SEMICONDUCTOR PACKAGE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims priority to Korean Patent Application No.
10-2018-0081705 filed on July 13, 2018 in the Korean Intellectual Property Office,

the entire contents of which are hereby incorporated by reference.

TECHNICAL FIELD
[0002] The present inventive concepts relate to a semiconductor package. More
particularly, the inventive concept relates to a chip stack package, such as package
on package (PoP) and to a semiconductor package that may be used in fabricating the

same.

BACKGROUND
[0003] A semiconductor package is provided to provide an integrated circuit(s)
for use in electronic products. A semiconductor package is typically configured such
that a semiconductor chip is mounted on a printed circuit board (PCB) and bonding
wires or bumps are used to electrically connect the semiconductor chip to the printed
circuit board. As the electronics industry continues to evolve, many studies have
been conducted aimed at increasing the functionality and improving the reliability

and durability of semiconductor packages.

SUMMARY
[0004] According to one aspect of the present inventive concepts, there is

provided a semiconductor package comprising a first substrate, a first semiconductor



chip disposed on and mounted to the first substrate, an interposer chip on the first
semiconductor chip, a first pad disposed on the interposer chip, a second pad
disposed on the interposer chip and spaced apart from the first pad, and a bonding
wire electrically connected to the second pad and the first substrate, and in which the
second pad is electrically connected through the interposer chip to the first pad, and
the interposer chip has a footprint greater than that of the first semiconductor chip.
[0005] According to another aspect of the present inventive concepts, there is
also provided a semiconductor package comprising a first substrate, a first
semiconductor chip disposed on and mounted to the first substrate, a dummy chip
disposed on the first semiconductor chip and having a footprint greater than that of
the first semiconductor chip, a redistribution layer on a top surface of the dummy
chip, a plurality of solder ball pads on the redistribution layer, a bonding wire pad
connected to the redistribution layer and electrically connected through the
redistribution layer to at least one of the solder ball pads, and a molding layer
disposed on the first substrate and covering the redistribution layer and the bonding
wire pad, and in which the molding layer has a plurality of openings that lead to and
open at the solder ball pads.

[0006] According to still another aspect of the present inventive concepts, there
1s provided a semiconductor package comprising a first substrate including a
substrate pad, a first semiconductor chip disposed on and mounted to the first
substrate, an interposer chip disposed on the first semiconductor chip and including a
redistribution layer comprising a wiring pattern, a solder ball on a top surface of the
interposer chip, and a bonding wire extending from the top surface of the interposer
chip, and in which the bonding wire is coupled to the substrate pad, the solder ball is

electrically connected through the redistribution layer to the bonding wire, and the



interposer chip has a width greater than a width of the first semiconductor chip in a
direction parallel to an upper surface of the first substrate.

[0007] According to still another aspect of the present inventive concepts, there
is provided a semiconductor package comprising a first substrate including an
insulating body, and first substrate pads and second substrate pads of electrically
conductive material at a top surface of the insulating body, a first semiconductor chip
flip-chip mounted to the first substrate as disposed on and electrically connected to
the first substrate pads of the first substrate, an interposer on the first semiconductor
chip, the interposer having an upper portion including a redistribution layer
comprising wiring patterns, a plurality of first pads of electrically conductive
material disposed on the interposer, a plurality of second pads of electrically
conductive material disposed on the interposer and spaced laterally outwardly of the
plurality of first pads, bonding wires electrically connecting the second pads
disposed on the interposer and the second substrate pads, respectively; and a molding
layer disposed on the first substrate and in which the interposer, the first
semiconductor chip and the bonding wires are encapsulated, and in which the second
pads are electrically connected by the wiring patterns of the redistribution layer of
the interposer to the first pads, and the molding layer has a plurality of openings

therein that leads to and opens at the plurality of first pads disposed on the interposer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1A is a plan view of a first example of a semiconductor package
according to the present inventive concepts.
[0009] FIG. 1B is a cross-sectional view taken along line I-II of FIG. 1A.
[00010] FIG. 1C is an enlarged view of section III of FIG. 1B.



[00011] FIG. 1D is a cross-sectional view of one version of an opening and a first
pad of the first example of the semiconductor package according to the present
inventive concepts.

[00012] FIG. 1E is a cross-sectional view of another version of an opening and a
first pad of the first example of the semiconductor package according to the present
inventive concepts.

[00013]  FIG. 1F is a cross-sectional view of another version of an opening and a
first pad of the first example of the semiconductor package according to the present
inventive concepts.

[00014]  FIG. 1G is a cross-sectional view of another version of an opening and a
first pad of the first example of the semiconductor package according to the present
inventive concepts.

[00015] FIG. 1H is a cross-sectional view of still another version of an opening
and a first pad of the first example of the semiconductor package according to the
present inventive concepts the present inventive concepts.

[00016] FIG. 2A is a plan view of a second package of a semiconductor package
according to the present inventive concepts.

[00017] FIG. 2B is a cross-sectional view taken along line I’-II’ of FIG. 2A.
[00018] FIG. 3A is a plan view of second example of a semiconductor package
according to the present inventive concepts.

[00019]  FIG. 3B is a cross-sectional view taken along line I"’-II’” of FIG. 3A.
[00020] FIG. 3C is a cross-sectional view of the second example of the
semiconductor package during the course of its manufacture in a method according
to the present inventive concepts.

[00021] FIG. 3D is a cross-sectional view of a connection structure of the second



example of a semiconductor package according to the present inventive concepts.
[00022] FIG. 3E is a cross-sectional view of another version of the connection
structure according to the present inventive concepts.

[00023] FIG. 3F is a cross-sectional view of still another version of the
connection structure according to the present inventive concepts.

[00024] FIG. 4A is a layout diagram of an example of a second package of a
semiconductor package according to the present inventive concepts.

[00025] FIG. 4B is a plan view of electrical connections between a second
substrate and a second semiconductor chip of the second package having the layout
shown in FIG. 4A.

[00026] FIG. 5A is a layout diagram of an example of a semiconductor package
having the second package of FIGS. 4A and 4B according to the present inventive
concepts.

