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(57) ABSTRACT

A package process includes following steps. A circuit mother
board comprising a plurality of circuit boards is disposed on
a carrier. Semiconductor devices are provided, wherein each
of the semiconductor devices has a top surface and a bottom
surface opposite thereto. Each of the semiconductor devices
has conductive vias each having a first end surface and a
second end surface exposed by the bottom surface of the
semiconductor device. The semiconductor devices are con-
nected to the corresponding circuit boards through their con-
ductive vias with their bottom surface facing the circuit
mother board. An insulating paste is formed between each of
the semiconductor devices and its corresponding circuit
board. A protection layer is formed on the circuit mother
board to cover the semiconductor devices. Then, the protec-
tion layer and the semiconductor devices are thinned to
expose the first end surface of each of the conductive vias.
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PACKAGE STRUCTURE AND PACKAGE
PROCESS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 98140006, filed on Nov. 24, 2009.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a package structure
and a package process thereof. More particularly, the present
invention relates to the package structure and the package
process suitable for stacked package of semiconductor
device.

[0004] 2. Description of Related Art

[0005] In today’s information society, users all seek after
electronic products with high speed, high quality and multiple
functions. In terms of the product exterior appearance, elec-
tronic product designs reveal a trend of light weight, thinness
and compactness. Stacked package of semiconductor devices
are accordingly developed to meet the above requirements.
[0006] In the stacked semiconductor device package, sev-
eral semiconductor devices are perpendicularly stacked
together in the same package structure so that the package
density is improved and the dimension of the package struc-
ture is decreased. Furthermore, by using three-dimensional
stacking method to decrease the path length of the signal
transmission between the semiconductor devices, rate of the
signal transmission is improved and the semiconductor
devices with different functions can be combined in the same
package structure.

[0007] The conventional stacked semiconductor device
package firstly stacks plural semiconductor devices together
to form a stacked structure of semiconductor devices,
wherein at least one of the semiconductor devices has a plu-
rality of through silicon vias (TSVs) to electrically connect
the semiconductor devices together through the TSVs. Then
the stacked structure of semiconductor devices is bonded to a
circuit board through the TSVs, and a molding compound is
formed on the circuit board to preserve the stacked structure
of' semiconductor devices. In other words, the prior art forms
the stacked structure of semiconductor devices first and then
bonded the stacked structure on the circuit board.

[0008] However, in the conventional manufacturing
method of stacked semiconductor device package, the kind or
circuit layout of the semiconductor devices needs to be pre-
determined at the start of the package process, and thus the
selectivity or the collocation of semiconductor device is
restricted.

SUMMARY OF THE INVENTION

[0009] The present invention is directed to a package struc-
ture suitable for being applied in stacked package of various
semiconductor devices according to practical requirements.

[0010] The present invention is directed to a package pro-
cess which increases the selectivity of semiconductor device
of the package structure in the stacked package of semicon-
ductor device.
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[0011] As embodied and broadly described herein, a pack-
age process is provided. Firstly, a carrier is provided. Then, a
circuit mother board comprising a plurality of circuit boards
is disposed on the carrier. Plural first semiconductor devices
are provided, wherein each of the first semiconductor devices
has a first top surface and a bottom surface opposite to the first
top surface, each of the first semiconductor devices has a
plurality of conductive vias, and each of the conductive vias
has a first end surface and a second end surface which is
opposite to the first end surface and exposed by the bottom
surface of the corresponding first semiconductor device.
Then, the first semiconductor devices are bonded to their
corresponding circuit boards through their conductive vias,
wherein the bottom surface of each of the first semiconductor
devices faces the circuit mother board. Afterwards, a first
protection layer is formed on the circuit mother board to cover
the first semiconductor devices. Then, the first protection
layer and the first semiconductor devices are thinned to
expose the first end surface of each of the conductive vias.

[0012] In one embodiment of the present invention, the
aforementioned package process further comprises removing
the first protection layer after exposing the first end surface of
each of the conductive vias, and forming a second protection
layer on the circuit mother board to cover the first semicon-
ductor devices.

