SEMICONDUCTOR PACKAGE AND MANUFACTURING METHOD THEREOF

CROSS REFERENCE TO THE RELATED APPLICATION

[0001] This application claims priority from Korean Patent Application No. 10-2017-
0175641, filed on December 20, 2017 in the Korean Intellectual Property Office, the disclosure

of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Apparatuses and methods consistent with the example embodiments of the
inventive concept relate to a semiconductor package, and more particularly, to a semiconductor

package with fan-out packaging technology.

BACKGROUND

[0003] Electronic products are demanding high-capacity data processing while
decreasing their volume. Accordingly, there is a growing need to increase the degree of
integration of semiconductor devices used in such electronic products. It is hard to stack more

than four layers by a wire bonding process because of thickness of a semiconductor package.

[0004] Recently, PLP (Panel Level Package) and WLP (Wafer Level Package)
technologies capable of increasing the integration degree and improving the unit cost have been
researched and developed. However, in the case of a fan-out package having a stack structure,

there is a limit on the number of stacks due to increase of load between a plurality of layers.



SUMMARY

[0005] Example embodiments provide a semiconductor package that applies a fan-out
packaging technology and includes a stack structure capable of reducing a load between multiple

layers. Example embodiments provide a method of manufacturing the semiconductor package.

[0006] According to example embodiments, there is provided a semiconductor package
which may include: a first layer including a first semiconductor chip and a first through via; a
first redistribution layer disposed on a surface of the first layer, and including a first-first wiring
and a second-first wiring; and a second layer including a second semiconductor chip, and stacked
on the first layer. The first semiconductor chip may include a first-first buffer, and the first-first

buffer may be electrically connected between the first-first wiring and the second-first wiring.

[0007] According to example embodiments, there is provided a semiconductor package
which may include a plurality of layers. Two or more of the layers may include respective
semiconductor chips insulated from one another, and redistribution layers respectively disposed
on the semiconductor chips. Each semiconductor chip may include two or more pads connected
to one another by a plurality of wirings included in a corresponding redistribution layer, one of
the pads being an input/output pad of a corresponding semiconductor chip. A first-first wiring
included in a first redistribution layer disposed on a first layer, among the two or more layers,
may be connected to an external input/output terminal. The first redistribution layer may further
include a second-first wiring, connected to the input/output pad of a first semiconductor chip
included in the first layer, and at least one buffer connecting the first-first wiring and the second-

first wiring by being disposed therebetween.

[0008] According to example embodiments, there is provided a semiconductor package

which may include a plurality of layers which are vertically stacked. Two or more of the layers
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may include respective semiconductor chips insulated from one another, and redistribution layers
respectively disposed on the semiconductor chips. Each of the respective layers may include a
plurality of wirings and a same number of buffers connecting the wirings, and the wirings may

be connected to a pad included in a corresponding semiconductor chip of a corresponding layer.

[0009] According to example embodiments, there is provided a method of manufacturing
a semiconductor package which may include: forming a first layer including a first through via
and a first semiconductor chip including a first-first buffer; forming a first redistribution layer
including a first-first wiring and a second-first wiring on a surface of the first layer; stacking a
second layer on the first layer, the second layer including a second through via and a second
semiconductor chip; and bonding an external connection terminal electrically connected to the
first-first wiring. The first-first buffer may be electrically connected between the first-first

wiring and the second-first wiring.

[0010] According to the semiconductor packages of the example embodiments, by a

buffer of a semiconductor chip in a first layer, a load is separated from the inside and outside of
the semiconductor package, so that the load may be distributed or reduced as compared with the
case when no buffer exists between an external connection terminal and input/output pads of the

semiconductor chips.

[0011] In addition, unlike a wire bonding package structure, the semiconductor package
has a laminated structure of through vias, and multi-stacking is possible without increasing a

load since the load is distributed or reduced by the buffer of the semiconductor chip.

[0012] In addition, it is possible to appropriately design positions of the through vias and
wiring structure of the redistribution layer for each layer so as not to use or use the buffer in the

semiconductor chip, and thus, a desired circuit can be constituted.
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[0013] In addition, the number of buffers passing through the input/output pads of the
semiconductor chip can be adjusted for each layer, so that delay difference for each layer can be

reduced.

[0014] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Example embodiments will be more clearly understood from the following
detailed description taken in conjunction with the accompanying drawings. FIGs. 1 to 15

represent non-limiting, example embodiments as described herein.

[0016] FIG. 1 is a cross-sectional view illustrating a semiconductor package 100

according to example embodiments.

[0017] FIGs. 2A, 2B and 2C are respectively a plan view and cross-sectional views of a
portion of a first layer L1 of the semiconductor package 100 of FIG. 1 including a first

semiconductor chip 110, according to example embodiments.

[0018] FIG. 3 illustrates a connection relationship between a first redistribution layer
RDL1, a second redistribution layer RDL2, and a third redistribution layer RDL3 of the

semiconductor package 100 of FIG. 1, according to example embodiments.

[0019] FIG. 4 is a plan view illustrating the first redistribution layer RDLI, the second
redistribution layer RDL2, and the third redistribution layer RDL3 in FIG. 3, respectively,

according to example embodiments.

[0020] FIGs. 5A to SE are enlarged cross-sectional views illustrating various
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embodiments of ‘A’ portion of the semiconductor package 100 of FIG. 1, according to example

embodiments.

[0021] FIG. 6 illustrates a connection relationship between a first redistribution layer
RDL 1, a second redistribution layer RDL 2, and a third redistribution layer RDL 3 of a

semiconductor package according to example embodiments.

[0022] FIG. 7 is a plan view illustrating the first redistribution layer RDLI, the second
redistribution layer RDL2, and the third redistribution layer RDL3 in FIG. 6, respectively, ,

according to example embodiments.

[0023] FIG. 8 illustrates a connection relationship between a first redistribution layer
RDL1, a second redistribution layer RDL2, and a third redistribution layer RDL3 of a

semiconductor package according to example embodiments.

[0024] FIG. 9 is a plan view illustrating the first redistribution layer RDL1, the second
redistribution layer RDL2, and the third redistribution layer RDL3 in FIG. 8, respectively,

according to example embodiments.

[0025] FIG. 10 is a cross-sectional view illustrating a semiconductor package 200

according to example embodiments.

[0026] FIGs. 11A, 11B and 11C are respectively a plan view and cross-sectional views of
a portion of of a first layer L1 of the semiconductor package 200 of FIG. 10 including a first

semiconductor chip 210, according to example embodiments.

[0027] FIG. 12 illustrates a connection relationship between a first redistribution layer
RDL1, a second redistribution layer RDL2, and a third redistribution layer RDL3 of the

semiconductor package 200 of FIG. 10, according to example embodiments.
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[0028] FIG. 13 is a plan view illustrating the first redistribution layer RDL1, the second
redistribution layer RDL2, and the third redistribution layer RDL3 in FIG. 12, respectively,

according to example embodiments.

[0029] FIG. 14 is a cross-sectional view illustrating a semiconductor package 300

according to example embodiments.

[0030] FIG. 15 illustrates a connection relationship between a first redistribution layer
RDL1, a second redistribution layer RDL2, and a third redistribution layer RDL3 of the

semiconductor package 300 of FIG. 14, according to example embodiments.

[0031] FIG. 16 is a plan view illustrating the first redistribution layer RDL1, the second
redistribution layer RDL2, and the third redistribution layer RDL3 in FIG. 15, respectively,

according to example embodiments.

[0032] FIG. 17 is a cross-sectional view illustrating a semiconductor package 400

according to example embodiments.

[0033] FIG. 18 is a block diagram schematically illustrating an electronic system

including a semiconductor package according to example embodiments.

[0034] FIG. 19 is a flowchart illustrating a method of manufacturing a semiconductor

package according to example embodiments.