[00027] FIG. 5B is a cross-sectional view of an example of a semiconductor
package having the second package of FIGS. 4A and 4B according to the present
inventive concepts and a layout as shown in FIG. 5A, as taken in a direction
corresponding to that of line I"’-II"” of FIG. 5A.

[00028] FIG. 6A is a layout diagram of another example of a second package of a
semiconductor package according to the present inventive concepts.

[00029] FIG. 6B is a plan view of electrical connections between a second
substrate and a second semiconductor chip of the second package having the layout
shown in FIG. 6A.

[00030] FIG. 7 is a layout diagram of another example of a first package of a
semiconductor package according to the present inventive concepts.

[00031] FIG. 8 is a layout diagram of another example of a second package of a



semiconductor package according to the present inventive concepts.

[00032] FIG. 9A is layout diagram of another example of a semiconductor
package according to the present inventive concepts.

[00033] FIG. 9B is a cross-sectional view of an example of a semiconductor
package having the layout shown in FIG. 9A and as taken in a direction
corresponding to that of line I'’-II’” of FIG. 9A.

[00034] FIG. 10A is a layout diagram of another example of a semiconductor
package according to the present inventive concepts.

[00035] FIG. 10B is a cross-sectional view of an example of a semiconductor
package having the layout shown in FIG. 10A and as taken in a direction
corresponding to that of line I'’-II"” of FIG. 10A.

[00036] FIG. 11 is a cross-sectional view of still another example of a

semiconductor package according to the present inventive concepts.

DETAILED DESCRIPTION
[00037] Various examples of semiconductor packages according to the present
inventive concepts will now be described in detail with reference to the drawings.
Like reference numerals designate like components throughout the drawings. Also,
the description may refer to the packages as having a particular element or feature in
the singular for simplicity. However, as shown in the drawings, the examples of the
packages may have a plurality of similar elements or features to which the written
description equally applies. Also, unless otherwise indicated, features and aspects of
the present inventive concepts described in connection with one example and similar,
as is clear from the drawings, to those of subsequent examples may not be described

again in detail for the sake of brevity.



[00038] A first example of a semiconductor package 10 according to the present
inventive concepts is illustrated in FIGS. 1A, 1B, and 1C. The first package 10 may
include a first substrate 100, a first semiconductor chip 200, an interposer 300 in chip
form (referred to hereinafter as “interposer chip 300”), a bonding wire 520, and a
body of molded material 390 (referred to hereinafter as a first molding layer 390”). A
printed circuit board or a structure having redistribution wiring may be used as the
first substrate 100. The first substrate 100 may have an insulating body (one or more
layers of insulating material) provided on its top surface with substrate pads. The
substrate pads may include first substrate pads 121 and second substrate pads 122.
The second substrate pads 122 may be closer than the first substrate pads 121 to an
edge region of the first substrate 100. The first and second substrate pads 121 and
122 may be electrically connected through internal interconnections 130 (shown
schematically by the solid lines) to external terminals 110. The phrase “electrically
connected to the first substrate 100” as used hereinafter may mean “electrically
connected to the internal interconnections 130.” The external terminals 110 may be
provided on a bottom surface of the insulating body of the first substrate 100. The
external terminals 110 may include solder balls. The external terminals 110 may be
coupled to an external device. The substrate pads 121 and 122, the external terminals
110, and the internal interconnections 130 are formed of conductive material such as
a metal.

[00039] The first semiconductor chip 200 may be flip-chip mounted to the first
substrate 100. The first semiconductor chip 200 may be a logic chip or an application
processor (AP). The first semiconductor chip 200 may be a system-on-chip. The first
semiconductor chip 200 may have therein integrated circuits which integrated

circuits may include a logic circuit, a memory circuit, or a combination thereof. A



first chip pad 210 may be provided at a bottom of the first semiconductor chip 200,
1.e., at a surface of the first semiconductor chip 200 facing the first substrate 100.
The first chip pad 210 may be electrically connected to the integrated circuits of the
first semiconductor chip 200. The bottom surface of the first semiconductor chip 200
may thus be the active surface of the chip. The top surface 200a of the first
semiconductor chip 200 may be an inactive surface. The phrase ‘“electrically
connected to the first pad 410” may thus have essentially the same meaning as
“electrically connected to the first semiconductor chip 200.” Likewise, the phrase
“electrically connected to the first semiconductor chip 200” may thus have
essentially the same meaning as “electrically connected to the integrated circuits of
the first semiconductor chip 200.”

[00040] A connection terminal 220 may be provided between the first substrate
100 and the first semiconductor chip 200 and may be electrically connected to the
first substrate 100 and the first semiconductor chip 200. The connection terminal 220
may include one or more of a solder ball, a bump, and a pillar. The connection
terminal 220 is of conductive material such as a metal. An under-fill layer 290 may
be provided in a gap between the first substrate 100 and the first semiconductor chip
200 and may encapsulate the connection terminal 220. The under-fill layer 290 may
comprise a dielectric polymer.

[00041] In another example of the semiconductor package according to the
present inventive concepts, a thermos-compression bonding technique may be used
to mount the first semiconductor chip 200 on the first substrate 100. In this case, the
first semiconductor chip 200 physically contacts the first substrate 100, and the first
chip pad 210 is directly coupled to the first substrate pad 121.

[00042] The interposer chip 300 is disposed on the first semiconductor chip 200.



The interposer chip 300 may include a base substrate 310 and a redistribution layer
330. The interposer chip 300 does not include integrated circuits or transistors. The
base substrate 310 may be a dummy chip. A semiconductor substrate may be used as
the base substrate 310. The semiconductor substrate may be a substrate (plate-like
body) consisting of silicon, silicon germanium, or silicon carbide. The base substrate
310 has top and bottom surfaces facing in opposite directions. The bottom surface of
the base substrate 310 faces the first semiconductor chip 200. The interposer chip
300 including the base substrate 310 may have a relatively high thermal conductivity.
The interposer chip 300 may have a thermal conductivity greater than that of a
printed circuit board. For example, the interposer chip 300 may have a thermal
conductivity equal to or greater than about 30 W/mK, and preferably from about 30
W/mK to about 2000 W/mK. The first semiconductor chip 200 may generate heat
during its operation. As expressed by arrows, heat generated from the first
semiconductor chip 200 may be promptly released through the interposer chip 300.
Accordingly, the first semiconductor chip 200 may have excellent thermal
characteristics and operational reliability.

