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A chip stackpackage includes a substrate, a plurality of chips, 
a plurality of adhesive layers and a plug. The substrate has a 
Wiring pattern and a seed layer formed on the Wiring pattern. 
Each of the chips has an electrode pad and a ?rst through-hole 
that penetrates the electrode pad. The chips are stacked such 
that the ?rst through-holes are aligned on the seed layer of the 
substrate. The adhesive layers are interposed between the 
substrate and one of the chips, as Well as between the chips. 
Each of the adhesive layers has a second through-hole con 
nected to the ?rst through-hole. The plug ?lls up the ?rst 
through-holes and the second through-holes and electrically 
connects the electrode pads to the Wiring pattern of the sub 
strate. A cross-sectional area of the plug in the second 
through-holes may be larger than that of the plug in the ?rst 
through-holes. 

550 

560 

503 
550 

504 

530 



Patent Application Publication Sep. 25, 2008 Sheet 1 0f 12 US 2008/0230923 A1 

FIG. 1 
m 

130 

FIG. 2A 



Patent Application Publication Sep. 25, 2008 Sheet 2 0f 12 US 2008/0230923 A1 

FIG. 2B 

FIG. 2C 

130 



Patent Application Publication Sep. 25, 2008 Sheet 3 0f 12 US 2008/0230923 A1 

FIG. 2D 

130 

FIG. 2E 

130 



Patent Application Publication Sep. 25, 2008 Sheet 4 0f 12 US 2008/0230923 A1 

FIG. 3A 

i'i 

FIG. 3B 

K 

FIG. 3C 

/ , 107 



Patent Application Publication Sep. 25, 2008 Sheet 5 0f 12 US 2008/0230923 A1 

FIG. 3D 

108109107 

FIG. 3E 



Patent Application Publication Sep. 25, 2008 Sheet 6 0f 12 US 2008/0230923 A1 

FIG. 4 

50 



Patent Application Publication Sep. 25, 2008 Sheet 7 0f 12 US 2008/0230923 A1 

FIG. 5A 

540 

530 

FIG. 5B 



Patent Application Publication Sep. 25, 2008 Sheet 8 0f 12 US 2008/0230923 A1 

F | G . 5C 

570 
503 

550 

550 

502 

530 



Patent Application Publication Sep. 25, 2008 Sheet 9 0f 12 US 2008/0230923 A1 

FIG. 5D 

550 

560 

503 
550 

504 

530 



Patent Application Publication 

FIG. GA 

Sep. 25, 2008 Sheet 10 0f 12 US 2008/0230923 A1 

<(////// ) 
580 592 590 

FIG. 6B 

50 

580 5 

550 

560 

550 

560 

/3//////3, 



Patent Application Publication Sep. 25, 2008 Sheet 11 0f 12 US 2008/0230923 Al 

F | G . 6C 

5 0 /503 
550 

560 

550 

592 594 590 

FIG. 7B 

580 592 594 590 



Patent Application Publication Sep. 25, 2008 Sheet 12 0f 12 US 2008/0230923 A1 

FIG. 7C 

5 0 503 

550 

560 

550 

560 

FIG. 7D 

503 

550 

560 

550 



US 2008/0230923 A1 

CHIP STACK PACKAGE AND METHOD OF 
MANUFACTURING THE CHIP STACK 

PACKAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119 to Korean Patent Application No. 2007-26409, ?led on 
Mar. 19, 2007 in the Korean Intellectual Property O?ice 
(KIPO), the contents of Which are herein incorporated by 
reference in their entirety. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] Example embodiments of the present invention 
relate to a chip stack package and a method of manufacturing 
the chip stack package. More particularly, example embodi 
ments of the present invention relate to a chip stack package 
including a plurality of chips stacked on a Wiring substrate 
and a method of manufacturing the chip stack package. 
[0004] 2. Description of the Related Art 
[0005] Generally, semiconductor devices are manufactured 
by a fabrication process, an electrical die sorting (EDS) pro 
cess, and a packaging process. The fabrication process typi 
cally comprises forming electric circuits including electric 
elements on a semiconductor substrate such as a silicon 

Wafer. The electrical die sorting (EDS) process includes 
inspecting electrical properties of chips formed by the fabri 
cation process. The packaging process includes sealing the 
chips With resin such as epoxy and sorting the chips. 
[0006] NoWadays, a chip stack package is used as one type 
of packaging technology to increase the packaging e?iciency 
of the chips per unit volume. To manufacture the chip stack 
package, recesses are formed at upper surface portions of the 
chips, respectively. Then, each of the recesses is ?lled up With 
a conductive material by a plating process to form a plug in 
the recesses. After a solder is coated on the plug, a loWer 
surface of each of the chips is planariZed until the plug is 
exposed. The chips including the plugs are stacked on a 
silicon substrate or a printed circuit board (PCB). The chips 
are bonded to form the chip stack package. 
[0007] HoWever, because the plug is formed in each of the 
chips in order to manufacture the chip stack package, a time 
required to perform the plating process for forming the plugs 
in the chips may be greatly increased. Additionally, a void 
may be generated Within the plug. Further, uniformity of the 
shape and dimensions of the plug may be deteriorated. The 
chips may not be aligned accurately When the chips are 
stacked on the silicon substrate or the PCB because the solder 
coated on the plug protrudes from the upper surface of the 
chip. Thus, not only a contact problem betWeen the solder of 
one chip and the plug of an adjacent chip but also tilting of the 
multi-stacked chips may occur. 
[0008] Further, When the chips have different siZes and the 
plugs are spaced apart from one another, it may be di?icult to 
manufacture the chip stack package. The present invention 
addresses these and other disadvantages of conventional 
methods. 

