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SEMICONDUCTOR PACKAGE AND SEMICONDUCTOR MODULE 

INCLUDING THE SAME 

 

PRIORITY STATEMENT 

[0001] This application claims priority to Korean Patent Application No. 10-

2017-0172576 filed on December 14, 2017, in the Korean Intellectual Property 

Office, the entire contents of which are hereby incorporated by reference. 

 

TECHNICAL FIELD 

[0002] The inventive concepts relate to semiconductor devices, and more 

particularly, to a semiconductor package and to a semiconductor module including 

the same. 

 

BACKGROUND 

[0003] A semiconductor package is widely used in high performance electronic 

products such as display devices. The performance of the semiconductor package is 

a key factor in the resolution offered by the display device. Accordingly, there is a 

need for semiconductor packages that exhibit a level of performance demanded by 

high resolution display devices. 

 

SUMMARY 

[0004] According to the inventive concepts, there is provided a semiconductor 

package comprising a semiconductor chip, a package substrate having a top surface 

on which the semiconductor chip is mounted and a bottom surface opposite to the 

top surface, an upper metal pattern layer on the top surface of the package substrate, 
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the upper metal pattern layer having an upper connection region extending along 

one section of the top surface of the package substrate and dedicated for electrically 

connecting an external electrical device to the semiconductor package, and the 

upper metal pattern layer having a chip connection region at which the 

semiconductor chip is electrically connected to the upper metal pattern layer, a 

lower metal pattern layer on the bottom surface of the package substrate, the lower 

metal pattern layer having a lower connection region extending along one section of 

the bottom surface of the package substrate and dedicated for electrically 

connecting another external electrical device to the semiconductor package, and an 

intermediate metal pattern layer in the package substrate and electrically connecting 

the upper metal pattern layer and the lower metal pattern layer. The upper metal 

pattern layer comprises a plurality of first metal patterns comprising leads extending 

in a longitudinal direction on the top surface of the package substrate. The first 

metal patterns are disposed in a plurality of groups on the chip connection region. In 

each of the groups of the first metal patterns, the first metal patterns are spaced 

relative to each other in a direction intersecting the longitudinal direction in which 

the leads of the upper metal pattern layer extend, whereas the groups of the first 

metal patterns are offset from each other in the longitudinal direction in which the 

leads of the upper metal pattern layer extend. The intermediate metal pattern layer 

comprises a plurality of second metal patterns. The lower metal pattern layer 

comprises a plurality of third metal patterns comprising leads extending 

longitudinally on the bottom surface of the package substrate. Furthermore, in each 

of the groups of the third metal patterns, the third metal patterns are spaced relative 

to each other in a direction intersecting the longitudinal direction in which the leads 

of the lower metal pattern layer extend, whereas the groups of the third metal 
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patterns are offset from each other in the longitudinal direction in which the leads of 

the lower metal pattern layer extend. 

[0005] According to the inventive concepts, there is provided a semiconductor 

package comprising a semiconductor chip, a first substrate having a first top surface 

on which the semiconductor chip is mounted and a first bottom surface opposite to 

the first top surface, a second substrate having a second top surface facing the first 

bottom surface and a second bottom surface opposite to the second top surface, a 

first metal pattern layer on the first top surface, the first metal pattern layer 

including a chip connection region at which the semiconductor chip is electrically 

connected to the first metal pattern layer and an upper connection region dedicated 

for electrically connecting the semiconductor package to an external electrical 

device, the upper connection region located along a section of the first top surface, a 

second metal pattern layer on the first bottom surface and electrically connected to 

the first metal pattern layer, and a third metal pattern layer on the second bottom 

surface and electrically connected to the second metal pattern layer, the third metal 

pattern layer having a lower connection region on a section of the second bottom 

surface, the lower connection region dedicated for electrically connecting another 

external electrical device to the semiconductor package. The first metal pattern layer 

comprises a plurality of first metal patterns comprising leads extending in a 

longitudinal direction on the first top surface. The first metal patterns are disposed 

in a plurality of groups on the chip connection region. In each of the groups of the 

first metal patterns, the first metal patterns are spaced relative to each other in a 

direction intersecting the longitudinal direction in which the leads of the first metal 

pattern layer extend, whereas the groups of the first metal patterns are offset from 

each other in the longitudinal direction in which the leads of the first metal pattern 
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layer extend. The second metal pattern layer comprises a plurality of second metal 

patterns on the first bottom surface. The third metal pattern layer comprises a 

plurality of third metal patterns comprising leads extending longitudinally on the 

second bottom surface. Furthermore, in each of the groups of the third metal 

patterns, the third metal patterns are spaced relative to each other in a direction 

intersecting the longitudinal direction in which the leads of the third metal pattern 

layer extend, whereas the groups of the third metal patterns are offset from each 

other in the longitudinal direction in which the leads of the third metal pattern layer 

extend. 

[0006] According to the inventive concepts, there is provided a semiconductor 

module comprising a semiconductor package, and a first electrical device and a 

second electrical device that are electrically connected to the semiconductor 

package. The semiconductor package may comprise a package substrate including a 

top surface on which a semiconductor chip is mounted and a bottom surface 

opposite to the top surface; a first metal pattern including an inner lead bonding 

region electrically connected to the semiconductor chip and a first outer lead 

bonding region electrically connected to the first electrical device, the inner lead 

bonding region on the top surface of the package substrate, the first outer lead 

bonding region partially exposed on the top surface of the package substrate; a 

second metal pattern in the package substrate and electrically connected to the first 

metal pattern; and a third metal pattern on the bottom surface of the package 

substrate and electrically connected to the second metal pattern, the third metal 

pattern including a second outer lead bonding region partially exposed on the 

bottom surface of the package substrate and electrically connected to the second 

electrical device. On the inner lead bonding region, the first metal pattern may serve 
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as a plurality of inner leads arranged in a plurality of rows. The third metal pattern 

may serve as a plurality of outer leads exposed on the second outer lead bonding 

region and arranged in a plurality of rows. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1A shows a cross-sectional view of examples of a semiconductor 

package according the inventive concepts. 

[0008] FIG. 1B is a plan view of section A of one of the examples of the 

semiconductor packages shown by FIG. 1A. 

[0009] FIGS. 1C and 1D are perspective views of respective parts of section B 

of an example of the semiconductor packages shown by FIG. 1A. 

[00010] FIG. 1E is a plan view of section A of another one of the examples of 

the semiconductor packages shown by FIG. 1A. 