[00043] The higher the performance of the first semiconductor chip 200, the
greater is the amount of heat generated by the first semiconductor chip 200.
According to examples of the present inventive concepts in which the interposer chip
300 has a thermal release function as described above, a high-performance
semiconductor chip may be used as the first semiconductor chip 200.

[00044]  As shown in FIG. 1A, the interposer chip 300 may have a length L2
equal to or greater than a length L1 of the first semiconductor chip 200. A width W2
of the interposer chip 300 may be equal to or greater than a width W1 of the first

semiconductor chip 200. In this case, the interposer chip 300 completely covers the



top surface 200a of the first semiconductor chip 200. Also, the interposer chip 300
may have a planar area greater than that of the first semiconductor chip 200 such that
an edge region of the interposer chip 300 does not lie on the first semiconductor chip
200. Because the top surface 200a of the first semiconductor chip 200 completely
covers or overlaps the interposer chip 300, heat generated from the first
semiconductor chip 200 may be rapidly delivered to the interposer chip 300. The
interposer chip 300 may be relatively thin, and thus the first package 10 may be
relatively compact.

[00045] An adhesive layer 380 may be provided between the first semiconductor
chip 200 and the interposer chip 300. The interposer chip 300 may be attached
through the adhesive layer 380 to the first semiconductor chip 200. The adhesive
layer 380 may extend onto a bottom surface of the edge region of the interposer chip
300. The adhesive layer 380 may include a dielectric polymer and a plurality of
particles. The particles may be distributed in the dielectric polymer. The particles
may include a thermally conductive material. For example, the particles may have a
thermal conductivity greater than that of the adhesive layer 380. The particles may
include metal, but the present inventive concepts are not limited thereto. The
particles may cause the adhesive layer 380 to have a relatively high thermal
conductivity. For example, the adhesive layer 380 may have a thermal conductivity
equal to or greater than about 0.2 W/mK, and preferably from about 0.2 W/mK to
about 10 W/mK. Heat generated from the first semiconductor chip 200 may be
immediately transmitted through the adhesive layer 380 to the interposer chip 300.
[00046] The redistribution layer 330 is provided on the top surface of the base
substrate 310. The redistribution layer 330 may include a dielectric portion of one or

more layers of dielectric material (e.g. at least one of dielectric layer 331) and a

10



redistribution pattern 333. The dielectric layer 331 may be formed of a dielectric
polymer or a silicon-containing dielectric material. The dielectric polymer may be,
for example, photosensitive polyimide (PSPI), polybenzoxazole (PBO), a phenolic
polymer, a benzocyclobutene (BCB) based polymer, or a combination thereof. The
silicon-containing dielectric material may be silicon oxide, silicon nitride, silicon
oxynitride, tetracthylorthosilicate (TEOS), or a combination thereof.

[00047] The redistribution pattern 333 may include a via portion (one or more
vias) and a line portion (a conductive line or “trace”). The via portion of the
redistribution pattern 333 extends vertically in one of the dielectric layers 331. The
line portion of the redistribution pattern 333 may be provided on a surface of one of
the dielectric layers 331. The line portion of the redistribution pattern 333 is
connected to the via portion of the redistribution pattern 333. The phrase “electrically
connected to the redistribution layer 330” may have essentially the same meaning as
“electrically connected to the redistribution pattern 333.” The redistribution pattern
333 may be formed of a metal, such as copper. The redistribution pattern 333 may
comprise a plurality of discrete line portions and a respective via(s) in contact
therewith.

[00048] The interposer chip 300 may be provided with first pads 410 and second
pads 420 on an uppermost one of the dielectric layers 331. As shown in FIG. 1A, the
first pads 410 may be arranged at a first pitch P1. The first pitch P1 may be greater
than a pitch P2 of the second substrate pads 122. The first pads 410 comprise a metal,
such as aluminum.

[00049]  First solder balls 511 may be provided on the first pads 410, respectively.
The first semiconductor chip 200 may be electrically connected through the first

solder balls 511 to an external semiconductor chip or an external package. The first
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solder balls 511 include a conductive material such as tin, silver, bismuth, or any
alloy thereof. The first solder balls 511 may be arranged at a pitch similar to the first
pitch P1. In another example, the first solder balls 511 are omitted.

[00050] The second pads 420 may be closer than the first pads 410 to a side
surface of the interposer chip 300. The second pads 420 may be electrically
connected through the redistribution pattern 333 to at least one of the first pads 410.
A single process may be performed to form the second pads 420 together with the
first pads 410. For example, a conductive layer may be formed on the redistribution
layer 330. The conductive layer may be patterned to form the first pads 410 and the
second pads 420. In this case, the second pads 420 may include the same material as
that of the first pads 410, and may have substantially the same thickness as that of
the first pads 410. Thus, the second pads 420 may be formed of, for example,
aluminum. Alternatively, the second pads 420 may be formed separately from the
first pads 410. In this case, the second pads 420 may include a different material
from that of the first pads 410. For example, the second pads 420 may be formed of
nickel, copper, aluminum, a solder material, or any alloy thereof. The solder material
may include tin, silver, bismuth, or any alloy thereof.

[00051] In examples of the present inventive concepts in which the planar area of
the interposer chip 300 is greater than the planar area of the first semiconductor chip
200, the layout of the first pads 410 and the second pads 420 enjoys a high degree of
freedom.

[00052] The bonding wire 520 may be coupled to one of the second pads 420 and
the second substrate pad 122. Thus, the second pad 420 may be electrically
connected through the bonding wire 520 to the internal interconnections 130.

Because in this example the planar area of the interposer chip 300 is greater than the
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planar area of the first semiconductor chip 200, the bonding wire 520 may be spaced
relatively far apart from the first semiconductor chip 200. Therefore, the bonding
wire 520 may be easily electrically connected to the first substrate 100. The bonding
wire 520 may be formed of a metal, such as gold or copper.