[0035] FIGs. 20A, 20B, 20C, and 20D are cross-sectional views illustrating a method of

manufacturing the semiconductor package 100 of FIG. 1, according to example embodiments.

[0036] FIGs. 21A, 21B, 21C, and 21D are cross-sectional views illustrating a method of

manufacturing the semiconductor package 200 of FIG. 10, according to example embodiments.



[0037] FIGs. 22A, 22B, 22C, and 22D are cross-sectional views illustrating a method of

manufacturing the semiconductor package 300 of FIG. 17, according to example embodiments.

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS

[0038] Various example embodiments of the inventive concept will be described more
fully hereinafter with reference to the accompanying drawings. The inventive concept may,
however, be embodied in many different forms and should not be construed as limited to the
example embodiments set forth herein. Rather, these example embodiments are provided so that
this description will be thorough and complete, and will fully convey the scope of the inventive
concept to those skilled in the art. In the drawings, the sizes and relative sizes of layers and

regions may be exaggerated for clarity.

[0039] It will be understood that, although the terms first, second, third, first-first,
second-first, first-second, second-second, first-third, second-third, etc. may be used herein to
describe various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region, layer or section from another
region, layer or section. Thus, a first element, component, region, layer or section discussed
below could be termed a second element, component, region, layer or section without departing

from the teachings of the present inventive concept.

1

[0040] It will be understood that when an element or layer is referred to as being "over,'
"above," "on," "connected to" or "coupled to" another element or layer, it can be 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,
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there are no intervening elements or layers present. Like numerals refer to like elements
throughout. As used herein, the term "and/or" includes any and all combinations of one or more

of the associated listed items.

mnn nn

[0041] Spatially relative terms, such as "beneath," "below," "lower," "over," "above,"
"upper" and the like, may be used herein for ease of description to describe one element's or
feature's relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For example,
if the device in the figures is turned over, elements described as "below" or "beneath" other
elements or features would then be oriented "above" the other elements or features. Thus, the
term "below" can encompass both an orientation of above and below. The device may be
otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative

descriptors used herein interpreted accordingly.

[0042] FIG. 1 is a cross-sectional view illustrating a semiconductor package 100
according to example embodiments. FIGs. 2A, 2B and 2C are respectively a plan view and
cross-sectional views of a portion of a first layer L1 of the semiconductor package 100 of FIG. 1

including a first semiconductor chip 110, according to example embodiments.

[0043] Referring to FIGs. 1 and 2A to 2C, the semiconductor package 100 may include a
first layer L1, a first redistribution layer RDLI, a second layer L2, a second redistribution layer

RDL2, a third layer L3, a third redistribution layer RDL3, and an external connection terminal

SB.

[0044] The first layer L1 may include at least one first semiconductor chip 110, at least

one first TPV (Through Panel Via, TPV 1), and a first panel PNL1 having a first receiving portion
8



AC1 in which the first semiconductor chip 110 is received.

[0045] The second layer L2 may include at least one second semiconductor chips 210, at
least one second TPV (Through Panel Via, TPV2), and a second panel PNL2 which has a second

receiving portion in which the second semiconductor chip 210 is received.

[0046] The third layer L3 may include at least one third semiconductor chips 310, at least
one third TPV (Through Panel Via, TPV3), and a third panel PNL3 which has a third receiving

portion in which the third semiconductor chip 310 is received.

[0047] The first panel PNL1 may have an upper surface and a lower surface extending in
a first direction D1 and a second direction D2 which is perpendicular to the first direction D1.
The first receiving portion AC1 which receives the first semiconductor chip 110 may be formed

at the upper surface of the first panel PNLI1.

[0048] The second panel PNL2 may be stacked on the first panel PNLI in a third
direction D3 perpendicular to the first and second directions D1 and D2. The second receiving

portion may be formed at an upper surface of the second panel PNL2.

[0049] The third panel PNL3 may be stacked on the second panel PNL2 in the third
direction D3. The third receiving portion may be formed at an upper surface of the third panel

PNL3.

[0050] In the example embodiments, each of the first panel PNLI, the second panel
PNL2, and the third panel PNL2 may include an insulating substrate. The insulating substrate
may include an insulating material, for example, silicon, glass, ceramic, plastic, or polymer.
Each of the first panel PNLI, the second panel PNL2, and the third panel PNL3 may be formed

in a flat plate shape, or may have various shapes such as a circular shape or a polygonal shape.
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[0051] The first semiconductor chip 110 may be received at the first receiving portion
AC1, and may include a first pad 111, a second pad 112 and a third pad 113 which may be

formed on a first surface F1 of the first semiconductor chip 110.

[0052] The first to third pads 111, 112 and 113 may include metal. For example, the first
to third pads 111, 112 and 113 may be plated pads formed by plating process, and may include

Au, Ni/Au, or Ni/Pd/Au.

[0053] The first semiconductor chip 110 may further include a first-first buffer LB1_1,

and a second-first buffer LB2 1.

[0054] One end of the first-first buffer LB1_1 may be electrically connected to the first
pad 111, and the other end of the first-first buffer LB1_1 may be electrically connected to the
second pad 112. Thus, the first-first buffer LB1_1 is electrically connected between the first pad
111 and the second pad 112, and the first-first buffer LB1_1 can separate a load inside the
semiconductor package 100 and a load outside the semiconductor package 100. The first-first

buffer LB1_1 may be a bidirectional buffer.

[0055] One end of the second-first buffer LB2_1 may be electrically connected to the
second pad 112, and the other end of the second-first buffer LB1_1 may be electrically connected
to the first pad 111. Thus, the second-first buffer LB2_1 is electrically connected between the
second pad 112 and the first pad 111. The second-first buffer LB2_1 may be a bidirectional

buffer.

[0056] In the present example embodiment, the second-first buffer LB2_1 of the first
semiconductor chip 110 is not used. However, in the second semiconductor chip 120 which is

manufactured in the same process as that of the first semiconductor chip 110, a second buffer
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LB2_2 instead of a first buffer LB1_2 may be used as shown in FIG. 4 to be discussed later.
Thus, according to the design of the semiconductor package 100, a necessary buffer among the
first and second buffers LB1_1 and LB2_1 can be selected by using wiring of the redistribution

layer and the TPV.

[0057] The second semiconductor chip 120 may be received in the second receiving
portion, and may include a first pad, a second pad and a third pad. The first pad, the second pad
and the third pad may be formed on a first surface of the second semiconductor chip 120. The

first to third pads may include metal.

[0058] The second semiconductor chip 120 may further include a first-second buffer

LB1_2 and a second-second buffer LB2_ 2.

[0059] One end of the first-second buffer LB1_2 may be electrically connected to the
first pad, and the other end of the first-second buffer LB1_2 may be electrically connected to the
second pad. Thus, the first-second buffer LB1_2 is electrically connected between the first pad

and the second pad. The first-second buffer LB1_2 may be a bidirectional buffer.

[0060] One end of the second-second buffer LB2_2 may be electrically connected to the
second pad, and the other end of the second-second buffer LB1_2 may be electrically connected
to the first pad. Thus, the second-second buffer LB2_2 is electrically connected between the

second pad and the first pad. The second-second buffer LB2_2 may be a bidirectional buffer.

[0061] In the present example embodiment, the first-second buffer LB1_2 and the
second-second buffer LB2_2 of the second semiconductor chip 120 are not used. However, the
first semiconductor chip 110 and the second semiconductor chip 120 may be manufactured in the

same process. According to the design of the semiconductor package 100, a necessary buffer
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among the first and second buffers LB1_2 and LB2_2 (or none of them) can be selected by using

wiring of the redistribution layer and the TPV.

