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(57) ABSTRACT

A semiconductor device with a redistribution structure on
partial encapsulation is disclosed and may include an elec-
tronic device having a top surface, a bottom surface, and side
surfaces between the top and bottom surfaces of the elec-
tronic device. An encapsulant may encapsulate the side
surfaces of the electronic device, a contact pad may be on the
top surface of the electronic device, and a redistribution
structure may be coupled to the contact pad. The redistri-
bution structure may include a linear portion and a bump
pad, and a conductive bump on the bump pad may include

(51) Int. CL a main bump and a protruding part extending toward the
HO1L 23/498 (2006.01) linear portion, where the protruding part may be smaller than
HOIL 23/00 (2006.01) the main bump.
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SEMICONDUCTOR DEVICE WITH
REDISTRIBUTION LAYERS ON PARTIAL
ENCAPSULATION AND
NON-PHOTOSENSITIVE PASSIVATION
LAYERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application makes reference to, claims
priority to, and claims the benefit of Korean Patent Appli-
cation No. 10-2013-0085629, filed on Jul. 19, 2013, the
contents of which are hereby incorporated herein by refer-
ence, in their entirety.

FIELD

[0002] Certain embodiments of the disclosure relate to
semiconductor chip packaging. More specifically, certain
embodiments of the disclosure relate to a semiconductor
device with redistribution layers on partial encapsulation
and non-photosensitive passivation layers.

BACKGROUND

[0003] In general, a semiconductor device includes a
semiconductor die fabricated by fabricating a wafer and
forming an integrated circuit (IC) on the wafer. The semi-
conductor device includes a redistribution layer, a conduc-
tive bump, etc. for redistributing circuits and wirings. In
addition, the semiconductor device may further include a
protection layer for electrically disconnecting the redistri-
bution layer from the semiconductor die and fixing the
conductive bump. In the semiconductor device, a photoli-
thography process is used in forming the redistribution layer
and the protection layer. Since photoresist coating, exposing
and developing steps are involved in the photolithography
process, the manufacturing process may become compli-
cated. In addition, since the number of masks used in the
process increases, which lowers the yield, resulting in an
increase in the manufacturing cost.

[0004] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to
one of skill in the art, through comparison of such systems
with the present disclosure as set forth in the remainder of
the present application with reference to the drawings.

BRIEF SUMMARY

[0005] A semiconductor device with redistribution layers
on partial encapsulation and non-photosensitive passivation
layers, substantially as shown in and/or described in con-
nection with at least one of the figures, as set forth more
completely in the claims.

[0006] Various advantages, aspects and novel features of
the present disclosure, as well as details of an illustrated
embodiment thereof, will be more fully understood from the
following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0007] FIG.1 is a cross-sectional view of a semiconductor
device according to an embodiment of the present disclo-
sure.

May 17, 2018

[0008] FIGS. 2A-2C show an enlarged cross-sectional
view and a plan view of a conductive bump shown in FIG.
1.

[0009] FIG. 3 is a flowchart illustrating a manufacturing
method of the semiconductor device shown in FIG. 1.
[0010] FIGS. 4A to 4H are cross-sectional views illustrat-
ing a manufacturing method of the semiconductor device
shown in FIG. 3.

[0011] FIG. 5 is a cross-sectional view of a semiconductor
device according to another embodiment of the present
disclosure.

[0012] FIG. 6 is a flowchart illustrating a manufacturing
method of the semiconductor device shown in FIG. 5.
[0013] FIGS. 7A to 7D are cross-sectional views illustrat-
ing a manufacturing method of the semiconductor device
shown in FIG. 6.

[0014] FIG. 8 is a cross-sectional view of a semiconductor
device according to still another embodiment of the present
disclosure;

[0015] FIG. 9 is a flowchart illustrating a manufacturing
method of the semiconductor device shown in FIG. 8.
[0016] FIGS. 10A to 10F are cross-sectional views illus-
trating a manufacturing method of the semiconductor device
shown in FIG. 9.

DETAILED DESCRIPTION

[0017] Certain aspects of the disclosure may be found in
providing a carrier with a non-photosensitive protection
layer, forming a pattern in the non-photosensitive protection
layer, providing a semiconductor die with a contact pad on
a first surface, and bonding the semiconductor die to the
non-photosensitive protection layer such that the contact pad
aligns with the pattern formed in the non-photosensitive
protection layer. A second surface opposite to the first
surface of the semiconductor die, side surfaces between the
first and second surfaces of the semiconductor die, and a
portion of a first surface of the non-photosensitive protection
layer may be encapsulated with an encapsulant. The carrier
may be removed leaving the non-photosensitive protection
layer bonded to the semiconductor die. A redistribution layer
may be formed on the contact pad and a second surface of
the non-photosensitive protection layer opposite to the first
surface. A conductive bump may be formed on the redistri-
bution layer. The encapsulant may be thinned such that the
second surface of the semiconductor die is coplanar with the
encapsulant. A through via may be formed from the redis-
tribution layer through the non-photosensitive protection
layer and the encapsulant. At least a portion of the through
via may be filled with conductive material. The non-photo-
sensitive protective layer may be patterned utilizing a laser.
[0018] Various aspects of the present disclosure may be
embodied in many different forms and should not be con-
strued as being limited to the example embodiments set forth
herein. Rather, these example embodiments of the disclosure
are provided so that this disclosure will be thorough and
complete and will fully convey various aspects of the
disclosure to those skilled in the art.

[0019] In the drawings, the thickness of layers and regions
are exaggerated for clarity. Here, like reference numerals
refer to like elements throughout. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. In addition, the terminology
used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the
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disclosure. As used herein, the singular forms are intended
to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, num-
bers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, numbers, steps, operations, elements, components,
and/or groups thereof.

[0020] It will be understood that, although the terms first,
second, etc. may be used herein to describe various mem-
bers, elements, regions, layers and/or sections, these mem-
bers, elements, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one member, element, region, layer and/or section
from another. Thus, for example, a first member, a first
element, a first region, a first layer and/or a first section
discussed below could be termed a second member, a second
element, a second region, a second layer and/or a second
section without departing from the teachings of the present
disclosure.

[0021] Referring to FIG. 1, a cross-sectional view of a
semiconductor device according to an embodiment of the
present disclosure is illustrated.