[00053] The first molding layer 390 may be provided on the first substrate 100
and the interposer chip 300. The first molding layer 390 may cover and protect the
bonding wire 520 and the second pad 420. Thus, the second pad 420 may not be
damaged by foreign substances (e.g., moisture or air). The first molding layer 390
may have openings 395. A drilling process may be performed to form the openings
395. As shown in FIG. 1C, the openings 395 may respectively expose top surfaces of
the first pads 410. Side surfaces of the first pads 410 may be covered, though, by the
first molding layer 390. After the openings 395 are formed, the first solder balls 511
may be correspondingly formed on the first pads 410 exposed by the openings 395.
At this time, the opening 395 may still be considered as leading to and opening at
(the top surface of) the first pad 410. The first solder balls 511 may have their
uppermost surfaces at a level higher than that of an uppermost surface of the first
molding layer 390.

[00054] The first molding layer 390 may cover and protect the redistribution
layer 330. For example, the first molding layer 390 may prevent the redistribution
pattern 333 from damage (e.g., corrosion) resulting from foreign substances. The
first molding layer 390 may fill a gap between the top surface of the first substrate
100 and the bottom surface of the edge region of the interposer chip 300. The first
molding layer 390 may be formed of a dielectric polymer such as an epoxy molding
compound (EMC).

[00055] FIGS. 1D to 1H illustrate other versions of an opening and a first pad

13



according to the present inventive concepts, each corresponding to an enlarged view
of section III of FIG. 1B.

[00056] Referring to FIG. 1D, the opening 395 may completely expose the top
surface of the first pad 410. The opening 395 may also expose the side surface of the
first pad 410. The first solder ball 511 may be provided on the exposed top surface of
the first pad 410. The first solder ball 511 may be spaced apart from a surface of the
first molding layer 390 defining the sides of the opening 395.

[00057] Referring to FIG. 1E, the opening 395 may expose one portion of the top
surface of the first pad 410. The opening 395 may cover another portion of the top
surface of the first pad 410 and the side surface of the first pad 410. The first solder
ball 511 may be provided on the top surface of the first pad 410 and may fill the
opening 395. Thus, the first solder ball 511 may contact the surface of the first
molding layer 390 defining the sides of the opening 395.

[00058] Referring to FIGS. 1F and 1G, the opening 395 may expose a portion of
the first pad 410. The first solder ball 511 may be provided on the top surface of the
first pad 410. The first molding layer 390 may contact a portion of the first solder
ball 511 and the side surface of the first pad 410. In the example shown in FIG. 1F,
the uppermost surface of the first solder ball 511 is located at a level higher than that
of the uppermost surface of the first molding layer 390. In the example shown in FIG.
1G, the uppermost surface of the first solder ball 511 is located at a lower level than
that of the uppermost surface of the first molding layer 390. In another example, the
uppermost surface of the first solder ball 511 is located at the same level as the
uppermost surface of the first molding layer 390.

[00059] Referring to FIG. 1H, the opening 395 exposes the top surface of the

first pad 410. No solder ball is provided on the top surface of the first pad 410.

14



[00060] FIGS. 2A and 2B illustrate a second package that may constitute a
package on package (PoP) according to the present inventive concepts.

[00061] Referring to FIGS. 2A and 2B, the second package 20 may include a
second substrate 600, a second semiconductor chip 700, and a second molding layer
800. A printed circuit board or a redistribution layer structure may be used as the
second substrate 600. The upper pad 620 may be provided on a top surface of the
second substrate 600. The upper pad 620 may be formed of a metal such as copper,
aluminum, or nickel.

[00062] The second semiconductor chip 700 may be mounted on the second
substrate 600. The second semiconductor chip 700 may be a memory chip. The
second semiconductor chip 700 may be disposed on a central region of the second
substrate 600. An adhesive film 780 may be interposed between the second substrate
600 and the second semiconductor chip 700. The adhesive film 780 may include a
dielectric resin. A second chip pad 710 may be provided on the top surface of the
second semiconductor chip 700 and may be electrically connected to integrated
circuits of the second semiconductor chip 700. The phrase “electrically connected to
the second semiconductor chip 700” may have essentially the same meaning as
“electrically connected to the integrated circuits of the second semiconductor chip
700.” The phrase “electrically connected to the second chip pads 710” may have
essentially the same meaning as “electrically connected to the second semiconductor
chip 700.”

[00063] One or more connectors 720 may extend from locations proximate the
top surface of the second semiconductor chip 700. The connector 720 may be
coupled to the second chip pad 710 and to the upper pad 620. The connector 720

may be a bonding wire. The connector 720 is of conductive material such as a metal.
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The second semiconductor chip 700 may be electrically connected through the
connector 720 to the second substrate 600. The phrase “electrically connected to the
second substrate 600” may have essentially the same meaning as ‘“electrically
connected to internal lines 630 in the second substrate 600.”

[00064] The second molding layer 800 may be provided on the second substrate
600 to cover the second semiconductor chip 700. The second molding layer 800 may
encapsulate the connector 720. The second molding layer 800 may be formed of a
dielectric polymer such as an epoxy molding compound.

[00065] The upper pads 620 may be spaced laterally of the second semiconductor
chip 700. When viewed in plan, the upper pads 620 may be disposed on an edge
region of the second substrate 600. The insulating body of the second substrate 600
may be provided on its bottom surface with lower pads 610. The lower pads 610 may
be electrically connected to the upper pads 620, respectively, through the internal
lines 630 of the second substrate 600. In FIG. 2B, the solid lines schematically
illustrate the internal lines 630. The internal lines 630 and the lower pads 610
comprise a metal. As shown in FIG. 2A, the lower pads 610 may be arranged at a
second pitch P10. The second pitch P10 and sizes of the lower pads 610 may be
standardized. For example, the second pitch P10 may conform to a JEDEC standard.
The second pitch P10 may be greater than the pitch P20 of the upper pads 620. A
size (surface area or footprint) of each of the lower pads 610 may be greater than a
size of each of the upper pads 620. The lower pads 610 may not be aligned with the
upper pads 620.