SUMMARY 

[0009] Example embodiments of the present invention pro 
vide a chip stack package in Which the generation of a void 
Within a plug is minimiZed and in Which chips are easily 
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stacked. Example embodiments of the present invention also 
provide a method of manufacturing the chip stack package. 
[0010] According to one aspect of the present invention, a 
chip stack package includes a substrate, a plurality of chips, a 
plurality of adhesive layers and a plug. The substrate has a 
Wiring pattern and a seed layer formed on the Wiring pattern. 
Each of the chips has an electrode pad and a ?rst through-hole 
that penetrates the electrode pad. The chips are stacked such 
that the ?rst through-holes are aligned on the seed layer of the 
substrate. The plurality of adhesive layers is interposed 
betWeen the substrate and one of the chips, as Well as betWeen 
the chips. Each of the adhesive layers has a second through 
hole connected to the ?rst through-hole. The plug ?lls up the 
?rst through-holes and the second through-holes and electri 
cally connects the electrode pads of the chips to the Wiring 
pattern of the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above and other features and advantages of the 
present invention Will become more apparent by describing in 
detailed example embodiments thereof With reference to the 
accompanying draWings, in Which: 
[0012] FIG. 1 is a cross-sectional vieW illustrating a chip 
stack package in accordance With example embodiments of 
the present invention; 
[0013] FIGS. 2A to 2E are cross-sectional vieWs illustrat 
ing a method of manufacturing the chip stack package in FIG. 
1 in accordance With example embodiments of the present 
invention; 
[0014] FIGS. 3A to 3E are cross-sectional vieWs illustrat 
ing a method of manufacturing the chip in FIG. 2A in accor 
dance With example embodiments of the present invention; 
[0015] FIG. 4 is a cross-sectional vieW illustrating a chip 
stack package in accordance With another example embodi 
ment of the present invention; 
[0016] FIGS. 5A to 5D are cross-sectional vieWs illustrat 
ing a method of manufacturing the chip stack package in FIG. 
4 in accordance With another example embodiment of the 
present invention; 
[0017] FIGS. 6A to 6C are cross-sectional vieWs illustrat 
ing a method of manufacturing the second chip structure in 
FIG. 5C; and 
[0018] FIGS. 7A to 7D are cross-sectional vieWs illustrat 
ing another method of manufacturing the second chip struc 
ture in FIG. 5C. 

DETAILED DESCRIPTION 

[0019] The present invention is described more fully here 
inafter With reference to the accompanying draWings, in 
Which example embodiments of the present invention are 
shoWn. The present invention may, hoWever, be embodied in 
many different forms and should not be construed as limited 
to the example embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure Will be 
thorough and complete, and Will fully convey the scope of the 
present invention to those skilled in the art. In the draWings, 
the siZes and relative siZes of layers and regions may be 
exaggerated for clarity. 
[0020] It Will be understood that When an element or layer 
is referred to as being “on,” “connected to” or “coupled to” 
another element or layer, it can be directly on, connected or 
coupled to the other element or layer or intervening elements 
or layers may be present. In contrast, When an element is 
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referred to as being “directly on,” “directly connected to” or 
“directly coupled to” another element or layer, there are no 
intervening elements or layers present. Like reference numer 
als 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. 

[0021] It Will be understood that, although the terms ?rst, 
second, third etc. may be used herein to describe various 
elements, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, layer or section 
from another region, layer or section. Thus, a ?rst element, 
component, region, layer or section discussed beloW could be 
termed a second element, component, region, layer or section 
Without departing from the teachings of the present invention. 
[0022] 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 rela 

tionship to another element(s) or feature(s) as illustrated in 
the ?gures. It Will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the ?gures. For example, if the device in the 
?gures is turned over, elements described as “beloW” or 
“beneath” other elements or features Would then be oriented 
“above” the other elements or features. Thus, the example 
term “beloW” can encompass both an orientation of above and 
beloW. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 
[0023] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the present invention. As used herein, the sin 
gular forms “a,” “an” and “the” are intended to include the 
plural forms as Well, unless the context clearly indicates oth 
erWise. It Will be further understood that the terms “com 
prises” and/ or “comprising,” When used in this speci?cation, 
specify the presence of stated features, integers, steps, opera 
tions, elements, and/or components, but do not preclude the 
presence or addition of one or more other features, integers, 
steps, operations, elements, components, and/or groups 
thereof. 

