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CIRCUIT BOARD AND SEMICONDUCTOR PACKAGE USING THE SAME

CROSS—-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority to
Korean Patent Application No. 10-2017-0103228, filed on August
14, 2017, with the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its

entirety.

TECHNICAL FIELD
[0002] The present inventive concept relates toacircuit board

and a semiconductor package using the same.

BACKGROUND
[0003] In general, semiconductor packages may be obtained by
encasing semiconductor chips mounted on a printed circuit board
(PCB) with an encapsulant and cutting the semiconductor chip
into individual package units. Due to the difference between
coefficients of thermal expansion of the PCB, the semiconductor
chip, and the encapsulant, heat applied in the manufacturing
process of the semiconductor package may cause warpage in the
semiconductor package. Recently, as PCBs and encapsulants
have reduced in thickness, a degree of warpage that may occur

in the PCB may significantly increase.
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SUMMARY

[0004] An aspect of the present inventive concept may provide
a circuit board having reduced warpage, and a semiconductor
package using the same.

[0005] According to an aspect of the present inventive concept,
a circuit board may include: at least one prepreg including a
fiber layer, the fiber layer being woven with a plurality of
first fibers arranged in a first direction and a plurality of
second fibers arranged 1in a second direction that 1is
substantially perpendicular to the first direction, and a
circuit layer on at least one of opposite surfaces of the at
least one prepreg, in which the at least one prepreg may have
a length in the first direction greater than a length in the
second direction, each of the plurality of first fibers may be
formed of or include a filling yarn, and each of the plurality
of second fibers may be formed of or include a warp yarn.
[0006] According to an aspect of the present inventive concept,
a circuit board may include: at least one first prepreg
including a first fiber layer, the first fiber layer being woven
with a plurality of first fibers arranged in a first direction
and a plurality of second fibers arranged in a second direction
that is substantially perpendicular to the first direction, at
least one second prepreg including a second fiber layer, the
second fiber layer being woven with a plurality of third fibers

arranged in the first direction and a plurality of fourth fibers
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arranged in the second direction, a circuit layer on at least
one of opposite surfaces of the at least one first prepreg or
the at least one second prepreg, in which the at least one first
prepreg or the at least one second prepreg may have a length
in the first direction greater than a length in the second
direction, each of the plurality of first fibers may be formed
of or include a filling yarn, each of the plurality of second
fibers may be formed of or include a warp yarn, each of the
plurality of third fibers may be formed of or include a warp
yarn, and each of the plurality of fourth fibers may be formed
of or include a filling yarn.

[0007] According to an aspect of the present inventive concept,
a semiconductor package may include: at least one semiconductor
chip, a package substrate havinga first surface and an opposite
second surface, the first surface havinga first region in which
the at least one semiconductor chip is mounted and a second
region outside the first region, and a molding encapsulating
the at least one semiconductor chip on the first surface of the
package substrate, in which the package substrate may include:
at least one prepreg including a fiber layer, the fiber layer
being woven with a plurality of first fibers arranged in a first
direction and a plurality of second fibers arranged in a second
direction that is substantially perpendicular to the first
direction, and a circuit layer disposed on at least one of

opposite surfaces of the at least one prepreg, in which each
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of the plurality of first fibers may be formed of or include
a filling yarn, each of the plurality of second fibers may be
formed of or include a warp yarn, and the first region has a
shape that is elongated in the first direction.

[0008] According to an aspect of the present inventive concept,
a semiconductor package may include: at least one semiconductor
chip, and a package substrate having a region in which the at
least one semiconductor chip is mounted, in which the package
substrate includes at least one prepreqg including a fiber layer,
the fiber layer being woven with a plurality of first fibers
each formed of or including a filling yarn and a plurality of
second fibers each formed of or including a warp yarn, and the
region in which the at least one semiconductor chip is mounted
may have a shape that is elongated in a length direction of the

plurality of first fibers.

BRIEF DESCRIPTION OF DRAWINGS
[0009] The above, and other aspects, features, and advantages
of the present disclosure will be more clearly understood from
the following detailed description when taken in conjunction
with the accompanying drawings, in which:
FIG. 1 is a schematic perspective view of a semiconductor
package, according to an example embodiment;
FIG. 2 is a projected plan view of the semiconductor

package in direction I of FIG. 1;
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FIG. 3 is a cross—sectional view taken along line II-II'
of FIG. 2;

FIG. 4 is an enlarged view of area A of FIG. 3;

FIG. 5 is a view illustrating a weaving direction of a
prepreg (PPG), according to an example embodiment;

FIGS. 6A and 6B are views illustrating regions in which
semiconductor chips may be mounted on substrates;

FIG. 7A is a view illustrating a stacking direction of
a PPG, according to an example embodiment;

FIG. 7B is a modified example of FIG. 7A;

FIGS. 8A and 8B are plan views of semiconductor packages,
according to an example embodiment and a comparative example
embodiment;

FIGS. 9A and 9B are views illustrating the shapes of
warpages of semiconductor packages, according to an example
embodiment and a comparative example embodiment;

FIGS. 10A and 10B are cross—-sectional views illustrating
directions of warpages of semiconductor packages, according to
an example embodiment and a comparative example embodiment;

FIG. 11 is a graph in which degrees of warpages of
semiconductor packages, according to an example embodiment and
a comparative example embodiment, are compared;

FIG. 12 is a graph in which magnitudes of warpages of
semiconductor packages, according to an example embodiment and

a comparative example embodiment, are compared; and
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FIGS. 13 and 14 are schematic plan views illustrating
primary manufacturing processes of manufacturing the
semiconductor package of FIG. 1, using a circuit board,

according to an example embodiment.

