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PACKAGE STRUCTURE, SEMICONDUCTOR
PACAKGE AND METHOD OF FABRICATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a continuation application of
U.S. application Ser. No. 16/035,693, filed on Jul. 15, 2018,
now allowed. The entirety of each of the above-mentioned
patent applications 1s hereby incorporated by reference
herein and made a part of this specification.

BACKGROUND

[0002] Semiconductor devices and integrated circuits used
in a variety of electronic applications, such as cell phones
and other electronic equipment, are typically manufactured
on a single semiconductor wafer. The dies of the waler may
be processed and packaged with other semiconductor
devices or dies at the watfer level, and various technologies
have been developed for the wafer level packaging.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It 1s noted that, 1n accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0004] FIG. 1 to FIG. 15 are schematic sectional views of
various stages 1n a method of fabricating a package structure
according to some exemplary embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0005] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components, values, operations, materials, arrangements, or
the like, are described below to simplify the present disclo-
sure. These are, of course, merely examples and are not
intended to be limiting. Other components, values, opera-
tions, materials, arrangements, or the like, are contemplated.
For example, the formation of a first feature over or on a
second feature 1n the description that follows may include
embodiments 1n which the first and second features are
formed 1n direct contact, and may also include embodiments
in which additional features may be formed between the first
and second features, such that the first and second features
may not be i1n direct contact. In addition, the present dis-
closure may repeat reference numerals and/or letters 1n the
various examples. This repetition 1s for the purpose of
simplicity and clarity and does not in 1tself dictate a rela-
tionship between the various embodiments and/or configu-
rations discussed.

[0006] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1n
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
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degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0007] Other features and processes may also be included.
For example, testing structures may be included to aid 1n the
verification testing of the 3D packaging or 3DIC devices.
The testing structures may include, for example, test pads
formed 1n a redistribution layer or on a substrate that allows
the testing of the 3D packaging or 3DIC, the use of probes
and/or probe cards, and the like. The verification testing may
be performed on intermediate structures as well as the final
structure. Additionally, the structures and methods disclosed
herein may be used in conjunction with testing methodolo-
gies that incorporate intermediate verification of known
good dies to increase the yield and decrease costs.

[0008] FIG. 1 to FIG. 15 are schematic sectional views of
various stages 1n a method of fabricating a package structure
according to some exemplary embodiments of the present
disclosure. Referring to FIG. 1, a carrier 102 with a buller
layer 104 coated thereon 1s provided. In one embodiment,
the carrier 102 may be a glass carrier or any suitable carrier
for carrying a semiconductor waiter or a reconstituted wafer
used for the method of fabricating the package structure.

[0009] In some embodiments, the bufler layer 104
includes a de-bonding layer 104A and a dielectric layer
1048, wherein the de-bonding layer 104A 1s located 1n
between the carrier 102 and the dielectric layer 104B. In
certain embodiments, the de-bonding layer 104 A 1s disposed
on the carrier 102, and the material of the de-bonding layer
104A may be any material suitable for bonding and de-
bonding the carrier 102 from the above layer(s) (e.g., the
dielectric layer 104B) or any wafer(s) disposed thereon. In
some embodiments, the de-bonding layer 104 A may include
a release layer (such as a light-to-heat conversion (“LTHC”)
layer) or an adhesive layer (such as an ultra-violet curable
adhesive or a heat curable adhesive layer). In some embodi-
ments, the dielectric layer 104B may be formed above the
de-bonding layer 104A. The dielectric layer 104B may be
made of dielectric maternials such as benzocyclobutene
(“BCB”), polybenzoxazole (“PBO”), or any other suitable
polymer-based dielectric material.

[0010] It 1s noted that the materials of the carrier 102, the
de-bonding layer 104 A and the dielectric layer 104B are not
limited to the descriptions of the embodiments. In some
alternative embodiments, the dielectric layer 104B may be
optionally omitted; in other words, merely the de-bonding
layer 104A 1s formed over the carrier 102. In certain
embodiments, a die-attach film (not shown) may be directly
formed on the de-bonding layer 104 A for the attachment to
above components.