[0024] Example embodiments of the present invention are 
described herein With reference to cross-section illustrations 
that are schematic illustrations of idealiZed embodiments 
(and intermediate structures) of the present invention. As 
such, variations from the shapes of the illustrations as a result, 
for example, of manufacturing techniques and/or tolerances, 
are to be expected. Thus, example embodiments of the 
present invention should not be construed as limited to the 
particular shapes of regions illustrated herein but are to 
include deplugtions in shapes that result, for example, from 
manufacturing. For example, an implanted region illustrated 
as a rectangle Will, typically, have rounded or curved features 
and/ or a gradient of implant concentration at its edges rather 
than a binary change from implanted to non-implanted 
region. LikeWise, a buried region formed by implantation 
may result in some implantation in the region betWeen the 
buried region and the surface through Which the implantation 
takes place. Thus, the regions illustrated in the ?gures are 
schematic in nature and their shapes are not intended to illus 
trate the actual shape of a region of a device and are not 
intended to limit the scope of the present invention. 
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[0025] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
Which the present invention belongs. It Will be further under 
stood that terms, such as those de?ned in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent With their meaning in the context of the relevant art 
and Will not be interpreted in an idealiZed or overly formal 
sense unless expressly so de?ned herein. 
[0026] FIG. 1 is a cross-sectional vieW illustrating a chip 
stack package in accordance With example embodiments of 
the present invention. 
[0027] Referring to FIG. 1, a chip stack package 100 
includes a plurality of chips 110, a plurality of adhesive layers 
120, a substrate 130, a plug 140, a sealing layer 150 and a 
solder ball 160. 
[0028] The substrate 130 includes a Wiring pattern 132 
thereon and a seed layer 134 formed on the Wiring pattern 
132. The seed layer 134 has a predetermined siZe. For 
example, the substrate 130 may be a printed circuit board 
(PCB), a silicon substrate, etc. 
[0029] Each of the chips 110 includes an electrode pad 102, 
a ?rst insulation layer 103, a ?rst diffusion barrier layer 104, 
a ?rst through-hole 106, a second insulation layer 108 and a 
second diffusion barrier layer 109, as illustrated in FIG. 2A. 
The electrode pad 102 is provided on a ?rst surface of the chip 
110. For example, the chip 110 may include a Wiring on the 
?rst surface in order to align the electrode pad 102 and/or 
improve the electric poWer distribution on the chip 110. The 
Wiring may connect a circuit pattern of the chip 110 to the 
electrode pad 102. The ?rst insulation layer 103 is provided 
on the ?rst surface of the chip 110 so as to expose the elec 
trode pad 102. The ?rst diffusion barrier layer 104 is provided 
on the ?rst surface of the chip 110 so as to cover the ?rst 
insulation layer 103. The ?rst through-hole 106 penetrates the 
chip 110 across the electrode pad 102. The siZe of the ?rst 
through-hole 106 may be smaller than that of the electrode 
pad 102. The second insulation layer 108 is provided on a 
second surface opposite to the ?rst surface of the chip 110 and 
on an inner surface of the ?rst through-hole 106. The second 
diffusion barrier layer 109 covers the second insulation layer 
108. 
[0030] The ?rst insulation layer 103 and the second insu 
lation layer 108 may include dielectric polymer, oxide, 
nitride, etc. Examples of the dielectric polymer may include 
imide, epoxy, novolac, benZocyclobutene (BCB), polyben 
ZoxaZole (PBO), etc. Examples of the oxide may include 
silicon oxide. Examples of the nitride may include silicon 
nitride. The ?rst diffusion barrier layer 104 and the second 
diffusion barrier layer 109 may include metal nitride. 
Examples of the metal nitride may be titanium aluminum 
nitride, aluminum nitride, titanium nitride, titanium silicon 
nitride, tantalum nitride, tantalum silicon nitride, tungsten 
nitride, etc. 
[0031] The chips 110 are stacked on the substrate 130 such 
that the ?rst through-holes 106 are aligned. Since the chips 
110 have substantially ?at, even surfaces and the inside of the 
?rst through-holes 106 is empty, the ?rst through-holes 106 
may align easily With one another. The aligned ?rst through 
holes 106 are arranged on the seed layer 132. 

[0032] In one example embodiment, the chips 110 are 
stacked such that the electrode pads 102 face upWard. In 
another example embodiment, the chips 110 are stacked such 
that the electrode pads 102 face doWnWard. In another 
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example embodiment, the chips 110 are stacked such that 
some electrode pads 102 face upward and other electrode 
pads 102 face doWnWard. 
[0033] The adhesive layers 120 are interposed betWeen the 
substrate 130 and one of the chips 110, as Well as betWeen the 
chips 110 such that the chips 110 adhere to the substrate 130. 
Each of the adhesive layers 120 includes a second through 
hole 122 that exposes the ?rst through-hole 106. The siZe of 
the second through-hole 122 may be larger than that of the 
?rst through-hole 106. The second through-hole 122 exposes 
the electrode pad 102 of each of the chips 110. 
[0034] The plug 140 ?lls up the ?rst through-holes 106 and 
the second through-holes 122 so as to penetrate the chips 110. 
A cross-sectional area of a portion of the plug 140 in the 
second through-hole 122 is larger than a cross-sectional area 
of a portion of the plug 140 in the ?rst through-hole 106 
because the siZe of the second through-hole 122 is larger than 
that of the ?rst through-hole 106. Accordingly, the plug 140 
may make accurate contact With the exposed electrode pads 
102. Further, a contact area betWeen the plug 140 and each of 
the chips 110 is broadened so as to increase a physical adhe 
sive force therebetWeen. The plug 140 is electrically con 
nected to the seed layer 134 of the substrate 130. Thus, the 
electrode pads 102 of the chips 110 are electrically connected 
to the Wiring pattern 132 of the substrate 130. The plug 140 
may include conductive material. Examples of the conductive 
material may be nickel (Ni), copper (Cu), gold (Au), a solder, 
etc. 

[0035] The plug 140 may be formed by a plating process 
using the seed layer 134. For example, the plating process 
may be performed using an electroplating process, an elec 
troless plating process, etc. The plug 140 may be groWn from 
the seed layer 134 in substantially a single direction. Accord 
ingly, the void generation Within the plug 140 may be 
avoided. Further, because the plug 140 penetrates the chips 
110, although the ?rst through-holes 106 have different siZes, 
the electrode pads 102 of the chips 110 may be electrically 
connected to one another. 