DETAILED DESCRIPTION

[0010] Hereinafter, example embodiments of the present
inventive concept will be described in detail with reference
to the attached drawings. As used herein the expression
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0011] FIG. 1 is a schematic perspective view of a
semiconductor package, according to an example embodiment.
FIG. 2 is a projected plan view of the semiconductor package
indirection I of FIG. 1. FIG. 3 is across—-sectional view taken
along line II-II' of FIG. 2. FIG. 4 is an enlarged view of area
A of FIG. 3. FIG. 5 is a view illustrating a weaving direction
of a prepreg (PPG), according to an example embodiment.
[0012] Referring to FIG. 1, a semiconductor package 10,
according to an example embodiment, may include a package
substrate 100, first and second semiconductor chip stacks 200
and 300 mounted on the package substrate 100, and a molding 600
covering the first and second semiconductor chip stacks 200 and
300. The semiconductor package 10 may further include an

external connection terminal 700 disposed on a lower surface
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thereof. An example embodiment illustrates the first and
second semiconductor chip stacks 200 and 300 connected to the
package substrate 100 by wires 501 to 504 (FIG. 2) by way of
example. However, the present inventive concept is not limited
thereto. The first and second semiconductor chip stacks 200
and 300 may also be directly connected to the package substrate
100 without a wire. Further, the external connection terminal
700 may include any one of a solder ball, a solder pad, a solder
land, a metal bump, or a pillar. In the present example
embodiment, the external connection terminal 700 may be a solder
ball.

[0013] Referring to FIGS. 2 through 4, the package substrate
100 may include a circuit layer 130 and first and second prepregs
110 and 120 forming a stack structure with the circuit layer
130. The package substrate 100 may have an insulating resin
layer 140 disposed on at least one surface thereof to protect
an external surface of the package substrate 100, and may
further include connection pads 131la for bonding the wires 501
to 504 to the first and second semiconductor chip stacks 200
and 300.

[0014] Referring to FIG. 3, the package substrate 100 may have
a first surface S1 on which the first and second semiconductor
chip stacks 200 and 300 may be mounted, and a second surface
S2 opposing the first surface S1. Referring to FIG. 6A, the

first surface S1 of the package substrate 100 may have a first
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region CAl and CA2 in which the first and second semiconductor
chip stacks 200 and 300 may be mounted, and a second region PAl
outside or surrounding the first region CAl and CA2. The
package substrate 100 may be a rigid printed circuit board, a
flexible printed circuit board, or a rigid-flexible printed
circuit board. The package substrate 100 may include a single
layer printed circuit board or a multilayer printed circuit
board.

[0015] The circuit layer 130 may be formed of or include a
conductive material, such as a copper foil, and may include
external circuit layers 131 and 133 disposed on the first and
second prepregs 110 and 120, respectively, and an internal
circuit layer 132 disposed between the first and second prepregs
110 and 120.

[0016] The first and second prepregs 110 and 120 may be formed
by impregnating, with an epoxy resin or the like, a fiber layer
having a fabric sheet shape, such as glass fiber fabric, woven
with a glass yarn, and thermally compressing the fiber layer
with the epoxy resin. However, the present inventive concept
is not limited thereto. According to example embodiments, a
fiber layer having a fabric sheet shape, woven with a carbon
fiber yarn, may also be applied. The prepreg may include a
plurality of prepregs, which may be stacked in a thickness
direction of the package substrate 100. In an example

embodiment, the prepreg may include the first and second
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prepregs 110 and 120. However, the present inventive concept
is not limited thereto. The prepreg may include a single layer
or prepreg, andmay also include three or more layers or prepregs.
Further, the epoxy resin of the first and second prepregs 110
and 120 may include a filler, such as alumina or silica, toadjust
a coefficient of thermal expansion (CTE) of the package
substrate 100.