[0022] As illustrated in FIG. 1, the semiconductor device
100 may comprise a semiconductor die 110 having a plu-
rality of bond pads 111 formed thereon, a first encapsulant
120 encapsulating side portions of the semiconductor die
110, a non-photosensitive protection layer 130 formed on
the semiconductor die 100 and the first encapsulant 120, at
least one redistribution layer 140 formed on the non-pho-
tosensitive protection layer 130, and a conductive bump 150
connected to the redistribution layer 140.

[0023] The semiconductor die 110 may be substantially
panel-shaped having a planar first surface 110a and a second
surface 1105 opposite to the first surface 110a, and may
comprise a plurality of bond pads 111 formed on the first
surface 110a. The plurality of bond pads 111 of the semi-
conductor die 110 may be electrically connected to the
redistribution layer 140. The semiconductor die 110 may
further comprise a passivation layer (not shown) formed to
cover the first surface 1104 having the plurality of bond pads
111 and exposing some of the plurality of bond pads 111 to
the outside. The first surface 110a of the semiconductor die
110 may be covered by the non-photosensitive protection
layer 130, and the plurality of bond pads 111 may be exposed
to the outside through the non-photosensitive protection
layer 130 to then be brought into contact with the redistri-
bution layer 140. The semiconductor die 110 may comprise
a general silicon semiconductor, a compound semiconduc-
tor, and equivalents thereof, but not limited thereto.

[0024] The first encapsulant 120 may be formed to encap-
sulate side portions of the semiconductor die 110. That is to
say, the first encapsulant 120 may be formed to encapsulate
the side portions between the first surface 110a and the
second surface 1106 of the semiconductor die 110 and
protects the semiconductor die 110 from the external envi-
ronment. The first encapsulant 120 may comprise a planar
first surface 120a coplanar with the first surface 110a of the
semiconductor die 110 and a second surface 1205 opposite
to the first surface 120a. Here, the second surface 1205 of
the first encapsulant 120 may be coplanar with the second
surface 1104 of the semiconductor die 110. The first surface
120a of the first encapsulant 120 may be covered by the
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non-photosensitive protection layer 130. The first encapsu-
lant 120 may comprise an epoxy-based resin that is an
electrically insulating material.

[0025] The non-photosensitive protection layer 130 may
be formed to cover both of the first surface 110a of the
semiconductor die 110 and the first surface 120a of the first
encapsulant 120 and allows the plurality of bond pads 111 to
be exposed to the outside. That is to say, the non-photosen-
sitive protection layer 130 may comprise a pattern exposing
the plurality of bond pads 111 to the outside and may be
formed to cover the first surface 110a of the semiconductor
die 110 and the first surface 120a of the first encapsulant
120. The exposed plurality of bond pads 111 may be
electrically connected to the redistribution layer 140. The
non-photosensitive protection layer 130 may electrically
protect the semiconductor die 110. The non-photosensitive
protection layer 130 may be an insulating film formed by
printing, spin coating, or an equivalent thereof. The non-
photosensitive protection layer 130 may comprise a non-
photosensitive insulating film and may be patterned by laser
without use of a photolithography process. The non-photo-
sensitive protection layer 130 may be interposed between
the redistribution layer 140 and the semiconductor die 110 or
between the redistribution layer 140 and the first encapsulant
120 and electrically isolate the redistribution layer 140 from
the first surface 110a of the semiconductor die 110 while
protecting the first surface 110a of the semiconductor die
110 from the external environment.

[0026] The redistribution layer 140 may be formed on the
non-photosensitive protection layer 130 to make contact
with the plurality of bond pads 111 exposed to the outside
through the non-photosensitive protection layer 130. The
redistribution layer 140 may be connected to the plurality of
bond pads 111 to then be electrically connected. The redis-
tribution layer 140 may have various patterns so as to make
contact with each of the plurality of bond pads 111 and one
or more redistribution layers 140 may be provided. The one
or more redistribution layers 140 may extend to the non-
photosensitive protection layer 130 formed on the first
surface 120qa of the first encapsulant 120. The redistribution
layers 140 may be formed on the non-photosensitive pro-
tection layer 130 formed on the first surface 110a of the
semiconductor die 110 and at least one of the redistribution
layers 140 may extend from the non-photosensitive protec-
tion layer 130 formed on the first surface 110a of the
semiconductor die 110 to the non-photosensitive protection
layer 130 formed on the first surface 120a of the first
encapsulant 120.

[0027] A plan view of the redistribution layer 140 is
illustrated in FIG. 2A. The redistribution layer 140 may
include input/output pads 141 for forming the conductive
bump 150 and a connecting part 142 connecting the pad 141
and the plurality of bond pads 111. The input/output pads
141 may be substantially circular and may be formed on the
non-photosensitive protection layer 130. The connecting
part 142 may be shaped as a line having a predetermined
width smaller than a diameter of the input/output pads 141.
[0028] The redistribution layer 140 may be formed for the
purpose of changing positions of the plurality of bond pads
111 of the semiconductor die 110 or changing the number of
input/output pads 141. The redistribution layer 140 may be
formed by a photolithography process.

[0029] The conductive bump 150 may be formed to make
contact with the redistribution layer 140. The conductive
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bump 150 may be formed on the pad 141 of the redistribu-
tion layer 140. The conductive bump 150 may be electrically
connected to the plurality of bond pads 111 of the semicon-
ductor die 110 through the redistribution layer 140. A plan
view of the redistribution layer 140 having the conductive
bump 150 is illustrated in FIG. 2B, and an enlarged cross-
sectional view thereof is illustrated in FIG. 2C.