[0062] The third semiconductor chip 310 may be received in the third receiving portion,
and may include a first pad, a second pad and a third pad. The first pad, the second pad and the
third pad may be formed on a first surface of the third semiconductor chip 130. The first to third

pads may include metal.

[0063] The third semiconductor chip 130 may further include a first-third buffer LB1_3

and a second-third buffer LB2_3.

[0064] One end of the first-third buffer LB1_3 may be electrically connected to the first
pad, and the other end of the first-third buffer LB1_3 may be electrically connected to the second
pad. Thus, the first-third buffer LB1_3 is electrically connected between the first pad and the

second pad. The first-third buffer LB1_3 may be a bidirectional buffer.

[0065] One end of the second-third buffer LB2_3 may be electrically connected to the
second pad, and the other end of the second-third buffer LB1_3 may be electrically connected to
the first pad. Thus, the second-third buffer LB2_3 is electrically connected between the second

pad and the first pad. The second-third buffer LB2_3 may be a bidirectional buffer.

[0066] In the present example embodiment, the first-third buffer LB1_3 and the second-
third buffer LB2_3 of the second semiconductor chip 120 are not used. However, the first
semiconductor chip 110 and the second semiconductor chip 120 may be manufactured in the
same process. According to the design of the semiconductor package, a necessary buffer among
the first and second buffers LB1_2 and LB2_2 (or none of them) can be selected by using wiring

of the redistribution layer and the TPV.
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[0067] Each of the first semiconductor chip 110, the second semiconductor chip 210, and
the third semiconductor chip 310 may be, for example, a volatile memory. More specifically, the
volatile memory may be a dynamic random access memory (DRAM), a static random access
memory (SRAM), a SDRAM, a rambus DRAM (RDRAM), and the like, but is not limited
thereto. In addition, the first semiconductor chip 110 may be a logic chip, and may be, for

example, a controller that controls memory chips.

[0068] In addition, each of the first semiconductor chip 110, the second semiconductor
chip 210, and the third semiconductor chip 310 may be a nonvolatile memory. More
specifically, the nonvolatile memory may be a EEPROM, a flash memory), a phase-change RAM
(PRAM), a resistive RAM (RRAM), a ferroelectric RAM (FeRAM), a magnetic RAM (MRAM),
a polymer RAM (PoRAM), a nano floating memory (NFGM), a molecular electronics memory

device, an insulator resistance change memory, and the like, but is not limited thereto.

[0069] The first semiconductor chip 110, the second semiconductor chip 120 and the
third semiconductor chip 130 may be the same semiconductor chips or different semiconductor
chips. In addition, when one of the first layer L1, the second layer L2, and the third layer L3
includes a plurality of first semiconductor chips 110, second semiconductor chips 120, and/ or
third semiconductor chips 130, some of these semiconductor chips may be the same
semiconductor chips, and the other of these semiconductor chips may be different semiconductor
chips. The plurality of first semiconductor chips 110, the second semiconductor chips 120, or
the third semiconductor chips 130 may be disposed adjacent to or in contact with each other
along the first direction D1 and the second direction D2 in one of the first layer L1, the second
layer L2, and the third layer L3.

[0070] The first to third redistribution layers RDL1, RDL2, and RDL3 may be stacked on
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the first to third layers L1, L2, and L3 through a redistribution process, respectively.

[0071] The first to third redistribution layers RDL1, RDL2 and RDL3 form a
redistribution pattern on the first to third layers L1, L2 and L3, respectively, so that input/output
terminals of the semiconductor chips 110, 120, and 130 can be miniaturized and the number of
input/output terminals can be increased. Accordingly, fan-out structure may be embodied. In
addition, the first through third redistribution layers RDL1, RDL2 and RDL3 form the
redistribution pattern on the first through third layers L1, L2 and L3, respectively, to enable a
fan-out structure, so that the semiconductor package 100 advantageous for high performance and
high speed signal processing can be realized. Each of the first to third redistribution layers
RDL1, RDL2 and RDL3 may include conductive wirings and an insulating layer suitably

insulating the wirings.

[0072] The redistribution layer RDL1 may be disposed between the first layer L1 and the
second layer L2. The redistribution layer RDL1 may include a first-first wiring RD1_1 and a
second-first wiring RD2_1. The first-first and second-first wirings RD1_1 and RD2_1 may
include a conductive material. The conductive material may include a metal, for example,

copper (Cu), a copper alloy, aluminum (Al), or an aluminum alloy.

[0073] The first-first wiring RD1_1 may be electrically connected to the first pad 111 of
the first semiconductor chip 110 and the first TPV TPV1. The second-first wiring RD2_1 may
be electrically connected to the second pad 112 and the third pad 113 of the first semiconductor
chip 110. In addition, the second-first wiring RD2_1 may be electrically connected to the second

TPV TPV2 of the second layer L2.

[0074] Although not shown in detail, the first-first wiring RD1_1 and the first pad 111

can be connected to each other in various ways.
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[0075] For example, the first pad 111 and the first-first wiring RD1_1 may be physically
or electrically connected. In some example embodiments, an upper surface of the first pad 111
may contact with a lower surface of the first-first wiring RD1_1. In some example
embodiments, the first pad 111 and the first-first wiring RD1_1 may be electrically connected by
one or more bumps (not shown) disposed therebetween. For example, the bumps may include
Cu, Au, Ni, Al, Ag or an alloy comprising at least one of these metals. In some example
embodiments, they may be connected by a combination of protrusions and grooves formed on at

least one of a surface of the first-first wiring RD1_1 and a surface of the first pad 111.

[0076] The semiconductor package 100 according to the present example embodiment
may electrically connect chips using a TPV and a redistribution layer without wire bonding.

Accordingly, it is not limited to the number of stacked layers and may have a thin thickness.

[0077] The second redistribution layer RDL2 may include a first-second wiring RD1_2
and a second-second wiring RD2_2. The third redistribution layer RDL2 may include a first-
third wiring RD1_3 and a second-third wiring RD2_3. Detailed connection relations of the
second redistribution layer RDL2 and the third redistribution layer RDL3 will be described later
in the description of FIG. 3. The second redistribution layer RDL2 and the third redistribution

layer RDL3 may also be formed in a similar manner to the redistribution layer RDLI.

[0078] The first TPV TPV 1 may penetrate the first panel PNL1 of the first layer L1 in the
third direction D3, and may be connected with the external connection terminal SB and the first-

first wiring RD_1 of the redistribution layer RDL1.

[0079] In some example embodiments, the first TPV TPV1 may include at least one of
copper (Cu) and tungsten (W). For example, the first TPV TPV 1 may be at least one selected

from the group consisting of Copper (Cu), copper (Cu), tin (CuSn), copper magnesium (CuMg),
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copper nickel (CuNi), copper zinc (CuZn), copper lead (CuPd), copper gold (CuAu), copper
rhenium CuW), and tungsten (W) alloy, but is not limited to. For example, the first TPV TPV 1

may be formed through electroless plating, electroplating, sputtering, or printing processes.

[0080] The second TPV TPV2 may penetrate the second panel PNL2 of the second layer
L2 in the third direction D3, and may be electrically connected to the redistribution layer RDL1
and the second redistribution layer RDL2. The third TPV TPV3 may penetrate the third panel
PNL3 of the third layer L3 in the third direction D3, and may be electrically connected to second
redistribution layer RDL2 and the third redistribution layer DRL3. Detailed connection relations
between the second and third TPV TPV2 and TPV 3 and the redistribution layers will be
described later in the description of FIGs. 3 and 4. The second TPV TPV2 and the third TPV

TPV3 may also be formed in a similar manner to the first TPV TPV 1.

[0081] The external connection terminal SB is an external input/output terminal, and may
be a solder ball. The external connection terminal SB may be disposed under the semiconductor
package 100. The external connection terminal SB may be electrically connected to the first

TPV TPVI.