[0017] FIG. 5 is a view of a weaving arrangement or type of
glass fabric included in the first prepreg 110. The glass
fabric may be formed by weaving a plurality of first fibers 111
arranged in a first direction D1 and a plurality of second fibers
112 arranged in a second direction D2. The first and second
fibers 111 and 112 may be the glass yarns described above, each
of which may include a bunch of or plurality of filaments 111la
or 112a, e.g., long—-glass fibers. As illustrated in FIG. 5,
the first and second fibers 111 and 112 may intersect each other
upwardly and downwardly on a one-on-one basis. For example,
one of the first fibers 111 may alternate between being above
one of the second fibers 112 and below an adjacent one of the
second fibers 112. Likewise, one of the second fibers 112 may
alternate between being above one of the first fibers 111 and
below an adjacent one of the first fibers 111. However, the
present inventive concept is not limited thereto. The first
and second fibers 111 and 112 may also intersect each other in

units of the first and second fibers 111 and 112.
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[0018] The first fibers 111 may be formed of or include filling
yarns and the second fibers 112 may be formed of or include warp
yarns, so that the filling yarns may be arranged in the first
direction D1 of the glass fabric and the warp yarns may be
arranged 1in the second direction D2 of the glass fabric.
Hereinafter, a direction in which the filling yarns may be
arranged may be defined as a filling yarn direction TD and a
direction in which the warp yarns may be arranged may be defined
as a warp yarn direction MD.

[0019] The first and second fibers 111 and 112 may be woven
to have a plurality of intersection regions IA arranged in a
matrix. The second fibers 112, e.g., the warp yarns, may be
woven while being pulled by tensile force greater than that used
for the first fibers 111, e.g., the filling yarns, in a weaving
process. Thus, a width W2 of each of the second fibers 112 may
be less than a width Wl of each of the first fibers 111. Further,
the warp yarns may be pulled by relatively high tensile force
than that used for the filling yarns. Thus, even when the warp
yarns are heated, an increase in width of each of the warp yarns
may be less than a width or increase of width of each of the
filling yarns. This may cause a CTE of the filling yarns to
be greater than that of the warp yarns. Thus, when the prepreg
including the glass fabric woven with the filling yarns and the
warp yarns is heated to a high temperature, an increase in width

of the prepreg in the direction in which the filling yarns may
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be arranged may be greater than an increase of width of the
prepreg in the direction in which the warp yarns may be arranged.
[0020] Warpage that may occur in the semiconductor package 10
may be influenced by such a difference between the CTEs in the
filling yarn direction TD and the warp yarn direction MD of the
package substrate 100. In general, a semiconductor package may
undergo heating and cooling, such as molding and curing, cooling
after attaching a solder ball, or cooling after mounting a
semiconductor chip. While the semiconductor package undergoes
such a process, warpage may occur in the semiconductor package
due to CTE non—-uniformity thereof. Further, the semiconductor
chip may be mounted in the semiconductor package while being
warped during a manufacturing process of the semiconductor
package. When the semiconductor package and the semiconductor
chip are warped in different directions, durability of the
semiconductor package may be degraded. Thus, 1t may be
advantageous to allow the semiconductor package and the
semiconductor chip to warp in the same direction even when
warpage occurs in order to improve or increase durability of
the semiconductor package. In an example embodiment,
arrangements of the filling yarn direction TD and the warp yarn
direction MD of the package substrate 100 of the semiconductor
package 10 may be adjusted to reduce warpage of the
semiconductor package 10 and to further allow the semiconductor

package 10 and a semiconductor chip to warp in the same direction
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even when warpage occurs. Hereinafter, a process of forming
a molding during a process causing warpage to occur in the
semiconductor package will be primarily described. Reducing
warpage that may occur in other processes may also be undertaken
by a configuration similar to that used in reducing warpage that
may occur in the process of forming themolding. In the interest
of brevity, a description of the configuration in such other
processes will be omitted to avoid repeated descriptions.

[0021] The first and second fibers 111 and 112 may be disposed
such that the width Wl of the first fiber 111 in the intersection
region IA may be 1.1 or more times greater than the width W2
of the second fiber 112 in the intersection region IA. In an
example embodiment, the first and second fibers 111 and 112 may
be disposed such that the widths Wl and W2 thereof may be
substantially the same. Thus, the intersection regions IA may
be square or substantially square. Such an arrangement may also
be obtained by adjusting the numbers of the first and second
filaments 11la and 112a forming the first and second fibers 111
and 112, respectively. For example, the number of the second
filaments 112a forming the second fiber 112 may be greater than
that of the first filaments 1lla forming the first fiber 111,
and thus the first and second fibers 111 and 112 may be disposed
such that the width Wl of the first fiber 111 may be substantially
the same as the width W2 of the second fiber 112. As a result,

the difference between the CTEs in the filling yarn direction
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TD and the warp yarn direction MD may be reduced.

[0022] The first fibers 111 may be spaced apart from each other
by a first distance W3 and may extend parallel to each other,
and the second fibers 112 may be spaced apart from each other
by a second distance W4 and may extend parallel to each other.
The first and second fibers 111 and 112 may also be disposed
such that the first distance W3 may be less than or shorter than
the second distance W4.

[0023] When the prepreg includes a plurality of prepregs, the
filling yarn direction TD and the warp yarn direction MD of each
of the prepregs may be the same as each other or may be different.
FIGS. 7A and 7B illustrate the prepregs each including the first
and second prepregs 110 and 120 (or 120a) as examples. FIG.
7A illustrates the first and second prepregs 110 and 120 of which
the filling yarn direction TD and the warp yarn direction MD
may be the same as each other. The first and second prepregs
110 and 120 may be disposed such that corresponding regions
thereof may have substantially the same CTE. FIG. 7B
illustrates the first and second prepregs 110 and 120a of which
the filling yarn direction TD and the warp yarn direction MD
may be different from each other. The difference between the
CTEs of the first and second prepregs 110 and 120a may be
compensated, thus reducing CTE non-uniformity of the package
substrate 100.