[00066] Second solder balls 512 may be provided on the lower pads 610 and may
be coupled to the lower pads 610, respectively. The second solder balls 512 include a

conductive material such as tin, silver, bismuth, or any alloy thereof. The second
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solder balls 512 may be arranged at a pitch identical or similar to the second pitch
P10.

[00067] FIGS. 3A - 3C illustrates an example of a semiconductor package, in
this case a package on package, according to the present inventive concepts.

[00068] Referring to FIGS. 2A, 3A, and 3B, the semiconductor package PKGI
includes

[00069] a first package 10 and a second package 20. The first package 10 may
be the same as the first package 10 discussed above with reference to FIGS. 1A and
1B. The second package 20 may be the same as the second package 20 discussed
above with reference to FIGS. 2A and 2B. The second package 20 is provided on the
first package 10. The second package 20 may be electrically connected to the first
package 10 through one or more connection structures 510.

[00070] Referring to FIG. 3C, the second package 20 may be disposed on the
first package 10 with the second solder balls 512 aligned with corresponding ones of
the first solder balls 511. After that, a reflow process may be performed. The reflow
process may be performed to thermally treat the first solder balls 511 and the second
solder balls 512. When the reflow process is performed, the first solder balls 511 and
the second solder balls 512 that correspond to each other may be soldered to form the
connection structures 510 of FIG. 3B. Examples of the connection structures 510 will
be described below with reference to FIGS. 3D to 3F.

[00071] In the examples of FIGS. 3D and 3E, the connection structure 510
contacts the surface of the first molding layer 390 defining the sides of the opening
395. The connection structure 510 may include an upper portion 512A and a lower
portion 511A that are connected to and hence, are integral with each other. The upper

portion 512A of the connection structure 510 may originate from one of the second
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solder balls 512 of FIG. 3C. As shown in FIG. 3D, the connection structure 510 may
have a width on the top surface of the first pad 410, which width may be greater than
the minimum width of the connection structure 510. In this case, the lower portion
511A of the connection structure 510 originates from the first solder ball 511 of FIG.
IF or 1G. As shown in FIG. 3E, the connection structure 510 may have a width on
the top surface of the first pad 410, which width may correspond to the minimum
width of the connection structure 510. In this case, the lower portion 5S11A of the
connection structure 510 originates from the first solder ball 511 shown in FIG. 1C
or 1E. Alternatively, the forming of the connection structure 510 may include
coupling one of the second solder balls 512 shown in FIG. 3C to the first pad 410
shown in FIG. 1H.

[00072] In the example of FIG. 3F, the connection structure 510 is spaced apart
from the first molding layer 390, i.e., the connection structure 510 does not contact
the surface of the molding layer 390 defining the sides of the opening 395. The lower
portion S11A of the connection structure 510 may originate from the first solder ball
511 shown in FIG. 1D. The upper portion 512A of the connection structure 510 may
originate from one of the second solder balls 512 shown in FIG. 3C. The upper
portion 512A of the connection structure 510 is connected to and hence, integral with
the lower portion 511A of the connection structure 510.

[00073] Referring back to FIGS. 2A, 3A, 3B, and 3C, each of the connection
structures 510 may include one or more of a solder ball, a bump, and a pillar. When
viewed in plan, as shown in FIG. 3A, each of a first pad 410 and a corresponding one
of the lower pads 610 overlap a respective connection structure 510. The connection
structures 510 may be arranged at a pitch substantially the same as the first pitch P1

of the first pads 410 and the second pitch P10 of the lower pads 610. The interposer
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chip 300 may act as an electrical interface routing between the second semiconductor
chip 700 and the first semiconductor chip 200 or between the second semiconductor
chip 700 and the external terminals 110. The second semiconductor chip 700 may be
electrically connected either to the first semiconductor chip 200 or to the external
terminals 110 through the connection structures 510, the first pads 410, the
redistribution patterns 333, the second pads 420, and the bonding wires 520.

[00074] If the first pads 410, the interposer chip 300, and the bonding wires 520
were not provided, the connection structures 510 would have to be directly coupled
to second substrate pads 122 and corresponding ones of the lower pads 610. In this
case, the second substrate pads 122 would be spaced apart from the first
semiconductor chip 200 on the edge region of the first substrate 100. Accordingly,
the second pitch P10 would be relatively large. For example, the second pitch P10
would be greater than the pitch P2 of the second substrate pads 122 in examples of
the present inventive concept having the layout of FIG 1A. Accordingly, it would be
difficult to directly couple the connection structures 510 to the second substrate pads
122 and the lower pads 610. On the contrary, in examples according to the present
inventive concepts, the interposer chip 300, the first pads 410, the second pads 420,
and the bonding wires 520 are provided; therefore, there is great freedom of design
in the arrangements of the first pads 410 and the connection structures 510. In
particular, the first pads 410 may be aligned with the lower pads 610. The first pitch
P1 of the first pads 410 may be substantially the same as the second pitch P10.
Therefore, the connection structures 510 may be easily connected to the first pads
410 and the lower pads 610.

[00075] Certain applications may require that the second semiconductor chip 700

be a high performance chip. The second semiconductor chip 700 may include a
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plurality of second chip pads 710. The higher the storage capacity and/or storage
speed of the second semiconductor chip 700, the greater is the number of the second
chip pads 710. Thus, examples of a PoP according to the present inventive concepts
may have a relatively large number of each of the connectors 720, the upper pads
620, and the lower pads 610. The standardization of the second pitch P10 may
increase the number of the lower pads 610, and thus the lower pads 610 may be
further distributed. Because the interposer chip 300 is provided, the first pads 410
and the connection structures 510 may be easily disposed at their locations that
correspond to those of the lower pads 610. Therefore, even when the second
semiconductor chip 700 is a high performance chip, it may be easy to electrically
connect the second semiconductor chip 700 either to the first semiconductor chip 200
or to the external terminals 110 through the connection structures 510, the first pads
410, and the redistribution patterns 333.