[0011] Referring to FIG. 2, a first semiconductor die 106
and a second semiconductor die 107 are bonded on the
buffer layer 104. In some embodiments, the first semicon-
ductor die 106 and the second semiconductor die 107 are
bonded on the bufler layer 104 through the die-attach film.
In the exemplary embodiment, each of the first semicon-
ductor die 114A and the second semiconductor die 114B
includes a semiconductor substrate (106a/107a). The semi-
conductor substrate (106a/107a) may be a bulk silicon
substrate or a silicon-on-insulator (SOI) substrate, and fur-
ther includes active components (e.g., transistors or the like)
and optionally passive components (e.g., resistors, capaci-
tors, inductors or the like) formed therein. Furthermore, each
of the first semiconductor die 106 and the second semicon-
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ductor die 107 has an active surface AS and a backside
surface BS opposite to the active surface AS. As shown 1n
FIG. 2, a plurality of conductive vias (1066/107b) are
located on the active surface AS of the first semiconductor
die 106 and the second semiconductor die 107. In some
embodiments, the plurality of conductive vias (10656/1075)
1s formed on the semiconductor substrate (106a/107a) by
plating. In certain embodiments, a protection layer (106¢/
107¢) 1s formed over the plurality of conductive vias (10656/
1075) to cover and protect the conductive vias (10656/107b).

[0012] Referring to FIG. 3, after bonding the first semi-
conductor die 106 and the second semiconductor die 107 on
the bufler layer 104, an insulating material 108 1s formed
over the butler layer 104 to cover the first semiconductor die
106 and the second semiconductor die 107. In some embodi-
ments, the insulating material 108 1s formed through, for
example, a compression molding process, filling up the gaps
between the semiconductor dies (106/107) and encapsulat-
ing the semiconductor dies (106/107). At this stage, the
conductive vias (10656/107b) and the protection layer (106c¢/
107¢) of the semiconductor dies (106/107) are encapsulated
by and well protected by the insulating material 108. In other
words, the conductive vias (10656/1075) and the protection
layer (106¢/107¢) of the semiconductor dies (106/107) are

not revealed and are well protected by the insulating mate-
rial 108.

[0013] In some embodiments, the insulating material 108
for example, include polymers (such as epoxy resins, phe-
nolic resins, silicon-containing resins, or other suitable res-
ins ), dielectric materials having low permittivity (Dk) and
low loss tangent (D1) properties, or other suitable materials.
In certain embodiments, the insulating material 108 may
turther include 1morganic filler or 1norganic compounds (e.g.
silica, clay, and so on) which can be added therein to
optimize coeflicient of thermal expansion (CTE) of the
insulating material 108. The disclosure 1s not limited thereto.

[0014] Referring to FIG. 4, in a subsequent step, the
insulating material 108 1s partially removed to expose the
conductive vias (10656/107b) of the first semiconductor die
106 and the second semiconductor die 107. In some embodi-
ments, the insulating material 108 and the protection layer
(106¢/107¢) are ground or polished by a planarization step.
For example, the planarization step i1s performed through a
mechanical grinding process and/or a chemical mechanical
polishing (CMP) process until the active surface (AS) or the
top surfaces (106-TS/107-TS) of the conductive vias (1065/
107b) are revealed. In some embodiments, the insulating
material 108 1s polished to form a molding compound 108'.
In some embodiments, after the planarization step, the top
surfaces (106-TS/107-TS) of the conductive vias (1065/
1075), the active surface AS of the first semiconductor die
106 and the second semiconductor die 107, and the top
surface 108-TS of the molding compound 108' are coplanar
and levelled with one another. In some embodiments, after
the mechanical grinding or chemical mechanical polishing
(CMP) steps, a cleaning step may be optionally performed.
For example, the cleaning step 1s preformed to clean and
remove the residue generated from the planarization step.
However, the disclosure 1s not limited thereto, and the
planarization step may be performed through any other
suitable methods.

[0015] Referring to FIG. §, after the planarization step, a
dielectric layer 110 1s formed on the molding compound
108', and over the first semiconductor die 106 and the second
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semiconductor die 107. The dielectric layer 110 may be
made of dielectric materials such as benzocyclobutene
(“BCB”), polybenzoxazole (“PBO”), or any other suitable
polymer-based dielectric material. In the exemplary embodi-
ment, the dielectric layer 110 1s patterned to form a plurality
of first openings OP1 and a plurality of second openings
OP2. In some embodiments, the plurality of first openings
OP1 surround the plurality of second openings OP2, and a
width Wa of the plurality of first openings OP1 1s greater
than a width Wb of the plurality of second openings OP2. In
certain embodiments, the width Wa of the first openings OP2
1s larger than 20 um and the width Wb of the second
openings OP2 1s smaller than 15 um. In one embodiment, the
width Wa of the first openings OP1 1s 1n a range of 20 um
to 300 um, and the width Wb of the second openings OP2
1s 1n a range of 5 um to 15 um.