[0024] Referring to FIGS. 2 and 3, the first semiconductor chip

Page 13



10

15

20

25

stack 200 mounted on the package substrate 100 may be formed
by stacking a plurality of semiconductor chips 210 and 220, and
the second semiconductor chip stack 300 mounted on the package
substrate 100 may be formed by stacking a plurality of
semiconductor chips 310 and 320. The first and second
semiconductor chip stacks 200 and 300 may be bonded to the
package substrate 100 by a die adhesive film (DAF) 401. Further,
each of the semiconductor chips 210 and 220 included in the first
semiconductor chip stack 200 and the semiconductor chips 310
and 320 included in the second semiconductor chip stack 300 may
be bonded by a DAF 402.

[0025] Each of the semiconductor chips 210, 220, 310, and 320
may include a memory chip or an application processor. In an
example embodiment, the first or second semiconductor chip
stack 200 or 300 may include a configuration in which a memory
chip may be stacked on an application processor. The
semiconductor chips 210, 220, 310, and 320 may be electrically
connected to the connection pads 131a of the package substrate
100, e.g., using the wires 501 to 504. The wires 501 to 504
may include copper (Cu), gold (Au), or aluminum (Al).

[0026] Referring to FIG. 6A, the package substrate 100 may have
the first region CAl and CA2 in which the first and second
semiconductor chip stacks 200 and 300 may be mounted, and the
second region PAl outside or surrounding the first region CAl

and CA2. The first region CAl and CA2 in which the first and
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second semiconductor chip stacks 200 and 300 may be mounted may
include a plurality of divided regions CAl and CA2, according
to the number of the first and second semiconductor chip stacks
200 and 300. The divided regions CAl and CAZ2 may have
substantially the same area as each other, and may extend in
the second direction D2 to be parallel to each other. 1In an
example embodiment, the first region CA1l and CA2 may include
two divided regions.

[0027] The first region CAl and CA2 may be disposed such that
a length direction WB1+WB2 of the total area CA1+CA2 may be the
same as the filling yarn direction TD of the package substrate
100. A length dimension WB1+WB2 of the total area CA1+CA2 may
extend in the filling yarn direction TD of the package substrate
100. A length direction or dimension of the total area of the
first region CAl and CA2 may refer to the length direction or
dimension WB1+WB2, a combination of the first region CAl and
CA2, rather than a length direction or dimension of each of the
first region CAl and CA2 in which the semiconductor chips 210,
220, 310, and 320 may be mounted. As illustrated in FIG. 6A,
one direction or dimension WD of the first region CAl and CA2
in which the first and second semiconductor chip stacks 200 and
300 may be mounted may be less than the sum of other directions
or dimensions WB1 and WB2. Thus, the other directions or
dimensions WB1 and WB2 may correspond to the length direction

or dimension of the first region CAl and CA2 in which the first
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and second semiconductor chip stacks 200 and 300 may be mounted,
and the one direction WD may correspond to a width direction
or dimension of the first region CAl and CAZ2.

[0028] The first region CAl and CA2, in which the first and
second semiconductor chip stacks 200 and 300 may be mounted,
of the package substrate 100 may have a CTE relatively less than
that of the second region PAl due to the first and second
semiconductor chip stacks 200 and 300. Thus, a CTE of a portion
of the package substrate 100 in which a ratio of the first region
CA1l and CA2 having the first and second semiconductor chip
stacks 200 and 300 mounted therein may be high in both of the
first and second directions D1 and D2 of the package substrate
100, may be relatively less than a CTE of a remaining portion.
[0029] Thus, the filling yarn direction TD of the package
substrate 100 may be defined as a direction in which the ratio
of the region having the first and second semiconductor chip
stacks 200 and 300 mounted therein may be high, and the warp
yarn direction MD of the package substrate 100 may be defined
as a direction in which the ratio of the region having the first
and second semiconductor chip stacks 200 and 300 mounted therein
may be low. As a result, CTE non-uniformity of the
semiconductor package 10 that may occur due to the first region
CAl and CA2 having a CTE relatively less than that of the second
region PAl may be reduced. Further, warpage of the

semiconductor package 10 that may occur due to the CTE
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non-uniformity of the semiconductor package 10 may also be
reduced. FIG. 6B 1is a modified example of FIG. 6A, and
illustrates a semiconductor chip stack 200a mounted on a package
substrate 100a as an example. A filling yarn direction TD of
the package substrate 100a may correspond to or be defined as
a length direction or dimension WCL of a region CA3 in which
the semiconductor chip stack 200a may be mounted and a warp yarn
direction MD of the package substrate 100a may correspond to
or be defined as a width direction or dimension WCS of the region
CA3 in which the semiconductor chip stack 200a may be mounted,
to reduce CTE non-uniformity of a semiconductor package, thus
reducing warpage of the semiconductor package.