[0036] The ?rst diffusion barrier layer 104 and the second 
diffusion barrier layer 109 prevent conductive material 
included in the plug 140 from diffusing into the chip 110. 
Accordingly, the plug 140 may be electrically connected only 
to the electrode pad 102 and not connected to other portions of 
the chips 110. 
[0037] The sealing layer 150 is provided on the substrate 
130 to cover the chips 110. The sealing layer 150 protects the 
chips 110 and the plug 140 from external factors such as 
impacts. For example, the sealing layer 150 may include glop 
top, an epoxy molding compound (EMC), etc. 
[0038] The solder ball 160 is mounted on a loWer surface of 
the substrate 130. The solder ball 160 is connected to the 
Wiring pattern 132. For example, the solder ball 160 may 
include lead (Pb), tin (Sn), nickel (Ni), an alloy thereof, etc. 
[0039] FIGS. 2A to 2E are cross-sectional vieWs illustrat 
ing a method of manufacturing the chip stack package in FIG. 
1 in accordance With example embodiments of the present 
invention. 
[0040] Referring to FIG. 2A, a plurality of chips 110 is 
provided. The chip 110 includes a ?rst through-hole 106 that 
penetrates an electrode pad 102. 
[0041] Referring to FIG. 2B, an adhesive layer 120 is 
formed on the chip 110. For example, the adhesive layer 120 
may include photoresist or epoxy. Adhesive material may be 
coated on the chip 110 or an adhesive tape may be adhered to 
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the chip 110 to form the adhesive layer 120. As illustrated in 
FIG. 2B, the adhesive layer 120 may be formed on a second 
surface of the chip 110. Alternatively, the adhesive layer 120 
may be formed on a ?rst surface opposite to the second 
surface of the chip 110. 
[0042] The adhesive layer 120 may be partially removed to 
form a second through-hole 122 that exposes the ?rst 
through-hole 106. The siZe of the second through-hole 122 
may be larger than that of the ?rst through-hole 1 06. When the 
adhesive layer 120 includes photoresist, the second through 
hole 122 may be formed using an exposure and development 
process. When the adhesive layer 120 includes epoxy, the 
second through-hole 122 may be formed using an ashing 
process. 
[0043] Referring to FIG. 2C, the chips 110 are stacked on 
the substrate 130 having the Wiring pattern 132 and the seed 
layer 134 such that the adhesive layer 120 formed on the chip 
110 faces doWnWard. The ?rst through-holes 106 of the chips 
110 align so as to be connected to one another. The ?rst 
through-holes 106 may be easily aligned because the chips 
have substantially ?at, even surfaces. The ?rst through-holes 
106 are positioned on the seed layer 134. 
[0044] Referring to FIG. 2D, the ?rst through-holes 106 
and the second through-holes 122 are ?lled With conductive 
material by a plating process using the seed layer 135 as a 
seed to form a plug 140. For example, the plating process may 
be performed using an electroplating process, an electroless 
plating process, etc. The plug 140 may include conductive 
material. Examples of the conductive material may be nickel, 
copper, gold, solder, etc. The void generation Within the plug 
140 may be avoided because the plug 140 may be groWn from 
the seed layer 134 in substantially a single direction along a 
direction in Which the chips 110 are stacked. As the plug 140 
is groWn, the plug 140 may make electrical contact With the 
electrode pads 102 because the siZe of the second through 
hole 122 is larger than that of the ?rst through-hole 106. 
Further, the contact area betWeen the plug 140 and the chip 
110 is broadened to increase a physical adhesive force ther 
ebetWeen. 
[0045] The ?rst diffusion barrier layer 104 and the second 
diffusion barrier layer 109 prevent conductive material 
included in the plug 140 from diffusing into the chip 110. 
Accordingly, the plug 140 may be electrically connected only 
to the electrode pad 102 and not connected to other portions of 
the chips 110. 
[0046] Referring to FIG. 2E, sealing material is coated on 
an upper surface of the substrate 130 to form a sealing layer 
150 that covers the chips 110 and the plug 140. For example, 
the sealing layer 150 may include glop top, an EMC, etc. 
[0047] A solder ball 160 is mounted on a loWer surface of 
the substrate 130. The solder ball 160 is connected to the 
Wiring pattern 132. 
[0048] FIGS. 3A to 3E are cross-sectional vieWs illustrat 
ing a method of manufacturing the chip in FIG. 2A in accor 
dance With example embodiments of the present invention. 
[0049] Referring to FIG. 3A, if desired, a Wiring (not illus 
trated) can be formed on the Wafer 101 to connect the elec 
trode pads 102 to a circuit pattern (not illustrated) on an upper 
surface of the Wafer 101. Accordingly, alignment positions of 
the electrode pads 102 may be adjusted. 
[0050] The ?rst insulation layer 103 is formed on a ?rst 
surface of the Wafer 101 Where the electrode pads 102 are 
formed such that the ?rst insulation layer 103 exposes the 
electrode pads 102. The ?rst insulation layer 103 may include 
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dielectric polymer, oxide, nitride, etc. Examples of the dielec 
tric polymer may include imide, epoxy, novolac, benZocy 
clobutene (BCB), polybenZoxaZole (PBO), etc. An example 
of the oxide may be silicon oxide. An example of the nitride 
may be silicon nitride. The ?rst insulation layer 103 may be 
formed by a chemical vapor deposition (CVD) process, an 
atomic layer deposition (ALD) process, a chemical oxidation 
treatment process, a spray-coating process, a spin-coating 
process, a dip-coating process, etc. 
[0051] The ?rst diffusion barrier layer 104 is formed on the 
?rst surface to cover the ?rst insulation layer 103 and expose 
the electrode pad 102. The ?rst diffusion barrier layer 104 
may include metal nitride. Examples of the metal nitride may 
be titanium aluminum nitride, aluminum nitride, titanium 
nitride, titanium silicon nitride, tantalum nitride, tantalum 
silicon nitride, tungsten nitride, etc. The ?rst diffusion barrier 
layer 104 may be formed by a CVD process, anALD process, 
a sputtering process, etc. 
[0052] Referring to FIG. 3B, a recess 105 is formed on the 
?rst surface to penetrate the electrode pad 102. The recess 105 
may be formed by a dry-etch process, a laser-etch process, 
etc. The siZe of the recess 105 may be smaller than that of the 
electrode exposed by the ?rst insulation layer 103 and the ?rst 
diffusion barrier layer 104. 
[0053] Referring to FIG. 3C, a ?xing plate 107 is adhered to 
the ?rst surface of the Wafer 101 . A second surface opposite to 
the ?rst surface of the Wafer 101 is planariZed until the recess 
105 is exposed to form the ?rst through-hole 106. For 
example, the second surface of the Wafer 101 may be pla 
nariZed by a grinding process, a chemical mechanical polish 
ing (CMP) process, etc. 
[0054] Referring to FIG. 3D, the second insulation layer 
108 is formed on the second surface of the Wafer 101 and on 
an inner surface of the ?rst through-hole 106. The second 
insulation layer 108 may be formed by a process that is 
substantially the same as or similar to the process for forming 
the ?rst insulation layer 103. The second insulation layer 108 
may be formed using material that is substantially the same as 
or similar to the material for the ?rst insulation layer 103. 
[0055] The second diffusion barrier layer 109 is formed on 
the second surface of the Wafer 101 to cover the second 
insulation layer 108. The second diffusion barrier layer 109 
may be formed by a process that is substantially the same as 
or similar to the process for forming the ?rst diffusion barrier 
layer 104. The second diffusion barrier layer 109 may be 
formed using material that is substantially the same as or 
similar to the material for the ?rst diffusion barrier layer 104. 
[0056] Referring to FIG. 3E, the Wafer 101 is cut and the 
?xing plate 107 is removed from the Wafer 101 to form the 
chip 110. 
[0057] FIG. 4 is a cross-sectional vieW illustrating a chip 
stack package in accordance With another example embodi 
ment of the present invention. 
[0058] Referring to FIG. 4, a chip stack package 500 
includes a ?rst chip structure 501, a redistribution layer 502, 
a solder bump 504, a sealing layer 505 and a solder ball 506. 
[0059] The ?rst chip structure 501 includes ?rst chips 510, 
?rst adhesive layers 520, a substrate 530 and a ?rst plug 540. 
The ?rst chips 510, the ?rst adhesive layers 520, the substrate 
530 and the ?rst plug 540 may be substantially the same as or 
similar to the chips 110, the adhesive layer 120, the substrate 
130 and the plug 140, respectively, that are described With 
reference to FIG. 1, and thus detailed descriptions thereof Will 
be omitted here. 