[0013] According to an embodiment of the present inven-
tion, the above package process further includes the following
steps. The second protection layer is thinned to expose the
first end surface of each of the conductive vias, wherein the
second protection layer covers a second top surface of each of
the first semiconductor devices far away from the circuit
mother board, and an end portion of each of the conductive
vias far away from the circuit mother board protrudes outside
the second protection layer. Then, a plurality of second semi-
conductor devices are bonded to the first semiconductor
devices respectively, wherein the conductive vias of each of
the first semiconductor devices are connected to the corre-
sponding second semiconductor device. Afterwards, a third
protection layer is formed on the circuit mother board to cover
the second semiconductor devices. Then, the circuit mother
board is detached from the carrier. Next, the second protec-
tion layer, the third protection layer and the circuit mother
board are sawed along an outline of each of the circuit boards
to form a plurality of package structures.

[0014] According to an embodiment of the present inven-
tion, a second insulating paste is formed between each of the
first semiconductor devices and its corresponding second
semiconductor device after exposing the conductive vias and
before forming the third protection layer.

[0015] According to an embodiment of the present inven-
tion, a plurality of solder balls are formed on a surface of each
of the circuit boards far away from its corresponding first
semiconductor device after detaching the circuit mother
board from the carrier.

[0016] According to an embodiment of the present inven-
tion, a grinding process is performed to a first side of the first
protection layer far away from the circuit mother board to
expose the first end surface of each of the conductive vias, and
then the first protection layer and the first semiconductor
devices are thinned from the first side of the first protection
layer, so as to protrude an end portion of each of the conduc-
tive vias from a second top surface of the corresponding first
semiconductor device far away from the circuit mother board.
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[0017] According to an embodiment of the present inven-
tion, a surface treatment is applied to the first end surface of
each of the conductive vias to form a covering layer thereon.
[0018] According to an embodiment of the present inven-
tion, a first insulating paste is formed on each of the circuit
boards before bonding each of the first semiconductor devices
to its corresponding circuit board, and then each of the first
semiconductor devices is bonded to its corresponding circuit
board by disposing each of the first semiconductor devices
onto the corresponding first insulating paste, wherein each of
the first insulating pastes encapsulates a plurality of conduc-
tive bumps on the bottom surface of the corresponding first
semiconductor device, and the conductive bumps connect
with the corresponding circuit board.

[0019] According to an embodiment of the present inven-
tion, a first insulating paste is filled between each of the
semiconductor devices and its corresponding circuit board
after bonding the first semiconductor device to the corre-
sponding circuit board.

[0020] According to an embodiment of the present inven-
tion, a plurality of second semiconductor devices are bonded
to the first semiconductor devices respectively after exposing
the first end surface of each of the conductive vias, wherein
the conductive vias of each of the first semiconductor devices
are connected to the corresponding second semiconductor
device. Then, a third protection layer is formed on the circuit
mother board to cover the second semiconductor devices.
Next, the circuit mother board is detached from the carrier,
and the first protection layer, the third protection layer and the
circuit mother board are sawed along an outline of each of the
circuit boards to form a plurality of package structures.
[0021] According to the above embodiment of the present
invention, a second insulating paste may be formed between
each of the first semiconductor devices and its corresponding
second semiconductor device after exposing the conductive
vias and before forming the third protection layer.

[0022] According to the above embodiment of the present
invention, a plurality of solder balls may be formed on a
surface of each of the circuit boards far away from its corre-
sponding first semiconductor device after detaching the cir-
cuit mother board from the carrier.

[0023] The present invention further provides a package
structure comprising a circuit board, a first semiconductor
device and a first protection layer. The first semiconductor
device is disposed on the circuit board, wherein the first
semiconductor device has a top surface and a bottom surface
which is opposite to the top surface and facing the circuit
board, the first semiconductor devices has a plurality of con-
ductive vias, and each of the conductive vias has a first end
surface exposed by the top surface and a second end surface
exposed by the bottom surface. The first protection layer is
disposed on the circuit board, wherein the protection layer
covers at least a side wall of the first semiconductor device
and exposes the first end surface of each of the conductive
vias, and the side wall of the first protection layer is substan-
tially aligned with a side wall of the circuit board.

[0024] According to an embodiment of the present inven-
tion, the packaging structure further comprises a covering
layer disposed on the first end surface of each of the conduc-
tive vias.

