SEMICONDUCTOR PACKAGE

CROSS-REFERENCE TO RELATED APPLICATION

[1] This patent application claims priority from Korean Patent Application No.
10-2018-0127736 filed on October 24, 2018 in the Korean Intellectual Property Office, the

disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
[2] Example embodiments of the present disclosure relate to a semiconductor
package.
BACKGROUND
[3] Various types of semiconductor packages have been developed, as demand

for high capacity, thinning and miniaturization of electronic products has increased.

SUMMARY
[4] One or more example embodiments provide a semiconductor package having
a reduced thickness.
[5] One or more example embodiments provide a semiconductor package in

which a semiconductor chip may be mounted without defects.

[6] According to an aspect of an example embodiment, there is provided a
semiconductor package. The semiconductor package includes a lower structure including
an upper insulating layer and an upper pad; and a semiconductor chip provided on the lower
structure and comprising a lower insulating layer and a lower pad. The lower insulating
layer is in contact with and coupled to the upper insulating layer and the lower pad is in

contact with and coupled to the upper pad, and a lateral side of the semiconductor chip



extends between an upper side and a lower side of the semiconductor chip and comprises a
recessed portion.

[7] According to an aspect of an example embodiment, there is provided a
semiconductor package. The semiconductor package includes a lower structure; and a
semiconductor chip provided on the lower structure and having an upper side and a lower
side that opposes the upper side. The lower structure includes an upper pad and an upper
insulating layer, the semiconductor chip includes a lower pad and a lower insulating layer
that are provided at the lower side of the semiconductor chip, the lower pad is in contact
with and coupled to the upper pad, the lower insulating layer is in contact with and coupled
to the upper insulating layer, and the lower side of the semiconductor chip is narrower than
the upper side of the semiconductor chip.

[8] According to an aspect of an example embodiment, there is provided a
semiconductor package. The semiconductor package includes a lower structure; and a
plurality of semiconductor chips provided on the lower structure. The plurality of
semiconductor chips includes a first semiconductor chip and a second semiconductor chip
in direct contact with each other, the first semiconductor chip has a first upper side and a
first lower side that opposes the first upper side, the second semiconductor chip has a
second upper side and a second lower side that opposes the second upper side, the first
semiconductor chip includes an upper insulating layer and an upper pad that are provided at
the first upper side of the first semiconductor chip, the second semiconductor chip includes
a lower insulating layer and a lower pad that are provided at the second lower side of the
second semiconductor chip, the lower insulating layer and the upper insulating layer are in
contact with and coupled to each other, the lower pad and the upper pad are in contact with
and coupled to each other, and the second lower side of the second semiconductor chip is

narrower than the second upper side of the second semiconductor chip.
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BRIEF DESCRIPTION OF DRAWINGS

[9] The above and other aspects, features, and advantages of will be more clearly
understood from the following detailed description, taken in conjunction with the
accompanying drawings, in which:

[10] FIG. 1 is a cross-sectional view illustrating an example of a semiconductor
package according to an example embodiment;

[11] FIGs. 2 to 5 are partially enlarged views illustrating various examples of
portion “A” in FIG. 1;

[12] FIG. 6 is a cross-sectional view illustrating a modified example of the
semiconductor package according to an example embodiment;

[13] FIG. 7 is a cross-sectional view illustrating a modified example of the
semiconductor package according to an example embodiment;

[14] FIG. 8 is a cross-sectional view illustrating a modified example of the
semiconductor package according to an example embodiment;

[15] FIG. 9 is a partially enlarged view of portion “B” in FIG. §;

[16] FIG. 10 is a cross-sectional view illustrating a modified example of the
semiconductor package according to an example embodiment;

[17] FIG. 11 is a flow chart illustrating an example of a method of forming a
semiconductor package according to an example embodiment; and

[18] FIGs. 12A, 12B, 12C and 12D are cross-sectional views illustrating an
example of a method of forming a semiconductor package according to an example

embodiment.