Sep.25,2008 

[0060] The redistribution layer 502 is provided on an 
uppermost chip 510 of the ?rst chip structure 501. The redis 
tribution layer 502 includes a redistribution pad (not illus 
trated) connected to the ?rst plug 540. 
[0061] The second chip structure 503 includes second chips 
550, second adhesive layers 560, a second plug 570 and a 
second seed layer 580. The second chips 550, the second 
adhesive layers 560 and the second plug 570 may be substan 
tially the same as the ?rst chips 510, the ?rst adhesive layers 
520 and the ?rst plug 540, respectively, except that the siZes of 
the second chips 550 are different from that of the ?rst chips 
510 and the secondplug 570 is spaced apart from the ?rst plug 
540, and thus, detailed descriptions thereof Will be omitted 
here. The second seed layer 580 is provided on an upper 
surface or a loWer surface of the second plug 570. 

[0062] The solder bump 504 electrically connects the redis 
tribution layer 502 to the second plug 570 of the second chip 
structure 503. The solder bump 504 may be connected to an 
end portion of the second plug 570 including the second seed 
layer 580. 
[0063] The sealing layer 505 is provided on the substrate 
530 to cover the ?rst chips 510 of the ?rst chip structure 501, 
the redistribution layer 502 and the second chip structure 503. 
The sealing layer 505 protects the ?rst chip structure 501, the 
redistribution layer 502 and the second chip structure 503 
from external factors such as impacts. For example, the seal 
ing layer 505 may include glop top, an EMC, etc. 
[0064] The solder ball 506 is mounted on a loWer surface of 
the substrate 530. The solder ball 506 is electrically con 
nected to a Wiring pattern 532. For example, the solder ball 
506 may include lead (Pb), tin (Sn), nickel (Ni), etc. These 
may be used alone or in a mixture thereof. 

[0065] According to the chip stack package illustrated in 
FIG. 4, even When the chips 510 and 550 may be different in 
one or more of siZe, shape, and function, the chip structures 
may include the plugs 540 and 570 that are spaced apart from 
one another; and the redistribution layer 502 can connect the 
chip structures to one another. Consequently, even though the 
chips 510 and 550 are different, the chip structures can still be 
electrically connected through the plugs 540 and 570 and the 
redistribution layer 502. 
[0066] FIGS. 5A to 5D are cross-sectional vieWs illustrat 
ing a method of manufacturing the chip stack package in FIG. 
4 in accordance With another example embodiment of the 
present invention. 
[0067] Referring to FIG. 5A, the ?rst chips 510 are adhered 
to the substrate 530 to form the ?rst chip structure 501 includ 
ing the ?rst chips 510, the ?rst adhesive layers 520, the 
substrate 530 and the ?rst plug 540. 
[0068] A method of manufacturing the ?rst structure 501 is 
substantially the same as the method of manufacturing the 
chip stack package as illustrated in FIGS. 2A to 2D. 

[0069] Referring to FIG. 5B, the redistribution layer 502 is 
formed on an uppermost layer of the ?rst chip 510 of the ?rst 
chip structure 501. The redistribution layer 502 is connected 
to the ?rst plug 540. 