[0025] According to an embodiment of the present inven-
tion, the package structure further comprises a first insulating
paste disposed between the first semiconductor device and the
circuit board and encapsulating a plurality of conductive
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bumps on the bottom surface of the first semiconductor
device, wherein the conductive bumps are connected to the
circuit board.

[0026] According to an embodiment of the present inven-
tion, the package structure further comprises a plurality of
solder balls disposed on a surface of the circuit board far away
from the first semiconductor device.

[0027] According to an embodiment of the present inven-
tion, the package structure further comprises a second semi-
conductor device and a third protection layer, wherein the
second semiconductor device is disposed on the top surface of
the first semiconductor device and connected to the conduc-
tive vias of the first semiconductor device, and the third
protection layer is disposed on the circuit board and covers
the second semiconductor device.

[0028] According to an embodiment of the present inven-
tion, the package structure further comprises a second insu-
lating paste disposed between the first semiconductor device
and the second semiconductor device.

[0029] According to an embodiment of the present inven-
tion, a side wall of the third protection layer is substantially
aligned with the side wall of the first protection layer and the
side wall of the circuit board.

[0030] According to an embodiment of the present inven-
tion, an end portion of each of the conductive vias far away
from the circuit board protrudes from the top surface of the
first semiconductor device.

[0031] According to an embodiment of the present inven-
tion, a top surface of the first protection layer far away from
the circuit board is substantially aligned with the top surface
of the first semiconductor device.

[0032] According to an embodiment of the present inven-
tion, a part of the first protection layer covers the top surface
of'the first semiconductor device, and an end portion of each
of the conductive vias far away from the circuit board pro-
trudes from a surface of the first protection layer far away
from the circuit board.

[0033] According to an embodiment of the present inven-
tion, a top surface of the first protection layer far away from
the circuit board is above or below the top surface of the first
semiconductor device.

[0034] Based on the above, a package structure is provided
by disposing the first semiconductor device on the circuit
mother board to expose conductive vias of the first semicon-
ductor device. A preferred second semiconductor device is
then optionally and selectively bonded to the first semicon-
ductor device according to practical requirements. Therefore,
the selectivity or the collocation between the first semicon-
ductor device and the second semiconductor device is flex-
ible.

[0035] In order to make the aforementioned and other fea-
tures and advantages of the invention more comprehensible,
embodiments accompanying figures are described in detail
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.
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[0037] FIGS. 1A through 1G are cross-sectional views
illustrating a process of fabricating a package structure
according to an embodiment of the present invention.
[0038] FIGS.2A and 2B are cross-sectional views illustrat-
ing a sequent process of fabricating the package structure in
FIG. 1G.

[0039] FIGS. 3A through 3F are cross-sectional views
illustrating a sequent process of fabricating the package struc-
ture in FIG. 1G according to another embodiment of the
present embodiment.

[0040] FIG. 4 shows another package structure different
from that in FIG. 3F.

[0041] FIGS. 5A through 5F are cross-sectional views
illustrating a sequent process of fabricating the package struc-
ture in FIG. 2B according to another embodiment of the
present embodiment.

DESCRIPTION OF EMBODIMENTS

[0042] FIGS. 1A through 1G are cross-sectional views
illustrating a process of fabricating a package structure
according to an embodiment of the present invention.

[0043] Firstly, referring to FIG. 1A, a carrier 110 is pro-
vided. An adhesive layer A is formed on the carrier 110 in this
embodiment. Then, referring to FIG. 1B, a circuit mother
board 120 comprising a plurality of circuit boards 122 is
disposed on the adhesive layer A.

[0044] Referring to FIG. 1C, a plurality of first semicon-
ductor devices (e.g. chips) 130 are provided, wherein each of
the first semiconductor devices 130 has a top surface 132 and
a bottom surface 134 opposite thereto. In addition, each of the
first semiconductor devices 130 has a plurality of conductive
vias 136, wherein each of the conductive vias 136 has a first
end surface 1364 and a second end surface 1365 which is
opposite to the first end surface 136a and exposed by the
bottom surface 134 of the first semiconductor device 130
correspondingly. It is noted that the word “correspondingly”
in the above refers to the relationship between the bottom
surface 134 and the conductive vias 136 of the same first
semiconductor device 130. In this embodiment, the conduc-
tive vias can be through silicon vias (TSVs). Then, the first
semiconductor devices 130 are bonded to their corresponding
circuit boards 122 through their conductive vias 136 and
conductive bumps 138 formed on their bottom surfaces 134,
wherein the bottom surface 134 of each of the first semicon-
ductor devices 130 faces the circuit mother board 120, while
the top surface 132 of each of the first semiconductor devices
130 is far away from the circuit mother board 120.