DETAILED DESCRIPTION

[19] It will be understood that when an element or layer is referred to as being

n n n " n n

"over", "above", "on", "connected to" or "coupled to" another element or layer, it can be
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directly over, above, on, connected or coupled to the other element or layer or intervening
elements or layers may be present. In contrast, when an element is referred to as being
"directly over", "directly above", "directly on", "directly connected to" or "directly coupled
to" another element or layer, there are no intervening elements or layers present.

[20] FIG. 1 is a cross-sectional view illustrating an example of a semiconductor
package according to an example embodiment.

[21] Referring to FIG. 1, a semiconductor package la may include a lower
structure 100 and a semiconductor chip 200 on the lower structure 100. The semiconductor
chip 200 may be a memory semiconductor chip or a logic semiconductor chip. For example,
the memory semiconductor chip may be a volatile memory chip, such as a dynamic random
access memory (DRAM) or a static random access memory (SRAM), or may be a
nonvolatile memory chip such as a phase-change random access memory (PRAM), a
magnetoresistive random access memory (MRAM), a ferroelectric random access memory
(FeERAM), or a resistive random access memory (RRAM). The logic semiconductor chip
may be a microprocessor, an analog device, or a digital signal processor.

[22] In an example, the lower structure 100 may be a lower semiconductor chip
different from the semiconductor chip 200, but an example embodiment thereof is not
limited thereto. For example, the lower structure 100 may also be an interposer.

[23] The lower structure 100 may include an upper insulating layer 190 and an
upper pad 195. The semiconductor chip 200 may include a lower semiconductor insulating
layer 250 in contact with and coupled to the upper insulating layer 190, and a lower
semiconductor pad 255 in contact with and coupled to the upper pad 195. The
semiconductor chip 200 may include a lateral side 201s containing a first portion 201s1 and
a second portion 201s2 of an undercut shape recessed as compared with the first portion

201s1.



[24] The upper pad 195 and the lower semiconductor pad 255 may be formed of a
conductive material, for example, copper or the like, and may be combined and in contact with
each other.

[25] The upper insulating layer 190 and the lower semiconductor insulating layer 250
may be formed of an insulating material, for example, silicon oxide, and may be combined and
in contact with each other. A material of the upper insulating layer 190 and the lower
semiconductor insulating layer 250 may be formed of SiCN or the like, without being limited to
silicon oxide.

[26] The semiconductor package 1a may further include a molding layer 310 disposed
on the lower structure 100 and covering the semiconductor chip 200.

[27] The semiconductor package la may further include a base 10 below the lower
structure 100 and a connection structure 50 physically connecting the base 10 and the lower
structure 100. The base 10 may be a printed circuit board, an interposer or a semiconductor chip.
The connection structure 50 may be a solder ball or a bump.

[28] Next, various examples of the lower structure 100 and the semiconductor chip
200 will be described with reference to FIGs. 2 to 5. FIGs. 2 to 5 are partially enlarged views
illustrating various examples of portion “A” in FIG. 1.

[29] In an example, referring to FIGs. 1 and 2, the semiconductor chip 200 described
above includes an active side 201f contacting the lower structure 100, and an inactive side 201b
opposing the active side 201f. The active side 201f may be referred to as a “lower side”, and the
inactive side 201b may be referred to as an “upper side”.

[30] The semiconductor chip 200 may include a semiconductor body 210, a
semiconductor internal circuit region 235, the lower semiconductor insulating layer 250 and the
lower semiconductor pad 255. The semiconductor internal circuit region 235 may be disposed

below the semiconductor body 210, and the lower semiconductor insulating layer



250 and the lower semiconductor pad 255 may be disposed below the semiconductor internal
circuit region 235.

[31] The semiconductor body 210 may be a semiconductor substrate, and the
semiconductor internal circuit region 235 may be disposed on a lower side 210f of the
semiconductor body 210.

[32] The semiconductor internal circuit region 235 may include a semiconductor
internal circuit 215 and a semiconductor internal interconnection 240 electrically connecting the
semiconductor internal circuit 215 and the lower semiconductor pad 255. The semiconductor
internal circuit 215 and the semiconductor internal interconnection 240 may be disposed within
a semiconductor internal insulating layer 245.