[0070] Referring to FIG. 5C, a second chip structure 503 is 
formed on the ?rst chip structure 501. The second chip struc 
ture 503 includes the second chips 550, the second adhesive 
layers 560, the second plug 570 and the second seed layer 
580. The siZe of the second chips 550 of the second chip 
structure 503 may be different from that of the ?rst chips 510 
of the ?rst chip structure 501. The second plug 570 of the 
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second chip structure 503 may be spaced apart from the ?rst 
plug 540 of the ?rst chip structure 501. 
[0071] Referring to FIG. 5D, after a solder bump 504 is 
formed on a redistribution pad of the redistribution layer 502, 
the second plug 570 of the second chip structure 503 makes 
contact With the solder bump 504. The solder bump 504 is 
connected to the redistribution layer 502 and the second plug 
570 by a re?oW process. The solder bump 504 may be con 
nected to the second plug 570 including the second seed layer 
580. 
[0072] Sealing material is coated on the substrate 530 to 
form a sealing layer 505 that covers the ?rst chips 510 of the 
?rst chip structure 501, the redistribution layer 502 and the 
second chip structure 503. 
[0073] The solder ball 506 is mounted on a loWer surface of 
the substrate 530. The solder ball 506 is electrically con 
nected to a Wiring pattern 532. 
[0074] FIGS. 6A to 6C are cross-sectional vieWs illustrat 
ing a method of manufacturing the second chip structure in 
FIG. SC. 
[0075] Referring to FIG. 6A, a ?rst metal layer 592 having 
a ?rst ioniZation tendency is formed on a sacri?cial substrate 
590. The ?rst metal layer 592 may include tin silver (SnAg), 
tin (Sn), tin copper (SnCu), indium (In), etc. These may be 
used alone or in a mixture thereof. 
[0076] A second metal layer 580 having a second ioniZa 
tion tendency smaller than the ?rst ioniZation tendency is 
formed on the ?rst metal layer 592. The second metal layer 
580 may include silver (Ag), gold (Au), etc. These may be 
used alone or a mixture thereof. The ?rst and the second metal 
layers may include any one selected from the group consist 
ing of a combination of various metals having different ion 
iZation tendencies, respectively. 
[0077] Referring to FIG. 6B, after second adhesive layers 
560 are formed on second chips 550, the second chips 550 are 
stacked, and then, the second plug 570 is formed through the 
stacked chips 550. The method of forming the second plug 
570 through the stacked chips 550 may be substantially the 
same as the method described With reference to FIGS. 2A to 
2D. 
[0078] Referring to FIG. 6C, the ?rst metal layer 592 and 
the second metal layer 580 are exposed to an electrolyte 
solution. Examples of the electrolyte solution may be a sul 
furic acid solution, a nitric acid solution, hydrogen peroxide 
solution, etc. The ?rst metal layer 592 is dissolved at a greater 
rate than the second metal layer 580 in the electrolyte solution 
due to the difference of the ioniZation tendencies. Thus, the 
sacri?cial substrate 590 can be separated from the second 
metal layer 580 to form the second chip structure 503 because 
the ?rst metal layer 592 is selectively removed. 
[0079] FIGS. 7A to 7D are cross-sectional vieWs illustrat 
ing another method of manufacturing the second chip struc 
ture in FIG. SC. 
[0080] Referring to FIG. 7A, the ?rst metal layer 592 is 
formed on the sacri?cial layer 590. The ?rst metal layer 592 
may include nickel (Ni), chromium (Cr), gold (Au), etc. The 
?rst metal layer 592 is oxidiZed to form an oxidation layer 
594. The oxidation layer 594 may be formed by a thermal 
oxidation process, a natural oxidation process, etc. 
[0081] Referring to FIG. 7B, a second metal layer 580 is 
formed on the metal layer 592. The second metal layer 580 
may include nickel (Ni), chromium (Cr), gold (Au), etc. 
[0082] Referring to FIG. 7C, after second adhesive layers 
560 are formed on second chips 550, the second chips 550 are 