[0030] The conductive bump 150 may be hemisphere-
shaped where one surface 150a may be connected to the pad
141 of the redistribution layer 140. Here, the conductive
bump 150 further comprises a protruding part 151 protrud-
ing to the connecting part 142 of the distribution layer 140.
That is to say, the conductive bump 150 may be formed
directly on the pad 141 of the redistribution layer 140
without a separate protection layer and the protruding part
151 may be formed when a portion of the conductive bump
150 flows toward the connecting part 142. Here, since a
curvature radius of the conductive bump 150 formed on the
pad 141 is much larger than that of the protruding part 151,
the same surface tension may be applied to the conductive
bump 150 and the protruding part 151 in a case where the
conductive bump 150 and the protruding part 151 comprise
the same material. Thus, the conductive bump 150 formed
on the pad 141 may have a much smaller pressure than the
protruding part 151, thereby preventing the conductive
bump 150 from excessively spreading toward the connecting
part 142. That is to say, the conductive bump 150 may be
directly formed on the pad 141 of the redistribution layer
140 without using a separate protection layer. The conduc-
tive bump 150 may be a solder bump, and may comprise a
material selected from a eutectic solder (e.g., Sn37Pb), a
high lead solder (e.g., Sn95Pb), a lead-free solder (e.g.,
SnAg, SnAu, SnCu, SnZn, SnZnBi, SnAgCu, or SnAgBi),
but not limited thereto.

[0031] Referring to FIG. 3, a flowchart illustrating a
manufacturing method of the semiconductor device shown
in FIG. 1 is illustrated.

[0032] As illustrated in FIG. 3, the manufacturing method
of the semiconductor device 100 includes (S1) preparing a
carrier, (S2) forming a pattern, (S3) attaching a semicon-
ductor die, (S4) first encapsulating, (S5) removing the
carrier, (S6) forming a redistribution layer, (S7) forming a
conductive bump, and (S8) back grinding.

[0033] The manufacturing method of the semiconductor
device 100 will now be described in more detail with
reference to FIGS. 4A to 4H.

[0034] Referring to FIG. 4A, a cross-sectional view illus-
trating the step of preparing a carrier (S1) in the manufac-
turing method of the semiconductor device 100 is illustrated.
In the preparing of the carrier step (S1), a carrier 1 having
a non-photosensitive protection layer 130x may be prepared
to cover one surface 1a of the carrier 1. The non-photosen-
sitive protection layer 130x may comprise an insulating film
having a predetermined thickness, formed on the one plane
1 a of the carrier 1 by printing, spin coating, or an equivalent
thereof. The non-photosensitive protection layer 130x may
be temporarily adhered to the carrier 1 using an adhesive
(not shown).

[0035] Referring to FIG. 4B, a cross-sectional view illus-
trating the step of forming a pattern (S2) in the manufac-
turing method of the semiconductor device 100 is illustrated.
In the forming of the pattern step (S2), the non-photosen-
sitive protection layer 130x formed on the one plane 1a of
the carrier 1 may be patterned by laser to expose a portion
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of the one plane 1a of the carrier 1 to the outside. That is to
say, the non-photosensitive protection layer 130 is a non-
photosensitive insulating film that can be patterned by laser
without using a photolithography process. The non-photo-
sensitive protection layer 130 may be patterned to expose
the one plane la of the carrier 1 facing a region of the
semiconductor die 110 where the bond pads 111 are formed.

[0036] Referring to FIG. 4C, a cross-sectional view illus-
trating the step of attaching a semiconductor die (S3) in the
manufacturing method of the semiconductor device 100 is
illustrated. In the attaching of the semiconductor die step
(S3), the semiconductor die 110 may be mounted on the
carrier 1 having the non-photosensitive protection layer 130
to allow the one plane 1a of the carrier 1 exposed to the
outside by the non-photosensitive protection layer 130 and
the plurality of bond pads 111 of the semiconductor die 110
to face each other. That is to say, the first surface 110a of the
semiconductor die 110 having the plurality of bond pads 111
formed thereon may be adhered to the non-photosensitive
protection layer 130. Here, the plane of the semiconductor
die 110 may be smaller than that of the non-photosensitive
protection layer 130, thereby allowing an outer portion of
the non-photosensitive protection layer 130 to be exposed to
the outside.

[0037] Referring to FIG. 4D, a cross-sectional view illus-
trating the step of first encapsulating (S4) in the manufac-
turing method of the semiconductor device 100 is illustrated.
In the first encapsulating (S4), the first encapsulant 120x
may be formed to encapsulate the second surface 1105
opposite to the first surface 110a of the semiconductor die
110 and a side surface connecting the first surface 110a and
the second surface 1105. Here, the first encapsulant 120x
may be formed to cover the non-photosensitive protection
layer 130 exposed to the outside in the attaching of the
semiconductor die (S3). The first encapsulant 120x may
protect the second surface 1105 and the side surface of the
semiconductor die 110 from the external environment in
subsequent processes. The first encapsulant 120x may serve
as a carrier for fixing the semiconductor die 110 when
transferred to equipment for each process and preventing the
semiconductor die 110 from being damaged in the subse-
quent processes. In the first encapsulating (S4), after the
forming of the first encapsulant 120x, the first encapsulant
120x may be cured by heat treatment.

[0038] Referring to FIG. 4E, a cross-sectional view illus-
trating the step of removing the carrier (S5) in the manu-
facturing method of the semiconductor device 100 is illus-
trated. In the removing of the carrier (S5), the carrier 1
temporarily adhered to the non-photosensitive protection
layer 130 may be separated and then removed. The carrier 1
may be removed by reducing an adhering strength by
applying a predetermined stimulus to the adhesive applied to
the non-photosensitive protection layer 130 and then sepa-
rating the carrier 1 from the non-photosensitive protection
layer 130. The adhering strength of the adhesive between the
carrier 1 and the non-photosensitive protection layer 130
may be reduced by heat treatment performed to curing the
first encapsulant 120x in the first encapsulating (S4), but
aspects of the present disclosure are not limited thereto.
Here, as the carrier 1 adhered to the non-photosensitive
protection layer 130 is separated therefrom and removed in
the removing of the carrier (S5), a first surface 130qa of the
non-photosensitive protection layer 130 opposite to a second
surface 1305 that may be in contact with the semiconductor
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die 110, may be exposed to the outside. In addition, the
plurality of bond pads 111 of the semiconductor die 110
facing the carrier 1 may be exposed to the outside as the
result of removing the carrier 1.

[0039] Referring to FIG. 4F, a cross-sectional view illus-
trating the step of forming the redistribution layer (S6) in the
manufacturing method of the semiconductor device 100 is
illustrated. In the forming the redistribution layer step (S6),
one or more redistribution layers 140 may be formed on the
first surface 130a of the non-photosensitive protection layer
130 to be brought into contact with the plurality of bond
pads 111. The redistribution layers 140 may be electrically
connected to the plurality of bond pads 111 of the semicon-
ductor die 110. At least one of the redistribution layers 140
may extend to the first surface 130a of the non-photosensi-
tive protection layer 130 formed on the first surface 120a of
the first encapsulant 120x.