[00011] FIG. 1F is a bottom view of section C of one of the examples of the 

semiconductor packages shown by FIG. 1A. 

[00012] FIG. 1G is a plan view of section A of another one of the examples of 

the semiconductor packages shown by FIG. 1A. 

[00013] FIG. 1H is a perspective view of section B of another of the examples 

of the semiconductor packages shown by FIG. 1A. 

[00014] FIG. 1I is a cross-sectional view of another example of a semiconductor 

package according to the inventive concepts. 

[00015] FIGS. 2A - 2C illustrate an example of a semiconductor module 

according to the inventive concepts, in which FIG. 2A is a cross-sectional of a 

semiconductor package of the module coupled with a panel and flexible printed 

circuit board (FPCB) of the module, FIG. 2B is a schematic cross-sectional view of 
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one form of the module, and FIG. 2C is a schematic cross-sectional view of another 

form of the module. 

[00016] FIGS. 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H and 3I are cross-sectional views 

of a semiconductor package during the course of its manufacture, and together show 

an example of a method of fabricating a semiconductor package according to the 

inventive concepts. 

 

DETAILED DESCRIPTION  

[00017] Examples of semiconductor packages and semiconductor modules 

including the same according to the inventive concepts will be described hereinafter 

in detail in conjunction with the accompanying drawings. 

[00018] FIGS. 1A – 1K illustrate examples of a semiconductor package 

according to the inventive concepts. 

[00019] Referring to FIG. 1A, semiconductor packages 1 according to the 

inventive concepts may include a semiconductor chip 400 mounted on a package 

substrate 10. The semiconductor chip 400 may be a logic chip, a memory chip, or a 

combination logic and memory chip. For example, the semiconductor chip 400 may 

include a display driver IC, or DDI. The package substrate 10 may include a flexible 

printed circuit board. The package substrate 10 may include a first substrate 101 

having a top surface 101a on which the semiconductor chip 400 is mounted and a 

bottom surface 101b opposite to the top surface 101a, and a second substrate 103 

provided on the bottom surface 101b of the first substrate 101. The bottom surface 

101b of the first substrate 101 may contact a top surface 103a of the second 

substrate 103. Alternatively, the bottom surface 101b of the first substrate 101 may 

be attached through an adhesive to the top surface 103a of the second substrate 103.  
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[00020] The first and second substrates 101 and 103 may be flexible substrates 

of similar flexible material, such as polyimide (PI). Alternatively, one or all of the 

first and second substrates 101 and 103 may be rigid substrates. The first and 

second substrates 101 and 103 may have the same or different physical 

characteristics, such as coefficient of thermal expansion or dielectric constant. For 

example, the first and second substrates 101 and 103 may have the same or similar 

coefficient of thermal expansion and/or dielectric constant. Alternatively, the 

second substrate 103 may have coefficient of thermal expansion and/or dielectric 

constant less than those of the first substrate 101. In some examples, at least one 

additional substrate may further be included between the first and second substrates 

101 and 103. The additional substrate may be a flexible substrate or a rigid substrate. 

The first and second substrates 101 and 103 may have the same or different 

thicknesses (a dimension in a Z direction). For example, the second substrate 103 

may have a thickness less than that of the first substrate 101.  

[00021] The package substrate 10 may include a first metal pattern layer M1 

that is electrically connected to the semiconductor chip 400 and electrically 

connects the semiconductor package 1 to an external electrical device (e.g., a 

flexible printed circuit board (FPCB)), a third metal pattern layer M3 that 

electrically connects the semiconductor package 1 to an external electrical device 

(e.g., a display panel), and a second metal pattern layer M2 that electrically 

connects the first metal pattern layer M1 and the third metal pattern layer M3 to 

each other. Alternatively, when at least one additional substrate is further included 

between the first and second substrates 101 and 103, at least one additional metal 

pattern layer may be provided. 

[00022] The first metal pattern layer M1 may have a part serving as an upper 
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(external) connection region 1a that is exposed at the outside of the semiconductor 

package 1 and is electrically connected to an external electrical device (e.g., a 

flexible printed circuit board). The third metal pattern layer M3 may have a part 

serving as a lower (external) connection region 1b that is exposed at the outside the 

semiconductor package 3 and is electrically connected to an external electrical 

device (e.g., a display panel). The first metal pattern layer M1 may have another 

part serving as a chip connection region 1c that is electrically connected to the 

semiconductor chip 400. For example, the upper and lower connection regions 1a 

and 1b may be outer lead bonding (OLB) regions, and the chip connection region 1c 

may be an inner lead bonding (ILB) region. 

[00023] The upper and lower connection regions 1a and 1b may not be 

vertically aligned with each other (i.e., may be out of alignment in the Z direction). 

For example, the upper connection region 1a may be provided on a right-side top 

surface of the semiconductor package 1, whereas the lower connection region 1b 

may be provided on a left-side bottom surface of the semiconductor package 1. 

Alternatively, the upper and lower connection regions 1a and 1b may be vertically 

aligned with each other (i.e., aligned in the Z direction). The upper connection 

region 1a and the chip connection region 1c may be horizontally spaced apart from 

each other along an X direction. 

[00024] The first to third metal pattern layers M1 to M3 may be sequentially 

stacked, i.e., dispose one over another along the Z direction. For example, the first 

metal pattern layer M1 may be provided on the top surface 101a of the first 

substrate 101, the second metal pattern layer M2 may be provided on the bottom 

surface 101b of the first substrate 101, and the third metal pattern layer M3 may be 

provided on a bottom surface 103b of the second substrate 103. The first metal 
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pattern layer M1 may be vertically aligned (aligned in the Z direction) with the third 

metal pattern layer M3, but not with the second metal pattern layer M2. 

[00025] An upper passivation layer 301 may be provided on the top surface 

101a of the first substrate 101, covering the first metal pattern layer M1. A lower 

passivation layer 303 may be provided on the bottom surface 103b of the second 

substrate 103, covering the third metal pattern layer M3. The upper and lower 

passivation layers 301 and 303 may include an insulating material, such as solder 

resist. The upper passivation layer 301 may partially expose the first metal pattern 

layer M1 to thereby define the upper connection region 1a and the chip connection 

region 1c. The lower passivation layer 303 may partially expose the third metal 

pattern layer M3 to thereby define the lower connection region 1b. 