[33] The semiconductor chip 200 may have the active side 201f and the inactive side
201b opposing each other. The active side 201f of the semiconductor chip 200 may be brought
into contact with and coupled to the lower structure 100. In the semiconductor chip 200, the
active side 201f may have a width less than that of the inactive side 201b. The semiconductor
internal circuit region 235 may have a width less than a width of the inactive side 201b of the
semiconductor chip 200.

[34] The lateral side 201s of the semiconductor chip 200 includes the first portion
201s1 and second portion 201s2. The first portion 201s1 may extend from an edge of the inactive
side 201b in a direction substantially perpendicular to the inactive side 201b, and the second
portion 201s2 may extend from an edge of the active side 201f to the first portion 201s1. The
second portion 201s2 includes a vertical portion 201s2a extending from an edge of the active side
201fin a direction substantially perpendicular to the active side 201f, and a curved portion 201s2b
extending from the vertical portion 201s2a to the first portion 201s1.

[35] The lower structure 100 illustrated in FIG. 1 may correspond to a lower structure

100a illustrated in FIG. 2. The lower structure 100a may include a lower body 110,



a lower protective insulating layer 165a and a lower connection pad 170a below the lower body
110, a lower internal circuit region 135a on the lower body 110, and the upper insulating layer
190 and the upper pad 195 on the lower internal circuit region 135a. The lower body 110 may be
a semiconductor substrate such as a silicon substrate or the like. The lower internal circuit region
135a may be disposed on an active side 110f of the lower body 110, and the lower protective
insulating layer 165a and the lower connection pad 170a may be disposed on an inactive side
110b of the lower body 110.

[36] The lower structure 100a may include a penetrating electrode structure 120
penetrating through the lower body 110 to electrically connect the lower connection pad 170a and
the upper pad 195. The penetrating electrode structure 120 may include a penetrating electrode
130 formed of a conductive material such as copper or the like, and an insulating spacer 125
surrounding a lateral side of the penetrating electrode 130. The lower internal interconnection
140a may be electrically connected the upper pad 195 and the penetrating electrode 120. The
upper pad 195 may be electrically connected to the lower connection pad 170a by the lower
internal interconnection 140a and the penetrating electrode 120.

[37] The lower internal circuit region 135a may include a lower internal circuit 115
and a lower internal interconnection 140a electrically connecting the lower internal circuit 115
and the upper pad 195. The lower internal circuit 115 and the lower internal interconnection 140a
may be disposed in the lower internal insulating layer 145a.

[38] Thus, the lower structure 100 may be a semiconductor chip 100a including the
lower internal circuit region 135a facing the semiconductor chip 200.

[39] In a modified example, referring to FIGs. 1 and 3, the lower structure 100
described above with reference to FIG. 1 may correspond to a lower structure 100b illustrated in

FIG. 3. The lower structure 100b may include a lower body 110, a



redistribution region 160b disposed on an inactive side 110b of the lower body 110, a lower
internal circuit region 135b disposed on an active side 110f of the lower body 110, and the upper
insulating layer 190 and the upper pad 195 disposed on the redistribution region 160b.

[40] The lower internal circuit region 135b may include a lower internal circuit 115, a
lower internal interconnection 140b electrically connected to the lower internal circuit 115, and a
lower connection pad 150 electrically connected to the lower internal interconnection 140b. The
lower internal circuit 115 and the lower internal interconnection 140b may be disposed in the
lower internal insulating layer 145b. The lower connection pad 150 may be connected to the
connection structure 50 described above.

[41] The redistribution region 160b may include a redistribution pattern 175, a first
redistribution insulating layer 167 between the redistribution pattern 175 and the lower body 110,
and a second redistribution insulating layer 180 between the first redistribution insulating layer
167 and the upper insulating layer 190.

[42] The lower structure 100b may include a penetrating electrode structure 120
penetrating through the lower body 110 and electrically connecting the lower internal
interconnection 140b and the redistribution pattern 175 to each other. Thus, the upper pad 195
and the lower connection pad 150 of the lower structure 100b may be electrically connected to
each other through the penetrating electrode structure 120.

[43] Thus, the lower structure 100 may be a semiconductor chip 100b that includes the
lower internal circuit region 135b. The lower internal circuit region 135b is formed on the active
side 110f of the lower body 110, an inactive side 110b of the lower body 110 faces the
semiconductor chip 200, and the lower internal circuit region 135b faces the base 10.