[00076] In some examples, the area of a projection of the shape of the interposer
chip 300 onto a horizontal plane, i.e., the projected area or “footprint” of the
interposer chip 300 is relatively large. Such a projected area may be referred to
hereinafter as “planar area”. The larger the planar area of the interposer chip 300, the
more freedom there is in arranging the first pads 410. It may thus be possible to more
freely design the arrangement of the connection structures 510. For example,
respective ones of the first pads 410 and ones of the connection structures 510 may
be vertically juxtaposed with the first semiconductor chip 200. In other words, in a
plan view, some of the first pads 410 and their associated connection structures 510
may lie within a region bounded by the first semiconductor chip 200. Other ones of
the first pads 410 and connection structures 510 may not be vertically juxtaposed

with the first semiconductor chip 200. Thus, in a plan view, others of the first pads
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410 and their associated connection structures 510 lie outside the region bounded by
the first semiconductor chip 200.

[00077] A gap may be provided between the first package 10 and the second
package 20. For example, the first molding layer 390 may be spaced apart from the
second substrate 600, and a gap may be provided between a top surface of the first
molding layer 390 and the bottom surface of the second substrate 600. The gap may
be occupied by a gas such as air and spatially communicate with the environment
outside the semiconductor package PKG1.

[00078] Another example of a semiconductor package PKG2, namely, a second
PoP, according to the present inventive concepts is illustrated in FIGS. 4A — 5B.
[00079] Referring to FIGS. 4A, 4B, 5A, and 5B, the semiconductor package
PKG?2 includes a first package 10 and a second package 20’. The first package 10
may be the same as the first package 10 discussed above with reference to FIGS. 1A
and 1B.

[00080] The second package 20’ may include a second substrate 600, a second
semiconductor chip 700, and a second molding layer 800. A plurality of the second
semiconductor chips 700 may be provided. Each of the second semiconductor chips
700 may have a first side surface 700c and a second side surface 700d facing in
opposite directions. As shown in FIGS. 4A and 4B, the first side surface 700c of
each of the second semiconductor chips 700 may face another one of the second
semiconductor chips 700. The second side surface 700d of each of the second
semiconductor chips 700 may not face any of the other second semiconductor chips
700. The second side surfaces 700d of the second semiconductor chips 700 may be
closer than the first side surfaces 700c of the second semiconductor chips 700 to the

edge region of the second substrate 600. The second chip pads 710 may be provided
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on the top surfaces of the second semiconductor chips 700. As shown in FIG. 4B,
second chip pads 710 may be adjacent to the second side surface 700d of the second
semiconductor chip 700. As shown in FIGS. 4B and 5B, the connectors 720 may be
coupled to the second chip pads 710 and the upper pads 620. The upper pads 620
may be spaced laterally from the second semiconductor chips 700. The upper pads
620 may be adjacent to the second side surface 700d of the second semiconductor
chip 700 connected thereto. As shown in FIG. 4A, the upper pads 620 may be
coupled through the internal lines 630 to the lower pads 610. A large number of the
lower pads 610 may be provided to account for the provision of a plurality of the
second semiconductor chips 700. The second pitch P10 may be standardized. The
second pitch P10 may be greater than the pitch P20 of the upper pads 620.

[00081] Because the interposer chip 300 is provided, the connection structures
510 may be arranged with a high degree of freedom. As shown in FIG. 5A, the first
pads 410 may be easily aligned with the lower pads 610. Accordingly, the
connection structures 510 may be connected to corresponding first pads 410 and
corresponding lower pads 610. Each second semiconductor chip 700 may be
electrically connected either to the first semiconductor chip 200 or to the external
terminals 110 through the connection structures 510, the first pads 410, the
redistribution patterns 333, and the bonding wires 520.

[00082] Examples of electrical connections between the second semiconductor
chips 700 will be described in the following.

[00083] The second semiconductor chips 700 may include first
sub-semiconductor chips 701 and second sub-semiconductor chips 702. The first
sub-semiconductor chips 701 are not disposed side-by-side adjacent to each other. As

shown in FIG. 4A, first chip connection pads 641 may further be provided on the top
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surface of the second substrate 600. The first chip connection pads 641 may be
electrically connected to each other through the internal lines 630. The first chip
connection pads 641 may be electrically separated from the lower pads 610. As
shown in FIG. 4B, the connectors 720 may be coupled to the second chip pads 710
and the first chip connection pads 641. The first sub-semiconductor chips 701 may
be electrically connected to each other through the first chip connection pads 641.
Accordingly, although the first sub-semiconductor chips 701 are physically separated
from each other, the first sub-semiconductor chips 701 may perform functions of a
single semiconductor chip defined by a certain standard. The certain standard may be
a JEDEC standard.

[00084] The second sub-semiconductor chips 702 are not disposed side-by-side
adjacent to each other. Second chip connection pads 642 may further be provided on
the top surface of the second substrate 600. As shown in FIG. 4B, the second
sub-semiconductor chips 702 may be coupled through the connectors 720 to the
second chip connection pads 642. As shown in FIG. 4A, the second chip connection
pads 642 may be electrically connected to each other through the internal lines 630.
Accordingly, the second sub-semiconductor chips 702 may be electrically connected
to each other. Although the second sub-semiconductor chips 702 are physically
separated from each other, the second sub-semiconductor chips 702 may perform
functions of a single semiconductor chip defined by a certain standard (e.g., a
JEDEC standard). The second chip connection pads 642 may be electrically
separated from the lower pads 610 and the first chip connection pads 641.

[00085] In another example, the first chip connection pads 641 are connected to
the second chip connection pads 642, and thus the first sub-semiconductor chips 701

and the second sub-semiconductor chips 702 may perform functions of a single
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semiconductor chip. In still another example, the first chip connection pads 641 are
omitted, and each of the first sub-semiconductor chips 701 may act as a single
semiconductor chip. In yet another example, the second chip connection pads 642 are
omitted, and each of the second sub-semiconductor chips 702 may act as a single
semiconductor chip.

[00086]  Another version of the second semiconductor package PKG2 according
to the present inventive concepts is illustrated by FIGS. 5B, 6A and 6B.