[00026] Referring to FIGS. 1A and 1B, the semiconductor chip 400 and the 

package substrate 10 may be electrically connected to each other through a plurality 

of connection terminals 401, 402, 403, and 404. The connection terminals 401 to 

404 may include a plurality of first output terminals 401 that are arranged in a 

straight line along a Y direction, a plurality of second output terminals 402 that are 

spaced apart in the X direction from the first output terminals 401 and arranged in a 

straight line along the Y direction, a plurality of third output terminals 403 that are 

spaced apart in the X direction from the second output terminals 402 and arranged 

in a straight line along the Y direction, and a plurality of input terminals 404 that are 

spaced apart in the X direction from the third output terminals 403 and arranged in a 

straight line along the Y direction. Alternatively, a plurality of additional output 

terminals may further be interposed between the third output terminals 403 and the 

input terminals 404. The X and Y directions may intersect each other, e.g., may be 

perpendicular to each other. The Z direction is perpendicular to the X and Y 
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directions. The Y direction may be a row direction, i.e., a direction in which like 

features are spaced relative to each other to form a row or discrete group of those 

features. The X direction may be parallel to “extending” directions of the first to 

third metal patterns M1 to M3 as will be described in more detail below. 

[00027] The semiconductor chip 400 and the package substrate 10 may be 

provided therebetween with an under-fill layer 407 protecting the connection 

terminals 401 to 404 from the outside and/or preventing contact between the 

connection terminals 404 to 404. The under-fill layer 407 may partially cover the 

semiconductor chip 400. Alternatively, the under-fill layer 407 may fully cover the 

semiconductor chip 400. 

[00028] The first metal pattern layer M1 may be coupled to the connection 

terminals 401 to 404 on the chip connection region 1c. The first metal pattern layer 

M1 may include a plurality of first outer metal patterns M1a coupled to the first 

output terminals 401, a plurality of first intermediate metal patterns M1b coupled to 

the second output terminals 402, a plurality of first inner metal patterns M1c 

coupled to the third output terminals 403, and a plurality of input metal patterns 

M1d coupled to the input terminals 404. Thus, the metal patterns M1a, M1b, M1c, 

and M1d may be electrically connected to the semiconductor chip 400. The input 

metal patterns M1d may not be fully covered with the upper passivation layer 301, 

but partially exposed through the upper connection region 1a. The plurality of input 

metal patterns M1d may have an exposed end constituting the upper connection 

region 1a, serving as an input for the package. In the example illustrated in FIG. 1B, 

each of the metal patterns M1a, M1C and M1d comprises a lead extending 

longitudinally in the X direction, whereby the X direction is the “extending” 

direction of the first metal pattern layer M1. Also, in the example illustrated in FIG. 
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1B, each of the metal patterns M1a, M1C and M1d comprises a metal pad serving 

as a connection point for the lead. Thus, a metal “pattern” as referred to herein may 

describe an element, as shown in the figures, having a lead and/or a pad.  

[00029] The first outer metal patterns M1a may be arranged in a straight line 

along the Y direction. Likewise, the first intermediate metal patterns M1b, the first 

inner metal patterns M1c, and the input metal patterns M1d may also be arranged in 

a straight line along the Y direction. 

[00030] The second metal pattern layer M2 may be electrically connected to the 

first metal pattern layer M1. The second metal pattern layer M2 may include a 

plurality of second outer metal patterns M2a electrically connected to the first outer 

metal patterns M1a through a plurality of first outer metal vias V1a, a plurality of 

second intermediate metal patterns M2b electrically connected to the first 

intermediate metal patterns M1b through a plurality of first intermediate metal vias 

V1b, and as illustrated in FIG. 1C, a plurality of second inner metal patterns M2c 

electrically connected to the first inner metal patterns M1c through a plurality of 

first inner metal vias V1c. The first outer metal vias V1a, the first intermediate 

metal vias V1b, and the first inner metal vias V1c may extend through the first 

substrate 101. 

[00031] The first outer and inner metal patterns M1a and M1c neighboring one 

another in the X direction may be disposed in a straight line, and the first 

intermediate metal pattern M1b may be offset in the Y direction relative to the first 

outer metal patterns M1a and likewise, may be offset in the Y direction relative to 

the first inner metal patterns M1c neighboring along the Y direction. Specifically, as 

viewed in the X direction, each first intermediate metal pattern M1b may be located 

between neighboring ones of a respective pair of the first outer metal patterns M1a. 



 

12 

 

Likewise, as viewed in the X direction, each first intermediate metal pattern M1b 

may be located between neighboring ones of a respective pair of the inner metal 

patterns M1c. Also, the first intermediate metal vias V1b may be arranged in a 

straight line along the Y direction, the first inner metal vias V1c may be arranged in 

a straight line along the Y direction, and the first intermediate metal vias V1b may 

be offset in the X direction with the first inner metal vias V1c. 

[00032] At least one of the second intermediate metal patterns M2b may be used 

when the semiconductor chip 400 or the semiconductor package 1 is under an 

electrical test, and others of the second intermediate metal patterns M2b may be 

used when the semiconductor chip 400 or the semiconductor package 1 is under an 

actual electrical operation. 

[00033] For example, referring to FIG. 1C, respective ones of the second 

intermediate metal patterns M2b may extend along a direction opposite to the X 

direction from below the first intermediate metal vias V1b toward positions below 

the first outer metal patterns M1a. These second intermediate metal patterns M2b 

extending in the direction opposite to the X direction may be used when the 

semiconductor package 1 is under actual electrical operation. 

[00034] In contrast, referring to FIG. 1D, others (the remainder) of the second 

intermediate metal patterns M2b may extend along the X direction from below the 

first intermediate metal vias V1b toward positions below the first inner metal 

patterns M1c. The second intermediate metal patterns M2b extending in the X 

direction may be used when the semiconductor package 1 is under an electrical test. 

[00035] For ease of illustration, FIG. 1A shows that the second intermediate 

metal pattern M2b continuously extends in both the X direction and its opposite 

direction from a position below the first intermediate metal via V1b. However, each 
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second intermediate metal pattern M2b may actually extend either in a direction 

opposite to the X direction as illustrated in FIG. 1C or in the X direction as 

illustrated in FIG. 1D.  

[00036] The third metal pattern layer M3 may be electrically connected to the 

second metal pattern layer M2. The third metal pattern layer M3 may include a 

plurality of third outer metal patterns M3a electrically connected to the second outer 

metal patterns M2a through a plurality of second outer metal vias V2a, a plurality of 

third intermediate metal patterns M3b electrically connected to the second 

intermediate metal patterns M2b through a plurality of second intermediate metal 

vias V2b, and a plurality of third inner metal patterns M3c electrically connected to 

the second inner metal patterns M2c, as illustrated in FIG. 1C, through a plurality of 

second inner metal vias V2c. The second outer metal vias V2a, the second 

intermediate metal vias V2b, and the second inner metal vias V2c may extend 

through the second substrate 103. 