[0016] Referring to FIG. 6, after forming the dielectric
layer 110 with the first openings OP1 and the second
openings OP2, a plurality of first conductive features 111 A
1s formed 1n the first openings OP1, and a plurality of second
conductive features 111B 1s formed in the second openings
OP2. In the exemplary embodiment, the first conductive
features 111A surrounds the second conductive features
111B. Furthermore, the first conductive features 111 A and
the second conductive features 111B may be electrically
connected to the conductive vias (1066/1075) of the first
semiconductor die 106 and the second semiconductor die
107. In some embodiments, a width W2 of the second
conductive features 111B 1s smaller than a width W1 of the
first conductive features 111 A. In certain embodiments, the
width W1 of the first conductive features 111 A 1s 1n a range
of 25 um to 300 um, and the width W2 of the second
conductive features 111B 1s 1n a range of 10 um to 40 um.

[0017] Furthermore, in the exemplary embodiment, the
first conductive features 111 A are formed with flank portions
FP and a recessed portion RP joining the flank portions FP,
and the recessed portion RP being physically connected to
the conductive vias (1066/1075) of the first semiconductor
die 106 and the second semiconductor die 107. In some
embodiments, the second conductive features 111B are
disposed adjacent to the first conductive features 111 A and
on the molding compound 108' and being physically con-
nected to the conductive vias (10656/1075) of the first semi-
conductor die 106 and the second semiconductor die 107. In
some embodiments, a depth Dx of the recessed portion RP
of the first conductive features 111 A 1s 1n a range of 2 um to
10 um. In other words, a level of a top surface FP-TS of the
flank portions FP 1s higher than a level of a top surface
RP-TS of the recessed portions RP in the first conductive
feature 111 A. In certain embodiments, the top surface FP-TS
of the flank portions FP of the first conductive features 111 A
1s substantially coplanar with a top surface 111B-TS of the
second conductive features 111B.

[0018] Adfter forming the first conductive features 111A
and the second conductive features 111B, a plurality of
through insulator vias 114 may be formed on the recessed
portion RP of the first conductive features 111 A according to

the steps shown 1n FIG. 7 to FIG. 9.

[0019] In some embodiments, as illustrated 1n FIG. 7, a
seed layer 112 1s first formed on the dielectric layer 110 to
conformally cover the first conductive features 111 A and the
second conductive features 111B. The material of the seed
layer 112 varies depending on the material of the later-
formed through insulator vias 114. In some embodiments,
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the seed layer 112 1s formed by electroless plating, chemical
vapor deposition (CVD), physical vapor deposition (PVD),
atomic layer deposition (ALD), high density plasma CVD
(HDPCVD) or combinations thereof. In one embodiment,
the seed layer 112 1s formed by sequentially depositing or
sputtering a titanium layer and a copper layer. In a next step,
after forming the seed layer 112, a photoresist pattern PR 1s
provided on the seed layer 112 to cover the second conduc-
tive features 111B and the flank portions FP of the first
conductive features 111A. In some embodiments, the pho-
toresist pattern PR has openings Ox that expose portions of
the seed layer 112 located above the recessed portions RP of
the first conductive features 111 A. In other words, a position
of the openings Ox corresponds to a position where the
recessed portions RP are located.

[0020] Referring to FIG. 8, a metallic material (not shown)
1s formed on the exposed portions of the seed layer 112 to
{11l up the openings Ox by electroplating or deposition, and
the photoresist pattern PR 1s then removed to form a
plurality of through insulator vias 114. As illustrated in FIG.
8, each of the through 1nsulator vias 114 are disposed on the
recessed portions RP of the first conductive features 111A.
In some embodiments, the through insulator vias 114 may be
electrically connected to the first semiconductor die 106 and
the second semiconductor die 107 through the first conduc-
tive features 111A. In certain embodiments, the through
insulator vias 114 are electrically connected to the recessed
portions RP of the first conductive features 111 A through the
seed layer 112. In some embodiments, the material of the
through 1insulator vias 114 may include copper or copper
alloys. In certain embodiments, the through insulator vias
114 are copper pillars. In the exemplary embodiment, since
the through insulator vias 114 are located on the recessed
portions RP of the first conductive features 111A, the
strength of the through insulator vias 114 may be improved,
and a collapse 1ssue of the through msulator vias 114 may be
prevented during the stripping of the photoresist pattern PR
(shown 1n FIG. 7). In other words, the concaved or curved
outline of the first conductive features 111A provides a
stable platform to form the through insulator vias 114.