[0045] In this embodiment, a first insulating paste 140 is
formed between each of the first semiconductor devices 130
and the corresponding circuit board 122 to protect the con-
ductive bumps 138, wherein the first insulating paste 140 can
be formed before or after bonding the first semiconductor
devices 130 to their corresponding circuit boards 122. A
material of the first insulating pastes 140 is, for example,
non-conductive polymer (NCP) or other applicable underfill
material.

[0046] Specifically, the first insulating pastes 140 can be
formed before bonding the first semiconductor devices 130 to
their corresponding circuit boards 122 by disposing each of
the first semiconductor devices 130 onto the corresponding
first insulating paste 140, wherein each of the first insulating
pastes 140 encapsulates the conductive bumps 138 on the
bottom surface 134 of the corresponding first semiconductor
device 130, and the conductive bumps 138 connect with the
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corresponding circuit board 122. Alternatively, the first insu-
lating pastes 140 can be formed after bonding the first semi-
conductor devices 130 to their corresponding circuit boards
122 by filling an insulating material therebetween.

[0047] Afterwards, referring to FIG. 1D, a first protection
layer 150 is formed on the circuit mother board 120 to cover
the first semiconductor devices 130. In the present embodi-
ment, the protection layer 150 is, for example, formed by
coating or molding.

[0048] Then, referring to FIG. 1F, the first protection layer
150 and the first semiconductor devices 130 are thinned to
expose the first end surface 1364 of each of the conductive
vias 136. In detail, according to the present embodiment, the
process of thinning the first protection layer 150 and the first
semiconductor devices 130 is illustrated in the following.
Referring to FIGS. 1D and 1E, a grinding process is per-
formed to a first side 152 of the first protection layer 150 far
away from the circuit mother board 120 to expose the first end
surface 1364 of each of the conductive vias 136. The grinding
process can be a regular grinding process or a chemical
mechanical polishing (CMP) process.

[0049] Then, referring to FIG. 1F, the first protection layer
150 and the first semiconductor devices 130 are thinned from
the first side 152 of the first protection layer 150, so as to
protrude an end portion 136¢ of each of the conductive vias
136 from the top surface 132a of the corresponding first
semiconductor device 130 far away from the circuit mother
board 120. Except the aforementioned CMP process, the first
protection layer 150 and the first semiconductor devices 130
can further be thinned by chemical etching, ashing, grinding
or other applicable process capable of thinning the first pro-
tection layer 150 and the first semiconductor devices 130
simultaneously or individually. In the present embodiment,
an etchant of the CMP process has a higher etching rate with
respect to silicon than to the conductive vias 136 is preferred,
s0 as to prevent excessive etching of the conductive vias 136
in the thinning process.

[0050] It is noted that, in the present embodiment, the first
protection layer 150 and the first semiconductor devices 130
can be thinned simultaneously or individually, and accord-
ingly the top surface 154 of the first protection layer 150 far
away from the circuit mother board 120 and the top surface
1324 of each of the first semiconductor devices 130 can be
coplanar with each other or not.