[00037] The first outer metal vias V1a may be vertically aligned (i.e., aligned in 

the Z direction) with the second outer metal vias V2a. The first inner metal vias V1c 

may be vertically aligned (i.e., aligned in the Z direction) with the second inner 

metal vias V2c. 

[00038] At least one of the third inner metal patterns M3c may be used when the 

semiconductor package 1 is under an electrical test, and others of the third inner 

metal patterns M3c may be used when the semiconductor package 1 is under an 

actual electrical operation. 

[00039] For example, as illustrated in FIG. 1C, respective ones of the third inner 

metal patterns M3c may extend along the direction opposite to the X direction from 

below the second inner metal vias V2c. The third inner metal patterns M3c 
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extending in the direction opposite to the X direction may be used when the 

semiconductor package 1 is under an actual electrical operation. 

[00040] In contrast, referring to FIG. 1D, the rest of the third inner metal 

patterns M3c may extend along the X direction from below the second inner metal 

vias V2c. The third inner metal patterns M3c extending in the X direction may be 

used when the semiconductor package 1 is under an electrical test.  

[00041] For ease of illustration, FIG. 1A shows that the third inner metal pattern 

M3c continuously extends in both the X direction and its opposite direction from a 

position below the second inner metal via V2c. However, each third inner metal 

pattern M3c may actually extend either in the direction opposite to the X direction 

as illustrated in FIG. 1C or in the X direction as illustrated in FIG. 1D. 

[00042] In some examples, as illustrated in FIG. 1B, the first outer metal 

patterns M1a may be redistribution lines having pads, or ends coupled to the first 

output terminals 401. The pads of the first outer metal patterns M1a may be 

arranged in a straight line along the Y direction. The first inner metal patterns M1c 

and the input metal patterns M1d may be redistributed, and may include pads 

arranged in a straight line along the Y direction. The first intermediate metal 

patterns M1b may have a non-distributed pad shape, and the second output 

terminals 402 may be coupled to the first intermediate metal patterns M1b. The first 

intermediate metal vias V1b may be provided directly below the first intermediate 

metal patterns M1b, and vertically aligned (i.e. aligned in the Z direction) with the 

second output terminals 402. The second inner metal patterns M2c may have a pad 

shape as illustrated in FIG. 1C or 1D. 

[00043] In other examples, as illustrated in FIG. 1E, the pads of the first outer 

metal patterns M1a are not arranged in a straight line. In this case, the first outer 
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metal patterns M1a may have a minimal pitch while the number of first outer metal 

patterns M1a per unit area is maximized. The first intermediate metal patterns M1b, 

the first inner metal patterns M1c, and the input metal patterns M1d may be 

similarly arranged so as to also provide such spatial advantages in terms of their 

density. 

[00044] Referring to the example illustrated in FIG. 1F, the third outer metal 

patterns M3a and the third intermediate metal patterns M3b may not be covered 

with the lower passivation layer 303, and may include pads exposed on the lower 

connection region 1b. The third outer metal patterns M3a and the third intermediate 

metal patterns M3b exposed on the lower connection region 1b may serve as output 

terminals, and may be electrically connected to an external electrical device (e.g., a 

display panel). For example, the third outer metal patterns M3a and the third 

intermediate metal patterns M3b exposed on the lower connection region 1b may 

act as outer leads. 

[00045] The third inner metal patterns M3c extending along the direction 

opposite to the X direction as discussed above with reference to FIG. 1C may 

include pads exposed on the lower connection region 1b. The third inner metal 

patterns M3c exposed on the lower connection region 1b may serve as output 

terminals, and may be electrically connected to an external electrical device (e.g., a 

display panel). For example, the third inner metal patterns M3c exposed on the 

lower connection region 1b may act as outer leads. 

[00046] The third outer metal patterns M3a, the third intermediate metal 

patterns M3b, and the third inner metal patterns M3c may be arranged either in a 

straight line along the Y direction or as staggered relative to one another as viewed 

along the Y direction as illustrated in FIG. 1E. 
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[00047] Referring to the example shown in FIGS. 1G and 1H, like the first 

intermediate metal patterns M1b, the first inner metal patterns M1c may have a non-

distributed pad shape, and the third output terminals 403 may be coupled to the first 

inner metal patterns M1c. The first inner metal vias V1c may be provided directly 

below the first inner metal patterns M1c, and vertically aligned in the Z direction 

with the third output terminals 403 and the second inner metal vias V2c.  

[00048] According to the inventive concepts, the output terminals 401 to 403 

may be arranged in at least three rows or other row-like arrangements (groups) 

offset in the X direction. In addition, pads coupled to the output terminals 401 to 

403, respectively, may thus also be arranged in at least three rows or groups offset 

in the X direction. As is mentioned above, the package substrate 10 may be 

provided thereon with the first to third metal pattern layers M1 to M3 coupled to the 

output terminals 401 to 403 so arranged. In each of the first and third metal pattern 

layers M1 and M3, the metal patterns may be arranged in at least three rows or 

groups offset from each other in the X direction, i.e., the direction in which the 

leads of the metal pattern layer extend. Accordingly, the semiconductor package 1 

can be produced without misalignment of and/or electrical short between the leads 

provided by the first to third metal pattern layers M1 to M3, especially when the 

semiconductor package 1 is employed in a high resolution display having a 

relatively large number of channels (e.g., 4000 channels or more) and small channel 

pitch (e.g., 7 to 9 µm or less).  

[00049] FIG. 1I illustrates another example of a semiconductor package 

according to the inventive concepts. 

[00050] Referring to FIG. 1I, the semiconductor package 11 may be similar to 

the semiconductor package 1. The semiconductor package 11 may further include 
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an electrical test structure on one end 10a and an opposite end 10b thereof. For 

example, at least one of the third outer metal patterns M3a may be used when the 

semiconductor package 11 is under an electrical test, and others of the third outer 

metal patterns M3a may be used when the semiconductor package 11 is under an 

actual electrical operation. 

[00051] For example, respective ones of the third outer metal patterns M3a may 

extend along the direction opposite to the X direction from below the second outer 

metal vias V2a. The third outer metal patterns M3a extending along the direction 

opposite to the X direction may be exposed on the one end 10a of the 

semiconductor package 11, and may serve as output terminals of test signals 

provided from the first output terminals 401. 