[44] In a modified example, referring to FIGs. 1 and 4, the lower structure 100

described above with reference to FIG. 1 may correspond to a lower structure 100c



illustrated in FIG. 4. The lower structure 100c may include a lower body 110, a redistribution
region 160c disposed on an upper inactive side 110bl of the lower body 110, a lower protective
insulating layer 165a and a lower connection pad 107 formed on the lower inactive side 110b2 of
the lower body 110, and the upper insulating layer 190 and the upper pad 195 disposed on the
redistribution region 160c.

[45] The redistribution region 160c may include the redistribution pattern 175, the first
redistribution insulating layer 167, and the second redistribution insulating layer 180, in a manner
similar to the redistribution region 160b described with reference to FIG. 3. The lower structure
100c may include a penetrating electrode structure 120 penetrating through the lower body 110
and electrically connecting the redistribution pattern 175 and the lower connection pad 107.

[46] Thus, the lower structure 100c may be an interposer including the redistribution
region 160c facing the semiconductor chip 200.

[47] In a modified example, referring to FIGs. 1 and 5, the lateral side 201s of the
semiconductor chip 200 may include a modified second portion 201s2’, together with the first
portion 201s1 described above with reference to FIGs. 1 and 2. In this case, because the remaining
components, other than the second portion 201s2” of the lateral side 201s, are described above
with reference to FIGs. 1 and 2, a detailed description thereof will be omitted.

[48] The second portion 20152’ of the semiconductor chip 200 may include a vertical
portion 201s2a extending from an edge of the active side 201f of the semiconductor chip 200 in
a direction substantially perpendicular to the active side 201f, a first curved portion 201s2ba
extending from the vertical portion 201s2a, and a second curved portion 201s2bb extending from
the first curved portion 201s2ba to the first portion 201s1 and distinguished from the first curved

portion 201s2ba.



[49] A semiconductor package according to an example embodiment will be
described with reference to FIG. 6. FIG. 6 is a cross-sectional view illustrating a
semiconductor package according to an example embodiment.

[50] As illustrated in FIG. 6, a semiconductor package 1b may include the base
10, the lower structure 100 on the base 10 and the semiconductor chip 200 on the lower
structure 100, in a manner similar to FIG. 1. The semiconductor package 1b may include a
molding layer 310’ covering the lateral sides 201s of the semiconductor chip 200.

[51] The semiconductor package 1b may include a heat dissipation structure 320
covering the semiconductor chip 200 and a molding layer 310°. The heat dissipation
structure 320 may include an insulating heat conduction layer 325 and a heat dissipation
plate 330. The heat dissipation plate 330 may be formed of a metallic material, capable of
externally radiating heat generated in the semiconductor chip 200. The insulating heat
conduction layer 325 may couple the heat dissipation plate 330 to the semiconductor chip.
[52] FIG. 7 is a cross-sectional view illustrating a semiconductor package
according to an example embodiment.

[53] Referring to FIG. 7, a semiconductor package 1c may include a base 10’, a

lower structure 100’ on the base 10°, and a semiconductor chip 200 on the lower structure

100°.
[54] The base 10” may include a base insulating layer 15 and a base pad 20.
[55] The lower structure 100" may include a lower insulating layer 197 in contact

with and coupled to the base insulating layer 15, and a lower pad 199 in contact with and
coupled to the base pad 20.

[56] The semiconductor chip 200 may be similar to the semiconductor chip
described above. For example, the semiconductor chip 200 may include the lower

semiconductor insulating layer 250 and the lower semiconductor pad 255 as described
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above, and may include the lateral side 201s having the first portion 201s1 and second
portion 201s2, as described above. The lower structure 100’ may include an upper
insulating layer 190 in contact with and coupled to the lower semiconductor insulating layer
250 of the semiconductor chip 200, and an upper pad 195 in contact with and coupled to the
lower semiconductor pad 255 of the semiconductor chip 200. A lateral side 101s of the
lower structure 100’ may include a first portion 101sl and a second portion 101s2. The
second portion 101s2 may be further recessed as compared with the first portion 101sl.
The second portion 101s2 of the lower structure 100’ extends from a surface of the lower
structure 100", and is in contact with and coupled to the base 10°. The first portion 101s1 of
the lower structure 100’ may extend from an edge of the lower structure 100'.