[0051] Thereafter, referring to FIG. 1G, a surface treatment
can be applied to the first end surface 136a of each of the
conductive vias 136 so as to form a covering layer 160
thereon. A material of covering layer can be selected from a
group consisting of nickel-gold, nickel-palladium-gold, sil-
ver, tin, solder paste, organic solderability preservative (OSP)
and combinations thereof. In other embodiments, the cover-
ing layer 160 can further cover the end portion 136¢ of each of
the conductive vias 136 protruding from the top surface 132a.
[0052] FIGS.2A and 2B are cross-sectional views illustrat-
ing a sequent process of fabricating the package structure in
FIG. 1G. Referring to FIG. 2A, the material of the first pro-
tection layer 150 can be a removable material such that the
first protection layer 150 can be removed after the end por-
tions 136¢ of the conductive vias 136 are exposed. Then,
referring to FIG. 2B, a second protection layer 170 is formed
on the circuit mother board 120 to cover the first semicon-
ductor devices 130 for being as a molding compound,
wherein the second protection layer 170 may be formed by
coating or molding.
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[0053] FIGS. 3A through 3F are cross-sectional views
illustrating a sequent process of fabricating the package struc-
ture in FIG. 1G according to another embodiment of the
present embodiment. Following the process illustrated in
FIG. 1G, as shown in FIG. 3 A, a second insulating paste 210
can be formed on each of the first semiconductor devices 130,
wherein a material of the second insulating paste 210 is, for
example, non-conductive polymer (NCP) or other applicable
underfill material. Then, as shown in FIG. 3B, a plurality of
second semiconductor devices (e.g. chips) 220 are respec-
tively disposed on their corresponding second insulating
paste 210, wherein each of the second semiconductor devices
220 is connected to its corresponding first semiconductor
device 130 by bonding conductive vias 136 of the first semi-
conductor device 130 with pads 222 of the second semicon-
ductor device 220 respectively.

[0054] In other embodiments, the second insulating paste
210 can be formed after bonding the second semiconductor
devices 220 to their corresponding first semiconductor
devices 130 by filling the second insulating paste 210 ther-
ebetween.

[0055] Then, referring to FIG. 3C, a third protection layer
230 is formed on the circuit mother board 120 to cover the
second semiconductor devices 220, wherein the third protec-
tion layer 230 may be formed by coating or molding. Next,
referring to FIG. 3D, the circuit mother board 120 is detached
from the adhesive layer A and the carrier 110. Then, referring
to FIG. 3E, a plurality of solder balls 240 are formed on a
surface 1224 of each of the circuit board 122 far away from its
corresponding first semiconductor device 130.

[0056] Then, referring to FIGS. 3E and 3F, the first protec-
tion layer 150, the third protection layer 230 and the circuit
mother board 120 are sawed along an outline of each of the
circuit boards 122 to form a plurality of package structures P
(FIG. 3F exemplarily shows only one package structure P).
[0057] It is noted that although the package structure P of
this embodiment is presented as stacking one second semi-
conductor device 220 on one first semiconductor device,
however, the quantity of semiconductor devices stacked in the
package structure P is not limited in the present invention. In
further another embodiment, the package structure P may
have three or more semiconductor devices stacked with one
another, while these semiconductor devices are electrically
connected through their conductive vias 136.

[0058] FIG. 4 shows another package structure different
from that in FIG. 3F. Referring to F1G. 4, without forming the
second insulating paste 210 as shown in FIGS. 3A and 3B, the
third protection layer 230 formed in FIG. 3C can be filled
between each of the first semiconductor devices 130 and the
corresponding second semiconductor device 220, and then
the process in FIGS. 3D through 3F (i.e. detaching the circuit
mother board 120 and the carrier 110, forming the solder balls
240, and sawing the first protection layer 150, the third pro-
tection layer 230 and the circuit mother board 120) is per-
formed to form the structure package P in FIG. 4.

[0059] Comparing with the prior art which stacks semicon-
ductor devices before bonding the stacked structure to a cir-
cuit board, the illustrated embodiment bonds the first semi-
conductor devices 130 onto the circuit mother board 120 first
to provide a package structure P2 (as shown in FIG. 1G) with
plural exposed conductive vias 136, and then various types of
second semiconductor devices 220 can be optionally and
selectively bonded to the first semiconductor devices 130
according to practical requirements. Therefore, the colloca-
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tion between the first semiconductor device 130 and the sec-
ond semiconductor device 220 is flexible.

[0060] In other words, one may manufactures the package
structure P2 and provides the same to the other one, while the
other one can select a second semiconductor device 220
according to practical requirements and bond the same to the
first semiconductor device 130 of the package structure P2 to
obtain a preferred package structure P as shown in FIG. 3F.
Since the fabrication of the package structure P is properly
divided into the above two independent processes, the selec-
tivity of the stacked semiconductor devices can be increased.
[0061] Details of the package structure P in FIG. 3F is
illustrated in the following.