[00052] In contrast, the rest of the third outer metal patterns M3a may extend 

along the X direction from below the second outer metal vias V2a. The third outer 

metal patterns M3a extending along the X direction may be exposed on the lower 

connection region 1b and used when the semiconductor package 11 is under an 

actual electrical operation. 

[00053] Each of the second intermediate metal patterns M2b, which extend 

along the X direction from below the first intermediate metal vias V1b as discussed 

above with reference to FIG. 1D, may be electrically connected through a test via 

V2d extending through the second substrate 103 to a test metal pattern M3d 

provided on the bottom surface 103b of the second substrate 103. The test metal 

pattern M3d may be a part of the third metal pattern layer M3, and may serve as an 

output terminal of a test signal provided from the second output terminal 402. 

[00054] When the semiconductor package 11 is under an electrical test, the 

semiconductor package 11 may use the third inner metal patterns M3c extending 
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along the X direction from below the second inner metal vias V2c as discussed 

above with reference to FIG. 1D. Each of the third inner metal patterns M3c 

extending along the X direction may be exposed on the opposite end 10b of the 

semiconductor package 11, and may serve as an output terminal of a test signal 

provided from the third output terminal 403. 

[00055] One or all of the input metal patterns M1d may be electrically 

connected to a test metal via V1d extending through the first substrate 101, to a test 

metal pad M2d that is provided on the bottom surface 101b of the first substrate 101 

and is a part of the second metal pattern layer M2, and to a test metal pattern M3e 

that is provided on the bottom surface 103b of the second substrate 103 and is a part 

of the third metal pattern layer M3. The test metal via V1d may be vertically aligned 

(i.e., aligned in the Z direction) with the test metal via V2e. When the input metal 

pattern M1d receives a test signal through the test metal pattern M3e, the 

semiconductor package 11 may be under an electrical test. One or all of the input 

metal patterns M1d may be used when the electrical test is performed. 

[00056] FIGS. 2A to 2C are conceptual diagrams showing semiconductor 

modules according to the inventive concepts. 

[00057] Referring to FIG. 2A, the semiconductor module 1000 may include the 

semiconductor package and first and second external electrical devices 510 and 520 

electrically connected to the semiconductor package 1. The first external electrical 

device 510 may be electrically connected to the input metal patterns M1d exposed 

on the upper connection region 1a, and the second external electrical device 520 

may be electrically connected to the third outer metal patterns M3a, the third 

intermediate metal patterns M3b, and the third inner metal patterns M3c exposed on 

the lower connection region 1b. The first external electrical device 510 may be a 
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flexible printed circuit board (FPCB), and the second external electrical device 520 

may be a display panel. The display panel may be a non-touch or touch display 

panel of a mobile apparatus, a non-touch or touch display panel of a computer or 

TV, or the like. 

[00058] The chain lines in FIG. 2A indicate direct or indirect electrical 

connections. The semiconductor package 1 may receive electrical signals through 

the upper connection region 1a from the first external electrical device 510, and the 

received electrical signals may be output through the lower connection region 1b to 

the second external electrical device 520. 

[00059] The first and second external electrical devices 510 and 520 may be 

electrically connected across the semiconductor package 1 in a straight state as 

illustrated in FIG. 2B or in a bent state as illustrated in FIG. 2C. The semiconductor 

module may include the semiconductor package 11 of FIG. 1I instead of the 

semiconductor package 1. 

[00060] FIGS. 3A to 3I illustrate a method of fabricating a semiconductor 

package according to the inventive concepts. 

[00061] Referring to FIG. 3A, a first substrate 101 may be provided to have a 

first seed layer 201 on each of a top surface 101a and a bottom surface 101b thereof 

and to have a plurality of first via holes 105a to 105d extending therethrough. The 

first substrate 101 may be a flexible or rigid substrate. For example, the first 

substrate 101 may be a flexible substrate of polyimide (PI). The first seed layer 201 

may include nickel (Ni), chromium (Cr), copper (Cu), or a combination thereof. 

After the first seed layer 201 is formed on each of the top surface 101a and the 

bottom surface 101b of the first substrate 101, a laser may be used to drill through 

the first seed layers 201 and the substrate 101 to form the first via holes 105a to 
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105d. When viewed in plan, one 105c of the first via holes 105a to 105d may be in 

positional misalignment with other via holes 105a, 105b, and 105d disposed on the 

same line. After the first via holes 105a to 105d are formed, the first substrate 101 

may be subjected to a plating process to form conductive vias in the first via holes 

105a to 105d.  

[00062] For example, referring to FIG. 3B, a first photosensitive layer 21 may 

be formed, and a first plating layer 203 may be formed. The first photosensitive 

layer 21 may be formed on the top and bottom surfaces 101a and 101b of the first 

substrate 101 by sequentially performing a dry film resist lamination process, an 

exposure process, and a development process. The first plating layer 203 may be 

formed by plating the resultant structure with copper. The first plating layer 203 

may be formed on the top and bottom surfaces 101a and 101b of the first substrate 

101 and within the first via holes 105a to 105d. 

[00063] Referring to FIG. 3C, the first photosensitive layer 21 may be removed, 

and a removal process may be performed on the first seed layer 201 exposed by the 

removal of the first photosensitive layer 21. The removal of the first seed layer 201 

may partially expose the top and bottom surfaces 101a and 101b of the first 

substrate 101. The first plating layer 203 on the bottom surface 101b of the first 

substrate 101 may be connected to the first plating layer 203 filling the via hole 

105b among the first via holes 105a to 105d, but not to the first plating layer 203 

filling other via holes 105a, 105c, and 105d.  

[00064] Referring to FIG. 3D, a second substrate 103 may be provided on the 

bottom surface 101b of the first substrate 101, and a laser drilling process may be 

performed to form second via holes 107a to 107e in the second substrate 103. The 

second substrate 103 may be a flexible or rigid substrate. For example, the second 
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substrate 103 may be a flexible substrate of polyimide (PI). Before the laser drilling 

process is performed, a second seed layer 205 may be formed on a bottom surface 

103b of the second substrate 103. The second seed layer 205 may include nickel 

(Ni), chromium (Cr), copper (Cu), or a combination thereof. A top surface 103a of 

the second substrate 103 may either contact the bottom surface 101b of the first 

substrate 101 or an adhesive may be provided between the top surface 103a of the 

second substrate 103 and the bottom surface 101b of the first substrate 101. After 

the second via holes 107a to 107e are formed, the second substrate 103 may be 

subjected to a plating process to form vias in the second via holes 107a to 107e to 

become conductive.  