[57] FIG. 8 is a cross-sectional view illustrating a modified example of the
semiconductor package according to an example embodiment, and FIG. 9 is a partially
enlarged view of portion ‘B’ of FIG. 8.

[58] Referring to FIGs. 8 and 9, a semiconductor package 1d may include a base
10, a lower structure 100 coupled to the base 10 by a connection structure 50 above the base

10, and a plurality of semiconductor chips 500 above the lower structure 100.

[59] In an example, the base 10 may be a printed circuit board or a semiconductor
chip.
[60] In an example, the lower structure 100 may be similar to the lower structure

described in FIG. 1.
[61] In an example, the plurality of semiconductor chips 500 may include one or
more lower semiconductor chips 500a, 500b and 500c, and an upper semiconductor chip

500d on the one or more lower semiconductor chips 500a, 500b and 500c.
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[62] In an example, in the case of the plurality of lower semiconductor chips 500a,
500b and 500c, the plurality of lower semiconductor chips 500a, 500b and 500c may have
similar shapes or similar structures.

[63] Each of the plurality of semiconductor chips 500 includes a lateral side 501s
containing a first portion 501s1 and a second portion 501s2 extending from the first portion
501s1 and further recessed as compared with the first portion 501s1. The first portion
501s1 and the second portion 501s2 of the lateral side 501s may have a shape or structure
similar to that of the first portion 201s1 and the second portion 201s2 of the lateral side
201s described above with reference to FIGs. 1 and 2. Thus, a detailed description of the
first portion 501s1 and the second portion 501s2 of the lateral side 501s will be omitted.

[64] Each of the plurality of semiconductor chips 500 may include a
semiconductor body 510, a semiconductor internal circuit region 535 below the
semiconductor body 510, and a lower semiconductor insulating layer 550 and a lower
semiconductor pad 555 below the semiconductor internal circuit region 535. The
semiconductor body 510 may be a semiconductor substrate such as a silicon substrate. The
semiconductor internal circuit region 535 may include a semiconductor internal circuit 515
and a semiconductor internal interconnection 540 electrically connecting the semiconductor
internal circuit 515 and the lower semiconductor pad 555 to each other.

[65] Each of the lower semiconductor chips 500a, 500b and 500c in the plurality
of semiconductor chips 500 may further include an upper semiconductor insulating layer
590 and an upper semiconductor pad 595 on the semiconductor body 510. Each of the
lower semiconductor chips 500a, 500b and 500c in the plurality of semiconductor chips 500
may further include a semiconductor protection insulating layer 570 between the

semiconductor body 510 and the upper semiconductor insulating layer 590.
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[66] Each of the lower semiconductor chips 500a, 500b and 500c may include a
semiconductor penetration electrode structure 520 penetrating through the semiconductor
body 510 and electrically connecting the lower semiconductor pad 555 and the upper
semiconductor pad 595 to each other. The semiconductor penetration electrode structure
520 may include a penetrating electrode 530 formed of a conductive material, such as
copper or the like, and an insulating spacer 525 surrounding a lateral side of the penetrating
electrode 530.

[67] Among the semiconductor chips 500, the upper semiconductor insulating
layer 590 of a semiconductor chip located in a relatively low position, and the lower
semiconductor insulating layer 550 of a semiconductor chip located in a relatively high
position, may be in contact with and coupled to each other. In addition, among the
semiconductor chips 500, the upper semiconductor pad 595 of a semiconductor chip located
in a relatively low position, and the lower semiconductor pad 555 of a semiconductor chip
located in a relatively high position, may be in contact with and coupled to each other. Thus,
the semiconductor chips 500 may be sequentially stacked, as the upper semiconductor
insulating layer 590 and the lower semiconductor insulating layer 550 are in contact with
and coupled to each other and the upper semiconductor pad 595 and the lower
semiconductor pad 555 are in contact with and coupled to each other.