Sep.25,2008 

stacked, and then, the second plug 570 is formed through the 
stacked chips 550. The method of forming the second plug 
570 through the stacked chips 550 may be substantially the 
same as the method described With reference to FIGS. 2A to 
2D. 
[0083] Referring to FIG. 7D, the oxidation layer 594 
betWeen the ?rst metal layer 592 and the second metal layer 
580 decreases an adhesive force betWeen the ?rst metal layer 
592 and the second metal layer 580. Accordingly, since the 
?rst metal layer 592 may be easily separated from the second 
metal layer 580, the sacri?cial substrate 590 is separated from 
the second metal layer 580 to form the second chip structure 
503. 
[0084] As mentioned above, according to example embodi 
ments of the present invention, a plug penetrating stacked 
chips is formed by a plating process. Accordingly, the gen 
eration of a void Within the plug can be avoided. Also, uni 
formity of the shape and dimensions of the plug may be 
improved. Further, a required time for forming the plug may 
be reduced and electrical properties of the chip stack package 
may be improved because the plug penetrating the stacked 
chips is formed by the plating process. Thus, even though 
electrode pads are spaced apart from one another and/or siZes 
and shapes of the chips are different from one another, the 
chip stack package may be easily manufactured by the meth 
ods described above. 
[0085] According to one aspect of the present invention, a 
chip stack package includes a substrate, a plurality of chips, a 
plurality of adhesive layers and a plug. The substrate has a 
Wiring pattern and a seed layer formed on the Wiring pattern. 
Each of the chips has an electrode pad and a ?rst through-hole 
that penetrates the electrode pad. The chips are stacked such 
that the ?rst through-holes are aligned on the seed layer of the 
substrate. A plurality of the adhesive layers is interposed 
betWeen the substrate and one of the chips, as Well as betWeen 
the chips. Each of the adhesive layers has a second through 
hole connected to the ?rst through-hole. The plug ?lls up the 
?rst through-holes and the second through-holes and electri 
cally connects the electrode pads of the chips to the Wiring 
pattern of the substrate. 
[0086] In one example embodiment, a cross-sectional area 
of the plug in the second through-hole may be larger than a 
cross-sectional area of the plug in the ?rst through-hole. 
[0087] In another example embodiment, each of the chips 
may include an insulation layer that exposes the electrode pad 
on a surface of the chip. Each of the chips may further include 
a diffusion barrier layer on the insulation layer. 
[0088] In another example embodiment, the chips may be 
stacked such that the electrode pads face upWard. 
[0089] In still another example embodiment, the chips may 
be stacked such that the electrode pads face doWnWard. 
[0090] In yet another example embodiment, some of the 
chips may be stacked such that the electrode pads face upWard 
and others of the chips may be stacked such that the electrode 
pads face doWnWard. 
[0091] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a chip stack 
package. In the method of manufacturing a chip stack pack 
age, a plurality of chips, each of the chips having an electrode 
pad and a ?rst through-hole that penetrates the electrode pad, 
is prepared. Adhesive layers are formed on the chips. Each of 
the adhesive layers has a second through-hole that exposes 
the ?rst through-hole. The chips having the adhesive layers 
are stacked such that the ?rst through-holes are aligned on a 
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seed layer of a substrate. The substrate has a Wiring pattern 
and the seed layer on the Wiring pattern. The ?rst through 
holes and the second through-holes are ?lled up With a con 
ductive material by a plating process to form a plug that 
electrically connects the chips to one another. 
[0092] In one example embodiment, a cross-sectional area 
of the plug in the second through-hole may be larger than a 
cross-sectional area of the plug in the ?rst through-hole. 
[0093] In another example embodiment, the chips may be 
stacked such that the electrode pads face upWard. 
[0094] In still another example embodiment, the chips may 
be stacked such that the electrode pads face doWnWard. 
[0095] In yet another example embodiment, some of the 
chips may be stacked such that the electrode pads face upWard 
and others of the chips are stacked such that the electrode pads 
face doWnWard. 
[0096] In still another example embodiment, the conduc 
tive material may be groWn in a stacked direction of the chips 
from the seed layer to form the plug. 
[0097] In another example embodiment, preparing the 
chips may include forming a ?rst insulation layer on an upper 
surface of the Wafer having a circuit pattern formed thereon, 
the ?rst insulation layer exposing the electrode pad; forming 
a recess that penetrates the electrode pad on the upper surface 
of the Wafer; planariZing a loWer surface of the Wafer until the 
recess is exposed to form the ?rst through-hole that penetrates 
the Wafer; forming a second insulation layer on an inner 
surface of the ?rst through-hole and the loWer surface of the 
Wafer; and cutting the Wafer to form the chips. 
[0098] The siZe of the ?rst through-hole may be smaller 
than that of the electrode pad exposed by the ?rst insulation 
layer. 
[0099] Preparing the chips may further include forming a 
Wiring that connects the electrode pad to the circuit pattern of 
the chip to adjust alignment positions of the electrode pads of 
the chips. 
[0100] Preparing the chips may further include forming a 
diffusion barrier layer on the second insulation layer. 
[0101] According to still another aspect of the present 
invention, a chip stack package includes a ?rst chip structure, 
a redistribution layer and a second chip structure. 
[0102] The ?rst chip structure includes a substrate having a 
Wiring pattern and a seed layer formed on the Wiring pattern; 
a plurality of ?rst chips having a ?rst electrode pad and a ?rst 
through-hole that penetrates the ?rst electrode pad, respec 
tively, the ?rst chips being stacked such that the ?rst through 
holes are aligned on the seed layer of the substrate; a plurality 
of ?rst adhesive layers interposed betWeen the substrate and 
the ?rst chip, as Well as betWeen the ?rst chips, the ?rst 
adhesive layer having a second through-hole that exposes the 
?rst through-hole; and a ?rst plug ?lling up the ?rst through 
holes and the second through-holes and electrically connect 
ing the ?rst electrode pads of the ?rst chips to the Wiring 
pattern of the substrate. 
[0103] The redistribution layer is formed on an uppermost 
chip of the ?rst chip structure and connected to the ?rst plug. 
[0104] The second chip structure includes a plurality of 
second chips having a second electrode pad and a third 
through-hole that penetrates the second electrode pad, 
respectively, the second chips being stacked such that the 
third through-holes are aligned on the redistribution layer; a 
plurality of second adhesive layers interposed betWeen the 
second chips, each of the second adhesive layers having a 
fourth through-hole that exposes the third through-hole; and 
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a second plug ?lling up the third through-holes and the fourth 
through-holes and electrically connecting the second elec 
trode pads of the second chips to the redistribution layer. 
[0105] In one example embodiment, a cross-sectional area 
of the ?rst plug in the second through-hole may be larger than 
a cross-sectional area of the ?rst plug in the ?rst through-hole, 
and a cross-sectional area of the second plug in the fourth 
through-hole may be larger than a cross-sectional area of the 
second plug in the third through-hole. 
[0106] In another embodiment, the chip stack package may 
further include a conductive bump connecting the redistribu 
tion layer to the second plug. 
[0107] According to still another aspect of the present 
invention, there is provided a method of manufacturing a chip 
stack package. In the method of manufacturing a chip stack 
package, a ?rst chip structure is formed. The ?rst chip struc 
ture includes a substrate having a Wiring pattern and a seed 
layer formed on the Wiring pattern; a plurality of ?rst chips 
having a ?rst electrode pad and a ?rst through-hole that pen 
etrates the ?rst electrode pad, respectively, the ?rst chips 
being stacked such that the ?rst through-holes are aligned on 
the seed layer of the substrate; a plurality of ?rst adhesive 
layers interposed betWeen the substrate and the ?rst chip, as 
Well as betWeen the ?rst chips, each of the ?rst adhesive layers 
having a second through-hole that exposes the ?rst through 
hole; and a ?rst plug ?lling up the ?rst through-holes and the 
second through-holes and electrically connecting the ?rst 
electrode pads of the ?rst chips to the Wiring pattern of the 
substrate. A redistribution layer is formed on an uppermost or 
loWermost chip of the ?rst chip structure. The redistribution 
layer is connected to the ?rst plug. A second chip structure is 
formed. The second chip structure includes a plurality of 
second chips having a second electrode pad and a third 
through-hole that penetrates the second electrode pad, 
respectively, the second chips being stacked such that the 
third through-holes are aligned on the redistribution layer; a 
plurality of second adhesive layers interposed betWeen the 
second chips, each of the second adhesive layers having a 
fourth through-hole that exposes the third through-hole; and 
a second plug ?lling up the third through-holes and the fourth 
through-holes and electrically connecting the second elec 
trode pads of the second chips to one another. The second chip 
structure is adhered on the redistribution layer to connect the 
redistribution layer to the second plug. 
[0108] In one example embodiment, to form the second 
chip structure, a ?rst metal layer having a ?rst ioniZation 
tendency may be formed on a sacri?cial substrate. A second 
metal layer having a second ioniZation tendency smaller than 
the ?rst ioniZation tendency may be formed on the ?rst metal 
layer. The second chips having the third through-hole that 
penetrates the second electrode pad may be prepared. The 
second adhesive layers may be formed on the second chips, 
respectively. The second adhesive layers may have the fourth 
through-hole that exposes the third through-hole. The second 
chips including the second adhesive layers formed thereon 
may be stacked such that the third through-holes are aligned 
on the second metal layer. The third through-holes and the 
fourth through-holes may be ?lled up With conductive mate 
rial by a plating process using the second metal layer as a seed 
to form the second plug. The ?rst metal layer may be selec 
tively removed using a difference of the ioniZation tendencies 
of the ?rst metal layer and the second metal layer. 
[0109] The ?rst metal layer may include tin silver (SnAg), 
tin (Sn), tin copper (SnCu) or indium (In), the second metal 
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layer may include silver (Ag) or gold (Au), and an electrolyte 
solution for selectively removing the ?rst metal layer may 
include a sulfuric acid solution, a nitric acid solution or a 
hydrogen peroxide solution. The ?rst and the second metal 
layers may include a combination of various metals having 
different ioniZation tendencies. 