[00087] The semiconductor package PKG2 has a second package 20’ including
a second substrate 600, second semiconductor chips 700, and a second molding layer
800. The second semiconductor chips 700 may be substantially the same as those
described above with reference to FIGS. 4A, 4B, 5A, and 5B except that at the top
surface of each second semiconductor chip 700, the second chip pads 710 are
adjacent to the first side surface 700c. One or more of the upper pads 620 may be
disposed on the central region of the second substrate 600. The first chip connection
pads 641 and the second chip connection pads 642 may be provided on the top
surface of the second substrate 600.

[00088] The planar arrangements of the upper pads 620 and the second chip pads
710 are not be limited to those shown in FIGS. 4A to 6B. For example, the second
chip pads 710 may include first sub-chip pads adjacent to the first side surface 700c
of the second semiconductor chip 700 and second sub-chip pads adjacent to the
second side surface 700d of the second semiconductor chip 700. In another example,
the second chip pads 710 include third sub-chip pads adjacent to a third side surface
of the second semiconductor chip 700. The third side surface of the second
semiconductor chip 700 neighbors the first side surface 700c and the second side

surface 700d.
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[00089] Another example of a semiconductor package PKG3 according to the
present inventive concepts is illustrated in FIGS. 7 to. FIG. 9B.

[00090] The semiconductor package PKG3 includes a first package 10’ and a
second package 20°°’. The first package 10’ may be substantially the same as that
described above with reference to FIGS. 1A to 1C except that, as shown in FIG. 7,
when viewed in plan, one or more of the first pads 410 lies on a central region of the
first substrate 100. Each of the first pads 410 may be electrically connected to one of
the second substrate pads 122 through the redistribution pattern 333, the second pad
420, and the bonding wire 520. The first pitch P1 may be greater than the pitch P2 of
the second substrate pads 122.

[00091] As shown in FIGS. 8 and 9B, the upper pads 620 are spaced apart from
the second semiconductor chip 700. When viewed in plan, the upper pads 620 may
be disposed alongside the edge region of the second substrate 600. The upper pads
620 may be electrically connected through the internal lines 630 to the lower pads
610. The lower pads 610 may be provided not only on the central region of the
second substrate 600 but also on the edge region of the second substrate 600. As
shown in FIG. 8, the second pitch P10 may be greater than the pitch P20 of the upper
pads 620.

[00092] As shown in FIGS. 9A and 9B, the connection structures 510 may be
respectively provided between the first pads 410 and the lower pads 610. The
connection structures 510 may be arranged at a pitch substantially the same as the
first pitch P1 and the second pitch P10. The connection structures 510 may be
coupled to corresponding first pads 410 and corresponding lower pads 610.

[00093] Another example of a semiconductor package PKG4 according to the

present inventive concepts is illustrated in FIGS. 10A and 10B.
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[00094] The semiconductor package PKG4 includes a first package 10’ and a
second package 20’"’. The second package 20’’ may be substantially the same as that
described above with reference to FIGS. 1A to 1C except that, when viewed in plan,
the first pads 410 do not lie on the first semiconductor chip 200. The second package
20’ may be substantially the same as that described above with reference to FIGS.
7 and 9B. For example, the lower pads 610 may be disposed on the edge region of
the second substrate 600. The second pitch P10 of the lower pads 610 may be greater
than the pitch P20 of the upper pads 620. The connection structures 510 may be
coupled to corresponding first pads 410 and corresponding lower pads 610. As
shown in FIG. 10A, when viewed in plan, the connection structures 510 may lie on
the lower pads 610 and the first pads 410. When viewed in plan, the connection
structures 510 do not lie on the first semiconductor chip 200.

[00095] FIG. 11 illustrates an example of a semiconductor package PKGS5
according to the inventive concepts.

[00096] The semiconductor package PKGS5 includes a first package 10 and a
second semiconductor chip 700. The first package 10 may be substantially the same
as that described above with reference to FIGS. 1A to 1C. The bottom surface of the
second semiconductor chip 700 may be an active surface. Thus, the second chip pads
710 may be provided at the bottom surface of the second semiconductor chip 700.
The connection structure 510 may be provided between the first pad 410 and the
second chip pad 710 and may be coupled to the first pad 410 and the second chip pad
710.

[00097] As another version of the semiconductor package PKGS5 according to the
present inventive concepts, the second semiconductor chip 700 is mounted on the

first package 10’ described with reference to FIGS. 6A and 6B.
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[00098] According to the present inventive concepts, an interposer chip may
have such a high thermal conductivity that heat generated from a first semiconductor
chip may be promptly released through the interposer chip. Accordingly, the first
semiconductor chip may have excellent operational reliability.

[00099] Because the interposer chip is provided, first pads and connection
structures may be arranged with high degrees of freedom. Thus, the first pads and the
connection structures may be easily aligned with lower pads. The connection
structures may be effortlessly coupled to the first pads and the lower pads.

[000100] Finally, examples of the present inventive concepts have been
described above in detail. The inventive concepts may, however, be put into practice
in many different ways and should not be construed as being limited to the examples
described above. Rather, these examples were described so that this disclosure is
thorough and complete, and fully conveys the inventive concepts to those skilled in
the art. Thus, the true spirit and scope of the inventive concepts is not limited by the

examples described above but by the following claims.
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WHAT IS CLAIMED IS:

1. A semiconductor package, comprising:

a first substrate;

a first semiconductor chip disposed on and mounted to the first substrate;

an interposer chip on the first semiconductor chip;

a first pad disposed on the interposer chip;

a second pad disposed on the interposer chip and spaced apart from the first
pad; and

a bonding wire electrically connected to the second pad and the first
substrate,

wherein the second pad is electrically connected through the interposer chip
to the first pad, and

the interposer chip has a footprint greater than that of the first
semiconductor chip, and has a thermal conductivity greater than that of the first
substrate such that heat generated from the first semiconductor chip is released

through the interposer chip.

2. The semiconductor package of claim 1, wherein the interposer chip has

a thermal conductivity in a range of 30 W/mK to 2000 W/mK.

3. The semiconductor package of claim 1 or claim 2, further comprising a

solder ball on the first pad.