[0030] Referring to FIG. 1, the molding 600 may be disposed
on the package substrate 100 to cover an upper surface and side
surfaces of each of the first and second semiconductor chip
stacks 200 and 300. The molding 600 may cover the wires 501
to 504. 1In an example embodiment, the molding 600 may be formed
of or include a material including an epoxy molding compound
(EMC) .

[0031] In the process of forming and curing the molding 600,
warpage may occur in the semiconductor package 10 due to a
difference between a CTE of the molding 600 and that of the
package substrate 100. 1In general, in a process of cooling the
semiconductor package 10 for curing the semiconductor package

10, asize of themolding 600 contracted (or an amount themolding

Page 17



10

15

20

25

600 contracts) may be greater than a size of the package
substrate 100 contracted (or an amount the package substrate
100 contracts). Thus, aperipheral region of the semiconductor
package 10 may be downwardly bent. In an example embodiment,
the difference between the CTEs of the molding 600 and the
package substrate 100 may be reduced to lessen warpage of the
semiconductor package 10, and even when warpage occurs in the
semiconductor package 10, the molding 600 may be allowed to warp
in the same direction as a direction in which the semiconductor
chip may be warped, thus increasing durability of the
semiconductor package 10. This will be described below.

[0032] 1In the semiconductor package 10 having the
above-mentioned structure, the length direction or dimension
of the entire region in which the first and second semiconductor
chip stacks 200 and 300 may be mounted may correspond to or be
defined as the filling yarn direction TD of the package
substrate 100. The portion of the package substrate 100, in
which the first and second semiconductor chip stacks 200 and
300 may be mounted, may have a CTE relatively less than that
of the remaining portion of the package substrate 100. Thus,
an elongated portion of the entire region, in which the first
and second semiconductor chip stacks 200 and 300 may be mounted,
may be disposed in the filling yarn direction TD in which the
CTE may be relatively high, to increase a balance among the CTEs

of the respective regions of the semiconductor package 10, thus
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reducing a magnitude of warpage that may occur in the
semiconductor package 10. Hereinafter, an effect of a
semiconductor package, according to an example embodiment, will
be described in contrast to a comparative example embodiment.

[0033] Referring to FIGS. 8A to 12, warpages of semiconductor
packages at high temperatures, according to an example
embodiment and a comparative example embodiment, may be
compared.

[0034] FIGS. 8A and 8B are plan views of semiconductor packages,
according to an example embodiment and a comparative example
embodiment. FIGS. 9A and 9B are views illustrating the shapes
of warpages of semiconductor packages, according to an example
embodiment and a comparative example embodiment. FIGS. 10A and
10B are cross—-sectional views illustrating directions of
warpages of semiconductor packages, according to an example
embodiment and a comparative example embodiment. FIG. 11 is
a graph in which degrees of warpages of semiconductor packages,

according to an example embodiment and a comparative example
embodiment, are compared. FIG. 12 1is a graph in which
magnitudes of warpages of semiconductor packages, according to
an example embodiment and a comparative example embodiment, are
compared.

[0035] The comparative example embodiment may differ from the
example embodiment in that a package substrate 100REF may be

employed, in which the filling yarn direction TD and the warp

Page 19



10

15

20

25

yarn direction MD of the package substrate 100, according to
the example embodiment, may be reversed.

[0036] Thus, as illustrated in FIG. 8B, in the semiconductor
package, according to the example embodiment, the warp yarn
direction MD of the package substrate 100 may be defined as a
direction in which a portion of the package substrate 100 having
the first and second semiconductor chip stacks 200 and 300
mounted thereon may be relatively small, for example, in a
direction CTEa in which the CTE may be relatively high, and the
filling yarn direction TD of the package substrate 100 may be
defined as a direction CTEb in which the CTE may be relatively
low. 1In contrast, as illustrated in FIG. 8A, the comparative
example embodiment may differ from the example embodiment in
that the filling yarn direction TD of the package substrate 100
may be defined as the direction in which the portion of the
package substrate 100 having the first and second semiconductor
chip stacks 200 and 300 mounted thereon may be relatively small,
for example, in the direction CTEa in which the CTE may be
relatively high.

[0037] Referring to FIG. 9A, in the semiconductor package,
according to the comparative example embodiment, the filling
yvarn direction TD of the package substrate 100REF may be defined
as the direction CTEa in which the CTE may be relatively high,
so that the direction in which the CTE may be relatively high

may be equivalent to the portion of the package substrate 100REF
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in which the CTE may be relatively high. Thus, as illustrated
in FIG. 10A, in the process of cooling the molding 600, force
F1l by which the package substrate 100REF may be contracted may
be greater than or superior to force F2 by which the molding
600 may be contracted, so that warpage WD2 may occur downwardly
from the entirety of a semiconductor package 10a. The warpage
WD2 may occur in a direction opposite to that of warpage WDI1
that may occur in the first semiconductor chip stack 200, which
may cause durability of the semiconductor package 10a to be
degraded. Reference denotation CL 1s a reference 1line
indicating the semiconductor package 10a in which warpage does
not occur.