[00065] For example, referring to FIG. 3E, a second photosensitive layer 23 

may be formed, and a second plating layer 207 may be formed. The second 

photosensitive layer 23 may be formed on the top surface 101a of the first substrate 

101 and the bottom surface 103b of the second substrate 103 by sequentially 

performing a dry film resist lamination process, an exposure process, and a 

development process. The second photosensitive layer 23 on the top surface 101a of 

the first substrate 101 may cover the first plating layer 203 on the top surface 101a 

of the first substrate 101. The second plating layer 207 may be formed on the 

bottom surface 103b of the second substrate 103 and within the second via holes 

107a to 107e. 

[00066] Referring to FIG. 3F, the second photosensitive layer 23 may be 

removed, and a removal process may be performed on the second seed layer 205 

exposed by the removal of the second photosensitive layer 23. The removal of the 

second seed layer 205 may partially expose the bottom surface 103b of the second 

substrate 103. The first seed layer 201 and the first plating layer 203 may constitute 
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a metal layer 202 that includes a first metal pattern layer M1 on the top surface 101a 

of the first substrate 101 and includes a second metal pattern layer M2 on the 

bottom surface 101b of the first substrate 101. The second seed layer 205 and the 

second plating layer 207 may constitute a metal layer 206 including a third metal 

pattern layer M3 on the bottom surface 103b of the second substrate 103. The first 

to third metal patterns M1 to M3 may correspond to the first to third metal patterns 

M1 to M3 of the semiconductor package 11 discussed above with reference to FIG. 

1I.  

[00067] The metal layer 202 may further include first metal vias V1a to V1d 

extending through the first substrate 101. The metal layer 206 may further include 

second metal vias V2a to V2e extending through the second substrate 103. The first 

metal vias V1a to V1d may correspond to the metal vias V1a to V1d of the 

semiconductor package 11. The second metal vias V2a to V2e may correspond to 

the metal vias V2a to V2e of the semiconductor package 11. 

[00068] Referring to FIG. 3G, a solder resist printing process may be performed 

to form passivation layers 301 and 303, which process may essentially complete the 

fabricating of a package substrate 10. The passivation layers 301 and 303 may 

include an upper passivation layer 301 provided on the top surface 101a of the first 

substrate 101 and partially covering the first metal pattern layer M1 and a lower 

passivation layer 303 provided on the bottom surface 103b of the second substrate 

103 and partially covering the third metal pattern layer M3. The first metal pattern 

layer M1 may have a portion not covered with the upper passivation layer 301, and 

a plating layer, for example, a tin plating layer 209, may further be formed on the 

non-covered portion of the first metal pattern layer M1. The third metal pattern 

layer M3 may have a portion not covered with the lower passivation layer 303, and 
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a plating layer, for example, a tin plating layer 209, may further be formed on the 

non-covered portion of the third metal pattern layer M3. For clarity, the tin plating 

layer 209 is not illustrated in FIGS. 3H and 3I described below. 

[00069] Referring to FIG. 3H, a semiconductor chip 400 may be mounted on the 

package substrate 10, which step may essentially complete the fabricating of a 

semiconductor package 11. The semiconductor package 11 may correspond to the 

semiconductor package 11 described above with reference to FIG. 1I. For example, 

the semiconductor chip 400 may include a display driver IC, or DDI. The 

semiconductor chip 400 and the first metal pattern layer M1 may be electrically 

connected through a plurality of connection terminals 401, 402, 403, and 404. First 

to third connection terminals 401, 402, and 403 among the connection terminals 401 

to 404 may serve as output terminals, and fourth connection terminals 404 may 

serve as input terminals. An under-fill layer 407 may be formed between the 

package substrate 10 and the semiconductor chip 400, protecting the connection 

terminals 401 to 404 from the outside and preventing contact between the 

connection terminals 401 to 404. The semiconductor package 11 may include on 

one end 10a and an opposite end 10b thereof an electrical test structure similar to 

that discussed above with reference to FIG. 1I.  

[00070] Referring to FIG 3I, the one end 10a and the opposite end 10b of the 

semiconductor package 11 may be cut off to fabricate a semiconductor package 1 

including an upper connection region 1a and a lower connection region 1b. The 

semiconductor package 1 may correspond to the semiconductor package 1 of FIG. 

1A. The first metal pattern layer M1 may have a part exposed on the top surface 

101a of the first substrate 101, and the exposed part of the first metal pattern layer 

M1 may constitute the upper connection region 1a capable of serving as an input 



 

24 

 

terminal. The third metal pattern layer M3 may have a part exposed on the bottom 

surface 103b of the second substrate 103, and the exposed part of the third metal 

pattern layer M3 may constitute the lower connection region 1b capable of serving 

as an output terminal. The first metal pattern layer M1 may have another part below 

the semiconductor chip 400, and the other part of the first metal pattern layer M1 

may constitute a chip connection region 1c electrically connected to the 

semiconductor chip 400. 

[00071] According to inventive concepts, a package substrate may be provided 

with a plurality of stacked first to third metal patterns such that a plurality of pads 

having a minimal pitch may be used for electrical connection. A semiconductor 

package may be employed by an electronic product, such as a high resolution or 

multi-channel display panel, without pad misalignment and/or electrical short. 

[00072] Finally, the inventive concepts should not be construed as limited to the 

examples described in detail herein. Rather, various other examples, and 

combinations, modifications and variations of the examples described herein are 

within the true spirit and scope of the inventive concepts as defined by the appended 

claims. 
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WHAT IS CLAIMED IS: 

 