[0021] Referring to FIG. 9, after forming the through
insulator vias 114 and removing the photoresist pattern PR,
portions of the seed layer 112 exposed by the through
insulator vias 114 are removed. In other words, portions of
the seed layer 112 are removed to form a plurality of seed
layers 112' disposed 1n between the recessed portion RP of
the first conductive features 111 A and the through insulator
vias 114. In some embodiments, sidewalls of the seed layers
112" are aligned with sidewalls of the through insulator vias
114. In certain embodiments, the seed layers 112' and

portions of the through insulator vias 114 may be surrounded
by the flank portions FP of the first conductive features
111A.

[0022] Referring to FIG. 10, after forming the through
insulator vias 114, an interconnect structure 116 1s disposed
on the second conductive features 111B. The interconnect
structure 116 1s electrically connected to the first semicon-
ductor die 106 and the second semiconductor die 107

through the second conductive features 111B.

[0023] Furthermore, the interconnect structure 116 elec-
trically connects the first semiconductor die 106 to the
second semiconductor die 107. That 1s, the interconnect
structure 116 may be used for providing short inter-connec-
tion between the semiconductor dies (106/107). In some
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embodiments, the interconnect structure 116 may {for
example, include a silicon interconnect 116a, a plurality of
conductive vias 1165 and a plurality of conductive bumps
116¢. In some embodiments, the plurality of conductive vias
1165 1s disposed on the silicon interconnect 116a, while the
plurality of conductive bumps 116c¢ 1s disposed on the
plurality of conductive vias 1165. In certain embodiments,
the silicon interconnect 116a may be electrically connected
to the second conductive features 111B through the conduc-
tive vias 1165 and the conductive bumps 116c¢. After placing
the interconnect structure 116 on the second conductive
teatures 111B, an underfill structure 117 may fill up the gaps
in between the conductive vias 11654, 1n between the con-
ductive bumps 116¢, and to encapsulate the conductive vias
1165, the conductive bumps 116¢ and the second conductive
features 111B. In the exemplary embodiment, the intercon-
nect structure 116 1s disposed on the second conductive
teatures 111B after forming the through insulator vias 114.
However, the disclosure i1s not limited thereto. In some
alternative embodiments, the interconnect structure 116 may
be disposed on the second conductive features 111B prior to
forming the through insulator vias 114.

[0024] Referring to FIG. 11, 1n a next step, an insulating
material 118 1s formed over the through insulator vias 114
and the interconnect structure 116 to encapsulate the through
insulator vias 114 and the interconnect structure 116. In
some embodiments, the insulating material 118 1s formed
through, for example, a compression molding process, fill-
ing up the gaps between the interconnect structure 116 and
adjacent through insulator vias 114. At this stage, the inter-
connect structure 116 and the through insulator vias 114 are

encapsulated and well protected by the insulating material
118.

[0025] Referring to FIG. 12, a thinning step 1s performed
to form an insulating encapsulant 118'. In the exemplary
embodiment, the thickness of the insulating material 118 1s
reduced until top surfaces 114-TS of the through insulator
vias 114 and backside surface 116-BS of the interconnect
structure 116 are revealed. In certain embodiments, the
insulating material 118 1s ground or polished by a mechani-
cal grinding process and/or a chemical mechanical polishing
(CMP) process until the backside surface 116-BS of the
interconnect structure 116 1s revealed. In some embodi-
ments, the through insulator vias 114 may be partially
polished so that the top surfaces 107-TS of the through
insulator vias 107B are levelled with the top surfaces
108-TS of the conductive posts 108B. The 1nsulating mate-
rial 118 1s polished to form an insulating encapsulant 118'.
In some embodiments, the top surface 118-TS of the insu-
lating encapsulant 110', the top surface 118-TS of the
through insulator vias 114, and the backside surface 116-BS
of the interconnect structure 116 are coplanar and levelled
with one another.