[0062] Referring to FIG. 3F, the package structure P com-
prises a circuit board 122, a first semiconductor device 130
and a first protection layer 150. The first semiconductor
device 130 is disposed on the circuit board 122 and has a top
surface 132q and a bottom surface 134 which is opposite to
the top surface 132a and facing the circuit board 122. In
addition, the first semiconductor device 130 has a plurality of
conductive vias 136, wherein each of the conductive vias 136
has a first end surface 136a and a second end surface 1364
which is opposite to the first end surface 136a and exposed by
the bottom surface 134 of the first semiconductor device 130.
The conductive vias 136 penetrate the first semiconductor
device 130, wherein an end portion 136¢ of each of the con-
ductive vias 136 far away from the circuit board 122 protrudes
from the top surface 132a of the first semiconductor device
130.

[0063] Particularly, the first semiconductor device 130 is
connected to the circuit board 122 via plural conductive
bumps 138 on the bottom surface 134, and a first insulating
paste 140 is formed between the first semiconductor devices
130 and the circuit board 122 to protect the conductive bumps
138.

[0064] A covering layer 160 is formed on the first end
surface 136a of each of the first conductive vias 136, so as to
prevent the conductive vias 136 from oxidation or pollution in
the surroundings and improve the bondability between the
conductive vias 136 and other electronic devices such as
another semiconductor device.

[0065] The first protection layer 150 is disposed on the
circuit board 122, wherein the first protection layer 150 cov-
ers the sidewall S1 of the first semiconductor device 130 and
exposes the first end surface 1364 of each of the conductive
vias 136. The sidewall S2 of the first protection layer 150 is
aligned with the sidewall S3 of the circuit board 122, while
the top surface 154 of the first protection layer 150 far away
from the circuit board 122 is aligned with the top surface 1324
of the first semiconductor device 130. In other embodiments,
the first insulating paste 140 can be replaced by a portion of
the first protection layer 150 filled between the first semicon-
ductor device 130 and the circuit board 122.

[0066] According to this embodiment, a second semicon-
ductor device 220 is disposed on the top surface 132q of the
first semiconductor device 130, wherein pads 222 on the
bottom surface 224 of the second semiconductor device 220
are respectively connected to the conductive vias 136 of the
first semiconductor device 130. Furthermore, a second insu-
lating paste 210 is disposed between the first semiconductor
device 130 and the second semiconductor device 220 to pre-
serve the bonding region between the first semiconductor
device 130 and the second semiconductor device 220, includ-
ing the pads 222, the covering layers 160 and the first end
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surface 1364 of each of the conductive vias 136. According to
this embodiment, a second semiconductor device 220 is dis-
posed on the top surface 132a of the first semiconductor
device 130, wherein pads 210 on the bottom surface 224 of
the second semiconductor device 220 are respectively con-
nected to the conductive vias 136 of the first semiconductor
device 130.

[0067] Inaddition, a third protection layer 230 is disposed
onthe circuit board 122 to preserve the second semiconductor
device 220 from pollution of the surroundings or damage
caused by sequent process. The third protection layer 230
covers the second semiconductor device 220, wherein the
sidewall S4 of the third protection layer 230 is aligned with
the sidewall S2 of the first protection layer 150 and the side-
wall S3 of the circuit board 122. In other embodiments, the
second insulating paste 210 can be replaced by a portion of
the third protection layer 230 filled between the first semi-
conductor device 130 and the second semiconductor device
220.

[0068] Furthermore, plural solder balls 240 are disposed on
the surface 1224 of the circuit board 122 far away from the
first semiconductor device 130, by which the first semicon-
ductor device 130 and the second semiconductor device 220
are electrically connected to other electronic devices.

[0069] FIGS. 5A through 5F are cross-sectional views
illustrating a sequent process of fabricating the package struc-
ture in FIG. 2B according to another embodiment of the
present embodiment. Referring to FIG. 5A, the second pro-
tection layer 170 is thinned to expose the first end surface
136a of each of the conductive vias 136. In this embodiment,
the second protection layer 170 covers the top surface 132a of
each of the first semiconductor devices 130, and an end por-
tion 136¢ of each of the conductive vias 136 far away from the
circuit mother board 120 protrudes from a surface 172 of the
second protection layer 170 far away from the circuit mother
board 120.