1. A semiconductor package, comprising: 

a semiconductor chip whose top surface is exposed; 

a package substrate having a top surface on which the semiconductor chip is 

mounted and a bottom surface opposite to the top surface, wherein the package substrate 

comprises a first flexible substrate and a second flexible substrate; 

an upper metal pattern layer on the top surface of the package substrate, the 

upper metal pattern layer having an upper connection region extending along one 

section of the top surface of the package substrate and dedicated for electrically 

connecting an external electrical device to the semiconductor package, and the upper 

metal pattern layer having a chip connection region at which the semiconductor chip is 

electrically connected to the upper metal pattern layer; 

a lower metal pattern layer on the bottom surface of the package substrate, the 

lower metal pattern layer having a lower connection region extending along one section 

of the bottom surface of the package substrate and dedicated for electrically connecting 

another external electrical device to the semiconductor package; and 

an intermediate metal pattern layer in the package substrate and electrically 

connecting the upper metal pattern layer and the lower metal pattern layer, 

wherein the upper metal pattern layer comprises a plurality of first metal 

patterns comprising leads extending in a longitudinal direction on the top surface of the 

package substrate,  

the first metal patterns are disposed in a plurality of groups on the chip 

connection region,  

in each of the groups of the first metal patterns, the first metal patterns are 

spaced relative to each other in a direction intersecting the longitudinal direction in 
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which the leads of the upper metal pattern layer extend, whereas the groups of the first 

metal patterns are offset from each other in the longitudinal direction in which the leads 

of the upper metal pattern layer extend, 

the intermediate metal pattern layer comprises a plurality of second metal 

patterns, 

the lower metal pattern layer comprises a plurality of third metal patterns 

comprising leads extending longitudinally on the bottom surface of the package 

substrate, 

in each of the groups of the third metal patterns, the third metal patterns are 

spaced relative to each other in a direction intersecting the longitudinal direction in 

which the leads of the lower metal pattern layer extend, whereas the groups of the third 

metal patterns are offset from each other in the longitudinal direction in which the leads 

of the lower metal pattern layer extend, and   

the semiconductor package further comprising: 

a plurality of first metal vias extending through the first flexible substrate and 

electrically connecting the first metal patterns to the second metal patterns; and 

a plurality of second metal vias extending through the second flexible substrate 

and electrically connecting the second metal patterns to the third metal pattern, 

wherein, at least, one of the plurality of first metal vias is vertically aligned 

with one of the plurality of second metal vias. 

 

2. The package of claim 1, wherein  

the  first flexible substrate includes a top surface on which the upper metal 

pattern layer is provided and a bottom surface on which the intermediate metal pattern 

layer is provided; and 

the second flexible substrate includes a top surface facing the bottom surface 
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of the first flexible substrate and a bottom surface on which the lower metal pattern 

layer is provided. 

 

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

connection terminals interposed between the semiconductor chip and the package 

substrate, 

wherein the connection terminals comprise: 

a plurality of first output terminals arrayed in a first direction; 

a plurality of second output terminals arrayed in the first direction, the plurality 

of second output terminals being offset in a second direction relative to the plurality of 

first output terminals, the second direction intersecting the first direction; 

a plurality of third output terminals arrayed in the first direction, the plurality 

of third output terminals being offset in the second direction relative to plurality of the 

second output terminals; and 

a plurality of input terminals arrayed in the first direction, the plurality of input 

terminals being offset in the second direction relative to the plurality of third output 

terminals. 

 

4. The package of claim 3, wherein the first metal patterns of the upper 

metal pattern layer comprise: 

a plurality of first outer metal patterns electrically connected to the first output 

terminals and constituting a first one of said groups of the first metal patterns; 

a plurality of first intermediate metal patterns electrically connected to the 

second output terminals and constituting a second one of said groups of the first metal 

patterns; 

a plurality of first inner metal patterns electrically connected to the third output 
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terminals and constituting a third one of said groups of the third metal patterns; and 

a plurality of input metal patterns electrically connected to the input terminals 

and constituting a fourth one of said groups of the third metal patterns. 

 

5. The package of claim 4, wherein the input metal patterns comprise outer 

leads constituting the upper connection region. 

 

6. The package of claim 4 or claim 5, wherein the first outer metal patterns 

comprise leads extending longitudinally from below the first output terminals in a 

direction away from the upper connection region, 

the first intermediate metal patterns comprise metal pads disposed directly 

under the second output terminals, respectively, and 

the first inner metal patterns comprise leads extending longitudinally in a 

direction from below the third output terminals toward the upper connection region 

and/or the first inner metal patterns comprise metal pads disposed directly under the 

third output terminals. 

 

7. The package of any one of claims 3 to 6, wherein the plurality of second 

metal patterns of the intermediate metal pattern layer comprises: 

a plurality of second outer metal patterns electrically connected to the first 

output terminals; 

a plurality of second intermediate metal patterns electrically connected to the 

second output terminals; and 

a plurality of second inner metal patterns electrically connected to the third 

output terminals, 

wherein the second intermediate metal patterns extend from below the second 
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output terminals to locations toward a region vertically aligned with the lower 

connection region. 

 

8. The package of any one of claims 3 to 7, wherein the plurality of third 

metal patterns of the lower metal pattern layer comprise: 

a plurality of third outer metal patterns electrically connected to the first output 

terminals and constituting a first one of said groups of the third metal patterns; 

a plurality of third intermediate metal patterns electrically connected to the 

second output terminals and constituting a second one of said groups of the third metal 

patterns; and 

a plurality of third inner metal patterns electrically connected to the third output 

terminals and constituting a third one of said groups of the third metal patterns, 

wherein the third inner metal patterns extend from below the third output 

terminals and constitute the lower connection region of the lower metal pattern layer. 

 

9. The package of claim 8, wherein the third outer metal patterns comprise 

metal pads constituting the lower connection region, the third intermediate metal 

patterns comprise metal pads constituting the lower connection region, and the third 

inner metal patterns comprise metal pads constituting the lower connection region,  

the metal pads of the third outer metal patterns are disposed in a row as spaced 

from each other, the metal pads of the third intermediate metal patterns are disposed in 

a row as spaced from each other, and the metal pads of the third inner metal patterns are 

disposed in a row as spaced from each other, and  

in each said row of the metal pads, the metal pads of the row are spaced from 

each other in a direction intersecting the longitudinal direction in which the leads of the 

lower metal pattern layer extend, whereas the rows of the metal pads are spaced from 
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each other in the longitudinal direction in which the leads of the lower metal pattern 

layer extend. 

 

10. The package of claim 8, wherein the third outer metal patterns comprise 

a plurality of metal pads electrically connected to the first output terminals and 

constituting the lower connection region of the lower metal pattern layer, 

the third intermediate metal patterns comprise a plurality of metal pads 

electrically connected to the second output terminals and constituting the lower 

connection region of the lower metal pattern layer, and 

the third inner metal patterns comprise a plurality of metal pads electrically 

connected to the third output terminals and constituting the lower connection region of 

the lower metal pattern layer. 