[0082] The semiconductor package 100 may be electrically connected to outside via the

external connection terminal SB.

[0083] In the present example embodiment, the semiconductor package 100 is
implemented as a panel level fan-out package, but it can be implemented as a wafer level
package WLP as a fan-out package as well as a panel level fan-out package. In this case, the

panel of each layer may be a wafer, and the TPV may be TSV (through silicon via).

[0084] Although not shown in the drawings, additional layers may be further stacked on
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the third layer L3. In some example embodiments, additional layers may further include devices
such as capacitors or inductors. In addition, the additional layer may include the same or similar
construction as the first to third layers L1 to L3, so that the semiconductor package 100 may

further include additional semiconductor chips.

[0085] FIG. 3 illustrates a connection relationship between a first redistribution layer
RDL1, a second redistribution layer RDL2, and a third redistribution layer RDL3 of the
semiconductor package 100 of FIG. 1. FIG. 4 is a plan view illustrating the first redistribution
layer RDL1, the second redistribution layer RDL2, and the third redistribution layer RDL3 in

FIG. 3, respectively.

[0086] Referring to FIGs. 1 to 4, the external connection terminal SB may be electrically
connected to the first TPV TPV1. The first TPV TPV1 may be electrically connected to the first-
first wiring RD1_1 of the first redistribution layer RDLI1. The first-first wiring RD1_1 may be
electrically connected to the first-first buffer LB1_1 of the first semiconductor chip 110. The
first-first buffer LB1_1 may be electrically connected to the second-first wiring RD2_1. The
second-first wiring RD2_1 may be electrically connected to the third pad 113, which is an

input/output pad of the first semiconductor chip 110.

[0087] The second-first wiring RD2_1 may be electrically connected to the second TPV
TPV2. The second TPV TPV2 may be electrically connected to the second-second wiring
RD2_2 of the second redistribution layer RDL2. The second-second wiring RD2_2 may be
electrically connected to the third pad, which is an input/output pad, of the second semiconductor

chip 120.

[0088] The second-second wiring RD2_2 may be electrically connected to the third TPV

TPV3. The third TPV TPV3 may be electrically connected to the second-third wiring RD2_3 of
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the third redistribution layer RDL3. The second-third wiring RD2_3 may be electrically

connected to the third pad, which is an input/output pad, of the third semiconductor chip 130.

[0089] Here, the first TPV TPV1 and the second TPV TPV2 may be disposed at different
positions on a plane formed by the first direction D1 and the second direction D2 so as not to
overlap with each other. Thus, elements of the first layer L1 and the second layer L2 (the
semiconductor chip, the redistribution layer, and the panel) may be formed in the same manner
using the same process, and then the desired structure can be formed by laminating the layers

while changing the position of the TPV.

[0090] FIG. 4 shows flow of signals input through the external connection terminals SB
in the first to third redistribution layers RDL1, RDL2 and RDL3. By the first-first buffer LB1_1
of the first semiconductor chip 110, a load of the inside and a load of the outside of the
semiconductor package 100 are separated, so that an entire load applied to the semiconductor
package 100 may be distributed or reduced as compared with the case when no buffer exists
between the external connection terminal SB and the input/output pads of the first to third

semiconductor chips 110, 120, and 130.

[0091] In the present embodiment, since only the first-first buffer LB1_1 which is the
buffer of the first layer L1 operates, a signal re-driven by the first-first buffer LB1_1 is shared by
all the semiconductor chips. Thus, if the N layers are stacked, the maximum load can be N (max

N loads).

[0092] The first-first buffer LB1_1 may be a bidirectional buffer, so that in the case of

read/write, the semiconductor package 100 may operate similarly.

[0093] FIGs. 5A to 5E are enlarged cross-sectional views illustrating various example
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embodiments of ‘A’ portion of the semiconductor package 100 of FIG. 1.

[0094] Referring to FIGs. 1 to SA, the first TPV 1 and the first redistribution layer RDL1
may be electrically/physically connected to each other, and the first redistribution layer RDL1
and the second TPV TPV2 may be electrically/physically connected to each other. For example,
an upper surface of the first TPV TPV 1 may contact a lower surface of the first redistribution
layer RDL1. In some example embodiments, the upper surface of the first TPV TPV1 may form

substantially same plane as the lower surface of the first redistribution layer RDL1.

[0095] In addition, a lower surface of the second TPV TPV2 may contact the upper
surface of the first redistribution layer RDL1. In some example embodiments, a lower surface of
the second TPV TPV2 may form substantially same plane as the upper surface of the first

redistribution layer RDL1.

[0096] Referring to FIGs. 1 and 5B, a bump BP_V may be placed between the first
redistribution layer RDL1 and the second TPV TPV2. In the FIG, 5B, one bump is shown, but
the number of bumps is not limited thereto. For example, the bump BP_V may include Cu, Au,
Ni, Al, Ag, or an alloy comprising at least one of these metals. Accordingly, the first
redistribution layer RDL1 and the second TPV TPV?2 may be electrically connected to each other
through the bump BP_V. A cross-section of the bump BP_V may be, for example, circular but is

not limited thereto.

[0097] Referring to FIGs. 1 and 5C, the second TPV TPV2 may include a protrusion
WDV_b protruding toward the first redistribution layer RDL1. In addition, the first
redistribution layer RDL1 may include a groove GV_b combined with the protrusion WDV _b.
In some example embodiments, a cross-sectional shape of the protrusion WDV _b and the groove

GV_b may be a rectangular shape. In FIGs. 5C to 5E, the protrusions and the grooves engaging
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with the protrusions are shown one by one, but the number of protrusions and grooves is not

limited thereto.

[0098] Referring to FIGs. 1 and 5D, the second TPV TPV2 may include a protrusion
WDV _c protruding toward the first redistribution layer RDL1. In addition, the first
redistribution layer RDL1 may include a groove GV_c combined with the protrusion WDV _c.
In some example embodiments, a lower surface of the protrusion WDV_c may have a convex
profile toward the first redistribution layer RDL1. In other words, the first redistribution layer
RDL1 may include the groove GV_c having a lower surface with a concave profile towards the

second TPV TPV2 to engage with the protrusion WDV _c with the convex profile. .

[0099] Referring to FIGs. 1 and SE, the second TPV TPV2 may include a protrusion
WDV_d protruding toward the first redistribution layer RDL1 In addition, the first redistribution
layer RDL1 may include a groove GV_d combined with the protrusion WDV_d. In some
example embodiments, a cross-sectional shape of the protrusion WDV_d and the groove GV_d

may be triangular.

[0100] As described in FIGs. 5A to SE, elements of the first layer L1 and elements of the
second layer L2 are stacked to form the semiconductor package 100. Although only a stacking
relationship of the first and second TPVs TPV1 and TPV2 and the first redistribution layer RDL1
is described, respective structures may be stacked in a similar manner between the second TPV
TPV?2, the third TPV TPV3, the second redistribution layer RDL2 and the third redistribution

layer RDL3.

[0101] FIG. 6 illustrates a connection relationship between a first redistribution layer
RDL 1, a second redistribution layer RDL 2, and a third redistribution layer RDL 3 of a

semiconductor package according to example embodiments. FIG. 7 is a plan view illustrating
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the first redistribution layer RDL1, the second redistribution layer RDL2, and the third

redistribution layer RDL3 in FIG. 6, respectively.

[0102] Referring to FIGs. 1, 6 and 7, the semiconductor package may be substantially
same as the semiconductor package of FIGs. 1 to 4, except for a connection relationship of

redistribution layers and TPVs. Therefore, repeated descriptions will be omitted.