[0040] Referring to FIG. 4G, a cross-sectional view illus-
trating the step of forming a conductive bump (S7) in the
manufacturing method of the semiconductor device 100 is
illustrated. In the forming of the conductive bump step (S7),
the conductive bump 150 may be formed on the redistribu-
tion layer 140. The conductive bump 150 may be electrically
connected to the redistribution layer 140. The conductive
bump 150 may be electrically connected to the redistribution
layer 140 through the redistribution layer 140 and the bond
pads 111.

[0041] Referring to FIG. 4H, a cross-sectional view illus-
trating the step of back grinding (S8) in the manufacturing
method of the semiconductor device 100 is illustrated. In the
back grinding step (S8), the first encapsulant 120x may be
thinned to expose the second surface 1106 of the semicon-
ductor die 110 encapsulated by the first encapsulant 120x to
the outside. That is to say, in the back grinding (S8), a second
surface 1205x of the first encapsulant 120x is subjected to
grinding to expose the second surface 1105 of the semicon-
ductor die 110, thereby allowing only side portions of the
semiconductor die 110 to be encapsulated by the first
encapsulant 120. Here, the first surface 110a of the semi-
conductor die 110 and the first surface 120a of the first
encapsulant 120 may be coplanar with respect to each other,
and the second surface 1105 of the semiconductor die 110
and the second surface 1205 of the first encapsulant 120 may
be coplanar with respect to each other.

[0042] Referring to FIG. 5, a cross-sectional view of a
semiconductor device according to another embodiment of
the present disclosure is illustrated.

[0043] As illustrated in FIG. 5, the semiconductor device
200 may comprise a semiconductor die 110 having a plu-
rality of bond pads 111 formed thereon, a first encapsulant
220 encapsulating side portions of the semiconductor die
110, a non-photosensitive protection layer 230 formed on
the semiconductor die 200 and the first encapsulant 220, at
least one redistribution layer 140 formed on the non-pho-
tosensitive protection layer 230, a conductive bump 150
connected to the redistribution layer 140, and a conductive
connection member 260 electrically connected to the redis-
tribution layer 140. The semiconductor die 110, the redis-
tribution layer 140 and the conductive bump 150 of the
semiconductor device 200 may be substantially similar to
the corresponding components of the semiconductor device
100 shown in FIG. 1. Therefore, the following description
will focus on the first encapsulant 220, the non-photosensi-
tive protection layer 230 and the conductive connection
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member 260 of the semiconductor device 200, which may be
different from the corresponding components of the semi-
conductor device 100 shown in FIG. 1.

[0044] The first encapsulant 220 may be formed to encap-
sulate side portions of the semiconductor die 110. That is to
say, the first encapsulant 220 may be formed to encapsulate
the side portions between the first surface 110a and the
second surface 1106 of the semiconductor die 110 and
protects the semiconductor die 110 from external circum-
stances. The first encapsulant 220 has a planar first surface
220a coplanar with the first surface 110a of the semicon-
ductor die 110 and a second surface 22056 opposite to the first
surface 220a. Here, the second surface 2205 of the first
encapsulant 220 may be coplanar with the second surface
1104 of the semiconductor die 110. The first surface 220a of
the first encapsulant 220 may be covered by the non-
photosensitive protection layer 230. A through-via may be
formed in the first encapsulant 220 to pass through between
the first surface 220a and the second surface 2205, and the
conductive connection member 260 may be formed in the
through-via to fill the through-via. The first encapsulant 220
may comprise an epoxy-based resin that is an electrically
insulating material.

[0045] The non-photosensitive protection layer 230 may
be formed to cover both of the first surface 110a of the
semiconductor die 110 and the first surface 220a of the first
encapsulant 220 and allows the plurality of bond pads 111 to
be exposed to the outside. That is to say, the non-photosen-
sitive protection layer 230 may comprise a pattern exposing
the plurality of bond pads 111 to the outside and may be
formed to cover the first surface 110a of the semiconductor
die 110 and the first surface 220a of the first encapsulant
220. The exposed plurality of bond pads 111 may be
electrically connected to the redistribution layer 140. A
second surface 2305 of the non-photosensitive protection
layer 230 may be brought into contact with the first surface
1104 of the semiconductor die 110 and with the first surface
220aq of the first encapsulant 220.

[0046] The conductive connection member 260 passing
through between the first surface 220a and the second
surface 2205 of the first encapsulant 220 may also pass
through between the first surface 230a and the second
surface 2305 of the non-photosensitive protection layer 230.
That is to say, the conductive connection member 260 may
pass through the first encapsulant 220 and the non-photo-
sensitive protection layer 230 to then be brought into contact
with the redistribution layer 140 formed on the first surface
230aq of the non-photosensitive protection layer 230.

[0047] The non-photosensitive protection layer 230 may
electrically protect the semiconductor die 110. The non-
photosensitive protection layer 230 may be an insulating
film formed by printing, spin coating, or an equivalent
thereof. The non-photosensitive protection layer 230 may
comprise a non-photosensitive insulating film and may be
patterned by laser without use of a photolithography pro-
cess. The non-photosensitive protection layer 230 may be
interposed between the redistribution layer 140 and the
semiconductor die 110 and/or between the redistribution
layer 140 and the first encapsulant 220 and may electrically
isolate the redistribution layer 140 from the first surface
1104 of the semiconductor die 110 while protecting the first
surface 110qa of the semiconductor die 110 from the external
environment.
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[0048] The conductive connection member 260 may be
formed to pass through between the first surface 220a and
the second surface 2204 of the first encapsulant 220 and
between the first surface 2304 and the second surface 2305
of the non-photosensitive protection layer 230. The conduc-
tive connection member 260 may be connected to the
redistribution layer 140 formed on the first surface 230a of
the non-photosensitive protection layer 230. That is to say,
the conductive connection member 260 may be connected to
the second surface 1405 opposite to the first surface 140a of
the redistribution layer 140 connected to the conductive
bump 150. The conductive connection member 260 may be
electrically connected to the semiconductor die 110 through
the redistribution layer 140 and the bond pads 111. The
conductive connection member 260 may comprise the same
material with the conductive bump 150, but aspects of the
present disclosure are not limited thereto.