[0110] In another example embodiment, to form the second 
chip structure, a ?rst metal layer may be formed on a sacri? 
cial substrate. The ?rst metal layer is oxidiZed. A second 
metal layer may be formed on the oxidiZed ?rst metal layer. 
The second chips having the third through-hole that pen 
etrates the second electrode pad may be prepared. The second 
adhesive layers may be formed on the second chips, respec 
tively. Each of the second adhesive layers may have the fourth 
through-hole that exposes the third through-hole. The second 
chips including the second adhesive layers formed thereon 
may be stacked such that the third through-holes are aligned 
on the second metal layer. The third through-holes and the 
fourth through-holes may be ?lled up With conductive mate 
rial by a plating process using the second metal layer as a seed 
to form the second plug. The oxidiZed ?rst metal layer may be 
separated from the second metal layer. 
[0111] The ?rst and second metal layers may include nickel 
(Ni), chromium (Cr) or gold (Au). 
[0112] According to the present invention, a plug penetrat 
ing stacked chips is formed by a plating process in a stacked 
direction of the chips. Accordingly, formation of a void in the 
plug may be avoided. Uniformity of the shape and dimensions 
of the plug may be improved. Further, a required time for 
forming the plug may be reduced. 
[0113] The foregoing is illustrative of the present invention 
and is not to be construed as limiting thereof. Although a feW 
example embodiments of the present invention have been 
described, those skilled in the art Will readily appreciate that 
many modi?cations are possible in the example embodiments 
Without materially departing from the novel teachings and 
advantages of the present invention. Accordingly, all such 
modi?cations are intended to be included Within the scope of 
the present invention as de?ned in the claims. In the claims, 
means-plus-function clauses are intended to cover the struc 
tures described herein as performing the recited function and 
not only structural equivalents but also equivalent structures. 
Therefore, it is to be understood that the foregoing is illustra 
tive of the present invention and is not to be construed as 
limited to the speci?c embodiments disclosed, and that modi 
?cations to the disclosed embodiments, as Well as other 
embodiments, are intended to be included Within the scope of 
the appended claims. The present invention is de?ned by the 
folloWing claims, With equivalents of the claims to be 
included therein. 

1. A method of manufacturing a chip stack package com 
prising: 

preparing a plurality of chips having an electrode pad and 
a ?rst through-hole that penetrates the electrode pad; 

forming adhesive layers on the chips, Wherein each of the 
adhesive layers includes a second through-hole that 
exposes the ?rst through-hole; 

stacking the chips having the adhesive layers such that the 
?rst through-holes are aligned on a seed layer of a sub 
strate, the substrate having a Wiring pattern and the seed 
layer disposed on the Wiring pattern; and 
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?lling the ?rst through-holes and the second through-holes 
With conductive material using a plating process so as to 
form a plug that electrically connects the chips to one 
another. 

2. The method of claim 1, Wherein a cross-sectional area of 
a portion of the plug in the second through-holes is larger than 
a cross-sectional area of a portion of the plug in the ?rst 
through-holes. 

3. The method of claim 1, Wherein the chips are stacked 
such that the electrode pads face upWard. 

4. The method of claim 1, Wherein the chips are stacked 
such that the electrode pads face doWnWard. 

5. The method of claim 1, Wherein at least one of the chips 
is stacked such that the electrode pads face upWard and at least 
one of the chips is stacked such that the electrode pads face 
doWnWard. 

6. The method of claim 1, Wherein ?lling the ?rst through 
holes comprises groWing the conductive material from the 
seed layer in a direction substantially parallel to a direction of 
stacking of the chips to form the plug. 

7. The method of claim 1, Wherein preparing the chips 
comprises: 

forming a ?rst insulation layer on an upper surface of a 
Wafer having a circuit pattern formed thereon, the ?rst 
insulation layer exposing at least a portion of the elec 
trode pad; 

forming a recess that penetrates the electrode pad at the 
upper surface of the Wafer; 

planariZing a loWer surface of the Wafer until the recess is 
exposed to form the ?rst through-hole that penetrates the 
Wafer; 

forming a second insulation layer on an inner surface of the 
?rst through-hole and the loWer surface of the Wafer; and 

cutting the Wafer to form the chips. 
8. The method of claim 7, Wherein a diameter of the ?rst 

through-hole is smaller than a diameter of the portion of the 
electrode pad exposed by the ?rst insulation layer. 

9. The method of claim 7, further comprising forming a 
Wiring that connects the electrode pad to the circuit pattern of 
each of the chips so as to adjust alignment positions of the 
electrode pads of the chips. 

10. The method of claim 7, further comprising forming a 
diffusion barrier layer on the second insulation layer. 

11. A method of manufacturing a chip stack package com 
prising: 

forrning a ?rst chip structure, the ?rst chip structure includ 
ing: 
a substrate having a Wiring pattern and a seed layer 

formed on the Wiring pattern; 
a plurality of ?rst chips having a ?rst electrode pad and 

a ?rst through-hole that penetrates the ?rst electrode 
pad, Wherein the ?rst chips are stacked such that the 
?rst through-holes are aligned on the seed layer of the 
substrate; 

a plurality of ?rst adhesive layers interposed betWeen the 
substrate and the ?rst chips and betWeen the ?rst 
chips, each of the ?rst adhesive layers having a second 
through-hole that exposes the ?rst through-hole; and 

a ?rst plug disposed in the ?rst through-holes and the 
second through-holes and electrically connecting the 
?rst electrode pads of the ?rst chips to the Wiring 
pattern of the substrate; 