[0026] In some embodiments, the insulating material 118
includes polymers (such as epoxy resins, phenolic resins,
s1licon-containing resins, or other suitable resins), dielectric
materials having low permittivity (Dk) and low loss tangent
(D1) properties, or other suitable materials. In an alternative
embodiment, the insulating material 118 may include an
acceptable 1nsulating encapsulation material. In some
embodiments, the insulating material 118 may further
include inorganic filler or inorganic compound (e.g. silica,
clay, and so on) which can be added therein to optimize
coellicient of thermal expansion (CTE) of the insulating
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material 118. In certain embodiments, the insulating material
118 may be the same or different than the imnsulating material
108. The disclosure 1s not limited thereto.

[0027] Referring to FIG. 13, after the thinming step, a
redistribution layer 120 1s formed on the insulating encap-
sulant 118' over the interconnect structure 116 and the
through insulator vias 114. In some embodiments, the redis-
tribution layer 120 may include a plurality of dielectric
layers 120A and a plurality of conductive elements 1208
alternately stacked. Although only two layers of the con-
ductive elements 120B and three layers of dielectric layers
120A are 1illustrated herein, however, the scope of the
disclose 1s not limited by the embodiments of the disclosure.
In other embodiments, the number of conductive elements
120B and the dielectric layers 120A may be adjusted based
on product requirement. In some embodiments, the conduc-
tive elements 120B are electrically connected to first semi-
conductor die 106 and the second semiconductor die 107
through the through insulator vias 114.

[0028] In some embodiments, the material of the dielectric
layers 120A may be polyimide, polybenzoxazole (PBO),
benzocyclobutene (BCB), a nitride such as silicon nitride, an
oxide such as silicon oxide, phosphosilicate glass (PSG),
borosilicate glass (BSG), boron-doped phosphosilicate glass
(BPSG), a combination thereof or the like, which may be
patterned using a photolithography and/or etching process.
In some embodiments, the dielectric layers 120A are formed
by suitable fabrication techniques such as spin-on coating,
chemaical vapor deposition (CVD), plasma-enhanced chemi-
cal vapor deposition (PECVD) or the like. The disclosure 1s
not limited thereto.

[0029] In some embodiments, the material of the conduc-
tive elements 120B may be made of conductive materials
formed by electroplating or deposition, such as aluminum,
titanium, copper, nickel, tungsten, and/or alloys thereof,
which may be patterned using a photolithography and etch-
ing process. In some embodiments, the conductive elements
120B may be patterned copper layers or other suitable
patterned metal layers. Throughout the description, the term
“copper” 1s 1intended to include substantially pure elemental
copper, copper containing unavoidable impurities, and cop-
per alloys containing minor amounts of elements such as
tantalum, indium, tin, zinc, manganese, chromium, titanium,
germanium, strontium, platinum, magnesium, aluminum or
zirconium, etc.

[0030] After forming the redistribution layer 120, a plu-
rality of conductive pads 120C may be disposed on an
exposed top surface of the topmost layer of the conductive
clements 1208 for electrically connecting with conductive
terminals (e.g. conductive balls). In certain embodiments,
the conductive pads 120C are for example, under-ball met-
allurgy (UBM) patterns used for ball mount. As shown 1n
FIG. 13, the conductive pads 120C are formed on and
electrically connected to the redistribution layer 120. In
some embodiments, the materials of the conductive pads
120C may include copper, nickel, titanium, tungsten, or
alloys thereof or the like, and may be formed by an elec-
troplating process, for example. The number of conductive
pads 120C are not limited in this disclosure, and may be
selected based on the design layout. In some alternative
embodiments, the conductive pads 120C may be omitted. In
other words, conductive terminals 122 formed 1n subsequent
steps may be directly disposed on the redistribution layer

120.
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[0031] As illustrated 1n FIG. 13, after forming the con-
ductive pads 120C, a plurality of conducive terminals 122
are disposed on the conductive pads 120C and over the
redistribution layer 120. In some embodiments, the conduc-
tive terminals 122 may be disposed on the conductive pads
120C by ball placement process or reflow process. In some
embodiments, the conductive terminals 122 are, {for
example, solder balls or ball grid array (BGA) balls. In some
embodiments, the conductive terminals 122 are connected to
the redistribution layer 120 through the conductive pads
120C. In certain embodiments, some of the conductive
terminals 122 may be electrically connected to the semicon-
ductor dies (106/107) through the redistribution layer 120.
The number of the conductive terminals 122 1s not limited
to the disclosure, and may be designated and selected based
on the number of the conductive pads 120C.