4. The semiconductor package of any one of claims 1 to 3, wherein the
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interposer chip completely covers a top surface of the first semiconductor chip.

5.  The semiconductor package of any one of claims 1 to 4, further
comprising a substrate pad on the first substrate and coupled to the bonding wire,

wherein the first pad constitutes one of a plurality of first pads adjacent one
side of the semiconductor package, the substrate pad constitutes one of a plurality of
substrate pads adjacent said one side of the semiconductor package, the plurality of
first pads have a first pitch by which the first pads are spaced from each other in a
direction parallel to said one side of the semiconductor package, the plurality of
substrate pads have a second pitch by which the plurality of substrate pads are spaced
from each other in the direction parallel to said one side of the semiconductor

package, and the first pitch is greater than the second pitch.

6. The semiconductor package of any one of claims 1 to 5, further
comprising a molding layer on the first substrate and the interposer chip,

wherein the molding layer covers the second pad but not the first pad.

7. The semiconductor package of any one of claims 1 to 6, further
comprising:

an upper package on the interposer chip; and

a connection structure interposed between and electrically connecting the

upper package and the first pad.

8. The semiconductor package of claim 7, wherein the upper package

includes:
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a second substrate;

a second semiconductor chip disposed on and mounted to the second
substrate;

a plurality of upper pads on a top surface of the second substrate, the upper
pads electrically connected to the second semiconductor chip; and

a plurality of lower pads on a bottom surface of the second substrate and
electrically connected to the upper pads,

wherein a pitch of the lower pads is greater than a pitch of the upper pads.

9. The semiconductor package of claim 8, wherein the second
semiconductor chip is a memory chip, and the semiconductor package includes at

least one other memory chip disposed on and mounted to the second substrate.

10. The semiconductor package of any one of claims 1 to 9, wherein, when
viewed in plan, the first pad lies within a region bounded by the first semiconductor

chip.

11. A semiconductor package, comprising:

a first substrate;

a first semiconductor chip disposed on and mounted to the first substrate;

a dummy chip disposed on the first semiconductor chip and having a
footprint greater than that of the first semiconductor chip;

a redistribution layer on a top surface of the dummy chip;

a plurality of solder ball pads on the redistribution layer;

a bonding wire pad connected to the redistribution layer and electrically
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connected through the redistribution layer to at least one of the solder ball pads; and

a molding layer disposed on the first substrate and covering the
redistribution layer and the bonding wire pad,

wherein the molding layer has a plurality of openings that lead to and open
at the solder ball pads, and

the dummy chip has a thermal conductivity greater than that of the first
substrate such that heat generated from the first semiconductor chip is released

through the dummy chip.

12. The semiconductor package of claim 11, wherein
when viewed in plan, at least one of the solder ball pads lies within a region
bounded by the first semiconductor chip, and another of the solder ball pads is

spaced apart from the region bounded by the first semiconductor chip.

13. The semiconductor package of claim 11 or claim 12, further
comprising:
a plurality of substrate pads on a top surface of the first substrate; and

a bonding wire coupled to the bonding wire pad and one of the substrate

pads,

wherein a pitch of the solder ball pads is greater than a pitch of the substrate
pads.

14. The semiconductor package of any one of claims 11 to 13, further
comprising:

an upper package; and
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a plurality of connection structures interposed between the upper package
and the solder ball pads,
wherein the upper package is electrically connected through the connection

structures to the redistribution layer.

15. The semiconductor package of claim 14, wherein the molding layer

and the upper package have a gap therebetween.

16. A semiconductor package, comprising:

a first substrate including a substrate pad;

a first semiconductor chip disposed on and mounted to the first substrate;

an interposer chip disposed on the first semiconductor chip and including a
redistribution layer comprising a wiring pattern;

a solder ball on a top surface of the interposer chip; and

a bonding wire extending from the top surface of the interposer chip, the
bonding wire coupled to the substrate pad,

wherein the solder ball is electrically connected through the redistribution
layer to the bonding wire,

the interposer chip has a width, in a direction parallel to an upper surface of
the first substrate, greater than a width of the first semiconductor chip in said
direction, and

the interposer chip has a thermal conductivity greater than that of the first
substrate such that heat generated from the first semiconductor chip is released

through the interposer chip.
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17. The semiconductor package of claim 16, wherein, when viewed in plan,
the first semiconductor chip lies completely in a region bounded by the interposer

chip.

18. The semiconductor package of claim 16 or claim 17, further
comprising an adhesive layer between the first semiconductor chip and the interposer
chip,

wherein the adhesive layer has a thermal conductivity in a range of 0.2

W/mK to 10 W/mK.

19. The semiconductor package of any one of claims 16 to 18, further
comprising:

a first pad between the interposer chip and the solder ball;

a second pad on the top surface of the interposer chip, the second pad
coupled to the bonding wire; and

a molding layer on the interposer chip,

wherein the molding layer covers the second pad but not the solder ball.

20. A semiconductor package, comprising:

a first substrate including an insulating body, and first substrate pads and
second substrate pads of electrically conductive material at a top surface of the
insulating body;

a first semiconductor chip flip-chip mounted to the first substrate as
disposed on and electrically connected to the first substrate pads of the first substrate;

an interposer on the first semiconductor chip, the interposer having an upper
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portion including a redistribution layer comprising wiring patterns;

a plurality of first pads of electrically conductive material disposed on the
interposer;

a plurality of second pads of electrically conductive material disposed on the
interposer and spaced laterally outwardly of the plurality of first pads;

bonding wires electrically connecting the second pads disposed on the
interposer and the second substrate pads, respectively; and

a molding layer disposed on the first substrate and in which the interposer,
the first semiconductor chip and the bonding wires are encapsulated,

wherein the second pads are electrically connected by the wiring patterns of
the redistribution layer of the interposer to the first pads,

the molding layer has a plurality of openings therein that leads to and opens
at the plurality of first pads disposed on the interposer, and

the interposer has a footprint greater than that of the first semiconductor
chip, and has a thermal conductivity greater than that of the first substrate such that

heat generated from the first semiconductor chip is released through the interposer.
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