 

11. The package of any one of claims 1 to 10,  wherein 

the plurality of first metal vias comprises an upper metal via extending 

vertically and electrically connecting the upper metal pattern layer and the intermediate 

metal pattern layer; and 

the plurality of second metal vias comprises a lower metal via extending 

vertically between and electrically connecting the intermediate metal pattern layer and 

the lower metal pattern layer. 

 

12. The package of any one of claims 1 to 11, further comprising a plurality 

of additional electrical patterns on opposite ends of the package substrate. 

 

13. The package of claim 12, wherein the upper metal pattern layer, the 

lower metal pattern layer, and the intermediate metal pattern layer collectively extend 
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toward the opposite ends of the package substrate, and each of the additional electrical 

patterns is integral with one of upper metal pattern layer, the lower metal pattern layer, 

and the intermediate metal pattern layer. 

 

14. A semiconductor package, comprising: 

a semiconductor chip whose surface is exposed; 

a first flexible substrate having a first top surface on which the semiconductor 

chip is mounted and a first bottom surface opposite to the first top surface; 

a second flexible substrate having a second top surface facing the first bottom 

surface and a second bottom surface opposite to the second top surface; 

a first metal pattern layer on the first top surface, the first metal pattern layer 

including a chip connection region at which the semiconductor chip is electrically 

connected to the first metal pattern layer and an upper connection region dedicated for 

electrically connecting the semiconductor package to an external electrical device, the 

upper connection region located along a section of the first top surface; 

a second metal pattern layer on the first bottom surface and electrically 

connected to the first metal pattern layer; and 

a third metal pattern layer on the second bottom surface and electrically 

connected to the second metal pattern layer, the third metal pattern layer having a lower 

connection region on a section of the second bottom surface, the lower connection 

region dedicated for electrically connecting another external electrical device to the 

semiconductor package, 

wherein the first metal pattern layer comprises a plurality of first metal patterns 

comprising leads extending in a longitudinal direction on the first top surface,  

the first metal patterns are disposed in a plurality of groups on the chip 

connection region,  
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in each of the groups of the first metal patterns, the first metal patterns are 

spaced relative to each other in a direction intersecting the longitudinal direction in 

which the leads of the first metal pattern layer extend, whereas the groups of the first 

metal patterns are offset from each other in the longitudinal direction in which the leads 

of the first metal pattern layer extend, 

the second metal pattern layer comprises a plurality of second metal patterns 

on the first bottom surface, 

the third metal pattern layer comprises a plurality of third metal patterns 

comprising leads extending longitudinally on the second bottom surface, 

in each of the groups of the third metal patterns, the third metal patterns are 

spaced relative to each other in a direction intersecting the longitudinal direction in 

which the leads of the third metal pattern layer extend, whereas the groups of the third 

metal patterns are offset from each other in the longitudinal direction in which the leads 

of the third metal pattern layer extend, and 

the semiconductor package further comprising: 

a plurality of first metal vias extending through the first flexible substrate and 

electrically connecting the first metal patterns to the second metal patterns; and 

a plurality of second metal vias extending through the second flexible substrate 

and electrically connecting the second metal patterns to the third metal patterns, 

wherein, at least, one of the plurality of first metal vias is vertically aligned 

with one of the plurality of second metal vias. 

 

15. The package of claim 14, further comprising: 

a plurality of connection terminals interposed between the semiconductor chip 

and the first flexible substrate. 
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16. The package of claim 15, wherein the connection terminals comprise: 

a plurality of first output terminals, the first output terminals being spaced 

relative to each other along a first direction; 

a plurality of second output terminals, the second output terminals being 

spaced relative to each other along the first direction, and the plurality of second output 

terminals being offset in a second direction from the plurality of first output terminals, 

the second direction intersecting the first direction; 

a plurality of third output terminals, the third output terminals being spaced 

relative to each other along the first direction, and the plurality of third output terminals 

being offset in the second direction from the plurality of second output terminals; and 

a plurality of input terminals, the input terminals being spaced relative to each 

other along the first direction, and the plurality of input terminals being offset in the 

second direction from the plurality of third output terminals, 

wherein the first direction is parallel to the direction intersecting the 

longitudinal direction in which the leads of the third metal pattern layer extend, and the 

second direction is parallel to the longitudinal direction in which the leads of the third 

metal pattern layer extend. 

 

17. The package of claim 16, wherein the first metal pattern layer comprises: 

a plurality of first outer metal patterns electrically connected to the first output 

terminals and constituting a first one of the groups of the first metal patterns; 

a plurality of first intermediate metal patterns electrically connected to the 

second output terminals and constituting a second one of the groups of the first metal 

patterns; 

a plurality of first inner metal patterns electrically connected to the third output 

terminals and constituting a third one of the groups of the first metal patterns; and 
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a plurality of input metal patterns electrically connected to the input terminals 

and partially exposed on the first top surface so as to constitute the upper connection 

region, 

wherein each of the first outer metal patterns and the input metal patterns 

comprise a respective one of the leads of the first metal pattern layer, and each of the 

first intermediate metal patterns and the first inner metal patterns comprise a respective 

one of the leads of the first metal pattern layer and/or each of the first outer metal 

patterns and the input metal patterns comprise a metal pad. 

 

18. The package of claim 16 or claim 17, wherein the second metal pattern 

layer comprises: 

a plurality of second outer metal patterns electrically connected to the first 

output terminals; 

a plurality of second intermediate metal patterns electrically connected to the 

second output terminals; and 

a plurality of second inner metal patterns electrically connected to the third 

output terminals, 

wherein respective ones of the second intermediate metal patterns extend along 

the second direction from below the second output terminals toward a region vertically 

aligned with the lower connection region, and 

others of the second intermediate metal patterns extend along the second 

direction from below the second output terminals toward a region vertically aligned with 

the upper connection region. 

 

19. The package of any one of claims 16 to 18, wherein the third metal 

pattern layer comprises: 
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a plurality of third outer metal patterns electrically connected to the first output 

terminals and constituting a first one of the groups of the third metal patterns; 

a plurality of third intermediate metal patterns electrically connected to the 

second output terminals and constituting a second one of the groups of the third metal 

patterns; and 

a plurality of third inner metal patterns electrically connected to the third output 

terminals and constituting a third one of the groups of the third metal patterns, 

wherein respective ones of the third inner metal patterns extend along the 

second direction from below the third output terminals and constitute the lower 

connection region, and 

others of the third inner metal patterns extend along the second direction from 

below the third output terminals toward a region vertically aligned with the upper 

connection region. 

 

20. The package of any one of claims 14 to 19, wherein the first and second 

flexible substrates are made of insulating materials. 

 


