 202 comprises one or more metallic regions 706 used to electrically
and mechanically connect the top semiconductor die 404 and the bottom semiconductor die
406 to the second substrate 110 by the plurality of wire bond wires 408. The metallic regions
706 also provide signal conduction paths, voltage supply, ground, and other electrical
functions. The first layer 202 of the second substrate 110 also comprises one or more non-
metallic insulating regions 708 that insulate the metallic regions 706.

The second layer 204 of the second substrate 110 comprises one or more metallic
regions 710. The metallic regions 710 also provide signal conduction paths, voltage supply,
ground, and other electrical functions. The second layer 204 of the second substrate 110
comprises one or more non-metallic insulating regions 712 that insulate the metallic regions
710. Selectively, an electrical via 714 electrically couples the metallic region 706 of the first
layer 202 to the metallic region 710 of the second layer 204 of the second substrate 110. A
dielectric layer 716 insulates and separates the first layer 202 from the second layer 204 of
the second substrate 110.

Referring now to FIG. 8, therein is shown a more detailed cross-section of the second
substrate 110 of FIG. 2 in accordance with another embodiment of the present invention. The
second substrate 110 with the bottom surface 120 being a two layer substrate, comprised of
the third layer 206 and the fourth layer 208, bonded to the top surface 118 of the second
substrate 110 with the first layer 202 and the second layer 204 to form the second substrate
110. The second substrate 110 has the predefined recess 112 in the bottom surface 120 of the
second substrate 110. The third layer 206 of the second substrate 110 comprises one or more
metallic regions 806 used for the electrical coupling to the metallic region 710 of the second
layer 204 of the second substrate 110. The metallic regions 806 also provide signal
conduction paths, voltage supply, ground, and other electrical functions. The third layer 206
of the second substrate 110 comprises one or more non-metallic insulating regions 808 that
insulate the metallic regions 806.

The fourth layer 208 of the second substrate 110 comprises one or more metallic
regions 810. The metallic regions 810 also provide signal conduction paths, voltage supply,
ground, and other electrical functions. The fourth layer 208 of the second substrate 110
comprises one or more non-metallic insulating regions 812 that insulate the metallic regions
810.
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Selectively, an electrical via 814 electrically connects the metallic region 806 of the
third layer 206 to the metallic regions 810 of the fourth layer 208 of the second substrate 110.
A dielectric layer 816 separates the third layer 206 and the fourth layer 208 of the second
substrate 110. For illustrative purposes, the electrical connection between substrate layers is
describe as electrical vias, although it is understood that other electrical coupling structures
may be used.
Referring now to FIG. 9, therein is shown a flow chart of a package on package
system 900 for manufacturing an integrated circuit package on package system 100 in
accordance with a further embodiment of the present invention. The package on package
system 900 includes providing a first substrate having a first integrated circuit thereon in a
block 902; providing a second substrate having a second integrated circuit thereon, the
second substrate having a recess provided therein in a block 904; and mounting the first and
second substrate having the first integrated circuit at least partially nested in the recess in a
block 906.
In greater detail, a system to provide the integrated circuit package on package system
100 without additional structures, such as interposers, and minimizes the space required to
create the package on package stacking scheme, according to an embodiment of the present
invention, is performed as follows:
1. The package on package stacking is created utilizing only the attributes of the first
substrate 106 of the first package 102 and the second substrate 110 of the second
package 104. (FIG. 1)

2. The predefined recess 112 on the bottom surface 120 of the second substrate 110
provides a hollowed out area to nest the first set of integrated circuits 126
mounted on the top surface 122 on the first substrate 106. (FIG. 2)

3. The first package 102 comprising the first substrate 106 having the first set of
contact points 308 for the second ball grid array (BGA) interface 108 of the
second package 104. (FIG. 3)

An advantage is that the present invention provides more degrees of freedom for the
dice thickness or the number of dice in the stack comprised in the first package 102 resulting
in relaxed manufacturing flow and materials requirements. For example, the selection of
EMC could be broadened to use either the normal or the fine filler size EMC.
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It has been discovered that the disclosed structure results in the increased density of
the solder balls comprised in the second ball grid array (BGA) interface 108.