[0103] The external connection terminal SB may be electrically connected to the first
TPV TPV1. The first TPV TPV1 may be electrically connected to the first-first wiring RD1_1 of
the first redistribution layer RDL1. the first-first wiring RD1_1 may be electrically connected to
the first-first buffer LB1_1 of the first semiconductor chip 110. The first-first buffer LB1_1 may
be electrically connected to the second-first wiring RD2_1. The second-first wiring RD2_1 may
be electrically connected to the third pad 113, which is an input/output pad, of the first

semiconductor chip 110.

[0104] The second-first wiring RD2_1 may be electrically connected to the second TPV
TPV2. The second TPV TPV2 may be electrically connected to the second-second wiring
RD2_2 of the second redistribution layer RDL2. The first-second wiring RD1_2 may be
electrically connected to the second-second buffer LB2_2 of the second semiconductor chip 120.
The second-second wiring RD2_2 may be electrically connected to the third pad, which is an
input/output pad, of the second semiconductor chip 120. The second-second buffer LB2_2 may

be electrically connected to the first-second wiring RD1_2.

[0105] The first-second wiring RD1_2 may be electrically connected to the third TPV
TPV3. The third TPV TPV3 may be electrically connected to the first-third wiring RD1_3 of the
third redistribution layer RDL3. The first-third wiring RD1_3 may be electrically connected to

the first-third buffer LB1_3 of the third semiconductor chip 130. The first-third buffer LB1_3
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may be electrically connected to the second-third wiring RD2_3. The second-third wiring
RD2_3 may be electrically connected to the third pad, which is an input/output pad, of the third

semiconductor chip 130.

[0106] FIG. 7 shows flow of signals inputted through the external connection terminals
SB in the first to third redistribution layers RDL1, RDL2 and RDL3. A load of the inside and a
load of the outside of the semiconductor package are separated by the first-first buffer LB1_1 of
the first semiconductor chip 110, a load of the first layer and a load of the second and higher
layers are separated by the second-second buffer LB2_2, and a load of the second layer and a
load of the third and higher layers are separated by the first-third buffer LB1_3, so that an entire
load of the semiconductor package may be distributed or reduced as compared with the case
when no buffer exists between the external connection terminal SB and the input/output pads of

the first to third semiconductor chips 110, 120, and 130.

[0107] In the present embodiment, since each of the buffers in each layer operates, the

maximum load can be 1 (max 1 load), even though the N layers are stacked.

[0108] The first-first buffer LB1_1 may be a bidirectional buffer, so that in the case of

read/write, the semiconductor package may operate similarly.

[0109] FIG. 8 illustrates a connection relationship between a first redistribution layer
RDLI, a second redistribution layer RDL2, and a third redistribution layer RDL3 of a
semiconductor package according to example embodiments. FIG. 9 is a plan view illustrating
the first redistribution layer RDL1, the second redistribution layer RDL2, and the third

redistribution layer RDL3 in FIG. 8, respectively.

[0110] Referring to FIGs 1, 8 and 9, the semiconductor package may be substantially
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same as the semiconductor package of FIGs. 1 to 4, except a connection relationship of
redistribution layers and TPVs and the number of buffers of each semiconductor chip.

Therefore, repeated descriptions will be omitted.

[0111] Each of the first to third semiconductor chips 110, 120, and 130 may include first
to sixth buffers. The first to fourth redistribution layers RDL1, RDL2, and RDL3 may include
first to fourth wirings, respectively. In addition, each of the first to third semiconductor chips
110, 120, and 130 may further include pads for connecting the first to sixth buffers to the wirings

of the redistribution layer.

[0112] The external connection terminal SB may be electrically connected to the first
TPV TPV1. The first TPV TPV1 may be electrically connected to the first-first wiring RD1_1 of
the first redistribution layer RDL1. The first-first wiring RD1_1 may be electrically connected to
the first-first buffer LB1_1 of the first semiconductor chip 110. The first-first buffer LB1_1 may
be electrically connected to the second-first wiring RD2_1. The second-first wiring RD2_1 may
be electrically connected to the third-first buffer LB3_1. The third-first buffer LB3_1 may be
electrically connected to the third-first wiring RD3_1. The third-first wiring RD3_1 may be
electrically connected to the fifth-first buffer LB5_1. The fifth-first buffer LB5_1 may be
electrically connected to the fourth-first wiring LB4_1. The fourth-first wiring LB4_1 may be
electrically connected to the third pad 113, which is an input/output pad of the first

semiconductor chip 110.

[0113] The second-first wiring RD2_1 may be electrically connected to the second TPV
TPV2. The second TPV TPV2 may be electrically connected to the second-second wiring
RD2_2 of the second redistribution layer RDL2. The first-second wiring RD1_2 may be

electrically connected to the second-second buffer LB2_2 and the fourth-second buffer LB4_2 of
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the second semiconductor chip 120. The second-second buffer LB2_2 may be electrically
connected to the second-first wiring RD2_1. The fourth-second buffer LB4_2 may be
electrically connected to the third-second wiring RD3_2. The third-second wiring RD3_2 may
be electrically connected to the fifth-second buffer LB5_2. The fifth-second buffer LB5_2 may
be electrically connected to the fourth-second wiring RD4_2. The fourth-second wiring RD4_2
may be electrically connected to the third pad, which is an input/output pad, of the second

semiconductor chip 120.

[0114] The first-second wire RD1_2 may be electrically connected to the third TPV
TPV3. The third TPV TPV3 may be electrically connected to the first-third wiring RD1_3 of the
third redistribution layer RDL3. The first-third wiring RD1_3 may be electrically connected to
the first-third buffer LB1_3 and the fifth-third buffer LB5_3 of the third semiconductor chip 130.
The first-third buffer LB1_3 may be electrically connected to the second-third wiring RD2_3.
The fifth-third buffer LB5_3 may be electrically connected to the fourth-third wiring RD4_3.
The fourth-third wiring RD4_3 may be electrically connected to the third pad, which is an

input/output pad, of the third semiconductor chip 130.

[0115] FIG. 9 shows flow of signals input through the external connection terminals SB
in the first to third redistribution layers RDL1, RDL2 and RDL3. A load of the inside and a load
of outside of the semiconductor package are separated by the first-first buffer LB1_1 of the first
semiconductor chip 110, a load of the first layer and a load of the second and higher layers are
separated by the second-second buffer LB2_2, and a load of the second layer and a load of the
third and higher layers are separated by the first-third buffer LB1_3, so that an entire load of the
semiconductor package may be distributed or reduced as compared with the case when no buffer
exists between the external connection terminal SB and the input/output pads of the first to third
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semiconductor chips 110, 120, and 130.

[0116] In addition, since the number of buffers in each redistribution layer is the same or
the number of buffers passing through to the input/output pads of each of the first to third
semiconductor chips 110, 120, and 130 is equal to three, a delay problem due to difference in the
number of buffers can be solved. In this embodiment, a three layers stacked structure including
three buffers for each layer is exemplified. However, the semiconductor chip and the
redistribution layer can be designed so as to include N buffers for each layer, so that same effect

can be obtained.

[0117] FIG. 10 is a cross-sectional view illustrating a semiconductor package 200
according to example embodiments. FIGs. 11A, 11B and 11C are respectively a plan view and
cross-sectional views of a portion of a first layer L1 of the semiconductor package 200 of FIG.
10 including a first semiconductor chip 210, according to exemplary embodiments. FIG. 12
illustrates a connection relationship between a first redistribution layer RDL1, a second
redistribution layer RDL2, and a third redistribution layer RDL3 of the semiconductor package
200 of FIG. 10, according to an exemplary embodiment. FIG. 13 is a plan view illustrating the
first redistribution layer RDL1, the second redistribution layer RDL?2, and the third redistribution

layer RDL3 in FIG. 12, respectively, according to an exemplary embodiment.