[68] A lowest semiconductor chip 500a among the lower semiconductor chips
500a, 500b and 500c may be coupled while being in contact with the lower structure 100.
For example, the lower semiconductor insulating layer 550 of the lowermost semiconductor
chip 500a may be in contact with the upper insulating layer 190 of the lower structure 100
to be coupled thereto, and the lower semiconductor pad 555 of the lowermost
semiconductor chip 500a may be in contact with the upper pad 195 of the lower structure

100 to be coupled thereto.
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[69] FIG. 10 is a cross-sectional view illustrating a semiconductor package
according to an example embodiment.

[70] As illustrated in FIG. 10, a semiconductor package le may include the base
10, the lower structure 100 on the base 10, and the plurality of semiconductor chips 500 on
the lower structure 100.

[71] The semiconductor package le may further include a molding layer 610’
covering lateral sides 501s of the plurality of semiconductor chips 500, and a heat
dissipation structure 620 covering an upper portion of the upper semiconductor chip 500d of
the plurality of semiconductor chips 500 and the molding layer 610°. The heat dissipation
structure 620 may include a heat dissipation plate 630 and an insulating heat conduction
layer 625. The insulating heat conduction layer 625 may bond the heat dissipation plate 630
and the upper semiconductor chip 500d.

[72] FIG. 11 is a process flow diagram illustrating an example of a method of
forming a semiconductor package according to an example embodiment, and FIGs. 12A,
12B, 12C and 12D are cross-sectional views illustrating an example of a method of forming
a semiconductor package according to an example embodiment.

[73] Referring to FIGs. 11 and 12A, a semiconductor wafer Wa having chip
regions CA may be formed in S10. The chip regions CA of the semiconductor wafer Wa
may include a lower insulating layer 250 and a lower pad 255. A protective layer 1100,
covering the lower insulating layer 250 and the lower pad 255, may be formed on the
semiconductor wafer Wa.

[74] The semiconductor wafer Wa may be adhered to a carrier substrate 1000 by
an adhesive layer 1010 on the carrier substrate 1000.

[75] Referring to FIGs. 11 and 12B, a groove 1200 may be formed in the

semiconductor wafer Wa between the chip regions CA in S20. The groove 1200 may
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penetrate through the lower insulating layer 250 and extend into the semiconductor wafer
Wa. The groove 1200 may be formed, using a laser or using a blade having a relatively
large width.

[76] Referring to FIGs. 11, 12C and 12D, the semiconductor wafer Wa may be cut
along a center portion of the groove 1200 to form the semiconductor chips 200 in S30.
Cutting the semiconductor wafer Wa may include performing a sawing process 1300.

[77] The protective layer 1100 remaining on the semiconductor chips 200 may be
removed. The semiconductor chips 200 may be separated from the adhesive layer 1010 of
the carrier substrate 1000. Then, the separated semiconductor chips 200 may be bonded to
a base wafer Wb in S40.

[78] The base wafer Wb may include an upper insulating layer 190 and an upper
pad 195. The lower insulating layer 250 of the semiconductor chips 200 may be in contact
with the upper insulating layer 190 and coupled thereto, and the lower pad 255 of the
semiconductor chips 200 may be in contact with and coupled to the upper pad 195.

[79] Bonding the semiconductor chips 200 to the base wafer Wb may be
performed by positioning the semiconductor chips 200 on the base wafer Wb, and bonding
the upper pads 195 of the base wafer Wb and the lower pads 255 of the semiconductor chips
200 to each other. Bonding the semiconductor chips 200 to the base wafer Wb may include
applying pressure to the semiconductor chips 200 in a temperature atmosphere higher than
room temperature. For example, the temperature atmosphere may be a thermal atmosphere
of about 200°C to about 300°C. The temperature of the thermal atmosphere is not limited
to about 200°C to about 300°C, and may be variously changed according to various
example embodiments.

[80] Referring to FIG. 11, the base wafer Wb may be cut along a space between

the semiconductor chips 200 in S50. The method may further include forming a molding
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layer 310 covering the semiconductor chips 200 before cutting the base wafer Wb. Thus,
the molding layer 310 may also be cut while the base wafer Wb is cut. Cut portions of the
base wafer Wb may be mounted on the lower structure 100 in S60. Thus, the
semiconductor package la as described above with reference to FIG. 1 may be formed.