[0038] In contrast, referring to FIG. 9B, in the semiconductor
package, according to the example embodiment, the warp yarn
direction MD of the package substrate 100 may be defined as the
direction CTEa in which the CTE may be relatively high, so that
the direction in which the CTE may be relatively high may not
be equivalent to the portion of the package substrate 100 in
which the CTE may be relatively high. Thus, as illustrated in
FIG. 10B, force F2 by which the molding 600 may be contracted
may be greater than or superior to force F1 by which the package
substrate 100 may be contracted, so that warpage WD3 may occur
upwardly from the entirety of the semiconductor package 10. The
warpage WD3 may occur in the same direction as that of the warpage

WD1 that may occur in the first semiconductor chip stack 200,
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which may cause durability of the semiconductor package 10 to
be improved, in comparison to the comparative example
embodiment.

[0039] FIG. 11 is a graph in which temperatures applied to an
example embodiment Gl and a comparative example embodiment REF
and averages (um) of warpages at the temperature may be arranged
in the manufacturing process order. In the comparative example
embodiment REF, when the temperature rises from 240°C to 260°C,
the warpage may rapidly increase, and until the temperature
drops to room temperature (30°C), the warpage may continue to
be maintained. In contrast, the warpage of the example
embodiment Gl may be reduced at the same temperatures. Table
1 below illustrates the averages of the warpages at the
respective temperatures in the example embodiment Gl and the
comparative example embodiment REF of FIG. 11. The warpage of
the example embodiment Gl may be reduced compared to that of
the comparative example embodiment REF.

[0040] [Table 1]

Temperature (°C) | REF (um) G1 (um)
30 38.5 33.0

100 -29.7 -31.3
150 -39.9 -43.3
180 -39.1 -41.2
200 -38.9 -39.9
220 -43.0 -40.3
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240 -51.1 -39.0
260 14.5 -4.2
240 32.3 -2.7
220 34.5 3.7

200 36.0 6.2

180 31.0 14.0
150 29.5 20.7
100 30.0 25.9
30 85.1 67.2

[0041] FIG. 12 is a graph in which temperatures applied to the
example embodiment Gl and the comparative example embodiment
REF in a high temperature state and significantly increased
values of warpages at the temperature may be arranged in the
manufacturing process order. Over the entire range of high
temperatures, an absolute value of warpage of the comparative
example embodiment REF may be greater than that of warpage of
the example embodiment G1l, and particularly, from 260 °C, a
difference of about 20 um between the absolute values of the
warpages in the example embodiment Gl and the comparative
example embodiment REF may be maintained. Table 2 below
illustrates the significantly increased values of the warpages
at the respective temperatures in the example embodiment G1 and
the comparative example embodiment REF of FIG. 12 throughout
the manufacturing process. The significantly increased value

of the warpage of the example embodiment Gl may be reduced
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compared to that of the warpage of the comparative example
embodiment REF.

[0042] [Table 2]

Temperature (°C) | REF (um) G1 (um)
30 55 44
100 43 49
150 45 63
180 43 53
200 43 50
220 47 52
240 56 48
260 72 53
240 59 38
220 50 31
200 41 25
180 37 27
150 40 38
100 44 44
30 111 75

[0043] Hereinafter, manufacturing processes of a circuit board
and a semiconductor package using the same, according to an
example embodiment, will be described. FIGS. 13 and 14 are
schematic plan views 1llustrating primary manufacturing
processes of manufacturing the semiconductor package of FIG.

1, using the circuit board, according to an example embodiment.
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The circuit board, according to an example embodiment, may be
provided to manufacture the package substrate described above.
The semiconductor package may be manufactured by mounting a
semiconductor chip stack on the circuit board, forming a molding
thereon, and dividing the semiconductor chip stack into
individual semiconductor chips. The above-described package
substrate may correspond to a division of the circuit board.
Thus, the same description as that of the package substrate of
the descriptions of the circuit board will be omitted to avoid
repeated descriptions.

[0044] Referring first to FIG. 13, a circuit board P may be
provided to manufacture the package substrate of the
semiconductor package. The circuit boardP may have a structure
in which at least one prepreg and a circuit layer may be stacked.
The prepreg may be formed by impregnating, with an epoxy resin
or the like, a fiber layer having a fabric sheet shape, such
as glass fiber fabric, woven with a glass yarn and thermally
compressing the fiber layer with the epoxy resin.