[0032] Referring to FIG. 14, after forming the redistribu-
tion layer 120 and placing the conductive terminals 122
thereon, the structure shown in FIG. 13 i1s turned upside
down and attached to a tape 301 (e.g., a dicing tape 301)
supported by a frame 302. In some embodiments, the carrier
102 1s debonded so as to separate the first semiconductor die
106 and the second semiconductor die 107 from the carrier
102. In some embodiments, the de-bonding process include
projecting a light such as a laser light or an UV light on the
de-bonding layer 104 A, so that the carrier 102 can be easily
removed. In certain embodiments, the de-bonding layer 103
may be further removed or peeled off. After the de-bonding
process, the dielectric layer 104B 1s revealed. In some
alternative embodiments, the dielectric layer 104B 1s omit-
ted, hence, the backside surface BS of the first semiconduc-
tor die 106 and the second semiconductor die 107 may be
revealed. The disclosure 1s not limited thereto. Upon
completion of the de-bonding process, a package structure
PK as illustrated 1in FIG. 15 according to some embodiments
of the present disclosure 1s accomplished.

[0033] According to the above embodiments, the package
structure 1s formed with first conductive features having
flank portions and a recessed portion joining the flank
portions. Since the through 1nsulator vias are formed on the
recessed portions of the first conductive features with the
flank portions surrounding the through insulator vias, the
strength of the through insulator vias may be improved, and
a collapse 1ssue of the through insulator vias may be
prevented during the stripping of the photoresist pattern. In
other words, the concaved or curved outline of the first
conductive features provides a stable platiorm to form the
through insulator vias.

[0034] In some embodiments of the present disclosure, a
package structure including a first semiconductor die, a
second semiconductor die, a molding compound, an inter-
connect structure, a plurality of first conductive features, a
plurality of through insulator vias, an 1nsulating encapsulant
and a redistribution layer 1s provided. The second semicon-
ductor die 1s disposed adjacent to the first semiconductor die.
The molding compound 1s encapsulating the first semicon-
ductor die and the second semiconductor die. The intercon-
nect structure 1s disposed on the molding compound and
clectrically connecting the first semiconductor die to the
second semiconductor die. The plurality of first conductive
features 1s disposed on the molding compound and electri-
cally connected to the first semiconductor die and the second
semiconductor die, wherein each of the first conductive
features has a recessed portion. The plurality of through
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msulator vias 1s disposed on the recessed portion of the
plurality of first conductive features and electrically con-
nected to the first semiconductor die and the second semi-
conductor die, wherein the plurality of through insulator vias
surrounds the interconnect structure. The nsulating encap-
sulant 1s encapsulating the interconnect structure and the
plurality of through insulator vias. The redistribution layer 1s
disposed on the isulating encapsulant and over the inter-
connect structure, wherein the redistribution layer 1s elec-
trically connected to the plurality of through insulator vias.

[0035] In another embodiment of the present disclosure, a
package structure including a first semiconductor die, a
second semiconductor die, a molding compound, a plurality
of first conductive features, a plurality of second conductive
features, an interconnect structure, a plurality of through
insulator vias, an insulating encapsulant and a redistribution
layer 1s provided. The first semiconductor die has a plurality
of conductive vias. The second semiconductor die 1s dis-
posed adjacent to the first semiconductor die and has a
plurality of conductive vias. The molding compound 1s
encapsulating the first semiconductor die and the second
semiconductor die. The plurality of first conductive features
1s disposed on the molding compound and physically con-
nected to the plurality of conductive vias of the first semi-
conductor die and the plurality of conductive vias of the
second semiconductor die, wherein each of the first conduc-
tive features comprises flank portions and a recessed portion
joining the flank portions. The plurality of second conduc-
tive features 1s disposed adjacent to the plurality of first
conductive features and on the molding compound and
physically connected to the plurality of conductive vias of
the first semiconductor die and the plurality of conductive
vias of the second semiconductor die. The interconnect
structure 1s disposed on the plurality of second conductive
features and electrically connecting the first semiconductor
die to the second semiconductor die. The plurality of
through insulator vias 1s disposed on the recessed portion of
the plurality of first conductive features and electrically
connected to the first semiconductor die and the second
semiconductor die, wherein the plurality of through insula-
tor vias surrounds the interconnect structure. The 1nsulating
encapsulant 1s encapsulating the interconnect structure and
the plurality of through insulator vias. The redistribution
layer 1s disposed on the insulating encapsulant and over the
interconnect structure, wherein the redistribution layer 1s
electrically connected to the plurality of through insulator
vias.