[0118] Referring to FIGs. 10 to 13, the semiconductor package 200 is substantially the
same as the semiconductor package 100 of FIGS. 1 to 4, except that positions of the external
connection terminals SB and first to third layers L1, L2 and L3 are turned upside down.

Therefore, repeated descriptions will be omitted.

[0119] The semiconductor package 200 may include a first redistribution layer RDL1, a

first layer L1, a second redistribution layer RDL2, a second layer L2, a third redistribution layer
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RDL3, a third layer L3, and an external connection terminal SB.

[0120] The first redistribution layer RDL1 may be disposed on the external connection
terminals SB. The first layer L1 may be disposed on the first redistribution layer RDL1. The
second redistribution layer RDL2 may be disposed on the first layer L1. The second layer L2
may be disposed on the second redistribution layer RDL2. The third redistribution layer RDL3
may be disposed on the second layer L2. The third layer L3 may be disposed on the third

redistribution layer RDL3.

[0121] A first semiconductor chip 210 may include a buffer LB_1. A second
semiconductor chip 220 may include a buffer LB_2. A third semiconductor chip 230 may
include a buffer LB_3. That is, each of the semiconductor chips may include one buffer. The

buffer may be a bidirectional buffer.

[0122] The external connection terminals SB may be electrically connected to a first-first
wiring RD1_1 of the first redistribution layer RDL1. The first-first wiring RD1_1 may be
electrically connected to the buffer LB_1. The buffer LB_1 may be electrically connected to a
second-first wiring RD2_1. The second-first wiring RD2_1 may be electrically connected to a
first TPV TPV1 and a third pad 213, which is an input/output pad, of the first semiconductor chip

210.

[0123] The first TPV TPV 1 may be electrically connected to the second-second wiring
RD2_2 of the second redistribution layer RDL2. The second-second wiring RD2_2 may be
electrically connected to the second TPV TPV2. The second-second wiring RD2_2 may be
electrically connected to a third pad, which is an input/output pad, of the second semiconductor

chip 220.
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[0124] The second TPV TPV2 may be electrically connected to the second-third wiring
RD2_3 of the third redistribution layer RDL3. The second-third wiring RD2_3 may be
electrically connected to a third pad, which is an input/output pad, of the second semiconductor

chip 230.

[0125] According to the present embodiment, since the external connection terminals SB
are directly connected to the first redistribution layer RDL1, unlike the semiconductor package
100 of FIGs. 1 to 4, the same circuit configuration can be realized with only one buffer.
Therefore, the structure of the semiconductor package 200 is simplified, and the manufacturing

process can be simplified.

[0126] FIG. 14 is a cross-sectional view illustrating a semiconductor package 300
according to example embodiments. FIG. 15 illustrates a connection relationship between a first
redistribution layer RDL1, a second redistribution layer RDL2, and a third redistribution layer
RDL3 of the semiconductor package 300 of FIG. 14. FIG. 16 is a plan view illustrating the first
redistribution layer RDL1, the second redistribution layer RDL2, and the third redistribution

layer RDL3 in FIG. 15, respectively.

[0127] Referring to FIGs. 14 to 16, the semiconductor package 300 is substantially same
as the semiconductor package 200 of FIGs. 10 to 13, except that first to third layers L1, L2, and
L3 are alternately arranged in an inverted manner. Therefore, repeated descriptions will be

omitted.

[0128] The semiconductor package 300 may include a first redistribution layer RDL1, a
first layer L1, a second layer L2, a second redistribution layer RDL2, a third redistribution layer

RDL3, a third layer L3, and an external connection terminal SB.
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[0129] The first redistribution layer RDL1 may be disposed on the external connection
terminals SB. The first layer L1 may be disposed on the first redistribution layer RDL1. The
second layer L2 may be disposed on the first layer L.1. The second redistribution layer RDL.2
may be disposed on the second layer L2. The third redistribution layer RDL3 may be disposed
on the second redistribution layer RDL2. The third layer L3 may be disposed on the third

redistribution layer RDL3.

[0130] A first semiconductor chip 310 may include a buffer LB_1. A second
semiconductor chip 320 may include a buffer LB_2. A third semiconductor chip 330 may
include a buffer LB_3. That is, each of the semiconductor chips may include one buffer. The

buffer may be a bidirectional buffer.

[0131] The external connection terminals SB may be electrically connected to a first
wiring RD1_1 of the first redistribution layer RDL1. The first-first wiring RD1_1 may be
electrically connected to the buffer LB_1. The buffer LB_1 may be electrically connected to a
second-first wiring RD2_1. The second-first wiring RD2_1 may be electrically connected to a
first TPV TPV 1 and a third pad, which is an input/output pad, of the first semiconductor chip

310.

[0132] The first TPV TPV1 may be electrically and physically directly connected to a
second TPV TPV2. The second TPV TPV2 may be electrically connected to a second-second
wiring RD2_2 of the second redistribution layer RDL2. The second-second wiring RD2_2 may
be electrically connected to the buffer LB_2. The buffer LB_2 may be electrically connected to
the first-second wiring RD1_2. The second-second wiring RD2_2 may be electrically connected
to a first-third wiring RD1_3 of the third redistribution layer RDL3. Here, since the second-

second wiring RD2_2 and the first-third wiring RD1_3 face each other, they can be connected to
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each other without an additional TPV. The second-second wiring RD2_2 may be electrically

connected to a third pad, which is an input/output pad, of the second semiconductor chip 320.

[0133] The first-third wiring RD1_3 may be electrically connected to the buffer LB_3.
The buffer LB_3 may be electrically connected to a second-third wiring RD2_3. The second-
third wiring RD2_3 may be electrically connected to a third pad, which is an input/output pad, of

the third semiconductor chip 330.

[0134] According to the present embodiment, since the first layer, the second layer and
the third layer are turned upside down alternately, unlike the semiconductor package 100 of
FIGs. 6 and 7, the same circuit configuration can be realized with only one buffer. Therefore, a
structure of the semiconductor package 300 is simplified, and a manufacturing process can be
simplified. In addition, since positions of the TPVs and the semiconductor chips and the wiring
structure of the redistribution layer are identical to each other in the first layer, the second layer
and the third layer, they can be manufactured using the same process. Accordingly, the

manufacturing cost can be reduced.

[0135] FIG. 17 is a cross-sectional view illustrating a semiconductor package 400

according to example embodiments.

[0136] Referring to FIG. 17, the semiconductor package 400 may further include solder
balls SB and SB’, a fourth panel PNL4 and a fourth redistribution layer RDL4 stacked in a third
direction D3 on the fourth panel PNLA4, a fourth semiconductor chip 410 electrically connected
to the fourth redistribution layer RDL4 through a pad, and a molding layer MD covering the
fourth semiconductor chip 410. In addition, the semiconductor package 400 may further include
a fourth TPV4 which is electrically connected to the fourth redistribution layer RDL4 and the

solder ball SB through the molding layer MD, and a fifth TPV TPVS5 which is electrically
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connected to the fourth redistribution layer RDL4 and the solder ball SB’ through the fourth

panel PNLA4.

[0137] The semiconductor package 400 shown in FIG. 17 may be the semiconductor
packages described in FIGs. 6 to 16 as well as the semiconductor package 100 described in FIGs.

1 to 4. Detailed descriptions thereof will be omitted. .

[0138] The molding layer MD may mold the fourth semiconductor chip 410. At least a
portion of the fourth TPV TPV4 may be exposed to outside from the molding layer MD. The
molding layer MD may include a polymer layer such as a resin. The molding layer MD may

include, for example, an epoxy molding compound (EMC).