[0049] Referring to FIG. 6, a flowchart illustrating a
manufacturing method of the semiconductor device shown
in FIG. 5 is illustrated.

[0050] As illustrated in FIG. 6, the manufacturing method
of the semiconductor device 200 comprises several steps
preceded by (S1) preparing a carrier, (S2) forming a pattern,
(S3) attaching a semiconductor die, (S4) first encapsulating,
(S5) removing the carrier, and (S6) forming a redistribution
layer, and only the steps performed after the steps (S1) to
(S6) are illustrated. That is to say, the following description
will focus on forming a through-via (S9), forming a con-
ductive connection member (S10), forming a conductive
bump (S11) and back grinding (S12), which are different
from the corresponding processing steps of the manufactur-
ing method shown in FIG. 3. Therefore, the manufacturing
method of the semiconductor device 200 will be described
in more detail with reference to FIGS. 7A to 7D.

[0051] Referring to FIG. 7A, a cross-sectional view illus-
trating the step of forming a through-via (S9) in the manu-
facturing method of the semiconductor device 200 is illus-
trated. In the forming of the through-via (S9), a through-via
(V) passing through between the first surface 220a and the
second surface 220bx of the first encapsulant 220x and
between the first surface 2304 and the second surface 2305
of the non-photosensitive protection layer 230 to expose the
second surface 1405 of the redistribution layer 140 formed
on the first surface 230q of the non-photosensitive protection
layer 230 to the outside. That is to say, the second surface
1406 of the redistribution layer 140 formed on the first
surface 230a of the non-photosensitive protection layer 230
is exposed to the second surface 200bx of the first encap-
sulant 220 through the through-via v.

[0052] Referring to FIG. 7B, a cross-sectional view illus-
trating the step of forming a conductive connection member
(810) in the manufacturing method of the semiconductor
device 200 is illustrated. In the forming of the conductive
connection member step (S10), the conductive connection
member 260 may be formed to fill the through-via (V)
formed in the first encapsulant 220x and the non-photosen-
sitive protection layer 230. The conductive connection
member 260 may make contact with the second surface
1406 of the redistribution layer 140. That is to say, the
conductive connection member 260 may be electrically
connected to the redistribution layer 140.

[0053] Referring to FIG. 7C, a cross-sectional view illus-
trating the step of forming a conductive bump (S11) in the
manufacturing method of the semiconductor device 200 is
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illustrated. In the forming of the conductive bump step
(S11), a conductive bump 150 may be formed on the first
surface 140q of the redistribution layer 140. The conductive
bump 150 may be electrically connected to the redistribution
layer 140. The conductive bump 150 may be electrically
connected to the semiconductor die 110 through the redis-
tribution layer 140 and the bond pads 111.

[0054] Referring to FIG. 7D, a cross-sectional view illus-
trating the step of back grinding (S12) in the manufacturing
method of the semiconductor device 200 is illustrated. In the
back grinding step (S12), the first encapsulant 220x may be
thinned to expose the second surface 1106 of the semicon-
ductor die 110 encapsulated by the first encapsulant 220x.
That is to say, in the back grinding step (S12), the second
surface 220bx of the first encapsulant 220x may be subjected
to grinding to expose the second surface 1105 of the semi-
conductor die 110, thereby allowing only side portions of the
semiconductor die 110 to be encapsulated by the first
encapsulant 220. Here, the first surface 110a of the semi-
conductor die 110 and the first surface 120a of the first
encapsulant 220 may be coplanar with respect to each other,
and the second surface 1105 of the semiconductor die 110
and the second surface 1205 of the first encapsulant 220 may
be coplanar with respect to each other.

[0055] Referring to FIG. 8, a cross-sectional view of a
semiconductor device according to still another embodiment
of the present disclosure is illustrated.

[0056] As illustrated in FIG. 8, the semiconductor device
300 comprises a semiconductor die 110 having a plurality of
bond pads 111 formed thereon, a first encapsulant 120
encapsulating side portions of the semiconductor die 110, at
least one redistribution layer 340 formed on the semicon-
ductor die 100 and the first encapsulant 120, a second
encapsulant 370 formed on the redistribution layer 340 and
exposing a portion of the redistribution layer 340 to the
outside, and a conductive bump 350 connected to the
redistribution layer 340 exposed to the outside through the
second encapsulant 370. The semiconductor die 110 and the
first encapsulant 120 of the semiconductor device 300 may
be substantially similar to corresponding components of the
semiconductor device 100 shown in FIG. 1. Therefore, the
following description will focus on the redistribution layer
340, the second encapsulant 370 and the conductive bump
350 of the semiconductor device 300, which may be differ-
ent from the corresponding components of the semiconduc-
tor device 100 shown in FIG. 1.

[0057] The redistribution layer 340 may be formed on the
first surface 110a of the semiconductor die 110 to then be
brought into contact with the plurality of bond pads 111. The
redistribution layer 340 may be connected to the plurality of
bond pads 111 to then be electrically connected. The redis-
tribution layer 340 may have various patterns so as to make
contact with each of the plurality of bond pads 111 and one
or more redistribution layers 140 may be provided. The one
or more redistribution layers 340 may extend to the first
surface 120qa of the first encapsulant 120. That is to say, the
redistribution layers 340 may be formed on the first surface
110a of the semiconductor die 110 and at least one of the
redistribution layers 340 may extend from the first surface
110a of the semiconductor die 110 to the first surface 120a
of the first encapsulant 120. The redistribution layer 340
may be formed to have patterns on the semiconductor die
110 and the first encapsulant 120 by silk screen printing. The
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redistribution layer 340 may be covered by the second
encapsulant 370 and may be electrically connected to the
conductive bump 350.

[0058] The second encapsulant 370 may be formed on the
first surface 110a of the semiconductor die 110, the first
surface 120a of the first encapsulant 120 and the redistri-
bution layer 340. The second encapsulant 370 may comprise
a first surface 370a and a second surface 37056 opposite to
the first surface 370a and making contact with the first
surface 110a of the semiconductor die 110, the first surface
120a of the first encapsulant 120 and the redistribution layer
340. A through-via may be formed in the second encapsulant
370 to pass through between the first surface 370a and the
second surface 3705, and the conductive bump 350 may be
formed in the through-via to fill the through-via. The second
encapsulant 370 may comprise the same or similar material
with the first encapsulant 120, but aspects of the present
disclosure are not limited thereto.