[0036] In yet another embodiment of the present disclo-
sure, a method of fabricating a package structure 1s
described. The method includes the following steps. A
carrier 15 provided. A first semiconductor die having a
plurality of conductive vias 1s disposed on the carrier. A
second semiconductor die having a plurality of conductive
vias 1s disposed on the carrier adjacent to the first semicon-
ductor die. The molding compound 1s formed to encapsulate
the first semiconductor die and the second semiconductor
die. The dielectric layer 1s formed on the molding compound
and the dielectric layer 1s patterned to form a plurality of first
openings and a plurality of second openings, wherein the
plurality of first openings surround the plurality of second
openings, and a width of the plurality of first openings 1s
greater than a width of the plurality of second opening. A
plurality of first conductive features 1s formed in the plu-
rality of first openings, wherein the plurality of first con-
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ductive features 1s formed with flank portions and a recessed
portion joimng the flank portions, and the recessed portion
being physically connected to the plurality of conductive
vias of the first semiconductor die and the plurality of
conductive vias of the second semiconductor die. A plurality
of second conductive features 1s formed 1n the plurality of
second openings, wherein the plurality of second conductive
features 1s physically connected to the plurality of conduc-
tive vias of the first semiconductor die and the plurality of
conductive vias of the second semiconductor die. A plurality
of through insulator vias 1s formed on the recessed portion
of the plurality of first conductive features, the plurality of
through insulator vias being electrically connected to the
first semiconductor die and the second semiconductor die.
An 1nterconnect structure 1s disposed on the plurality of
second conductive features and electrically connecting the
first semiconductor die to the second semiconductor die. An
insulating encapsulant 1s formed to encapsulate the inter-
connect structure and the plurality of through insulator via.
A redistribution layer 1s formed on the insulating encapsu-
lant and over the interconnect structure, wherein the redis-
tribution layer 1s electrically connected to the plurality of
through insulator vias. The carrier 1s de-bonded.

[0037] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled 1n the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

1. A structure, comprising;

a plurality of semiconductor dies;

a molding compound encapsulating the plurality of semi-
conductor dies;

a plurality of first conductive features disposed on and
electrically connected to the plurality of semiconductor
dies, wherein the plurality of first conductive features
has a recessed portion;

a plurality of through insulator vias disposed on the
recessed portion of the plurality of first conductive
features and electrically connected to the plurality of
semiconductor dies;

an 1interconnect structure disposed on the plurality of
semiconductor dies and overlapping with two adjacent
semiconductor dies, wherein top surfaces of the plu-
rality of through insulator vias are leveled with a
surface of the interconnect structure; and

an 1nsulating encapsulant disposed on the molding com-
pound and encapsulating the interconnect structure and
the plurality of through insulator vias, and separating
the interconnection structure from the plurality of
through insulator vias.

2. The structure according to claim 1, further comprising
a plurality of second conductive features disposed on and
clectrically connected to the plurality of semiconductor dies,
wherein the interconnect structure 1s electrically connected
to the plurality of semiconductor die through the plurality of
second conductive features.
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3. The structure according to claim 2, wherein a width of
the plurality of second conductive features 1s smaller than a
width of the plurality of first conductive features.

4. The structure according to claim 1, further comprising
a plurality of seed layers disposed in between the recessed
portion of the plurality of first conductive features and the
plurality of through insulator vias.

5. The structure according to claim 1, turther comprising
a redistribution layer disposed on the msulating encapsulant
and over the interconnect structure, wherein the redistribu-

tion layer 1s electrically connected to the plurality of through
insulator vias.

6. The structure according to claim 1, wherein the inter-
connect structure comprises:

a silicon interconnect;

a plurality of conductive vias disposed on the silicon
interconnect; and

a plurality of conductive bumps disposed on the plurality
ol conductive vias.

7. The structure according to claim 6, further comprising
an underfill structure disposed over the plurality of semi-
conductor die and covering the plurality of conductive vias
and the plurality of conductive bumps.

8. A semiconductor package, comprising:

a first semiconductor die comprising a plurality of con-
ductive vias;

a dielectric layer disposed on the first semiconductor die
and having first openings that reveal a portion of the
plurality of conductive vias, and second openings that
reveal another portion of the plurality of conductive
vias;

a plurality of first conductive features disposed 1n the first
openings of the dielectric layer to be electrically con-
nected to the plurality of conductive vias, wherein each

of the first conductive features comprises flank portions
and a recessed portion joining the flank portions;

a plurality of second conductive features disposed in the
second openings of the dielectric layer to be electrically
connected to the plurality of conductive vias;

a plurality of through insulator vias disposed on the
recessed portion of the plurality of first conductive
features and electrically connected to the first semicon-
ductor die; and

an interconnect structure disposed on the plurality of
second conductive features and electrically connected
to the first semiconductor die.