[0139] The fourth semiconductor chip 410 may be a memory chip or a logic chip. For
example, when the first to third semiconductor chips (see 110, 120 and 130 in FIG. 1) are
memory chips, the fourth semiconductor chip 410 may include a memory controller for
controlling the first to third semiconductor chips. The semiconductor package 400 may include,

for example, a system on chip (SoC) or a system in package (SIP).

[0140] The semiconductor package 400 may further include a first insulating layer IL1, a
second insulating layer IL2 and an additional layer AD formed between the first insulating layer
IL1 and the second insulating layer IL2. In some example embodiments, the additional layer AD
may include a device such as a capacitor or an inductor. Alternatively, the additional layer AD
may include additional semiconductor chips, including the same or similar structure as the first

to third layers (see L1 to L3 in FIG. 1).

[0141] FIG. 18 is a block diagram schematically illustrating an electronic system

including a semiconductor package according to example embodiments.

30



[0142] Referring to FIG. 18, an electronic system 1000 may include a control unit 1010,
an input unit 1020, an output unit 1030, and a storage unit 1040, and may further include a

communication unit 1050 and/or other operation units 1060.

[0143] The control unit 1010 may collectively control the electronic system 1000 and
each of the components. The control unit 1010 may be a central processing unit (CPU) or a
central controlling unit. The input unit 1020 may send electrical command signals to the control
unit 1010. The input unit 1020 may include a keyboard, a keypad, a mouse, a touch pad, an
image recognizer such as a scanner, or various input sensors. The output unit 1030 may receive
electrical signals from the control unit 1010, and output results processed by the electronic
system 1000. The output unit 1030 may include a monitor, a printer, a beam projector, or various

mechanical devices.

[0144] The storage unit 1040 may be a component for temporarily or permanently storing
electrical signals which are to be processed or have been processed by the control unit 1010. The
storage unit 1040 may be physically or electrically connected or coupled to the control unit 1010.
The communication unit 1050 may receive electrical command signals from the control unit
1010, and send electrical signals to or receive electrical signals from other electronic systems.
The other operation units 1060 may perform physical or mechanical operations according to

commands of the control unit 1010.

[0145] In example embodiments, at least one of the control unit 1010, the input unit
1020, the output unit 1030, the storage unit 1040, the communication unit 1050, and the other
operation unit 1060 may include the semiconductor package disclosed in FIG 1 to 13.
Accordingly, a volume of the electronic system 1000 can be reduced, and the read/write load can

be reduced.
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[0146] FIG. 19 is a flowchart illustrating a method of manufacturing a semiconductor
package according to example embodiments. FIGs. 20A, 20B, 20C, and 20D are cross-sectional

views illustrating a method of manufacturing the semiconductor package 100 of FIG. 1.

[0147] Referring to FIGs. 19, and 20A to 20D, the method of manufacturing the
semiconductor package may include forming a first layer S100, stacking a second layer S200,
stacking a third layer S300, and connecting an external connection terminal S400. The step S100
may include arranging a die and a via in the first layer S110, and forming a first redistribution
layer S120. The step S200 may include arranging a die and a via in the second layer S210,
forming a second redistribution layer S220 and stacking the second layer on the first layer S230.
The step S300 may include arranging a die and a via in the third layer S310, forming a third

redistribution layer S320 and stacking the third layer on the second layer S330.

[0148] The semiconductor chips 110, 120 and 130 and the TPVs TPV1, TPV2 and TPV3
may be disposed on the first, second and second panels PNL1, PNL2 and PNL3 respectively to
form first, second and third layers L1, L2 and L3 may be formed (S110, S210, S310). For
example, each of the first, second and third panels PNL1, PNL2, PNL3 may be parts of different

panels or may be different parts included in the same panel.

[0149] In some example embodiment, the first, second and/or third layers L1, L2 and L3
may be formed based on a wafer level package (WLP) process. In addition, in some example
embodiments, the first, second and/or third layers L1, L2 and L3 may be formed based on a

Panel Level Package (PLP) process.

[0150] In the present embodiment, TPVs TPV1, TPV2 and TPV3 are arranged in the
first, second and third panels PNL1, PNL2, PNL3, but it is not limited thereto. That is, for

example, the TPV may not be formed in the third panel PNL3.
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[0151] In the present embodiment, the first receiving portion AC1 may be formed
through a cavity creation process for the first panel PNL1. After the first receiving portion AC1
is formed, the first semiconductor chip 110 may be disposed in the first receiving portion ACI.
The first semiconductor chip 110 may have a first surface F1 on which the first to third pads are

exposed.

[0152] And then, the first, second, and third redistribution layers RDL1, RDL2, and
RDL3 may be formed on the first, second, and third layers L1, L2, and L3, respectively (S120,
S220, and S320). For example, the first, second and third redistribution layers RDL1, RDL2 and
RDL3 may be formed through various deposition processes such as sputtering, electrolytic

plating, electroless plating or printing.

[0153] And then, the second layer L2 on which the second redistribution layer RDL2 is
formed may be stacked on the first redistribution layer RDL1 (S230), and the third layer L3 may

be stacked on the second redistribution layer RDL2 (S330).

[0154] And then, the semiconductor package 100 may be manufactured by bonding the

solder balls, which are the external connection terminals SB, to the first TPV TPV1. (5400)

[0155] FIGs. 21A, 21B, 21C, and 21D are cross-sectional views illustrating a method of

manufacturing the semiconductor package 200 of FIG. 10.

[0156] Referring to FIGs. 21A to 21D, the method of manufacturing the semiconductor
package 200 is substantially same as the method of FIGs 19 and 20A to 20D, except for a
position at which the external contact terminal SB is joined and a direction in which the first,

second and third layers L1, L2, L3 are stacked. Therefore, repeated descriptions will be omitted.

[0157] The second layer L2 on which the second redistribution layer RDL2 is formed
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may be stacked on the first layer L1 on which the first redistribution layer RDLI is formed

(5§230), and the third layer .3 may be stacked on the second layer L.2. (S330)

[0158] Solder balls, which is the external connection terminals SB, may be bonded to the

first redistribution layer RDL1. (S400)

[0159] FIGs. 22A, 22B, 22C, and 22D are cross-sectional views illustrating a method of

manufacturing the semiconductor package 300 of FIG. 17.

[0160] Referring to FIGs. 22A to 22D, the method of manufacturing the semiconductor
package 200 is substantially same as the method of FIGs. 21A to 21D, except for a stacking

direction of a second layer L2. Therefore, repeated descriptions will be omitted.

[0161] The second layer L2 on which the second redistribution layer RDL2 is formed
may be stacked on the first layer L1 on which the first redistribution layer RDL1 is formed

(S§230), and then the third layer L3 may be stacked on the second layer L2. (S330)

[0162] Solder balls, which is the external connection terminals SB, may be bonded to the

first redistribution layer RDL1. (S400)

[0163] According to the semiconductor packages of the example embodiments, by a
buffer of a semiconductor chip in a first layer, a load of the inside and a load of the outside of the
semiconductor package are separated, so that an load applied to the semiconductor package may
be distributed or reduced as compared with the case when no buffer exists between an external

connection terminal and input/output pads of the semiconductor chips.

[0164] In addition, unlike a wire bonding package structure, the semiconductor package
has a laminated structure of through vias, and multi-stacking is possible without increasing load

since the load is distributed or reduced by the buffer of the semiconductor chip.
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[0165] In addition, it is possible to appropriately design positions of the through vias and
wiring structure of the redistribution layer for each layer so as not to use or use the buffer in the

semiconductor chip, and thus a desired circuit can be constituted.

[0166] In addition, the number of buffers passing through the input/output pads of the
semiconductor chip can be adjusted for each layer, so that delay difference for each layer can be

reduced.