[0059] The conductive bump 350 may be formed to pass
through the first surface 370a and the second surface 3706
of the second encapsulant 370. The conductive bump 350
may be connected to the redistribution layer 340 formed on
the first surface 1104 of the semiconductor die 110 and the
first surface 120a of the first encapsulant 120. The conduc-
tive bump 350 may be electrically connected to the semi-
conductor die 110 through the redistribution layer 340. The
conductive bump 350 may be shaped to outwardly protrude
more than the first surface 370a of the second encapsulant
370. The conductive bump 350 may be a solder bump, and
may comprise a material selected from a eutectic solder
(e.g., Sn37Pb), a high lead solder (e.g., Sn95Pb), a lead-free
solder (e.g., SnAg, SnAu, SnCu, SnZn, SnZnBi, SnAgCu,
SnAgBi, etc.), but not limited thereto.

[0060] Since the semiconductor device 300 may be
formed without using a photolithography process, the manu-
facturing process can be simplified and the manufacturing
cost may be reduced.

[0061] Referring to FIG. 9, a flowchart illustrating a
manufacturing method of the semiconductor device shown
in FIG. 8 is illustrated. As illustrated in FIG. 9, the manu-
facturing method of the semiconductor device includes first
encapsulating (Sla), forming a redistribution layer (S2a),
second encapsulating (S3a), forming a through-via (S4a),
back grinding (S5a) and forming a conductive bump (S6a).

[0062] The manufacturing method of the semiconductor
device 300 will now be described in more detail with
reference to FIGS. 10A to 10F.

[0063] Referring to FIG. 10A, a cross-sectional view
illustrating the step of first encapsulating (Sla) in the
manufacturing method of the semiconductor device 300 is
illustrated. In the first encapsulating step (Sla), the first
encapsulant 120x may be formed to encapsulate the second
surface 11056 of the semiconductor die 110 and a side surface
connecting the first surface 110¢ and the second surface
1105 of the semiconductor die 110. Here, the first surface
110a of the semiconductor die 110 and the first surface 120a
of'the first encapsulant 120x may be coplanar with respect to
each other. In subsequent processing steps, the first encap-
sulant 120x may protect the second surface 1105 and side
portions of the semiconductor die 110 from the external
environment. The first encapsulant 120x may serve as a
carrier for fixing the semiconductor die 110 when transferred
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to equipment for each process and preventing the semicon-
ductor die 110 from being damaged in the subsequent
processes.

[0064] Referring to FIG. 10B, a cross-sectional view illus-
trating the step of forming the redistribution layer (S2a) in
the manufacturing method of the semiconductor device 300
is illustrated. In the forming the redistribution layer step
(S2a), the redistribution layer 340 may be formed on the first
surface 110a of the semiconductor die 110 and the first
surface 120a of the first encapsulant 120 to be brought into
contact with the plurality of bond pads 111 formed on the
first surface 110a of the semiconductor die 110. The redis-
tribution layer 340 may be electrically connected to the
plurality of bond pads 111 of the semiconductor die 110. The
redistribution layer 340 may have various patterns so as to
make contact with each of the plurality of bond pads 111 and
one or more redistribution layers 140 may be provided. The
at least one redistribution layer 340 may extend to the first
surface 110a of the first encapsulant 120.

[0065] Referring to FIG. 10C, a cross-sectional view illus-
trating the step of second encapsulating (S3a) in the manu-
facturing method of the semiconductor device 300 is illus-
trated. In the second encapsulating step (S3a), the second
encapsulant 370 may be formed to cover all of the first
surface 110a of the semiconductor die 110, the first surface
120a of the first encapsulant 120 and the redistribution layer
340. The second encapsulant 370 may comprise a first
surface 370a and a second surface 3705 opposite to the first
surface 370a and making contact with the first surface 110a
of the semiconductor die 110, the first surface 120a of the
first encapsulant 120 and the redistribution layer 340.
[0066] Referring to FIG. 10D, a cross-sectional view
illustrating the step of forming a through-via (S4q) in the
manufacturing method of the semiconductor device 300 is
illustrated. In the forming of the through-via step (S4a), a
through-via (Vx) passing through between the first surface
370q and the second surface 3705 of the second encapsulant
370 is formed to expose the redistribution layer 340 to the
outside. The redistribution layer 340 exposed to the outside
through the through-via (Vx) may be formed on the first
surface 120qa of the first encapsulant 120. That is to say, the
redistribution layer 340 formed on the first surface 120a of
the first encapsulant 120 may be exposed to the outside
through the through-via (Vx) formed on the second encap-
sulant 370.

[0067] Referring to FIG. 10E, a cross-sectional view illus-
trating the step of back grinding (S5a) in the manufacturing
method of the semiconductor device 300 is illustrated. In the
back grinding step (S5a), the first encapsulant 120x may be
thinned to expose the second surface 1106 of the semicon-
ductor die 110 encapsulated by the first encapsulant 120x to
the outside. That is to say, in the back grinding step (S5a),
a second surface 120bx of the first encapsulant 120x may be
subjected to grinding to expose the second surface 1105 of
the semiconductor die 110, thereby allowing only side
portions of the semiconductor die 110 to be encapsulated by
the first encapsulant 120. Here, the second surface 1105 of
the semiconductor die 110 and the second surface 12056 of
the first encapsulant 120 may be coplanar with respect to
each other.

[0068] Referring to FIG. 10F, a cross-sectional view illus-
trating the step of forming a conductive bump (S6a) in the
manufacturing method of the semiconductor device 300 is
illustrated. In the forming of the conductive bump step
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(S6a), the conductive bump 350 may be formed to fill the
through-via (Vx) formed on the redistribution layer 340. The
conductive bump 350 may be formed to make contact with
the redistribution layer 340 exposed to the outside in the
forming of the through-via step (S4a). In addition, the
conductive bump 350 may be shaped to outwardly protrude
beyond the first surface 3704 of the second encapsulant 370.
The conductive bump 350 may be electrically connected to
the redistribution layer 340. That is to say, the conductive
bump 350 may be electrically connected to the semiconduc-
tor die 110 through the redistribution layer 340 and the bond
pads 111.