It has also been discovered in the present invention that the increased density of the
solder balls of the second ball grid array (BGA) interface 108 coupled to more of the first set
of contact points 308 of the first substrate 106 results in providing additional signal shielding
and electro-magnetic interference (EMI) shielding.

Again, yet another discovery of the present invention is the increased density of the
solder balls of the second ball grid array (BGA) interface 108 coupled to more of the first set
of contact points 308 of the first substrate 106 results in providing mechanical rigidity for the
integrated circuit package on package system 100.

Again, another discovery of the present invention is that the increased density of the
solder ball of the second ball grid array (BGA) interface 108 coupled to more of the first set
of contact points 308 of the first substrate 106 results in providing additional thermal paths to
cool both the first set of integrated circuits 126 and the second set of integrated circuits 402.

Yet another discovery of the present invention is to be able to provide lower power
from the second set of integrated circuits 402 resulting from reducing the drive strength of
electrical signals only to what is necessary for transmission to and from the first set of
integrated circuits 126.

The overall system dimension may be reduced by accommodation of the mold end
height 114 of the first package 102 with the bottom surface 120 of the second substrate 110
having the predefined recess 112 providing the hollowed out area for. Yet another important
advantage of the present invention is that it valuably supports and services the historical trend
of reducing costs, simplifying systems, and increasing performance.

These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

Thus, it has been discovered that the integrated circuit package on package system
method and apparatus of the present invention furnish important and heretofore unknown and
unavailable solutions, capabilities, and functional advantages. The resulting processes and
configurations are straightforward, cost-effective, uncomplicated, highly versatile, accurate,
sensitive, and effective, and can be implemented by adapting known components for ready,
efficient, and economical manufacturing, application, and utilization.

While the invention has been described in conjunction with a specific best mode, it is

to be understood that many alternatives, modifications, and variations will be apparent to
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those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which 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.

10
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THE INVENTION CLAIMED IS:

1. A package on package system (100) comprising:

providing a first substrate (106) having a first integrated circuit (126) thereon

providing a second substrate (110) having a second integrated circuit (402) thereon,
the second substrate (110) having a recess (112) provided therein;

mounting the first and second substrate (106) (110) having the first integrated circuit
(126) at least partially nested in the recess (112).

2. The system (100) as claimed in claim 1 further comprising:
molding encapsulant (503) around the first integrated circuit (126); and

positioning the encapsulant (503) in the recess (112).

3. The system (100) as claimed in claim 1 further comprising forming electrical

connections (108) between the first and second substrates (106) (110).

4. The system (100) as claimed in claim 1 further comprising forming electrical
connects (116) on the first substrate (106) under the first integrated circuit (126).

5. The system (100) as claimed in claim 1 wherein providing the second
substrate (110) further comprises:
forming a first layer (202) for having the first integrated circuit (126) thereon; and
forming a second layer (204) having a through opening provided therein to cooperate
with the first layer (202) to form the recess (112).

6. A package on package system (100) comprising:

a first substrate (106) having a first integrated circuit (126) thereon; and

a second substrate (110) having a second integrated circuit (402) thereon, the second
substrate (110) having a recess (112) provided therein, and the first and second
substrate (106) (110) having the first integrated circuit (126) at least partially

nested in the recess (112).

7. The system (100) as claimed in claim 6 further comprising encapsulant (503)

around the first integrated circuit (126) and in the recess (112).

8. The system (100) as claimed in claim 6 further comprising electrical
connections (108) between the first and second substrates (106) (110).

11
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9. The system (100) as claimed in claim 6 further comprising electrical

connections (116) on the first substrate (106) under the first integrated circuit (126).

10.  The system (100) as claimed in claim 6 wherein the second substrate (110)

further comprises:
a first layer (202) for having the first integrated circuit (126) thereon; and
a second layer (204) having a through opening provided therein to cooperate with the

first layer (202) to form the recess (112).

12
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