[0070] Then, referring to FIG. 5B, plural second semicon-
ductor devices 220 are respectively bonded to the first semi-
conductor devices 130, wherein the conductive vias 136 of
each of the first semiconductor devices 130 are connected to
the corresponding second semiconductor device 220. In this
embodiment, a second insulating paste 210 can be optionally
and selectively formed between each of the first semiconduc-
tor devices 130 and the corresponding second semiconductor
device 220, wherein the second insulating paste 210 can be
formed before or after bonding the second semiconductor
devices 220 to their corresponding first semiconductor
devices 130.

[0071] Afterwards, referring to FIG. 5C, a third protection
layer 230 is formed on the circuit mother board 120 to cover
the second semiconductor devices 220.

[0072] Next, referring to FIG. 5D, the circuit mother board
120 is detached from the adhesive layer A and the carrier 110.
[0073] Then, referring to FIG. 5E, a plurality of solder balls
240 are formed on a surface 1224 of each of the circuit board
122 far away from its corresponding first semiconductor
device 130.

[0074] Next, referring FIG. 5F, the second protection layer
170, the third protection layer 230 and the circuit mother
board 120 are sawed along an outline of each of the circuit
boards 122 to form a plurality of package structures P3.
[0075] The package structure P3 is mostly similar to the
package structure P in FIG. 3F except the second protection
layer 170 covers the top surface 132a of each of the first
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semiconductor devices 130, and the conductive vias 136 pro-
trude from the surface 172 of the second protection layer 170
far away from the circuit mother board 120. In the present
embodiment, the surface 172 of the second protection layer
170 is higher than the top surface 132a of the first semicon-
ductor device 130.

[0076] Insummary, a package structure is provided by dis-
posing the first semiconductor device on the circuit mother
board to expose conductive vias of the first semiconductor
device. Then, a preferred second semiconductor device can
be optionally and selectively bonded to the first semiconduc-
tor device according to practical requirements. Therefore, the
selectivity and collocation between the first semiconductor
device and the second semiconductor device is flexible.
[0077] Although the invention has been described with ref-
erence to the above embodiments, it will be apparent to one of
the ordinary skill in the art that modifications to the described
embodiment may be made without departing from the spirit
of'the invention. Accordingly, the scope of the invention will
be defined by the attached claims not by the above detailed
descriptions.

What is claimed is:

1. A package process, comprising:

providing a carrier;

disposing a circuit mother board on the carrier, wherein the
circuit mother board comprises a plurality of circuit
boards;

providing a plurality of first semiconductor devices,
wherein each of the first semiconductor devices has a
first top surface and a bottom surface opposite to the first
top surface, each of the first semiconductor devices has
aplurality of conductive vias, and each of the conductive
vias has a first end surface and a second end surface
which is opposite to the first end surface and exposed by
the bottom surface of the corresponding first semicon-
ductor device;

bonding the first semiconductor devices to their corre-
sponding circuit boards through their conductive vias,
wherein the bottom surface of each of the first semicon-
ductor devices faces the circuit mother board;

forming a first protection layer on the circuit mother board
to cover the first semiconductor devices; and

thinning the first protection layer and the first semiconduc-
tor devices to expose the first end surface of each of the
conductive vias.

2. The package process as claimed in claim 1, further

comprising:

removing the first protection layer after exposing the first
end surface of each of the conductive vias; and

forming a second protection layer on the circuit mother
board to cover the first semiconductor devices.

3. The package process as claimed in claim 2, further

comprising:

thinning the second protection layer to expose the first end
surface of each of the conductive vias, wherein the sec-
ond protection layer covers a second top surface of each
of the first semiconductor devices far away from the
circuit mother board, and an end portion of each of the
conductive vias far away from the circuit mother board
protrudes outside the second protection layer;

bonding a plurality of second semiconductor devices to the
first semiconductor devices respectively, wherein the
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conductive vias of each of the first semiconductor
devices are connected to the corresponding second
semiconductor device;

forming a third protection layer on the circuit mother board

to cover the second semiconductor devices;

detaching the circuit mother board from the carrier; and

sawing the second protection layer, the third protection

layer and the circuit mother board along an outline of
each of'the circuit boards to form a plurality of package
structures.

4. The package process as claimed in 1, wherein the
method of thinning the first protection layer and each of the
first semiconductor devices comprises:

performing a grinding process to a first side of the first

protection layer far away from the circuit mother board
to expose the first end surface of each of the conductive
vias; and

thinning the first protection layer and the first semiconduc-

tor devices from the first side of the first protection layer,
so as to protrude an end portion of each of the conductive
vias from a second top surface of the corresponding first
semiconductor device far away from the circuit mother
board.