[81] According to example embodiments, the lower structure 100 may be
provided as a lower chip located in a relatively low position, and the semiconductor chip
200 may be provided as an upper chip located in a relatively high position. Thus, the
semiconductor package, including the lower chip 100 and the upper chip 200 may be
provided. The lower chip 100 and the upper chip 200 may be coupled to each other by pads
195 and 255, and by insulating layers 190 and 250. The pads 195 and 255 may be in direct
contact with each other. The insulating layers 190 and 250 may be in direct contact with
each other.

[82] The semiconductor package according to example embodiments includes the
lower chip 100 and the upper chip 200 described above, and thus, may have a reduced
thickness.

[83] According to example embodiments, an upper chip 200, located in a
relatively high position, may include a recessed side portion 201s2. For example, the
semiconductor wafer Wa is formed, the groove 1200 is formed in a side of the
semiconductor wafer Wa, and a sawing process 1300 for cutting a center portion of the
groove 1200 is performed, thereby forming the semiconductor chip, in detail, the upper chip
200. A portion of the upper chip 200 may remain to form the recessed side portion 201s2 of
the upper chip 200, which forms the groove 1200. The recessed side portion 201s2 of the
upper chip 200 may significantly reduce or prevent contamination of the upper chip 200 due
to particles generated during the sawing process 1300. Thus, defects occurring in the

process of directly contacting and coupling the upper chip 200 having a recessed lateral side
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to a lower structure located in a relatively low position, for example, to the lower chip 100
may be significantly reduced or may be prevented.

[84] As set forth above, according to example embodiments, a semiconductor
package, including pads directly contacting and coupled to each other, and insulating layers
directly contacting and coupled to each other, may be provided. Thus, the pads and the
insulating layers may combine chips, or may combine a semiconductor chip and an
interposer. The chips, or the chip and the interposer, may be coupled to each other using the
pads and the insulating layers, thereby reducing a thickness of the semiconductor package.
[85] According to example embodiments, between the chips directly coupled to
each other, an upper chip located in a relatively high position may include a recessed side
portion. The upper chip having the recessed side portion may significantly reduce or
prevent defects occurring in a process of forming the semiconductor package including a
lower chip and an upper chip directly contacting each other.

[86] While example embodiments have been shown and described above, it will
be apparent to those skilled in the art that modifications and variations could be made
without departing from the scope of the present disclosure as defined by the appended

claims.
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What is Claimed is:

1. A semiconductor package comprising:

a base; and

a first semiconductor chip provided on the base;

a second semiconductor chip on the first semiconductor chip,

wherein the first semiconductor chip comprises:

a first semiconductor body;

a first lower insulating layer covering a lower surface of the first semiconductor
body;

a first semiconductor internal circuit region on an upper surface of the first
semiconductor body; and

a first pad and a first upper insulating layer on the first semiconductor internal
circuit region,

wherein the second semiconductor chip comprises:

a second semiconductor body;

a second semiconductor internal circuit region below a lower surface of the second
semiconductor body; and

a second pad and a second lower insulating layer below the second semiconductor
internal circuit region,

wherein the second lower insulating layer is in direct contact with and coupled to the
first upper insulating layer,

wherein the second pad is in direct contact with and coupled to the first pad, and

wherein a lateral side of the second semiconductor chip extends between an upper

side and a lower side of the second semiconductor chip and comprises a recessed portion.

18



2. The semiconductor package of claim 1, wherein the lateral side of the second
semiconductor chip further comprises a first portion extending from the upper side to the
recessed portion in a first direction that is substantially perpendicular to the upper side, and

wherein the recessed portion extends from the lower side to the first portion.

3. The semiconductor package of claim 2, wherein the recessed portion
comprises a vertical portion and a curved portion,

wherein the vertical portion extends from the lower side in a second direction that is
substantially perpendicular to the lower side, and

wherein the curved portion extends from the vertical portion to the first portion.

4. The semiconductor package of any one of claims 1 to 3, wherein the first

semiconductor chip is wider than the second semiconductor chip.