[0069] This disclosure provides example embodiments
supporting the present disclosure. The scope of the present
disclosure is not limited by these example embodiments.
Numerous variations, whether explicitly provided for by the
specification or implied by the specification, such as varia-
tions in structure, dimension, type of material and manufac-
turing process, may be implemented by one skilled in the art
in view of this disclosure.

[0070] In an example embodiment of the disclosure a
method is disclosed for providing a carrier with a non-
photosensitive protection layer, forming a pattern in the
non-photosensitive protection layer, providing a semicon-
ductor die with a contact pad on a first surface, and bonding
the semiconductor die to the non-photosensitive protection
layer such that the contact pad aligns with the pattern formed
in the non-photosensitive protection layer. A second surface
opposite to the first surface of the semiconductor die, side
surfaces between the first and second surfaces of the semi-
conductor die, and a portion of a first surface of the
non-photosensitive protection layer may be encapsulated
with an encapsulant. The carrier may be removed leaving the
non-photosensitive protection layer bonded to the semicon-
ductor die. A redistribution layer may be formed on the
contact pad and a second surface of the non-photosensitive
protection layer opposite to the first surface. A conductive
bump may be formed on the redistribution layer. The encap-
sulant may be thinned such that the second surface of the
semiconductor die is coplanar with the encapsulant. A
through via may be formed from the redistribution layer
through the non-photosensitive protection layer and the
encapsulant. At least a portion of the through via may be
filled with conductive material. The non-photosensitive pro-
tective layer may be patterned utilizing a laser.

[0071] In another embodiment of the disclosure, a device
is disclosed comprising a semiconductor die having a first
surface, a second surface opposite to the first surface, and
side surfaces between the first and second surfaces. An
encapsulant may encapsulate the side surfaces of the semi-
conductor die. A non-photosensitive protection layer may
cover a portion of the first surface of the semiconductor die
and a first surface of the encapsulant. A contact pad may be
on the first surface of the semiconductor die, and a redis-
tribution layer may be on the non-photosensitive protection
layer and the contact pad. The second surface of the semi-
conductor die may be coplanar with a surface of the encap-
sulant. A through via may extend from the redistribution
layer through the non-photosensitive protection layer and
the encapsulant. The through via may be at least partially
filled with conductive material. The redistribution layer may
comprise a linear portion and a circular pad. A hemispherical
conductive bump on the circular pad may comprise a
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protruding part extending toward the linear portion and has
a radius less than the hemispherical conductive bump.

[0072] The present disclosure provides a semiconductor
device and a manufacturing method thereof, which uses a
non-photosensitive protection layer that can be patterned by
laser or which removes an unnecessary protection layer,
thereby preventing the yield from being lowered or the cost
from increasing due to a photolithography process.

[0073] In one aspect, the present disclosure provides a
semiconductor device including a semiconductor die having
a plurality of bond pads formed on its first surface, a first
encapsulant formed to encapsulate side portions of the
semiconductor die, a non-photosensitive protection layer
formed on the first surface of the semiconductor die and the
first encapsulant to expose the plurality of bond pads, at least
one redistribution layer formed on the non-photosensitive
protection layer to be electrically connected to the exposed
plurality of bond pads, and a conductive bump connected to
the at least one redistribution layer.

[0074] The first encapsulant may include a first surface
coplanar with the first surface of the semiconductor die and
a second surface opposite to the first surface. The semicon-
ductor device may further include a conductive connection
member passing through between the second surface of the
first encapsulant and the first surface. The conductive con-
nection member may pass through the non-photosensitive
protection layer formed on the first surface of the first
encapsulant to then be connected to the redistribution layer.

[0075] The conductive bump may include a protruding
part protruding to one side along the redistribution layer and
shaped of a hemisphere in which its one planar surface is
connected to the redistribution layer.

[0076] In another aspect, the present disclosure provides
semiconductor device including semiconductor die having a
plurality of bond pads formed on its first surface, a first
encapsulant formed to encapsulate side portions of the
semiconductor die, at least one redistribution layer formed
on the first surface of the semiconductor die to be electrically
connected to the plurality of bond pads, a second encapsu-
lant formed on the first surface of the semiconductor die, the
first encapsulant and the at least one redistribution layer to
expose a portion of the at least one redistribution layer, and
a conductive bump connected to the at least one redistribu-
tion layer exposed to the outside through the second encap-
sulant.

[0077] The at least one redistribution layer may be formed
by silk screen printing. In another aspect, the present dis-
closure provides a manufacturing method of a semiconduc-
tor device, including preparing a carrier having a non-
photosensitive protection layer formed therein, forming a
pattern on the non-photosensitive protection layer using
laser to expose a portion of the carrier, attaching a semi-
conductor die to the non-photosensitive protection layer to
allow the exposed carrier and a plurality of bond pads
provided on the first surface of the semiconductor die to face
each other, first encapsulating for forming a first encapsulant
to cover both of the semiconductor die and the non-photo-
sensitive protection layer, removing the carrier from the
non-photosensitive protection layer to expose the plurality
of bond pads to the outside, and forming at least one
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redistribution layer on the non-photosensitive protection
layer to be electrically connected to the plurality of bond
pads exposed to the outside.

[0078] After the forming of the at least one redistribution
layer, the manufacturing method may further include form-
ing a conductive bump on the at least one redistribution
layer, and back grinding the first encapsulant to expose a
second surface opposite to the first surface of the semicon-
ductor die to the outside.

[0079] After the forming of the at least one redistribution
layer, the manufacturing method may further include form-
ing a through-via passing through the first encapsulant and
the non-photosensitive protection layer to allow the at least
one redistribution layer to be exposed to the outside, and
forming a conductive connection member in the through-via
to be electrically connected to the redistribution layer.
[0080] In the forming of the through-via, the through-via
may be formed by a laser drill so as to pass through the first
encapsulant and the non-photosensitive protection layer.
After the forming of the conductive connection member, the
manufacturing method may further include forming a con-
ductive bump on the at least one redistribution layer, and
first grinding the first encapsulant to expose a second surface
opposite to the first surface of the semiconductor die to the
outside.