[0167] The present invention may be applicable to various devices and systems including
system-on-a-chip and memory devices. Therefore, the present invention may be applied to a
mobile phone, a smart phone, a personal digital assistant (PDA), a portable media player (PMP),
a digital camera, a camcorder, a personal computer (PC), a server computer, a workstation, a
notebook, a digital television (TV), a set-top box, a music player, Internet of Things (IoT)

devices, virtual reality (VR) devices, augmented reality (AR) devices, and the like.

[0168] The foregoing is illustrative of example embodiments and is not to be construed
as limiting thereof. Although a few example embodiments have been described, those skilled in
the art will readily appreciate that many modifications are possible in example embodiments
without materially departing from the novel teachings and advantages of the inventive concept.
Accordingly, all such modifications are intended to be included within the scope of example

embodiments as defined in the claims.
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What is Claimed is:

1. A semiconductor package, comprising:

a first layer comprising a first semiconductor chip and a first through via;

a first redistribution layer disposed on a surface of the first layer, and comprising a
first-first wiring and a second-first wiring; and

a second layer comprising a second semiconductor chip and a second through via, and
stacked on the first layer;

a second redistribution layer disposed on a surface of the second layer,

wherein the first semiconductor chip comprises a first-first buffer, and the first-first
buffer is electrically connected between the first-first wiring and the second-first wiring, and

wherein the second through via is electrically connected to the first redistribution

layer and the second redistribution layer.

2. The semiconductor package of claim 1, wherein the first semiconductor chip
comprises a first-first pad, a second-first pad, and a third-first pad,

wherein the first-first buffer is electrically connected between the first-first pad and
the second-first pad,

wherein the first-first wiring is connected to the first-first pad, the second-first wiring
is connected to the second-first pad and the third-first pad, and

wherein the first-first wiring is connected to an external connection terminal which is

an input/output terminal.

3. The semiconductor package of claim 2, wherein the first redistribution layer is

disposed between the first layer and the second layer, and
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wherein the first through via is electrically connected to the first-first wiring and the

external connection terminal.

4. The semiconductor package of claim 3, wherein the second redistribution
layer comprises a first-second wiring and a second-second wiring, and
wherein the second through via is electrically connected to the second-first wiring of

the first redistribution layer and the second-second wiring of the second redistribution layer.

5. The semiconductor package of claim 4, wherein the first semiconductor chip
further comprises a second-first buffer, and
wherein the second-first buffer is electrically connected between the second-first

wiring and the first-first wiring.

6. The semiconductor package of claim 5, wherein the first redistribution layer
further comprises a third-first wiring,

wherein the first semiconductor chip further comprises a third-first buffer, and

wherein the third-first buffer is electrically connected between the second-first wiring

and the third-first wiring.

7. The semiconductor package of any one of claims 2 to 6, wherein the first layer
further comprises a first panel formed with a first receiving portion for receiving the first
semiconductor chip, and

wherein the first through via is a through panel via (TPV) through the first panel.

8. The semiconductor package of claim 1 or claim 2, further comprising an
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external connection terminal which is an input/output terminal, and

wherein the first layer is disposed between the first redistribution layer and the second
layer, and the external connection terminal is disposed on the first redistribution layer, and
the first redistribution layer is disposed between the external connection terminal and the first

layer.

9. The semiconductor package of claim 8, wherein the first-first wiring is
electrically connected to the second-first wiring, and

wherein the second-first wiring is electrically connected to the first through via.

10.  The semiconductor package of claim 9, wherein the second redistribution
layer comprises a first-second wiring and a second-second wiring, and

wherein the second semiconductor chip comprises a first-second buffer, a first-second
pad, and a second-second pad, and a third-second pad,

wherein the first-second buffer is electrically connected between the first-second pad
and the second-second pad,

wherein the first-second wiring is electrically connected to the first-second pad, and
the second-second wiring is electrically connected to second-second pad and the third-second
pad, and

wherein the first through via is electrically connected to the second-second wiring,
and

wherein the second redistribution layer is disposed between the first layer and the

second layer.

11.  The semiconductor package of claim 9, wherein the second redistribution
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layer comprises a first-second wiring and a second-second wiring, and

wherein the second semiconductor chip comprises a first-second buffer, a first-second
pad, a second-second pad, and a third-second pad,

wherein the first-second buffer is electrically connected between the first-second pad
and the second-second pad,

wherein the first-second wiring is electrically connected to the first-second pad, and
the second-second wiring is electrically connected to the second-second pad and the third-
second pad,

wherein the first through via is electrically connected to the second through via, and
the second through via is electrically connected to the first-second wiring, and

wherein the second layer is disposed between the second redistribution layer and the

first layer.

12.  The semiconductor package of claim 11, wherein the first through via is

directly connected to the second through via.

13.  The semiconductor package of any one of claims 1 to 12, further comprising:
a panel disposed between an external connection terminal and the first layer;

a third semiconductor chip disposed on the panel; and

a molding layer covering the third semiconductor chip, and

wherein the third semiconductor chip comprises a memory controller for controlling

the first and second semiconductor chips.

14.  The semiconductor package of any one of claims 1 to 11, wherein the first

through via and the second through via are located at different positions on a plane not to
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overlap each other.

15.  The semiconductor package of any one of claims 1 to 14, wherein the first-

first buffer is a bidirectional buffer.

16.  The semiconductor package of any one of claims 1 to 15, wherein the first
semiconductor chip of the first layer and the second semiconductor chip of the second layer

are substantially the same.

17.  The semiconductor package of any one of claims 1 to 6 or 8 to 12, wherein the
first layer further comprises a first panel having a first receiving portion to receive the first
semiconductor chip, and

wherein the first through via is a through panel via (TPV) or a through silicon via

(TSV) penetrating the first panel.

18. A semiconductor package comprising a plurality of layers,

wherein two or more of the layers comprise respective semiconductor chips, insulated
from one another, and redistribution layers respectively disposed on the semiconductor chips,

wherein each semiconductor chip comprises two or more pads connected to one
another by a plurality of wirings included in a corresponding redistribution layer, one of the
pads being an input/output pad of a corresponding semiconductor chip,

wherein a first-first wiring included in a first redistribution layer disposed on a first
layer, among the two or more layers, is configured to be connected to an external input/output
terminal,

wherein the first redistribution layer further comprises a second-first wiring,
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connected to the input/output pad of a first semiconductor chip included in the first layer, and
at least one buffer connecting the first-first wiring and the second-first wiring by being
disposed therebetween, and

wherein a second layer among the two or more layers comprises a second through via
penetrating the second layer to connect one of the first-first wiring and the second-first wiring
in the first redistribution layer to a second-second wiring included in a second redistribution

layer disposed on the second layer.

19.  The semiconductor package of claim 18, wherein the first layer comprises a
first through via penetrating the first layer to connect the first-first wiring and the external
input/output terminal,

wherein the second-second wiring included in the second redistribution layer disposed
on the second layer is further connected to the input/output pad of the second semiconductor
chip, and

wherein the second redistribution layer further comprises a first-second wiring and at
least one buffer connecting the first-second wiring and the second-second wiring by being

disposed therebetween.

20. A semiconductor package comprising a plurality of layers which are vertically
stacked,

wherein two or more of the layers comprise respective semiconductor chips, insulated
from one another, and redistribution layers respectively disposed on the semiconductor chips,

wherein each of the respective layers comprises a plurality of wirings and a same
number of buffers connecting the wirings,

wherein the wirings are connected to a pad included in a corresponding
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semiconductor chip of a corresponding layer,

wherein a first redistribution layer is disposed on a first layer, among the two or more
layers, and comprises a first-first wiring and a second-first wiring, and

wherein a second redistribution layer is disposed on a second layer, among the two or
more layers, and comprises a second through via penetrating the second layer to connect one
of the first-first wiring and the second-first wiring in the first redistribution layer to a second-

second wiring included in the second redistribution layer.
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