5. The semiconductor package of claim 1, wherein the second semiconductor

internal circuit region is narrower than the upper side of the second semiconductor chip.

6. The semiconductor package of any one of claims 1 to 5, wherein the first
semiconductor internal circuit region comprises an internal interconnection,

wherein the first semiconductor chip further comprises a penetrating electrode and a
lower pad,

wherein the lower pad is below the first lower insulating layer, and
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wherein the penetrating electrode is electrically connected to the lower pad and the
internal interconnection, and penetrates through the first semiconductor body and the first

lower insulating layer.

7. The semiconductor package of claim 6, wherein the first semiconductor body

comprises a silicon substrate.

8. The semiconductor package of any one of claims 1 to 7, further comprising a
molding layer contacting the first semiconductor chip and the second semiconductor chip,
and

wherein the molding layer contacts the lateral side of the second semiconductor chip

and a portion of an upper surface of the first upper insulating layer.

9. The semiconductor package of claim 8, further comprising a heat dissipation

structure provided on the molding layer and the second semiconductor chip.

10. A semiconductor package comprising:

a lower structure; and

a semiconductor chip provided on the lower structure and having an upper side and a
lower side that opposes the upper side,

wherein the lower structure comprises an upper pad and an upper insulating layer,

wherein the semiconductor chip comprises:

a semiconductor body;

a semiconductor internal circuit region below a lower surface of the semiconductor

body; and
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a lower pad and a lower insulating layer below the semiconductor internal circuit
region,

wherein the lower pad is in direct contact with and coupled to the upper pad,

wherein the lower insulating layer is in direct contact with and coupled to the upper
insulating layer, and

wherein the lower side of the semiconductor chip is narrower than the upper side of

the semiconductor chip.

11.  The semiconductor package of claim 10, further comprising a molding layer
disposed on a lateral side of the semiconductor chip extending between the upper side and

the lower side.

12.  The semiconductor package of claim 11, wherein a first portion of the upper
insulating layer is in direct contact with the lower insulating layer, and a second portion of

the upper insulating layer is in direct contact with the molding layer.

13.  The semiconductor package of any one of claims 10 to 12, wherein the lower
structure further comprises:

a silicon substrate;

a redistribution pattern electrically connected to the upper pad, and disposed
between the upper insulating layer and the silicon substrate; and

a penetrating electrode electrically connected to the redistribution pattern, and

penetrates through the silicon substrate.

14. A semiconductor package comprising:
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a base; and

a plurality of semiconductor chips provided on the base,

wherein the plurality of semiconductor chips comprises a first semiconductor chip
and a second semiconductor chip in direct contact with each other,

wherein the first semiconductor chip has a first upper side and a first lower side that
opposes the first upper side,

wherein the second semiconductor chip has a second upper side and a second lower
side that opposes the second upper side,

wherein the first semiconductor chip comprises:

a first semiconductor body;

a protection insulating layer on an upper surface of the first semiconductor body;

an upper pad and an upper insulating layer disposed on the protection insulating
layer;

a first semiconductor internal circuit region disposed below a lower surface of the
first semiconductor body; and

a penetrating electrode penetrates through the first semiconductor body and the
protection insulating layer,

wherein the second semiconductor chip comprises:

a second semiconductor body;

a second semiconductor internal circuit region disposed below a lower surface of the
second semiconductor body; and

a lower pad and a lower insulating layer disposed below the second semiconductor
internal circuit region,

wherein the lower insulating layer and the upper insulating layer are in direct contact

with and coupled to each other,
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wherein the lower pad and the upper pad are in direct contact with and coupled to
each other, and
wherein the second lower side of the second semiconductor chip is narrower than

the second upper side of the second semiconductor chip.

15.  The semiconductor package of claim 14, wherein the second lower side of
the second semiconductor chip is narrower than the first upper side of the first

semiconductor chip.

16.  The semiconductor package of claim 14 or claim 15, wherein the first lower
side of the first semiconductor chip and the second lower side of the second semiconductor
chip have a same width, and

wherein the first upper side of the first semiconductor chip and the second upper

side of the second semiconductor chip have a same width.
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