[0045] In detail, as illustrated in FIG. 13, the circuit board
P may have the shape of a plate elongated in a length direction
PL. As described above for the package substrate, the circuit
board P may include at least one prepreg, which may include a
fiber layer woven with a plurality of first fibers 111 arranged
in the length direction PL of the circuit board P and a plurality

of second fibers 112 arranged in a width direction PS of the
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circuit board P substantially perpendicular to the length
direction PL. FEach of the first fibers 111 may be formed of
or include a filling yarn, and each of the second fibers 112
may be formed of or include a warp yarn. Thus, in the circuit
board P, the length direction PL may correspond to or be defined
as a filling yarn direction TD, and the width direction PS may
correspond to or be defined as a warp yarn direction MD.
[0046] Similar to those described above on the package
substrate, the first fibers 111 and the second fibers 112 may
be woven to have a plurality of intersection regions IA arranged
in a matrix. Since the first fiber 111 may be formed of or
include the filling yarn and the second fiber 112 may be formed
of or include the warp yarn, a width Wl of the first fiber 111
may be greater than a width W2 of the second fiber 112. Thus,
in each of the intersection regions IA, a size of the
intersection region IA in the length direction PL may correspond
to the width W2 of the second fiber 112, and a size of the
intersection region IA in the width direction PS may correspond
to the width Wl of the first fiber 111, so that the size of the
intersection region IA in the length direction PL may be smaller
than that of the intersection region IA in the width direction
PS.

[0047] Further, as described above for the package substrate,
the circuit layer may be disposed on at least one of opposite

surfaces of the prepreg.
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[0048] Subsequently, as illustrated in FIG. 14, first and
second semiconductor chip stacks 200 and 300 may be mounted in
each of individual semiconductor chip mounting regions P2 of
the circuit board P, such that a length direction CTEb of a
combination of regions, in which the first and second
semiconductor chip stacks 200 and 300 may be mounted, may
correspond to or be defined as the filling yarn direction TD
of the circuit boardP. As described above, the regions in which
the first and second semiconductor chip stacks 200 and 300 may
be mounted may have a CTE relatively less than that of a remaining
region outside the regions. Thus, when the length direction
CTEb of the combination of regions, in which the first and second
semiconductor chip stacks 200 and 300 may be mounted, is defined
as the filling yarn direction TD, a width of the circuit board
P increased in the filling yarn direction TD in which a CTE of
the circuit board P may be relatively high may be reduced.

[0049] The circuit board may be exposed to high temperatures
in a process of heating and cooling, such as molding and curing,
cooling after attaching a solder ball, or cooling after mounting
a semiconductor chip, during the semiconductor package
manufacturing process. Thus, the circuit board may be
thermally expanded. The width of the circuit board in the
direction in which the CTE thereof may be relatively high may
be increased further than that of the circuit board in the

direction in which the CTE thereof may be relatively low. Thus,
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a larger amount of warpage may occur in the direction in which
the CTE of the circuit board may be relatively high. In an
example embodiment, a larger number of semiconductor chip
mounting regions having a relatively low CTE may be disposed
in the filling yarn direction TD having a relatively high CTE,
thus reducing a difference between the CTEs in the direction
having the relatively high CTE and the direction having the
relatively low CTE. Further, even when warpage occurs in the
semiconductor package, the semiconductor package may be allowed
to warp upwardly as for the semiconductor chip, thus reducing
non-uniformity of warpage that may occur in the semiconductor
chip stack.

[0050] Subsequently, the molding may be applied to a surface
of the package substrate 100 on which the first and second
semiconductor chip stacks 200 and 300 may be mounted to cover
the surface, and the circuit board Pmay be diced into individual
semiconductor chip mounting regions P2. As a result, the
semiconductor package of FIG. 1 may be manufactured.

[0051] As set forth above, according to example embodiments
of the present inventive concept, a circuit board and a
semiconductor package using the same may reduce warpage that
may occur in the manufacturing process thereof.

[0052] 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
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from the scope of the present inventive concept, as defined by
the appended claims.

[0053] Various embodiments may include a semiconductor package.
The semiconductor ©package may include at least one
semiconductor chip; and a package substrate having a region in
which the at least one semiconductor chip is mounted, wherein
the package substrate includes at least one prepreg including
a fiber layer, the fiber layer being woven with a plurality of
first fibers each comprising a filling yarn and a plurality of
second fibers each comprising a warp yarn, the region in which
the at least one semiconductor chip is mounted has a shape that
is elongated in a length direction of the plurality of first
fibers.

[0054] In various embodiments of the semiconductor package,
the region in which the at least one semiconductor chip is
mounted may include a plurality of divided regions, and the
plurality of divided regions are parallel to each other in a
length direction of the plurality of second fibers.

[0055] In various embodiments of the semiconductor package,
a coefficient of thermal expansion of the plurality of first
fibers in the length direction of the plurality of first fibers
may be greater than a coefficient of thermal expansion of the
plurality of second fibers in a length direction of the

plurality of second fibers.
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What is claimed is:

1. A circuit board comprising:

at least one prepreg including a fiber layer, the fiber
layer being woven with a plurality of first fibers arranged in
a first direction and a plurality of second fibers arranged in
a second direction that is substantially perpendicular to the
first direction; and

a circuit layer on at least one of opposite surfaces of
the at least one prepregq,

wherein the at least one prepreg has a length in the first
direction greater than a length in the second direction, each
of the plurality of first fibers comprises a filling yarn, and

each of the plurality of second fibers comprises a warp yarn.

2. The circuit board of claim 1, wherein a coefficient
of thermal expansion of the at least one prepreg in the first
direction is greater than a coefficient of thermal expansion

of the at least one prepreg in the second direction.