5. The package process as claimed in claim 1, further
comprising:

applying a surface treatment to the first end surface of each

of the conductive vias to form a covering layer thereon.

6. The package process as claimed in claim 1, further
comprising:

forming a first insulating paste on each of the circuit boards

before bonding each of the first semiconductor devices
to its corresponding circuit board; and

bonding each of the first semiconductor devices to its cor-

responding circuit board by disposing each of the first
semiconductor devices onto the corresponding first
insulating paste, wherein each of the first insulating
pastes encapsulates a plurality of conductive bumps on
the bottom surface of the corresponding first semicon-
ductor device, and the conductive bumps connect with
the corresponding circuit board.

7. The package process as claimed in claim 1, further
comprising:

filling a first insulating paste between each of the semicon-

ductor devices and its corresponding circuit board after
bonding the first semiconductor device to the corre-
sponding circuit board.

8. The package process as claimed in claim 1, further
comprising:

bonding a plurality of second semiconductor devices to the

first semiconductor devices respectively after exposing
the first end surface of each of the conductive vias,
wherein the conductive vias of each of the first semicon-
ductor devices are connected to the corresponding sec-
ond semiconductor device;

forming a third protection layer on the circuit mother board

to cover the second semiconductor devices;

detaching the circuit mother board from the carrier; and

sawing the first protection layer, the third protection layer

and the circuit mother board along an outline of each of
the circuit boards to form a plurality of package struc-
tures.

9. The package process as claimed in claim 8, further
comprising:
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forming a plurality of solder balls on a surface of each of
the circuit boards far away from its corresponding first
semiconductor device after detaching the circuit mother
board from the carrier.

10. A package structure, comprising:

a circuit board;

a first semiconductor device disposed on the circuit board,
wherein the first semiconductor device has a top surface
and a bottom surface which is opposite to the top surface
and facing the circuit board, the first semiconductor
devices has a plurality of conductive vias, and each of
the conductive vias has a first end surface exposed by the
top surface and a second end surface exposed by the
bottom surface; and

a first protection layer disposed on the circuit board,
wherein the protection layer covers at least a side wall of
the first semiconductor device and exposes the first end
surface of each of the conductive vias, and the side wall
of the first protection layer is substantially aligned with
a side wall of the circuit board.

11. The package structure as claimed in claim 10, further

comprising:

a covering layer disposed on the first end surface of each of
the conductive vias.

12. The package structure as claimed in claim 10, further

comprising:

a first insulating paste disposed between the first semicon-
ductor device and the circuit board and encapsulating a
plurality of conductive bumps on the bottom surface of
the first semiconductor device, wherein the conductive
bumps are connected to the circuit board.

13. The package structure as claimed in claim 10, further

comprising:

a plurality of solder balls, disposed on a surface of the
circuit board far away from the first semiconductor
device.

14. The package structure as claimed in claim 10, further

comprising:

a second semiconductor device disposed on the top surface
of the first semiconductor device and connected to the
conductive vias of the first semiconductor device; and

a third protection layer disposed on the circuit board and
covering the second semiconductor device.

15. The package structure as claimed in claim 14, further

comprising:

a second insulating paste disposed between the first semi-
conductor device and the second semiconductor device.

16. The package structure as claimed in claim 14, wherein
aside wall of the third protection layer is substantially aligned
with the side wall of the first protection layer and the side wall
of the circuit board.

17. The package structure as claimed in claim 10, wherein
an end portion of each of the conductive vias far away from
the circuit board protrudes from the top surface of the first
semiconductor device.

18. The package structure as claimed in claim 10, wherein
a top surface of the first protection layer far away from the
circuit board is substantially aligned with the top surface of
the first semiconductor device.

19. The package structure as claimed in claim 10, wherein
apart of the first protection layer covers the top surface of the
first semiconductor device, and an end portion of each of the
conductive vias far away from the circuit board protrudes
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from a surface of the first protection layer far away from the circuit board is above or below the top surface of the first
circuit board. semiconductor device.

20. The package structure as claimed in claim 10, wherein
a top surface of the first protection layer far away from the ok ow R