[0081] In still another aspect, the present disclosure pro-
vides a manufacturing method of a semiconductor device,
including first encapsulating for forming a first encapsulant
on a first surface of a semiconductor die having a plurality
of bond pads formed thereon to cover both of a second
surface opposite to the first surface and a side surface of the
semiconductor die, forming at least one redistribution layer
on the first surface of the semiconductor die by silk screen
printing to be electrically connected to the plurality of bond
pads, second encapsulating for forming a second encapsu-
lant to cover both of the first surface of the semiconductor
die and the redistribution layer, forming a through-via
passing through the second encapsulant to allow the at least
one redistribution layer to be exposed to the outside, and
forming a conductive bump in the through-via to be elec-
trically connected to the redistribution layer.

[0082] After the forming of the through-via, the manufac-
turing method may further include back grinding the first
encapsulant to expose the second surface of the semicon-
ductor die to the outside. In the forming of the through-via,
the through-via may be formed by a laser drill so as to pass
through the second encapsulant. As described above, in the
semiconductor device and manufacturing method thereof, a
non-photosensitive protection layer that can be patterned by
laser is used or an unnecessary protection layer is removed,
thereby preventing the yield from being lowered or the cost
from increasing due to a photolithography process.

[0083] While various aspects of the present disclosure
have been described with reference to certain supporting
embodiments, it will be understood by those skilled in the art
that various changes may be made and equivalents may be
substituted without departing from the scope of the present
disclosure. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the
present disclosure without departing from its scope. There-
fore, it is intended that the present disclosure not be limited
to the particular embodiments disclosed, but that the present
disclosure will include all embodiments falling within the
scope of the appended claims.
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1-20. (canceled)

21. A semiconductor device, comprising:

an electronic device having a top surface, a bottom

surface, and side surfaces between the top and bottom

surfaces of the electronic device;

an encapsulant encapsulating the side surfaces of the

electronic device;

a contact pad on the top surface of the electronic device;

and

a redistribution structure coupled to the contact pad,

wherein:

the redistribution structure comprises a linear portion
and a bump pad,

a conductive bump on the bump pad comprises a main
bump and a protruding part extending toward the
linear portion, and

the protruding part is smaller than the main bump.

22. The semiconductor device according to claim 21,
wherein a radius of the protruding part is smaller than a
radius of the main bump.

23. The semiconductor device according to claim 22,
wherein the radius of the protruding part is in a horizontal
direction and the radius of the main bump is in the horizontal
direction.

24. The semiconductor device according to claim 22,
wherein the radius of the protruding part is in a vertical
direction and the radius of the main bump is in the vertical
direction.

25. The semiconductor device according to claim 21,
wherein the bottom surface of the electronic device is
coplanar with a bottom surface of the encapsulant.

26. A semiconductor device, comprising:

an electronic device having a top surface, a bottom

surface, and side surfaces between the top and bottom

surfaces of the electronic device;

a non-photosensitive protection layer covering a portion

of the top surface of the electronic device;

a contact pad on the top surface of the electronic device;

a redistribution structure on the non-photosensitive pro-

tection layer and the contact pad, the redistribution

structure comprising a linear portion and a bump pad;
and

a conductive bump on the bump pad comprising a main

bump and a protruding part extending toward the linear

portion, wherein the protruding part is smaller than the
main bump.

27. The semiconductor device according to claim 26,
wherein a radius of the protruding part is smaller than a
radius of the conductive bump.

28. The semiconductor device according to claim 27,
wherein the radius of the protruding part is in a horizontal
direction and the radius of the main bump is in the horizontal
direction.

29. The semiconductor device according to claim 27,
wherein the radius of the protruding part is in a vertical
direction and the radius of the main bump is in the vertical
direction.

30. A semiconductor device, comprising:

an electronic device having a first surface, a second

surface opposite to the first surface, and side surfaces

between the first and second surfaces;

an insulating structure covering a portion of the first

surface of the electronic device; and
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a redistribution structure on the insulating structure and
electrically coupled to the electronic device,
wherein:
the redistribution structure comprises a linear portion
and a bump pad; and

a conductive bump on the bump pad comprises a main
bump and a protruding part extending toward the
linear portion, wherein the protruding part is smaller
than the main bump.

31. The semiconductor device according to claim 30,
wherein a radius of the protruding part is smaller than a
radius of the main bump.

32. The semiconductor device according to claim 31,
wherein the radius of the protruding part is in a horizontal
direction and the radius of the main bump is in the horizontal
direction.

33. The semiconductor device according to claim 31,
wherein the radius of the protruding part is in a vertical
direction and the radius of the main bump is in the vertical
direction.

34. The semiconductor device according to claim 30,
comprising a first encapsulant encapsulating the side sur-
faces, wherein:

a through via extends from the redistribution structure
through the insulating structure and the first encapsu-
lant, and

a bottom-most surface of conductive material in the
through via is higher than the second surface of the
electronic device.

35. The semiconductor device according to claim 30,

wherein the bump pad is on the insulating structure.

36. A method for electronic device packaging, compris-
ing:
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providing an electronic device, wherein:
the electronic device has a first surface, a second
surface opposite to the first surface, and side surfaces
between the first and second surfaces, and
an insulating structure is on the first surface of the
electronic device;

forming a redistribution structure on the insulating struc-

ture, wherein:

the redistribution structure comprises a linear portion
and a bump pad, and

the redistribution structure is electrically coupled to the
electronic device; and

forming a conductive bump on the bump pad, wherein:

the conductive bump comprises a main bump and a
protruding part extending toward the linear portion,
and

the protruding part is smaller than the main bump.

37. The method according to claim 36, wherein a radius
of the protruding part is smaller than a radius of the main
bump.

38. The method according to claim 37, wherein the radius
of the protruding part is in a horizontal direction and the
radius of the main bump is in the horizontal direction.

39. The method according to claim 37, wherein the radius
of the protruding part is in a vertical direction and the radius
of the main bump is in the vertical direction.

40. The method according to claim 36, comprising:

encapsulating the side surfaces with an encapsulant;

forming a through via to extend from the redistribution
structure through the insulating structure and the encap-
sulant; and

forming a connection member in the through via, wherein

a bottom-most surface of the connection member is

higher than the second surface of the electronic device.
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