3. The circuit board of claim 1 or claim 2, wherein each

of the plurality of first fibers and the plurality of second

fibers comprises a glass yarn.

4. The circuit board of any one of claims 1 to 3, wherein

the at least one prepreg comprises a plurality of prepregs, each
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of the plurality of first fibers of each of the plurality of
prepregs comprises a filling yarn, and each of the plurality
of second fibers of each of the plurality of prepregs comprises

a warp yarn.

5. The circuit board of any one of claims 1 to 4, wherein
the plurality of first fibers and the plurality of second fibers
are woven to have a plurality of intersection regions arranged
in a matrix, and each of the plurality of intersection regions
has a size in the first direction that is smaller than a size

in the second direction.

6. The circuit board of any one of claims 1 to 5, wherein
a width of each of the plurality of first fibers is greater than

a width of each of the plurality of second fibers.

7. The circuit board of claim 6, wherein the width of each
of the plurality of first fibers is 1.1 or more times greater

than the width of each of the plurality of second fibers.

8. The circuit board of any one of claims 1 to 7, wherein
each of the plurality of first fibers and each of the plurality
of second fibers comprises a plurality of filaments, and a
number of the plurality of filaments of each of the plurality

of second fibers is greater than a number of the plurality of
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filaments of each of the plurality of first fibers.

9. The circuit board of any one of claims 1 to 8, wherein
the plurality of first fibers are spaced apart from one another
by a first distance and extend parallel to each other, the
plurality of second fibers are spaced apart from one another
by a second distance and extend parallel to each other, and the

first distance is less than the second distance.

10. A circuit board comprising:

at least one first prepreg including a first fiber layer,
the first fiber layer being woven with a plurality of first
fibers arranged in a first direction and a plurality of second
fibers arranged in a second direction that is substantially
perpendicular to the first direction;

at least one second prepreqg including a second fiber layer,
the second fiber layer being woven with a plurality of third
fibers arranged in the first direction and a plurality of fourth
fibers arranged in the second direction;

a circuit layer on at least one of opposite surfaces of
the at least one first prepreg or the at least one second prepreg,

wherein the at least one first prepreg or the at least
one second prepreg has a length in the first direction greater
than a length in the second direction, each of the plurality

of first fibers comprises a filling yarn, each of the plurality
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of second fibers comprises a warp yarn, each of the plurality
of third fibers comprises a warp yarn, and each of the plurality

of fourth fibers comprises a filling yarn.

11. A semiconductor package comprising:

at least one semiconductor chip;

a package substrate having a first surface and an opposite
second surface, the first surface havinga first region in which
the at least one semiconductor chip is mounted and a second
region different from the first region; and

a molding encapsulating the at least one semiconductor
chip on the first surface of the package substrate,

wherein the package substrate includes:

at least one prepreg including a fiber layer, the
fiber layer being woven with a plurality of first fibers
arranged in a first direction and a plurality of second
fibers arranged 1in a second direction that 1is
substantially perpendicular to the first direction; and

a circuit layer disposed on at least one of opposite
surfaces of the at least one prepreg,

wherein each of the plurality of first fibers comprises
a filling yarn, each of the plurality of second fibers comprises
a warp yarn, and the first region has a shape that is elongated

in the first direction.
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12. The semiconductor package of claim 11, wherein a
coefficient of thermal expansion of the at least one prepreg
in the first direction is greater than a coefficient of thermal

expansion of the at least one prepreg in the second direction.

13. The semiconductor package of claim 11 or claim 12,
wherein the first region includes a plurality of regions that

are spaced apart in the first direction.

14. The semiconductor package of claim 13, wherein each

of the plurality of regions have substantially the same area.

15. The semiconductor package of claim 13 or claim 14,
wherein the plurality of regions are parallel to each other in

the second direction.

16. The semiconductor package of any one of claims 11 to
15, wherein the at least one prepreg includes a fabric sheet
having a resin coated and cured between the plurality of first
fibers and the plurality of second fibers, and the circuit layer

is thermally compressed with the fabric sheet.

17. The semiconductor package of any one of claims 11 to

16, wherein the at least one prepreg comprises a plurality of

prepregs, and corresponding regions of the plurality of
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prepregs have substantially the same coefficient of thermal

expansion.

18. The semiconductor package of any one of claims 11 to
17, wherein the at least one prepreg comprises a plurality of
prepregs, and the plurality of prepregs are stacked in a

thickness direction of the package substrate.

19. The semiconductor package of any one of claims 11 to
18, wherein the molding comprises an epoxy molding compound

(EMC) .

20. The semiconductor package of any one of claims 11 to
19, wherein:

a width of each of the plurality of first fibers is greater
than a width of each of the plurality of second fibers;

each of the plurality of first fibers and each of the
plurality of second fibers comprises a plurality of filaments,
and a number of the plurality of filaments of each of the
plurality of second fibers is greater than a number of the
plurality of filaments of each of the plurality of first fibers;
and/or

the plurality of first fibers are spaced apart from one
another by a first distance and the plurality of second fibers

are spaced apart from one another by a second distance, and the
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first distance is less than the second distance.
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