9. The semiconductor package according to claim 8,
wherein a level of a top surface of the flank portions 1s higher
than a level of a top surface of the recessed portions in the
first conductive features.

10. The semiconductor package according to claim 8,
wherein a top surface of the flank portions of the first
conductive features 1s levelled with a top surface of the
second conductive features.

11. The semiconductor package according to claim 8,
further comprising;:

a second semiconductor die disposed adjacent to the first
semiconductor die and having a plurality of conductive
vias, wherein the plurality of first conductive features
and the plurality of second conductive features are
further electrically connected to the plurality of con-
ductive vias of the second semiconductor die.
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12. The semiconductor package according to claim 11,
wherein the mterconnect structure 1s electrically connected
to the first semiconductor die and the second semiconductor
die through the plurality of first conductive features.

13. The semiconductor package according to claim 8,
further comprising;:

a molding compound encapsulating the first semiconduc-

tor die; and

an 1nsulating encapsulant encapsulating the plurality of

through insulator vias and the interconnect structure,
wherein the dielectric layer 1s disposed in between the
molding compound and the insulating encapsulant.

14. The semiconductor package according to claim 13,
further comprising a redistribution layer disposed on the
insulating encapsulant and over the interconnect structure,
wherein the redistribution layer 1s electrically connected to
the first semiconductor die through the plurality of through
insulator vias.

15. A method of fabricating a semiconductor package,
comprising;

disposing a first semiconductor die having a plurality of

conductive vias on a carrietr;

forming a dielectric layer on the first semiconductor die

and defining first openings and second openings in the
dielectric layer, wherein the first openings reveal a
portion of the plurality of conductive vias, and the
second openmings reveal another portion of the plurality
of conductive vias;

forming a plurality of first conductive features 1n the first

openings of the dielectric layer to be electrically con-
nected to the plurality of conductive vias, wherein the
plurality of first conductive features comprises flank
portions and a recessed portion joining the flank por-
tions;

forming a plurality of second conductive features 1n the

second openings of the dielectric layer to be electrically
connected to the plurality of conductive vias;
forming a plurality of through insulator vias on the
recessed portion of the plurality of first conductive
features, wherein the plurality of through insulator vias
1s electrically connected to the first semiconductor die;

disposing an interconnect structure on the plurality of
second conductive feature, wherein the interconnect
structure 1s electrically connected to the first semicon-
ductor die; and

debonding the carrier.

16. The method of fabricating the semiconductor package
according to claim 15, wherein a width of the first openings
1s greater than a width of the second openings.

17. The method of fabricating the semiconductor package
according to claim 15, wherein the plurality of through
insulator vias 1s formed by the following steps:

forming a seed layer on the dielectric layer and over the

first conductive features and the second conductive
features;

providing a photoresist pattern on the seed layer covering

the plurality of second conductive features and the
flank portions of the plurality of first conductive fea-
tures, wherein the photoresist pattern has openings
exposing portions of the seed layer located above the
recessed portions;

forming a metallic material on the exposed portions of the

seed layer to form the plurality of through insulator
vias; and

removing the photoresist pattern and portions of the seed

layer exposed by the through insulator vias.
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18. The method of fabricating the semiconductor package
according to claim 135, further comprising:

disposing a second semiconductor die on the carrier

adjacent to the first semiconductor die, wherein the
plurality of first conductive features and the plurality of
second conductive features are further electrically con-
nected to the second semiconductor die.

19. The method of fabricating the semiconductor package
according to claim 18, wherein the interconnect structure 1s
electrically connected to the first semiconductor die and the
second semiconductor die through the plurality of first
conductive features.

20. The method of fabricating the semiconductor package
according to claim 15, further comprising:

forming a molding compound on the carrier to encapsu-

late the first semiconductor die; and

forming an 1nsulating encapsulant on the dielectric layer

to encapsulate the plurality of through insulator vias
and the interconnect structure, wherein the dielectric
layer 1s located in between the molding compound and
the 1nsulating encapsulant.

e s e x s



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Description
	Page 12 - Description
	Page 13 - Description
	Page 14 - Description
	Page 15 - Description/Claims
	Page 16 - Claims
	Page 17 - Claims

