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(54) Title: VIA USING ZN OR ZN ALLOYS AND ITS MAKING METHOD, 3D CHIP STACK PACKAGES USING THEREOF
(57) Abstract: Disclosed are via, a method for formation of via
using zinc and zinc alloys, and a process for fabrication of three-di
mensional multiple chip stack packages by using the same. In lam120 i J Λ
ination of three-dimensional chips, the chips with reduced defects
are rapidly formed by the steps of: punching each of the chips to
'
form a via hole used for a circuit wiring between the chips; d e
positing a seed layer on an inside of the via hole; forming a plated
layer inside the via hole by using Zn and Zn alloys through an elec
troplating process; removing oxide film from surface of the plated
layer; and heat treating the via hole at a temperature of more than
melting point of the Zn and Zn alloys. Particularly, the chip hav
ing Zn via formed according to the present invention has an advantage of simultaneously overcoming problems in establishment
of processing parameters caused by Cu via (e.g., plating mode,
current density, influence of additives, pore formation, etc.), prob
lems in successive processes caused by Sn (and other low melting
100
point metals) via (e.g., soldering, chip stack, etc.) and difficulty
in mechanical reliability of the process. Additionally, when stack
ing multiple chips with various functions in the three-dimensional
chip stack package, the package can be simply fabricated by controlling contents of constitutional elements in Zn alloy via which
has specific thermal properties (such as melting point, thermal expansion coefficient, etc.) suitable for processing temperature of
each of the chips.

Fig- 5]

Description
VIA USING ZN OR ZN ALLOYS AND ITS MAKING METHOD,
3D CHIP STACK PACKAGES USING THEREOF
Technical Field
[1]

The present invention relates to formation of via using zinc (Zn) and Zn alloys and,
more particularly, to a method for formation of via using Zn and Zn alloys which
deposits Zn and Zn alloys on inner portion of a via hole by an electroplating process,
heat treats the deposited via hole to form a chip having the via with reduced defects,
and laminates multiple chips in sequence on a top portion of a bottom metal layer of a
substrate, or otherwise, laminates a package on a top portion of a bottom metal layer of
a substrate after forming the package by laminating at least one chip; via formed by the
same; and a process for fabrication of three-dimensional multiple chip stack packages
using the chips formed as described above.

Background Art
[2]

For chip stack packages commonly available in the related arts, separate chips are
wire bonded on a substrate comprising input and output pads. These packages need
long length of wires and large area for the wire bonding, and thus, have restrictions in
reduction of high frequency properties and production of compact packages.

[3]

Specific techniques for fabrication of chip stack packages have been developed to
solve the problems described above, which punch each of chips to form a via hole used
for fabrication of a circuit wiring between the chips laminated on a substrate and fill
the via holes with copper material by an electroplating process.

[4]

However, since formation of via using Cu electroplating process is under a con
siderable influence of compositions of electroplating solutions, species and contents of
additives, or current mode and density, etc., the via formation method is difficult to
define processing conditions for formation of Cu via without defects (such as pores) as
diameter of a via is decreased and aspect ratio thereof is increased and, in addition, the
method has a problem of longer time required for forming via.

[5]

Additionally, in case of using tin (Sn) instead of Cu, the melting point of Sn in a
process for filling via holes with molten Sn is so low as to melt Sn via during further
processes of semiconductor chips production by reflowing the molten Sn after initially
plating the via holes sufficient to prevent the same from being clogged, thereby
causing a problem of reduced reliabilities in mechanical and processing aspects of the
semiconductor production.

Disclosure of Invention
Technical Problem

[6]

Accordingly, the present invention is directed to solve the problem described above
in regard to conventional methods and an object of the present invention is to provide a

method for formation of via using Zn and Zn alloys which includes depositing Zn and
Zn alloys on inner portion of a via hole sufficient to prevent the via hole from being
clogged by an electroplating process, and heat treating the deposited via hole at a
temperature of more than the melting point of Zn and Zn alloys to allow the molten Zn
and Zn alloys to flow into the via hole so as to rapidly fill the via hole without defects,
thereby overcoming problems caused by using Cu and Sn and improving reliability in
manufacturing chip packages. Another object of the present invention is to provide via
formed by the above method according to the present invention. A still further object
of the present invention is to provide a process for fabrication of three-dimensional
multiple chip stack packages using chips having the via formed by the present
invention.

Technical Solution
[7]

In order to accomplish the above objects, with regard to via formed using Zn and Zn

alloys, formation thereof and a process for fabrication of a three-dimensional multiple
chip stack package according to the present invention, there is provided a method for

formation of via with reduced bonds by forming via holes in chips to fabricate a circuit
wiring between the chips, electroplating inner portions of the via holes with Zn and Zn
alloys to prevent the same from being clogged, and heat treating the plated via holes.
[8]

The via formation method using Zn and Zn alloys according to the present invention

preferably comprises the step of forming a seed layer inside each of via holes and a
further step of forming a plated layer with Zn and Zn alloys on top of the seed layer.
[9]

This method further comprises the step of heat treating the plated layer.

[10]

The seed layer is preferably deposited with at least one selected from a metal group

consisting of gold (Au), nickel (Ni), copper (Cu), platinum (Pt), silver (Ag) and zinc
(Zn).
[11]

The Zn alloys preferably include tin-zinc (Sn-Zn) alloy, bismuth-zinc (Bi-Zn) alloy

or indium- zinc (In-Zn) alloy.
[12]

Preferably, the Sn-Zn alloy has Sn content of 30 to 99wt.%, the Bi-Zn alloy has Bi
content of 1 to 5wt.% and the In-Zn alloy has In content of 15 to 99wt.%.

[13]

In the heat treating step of the via formation method, thermal gradient is preferably

applied in a direction perpendicular to the chips.
[14]

The via formation method preferably comprises the step of applying pressure during

the heat treatment step.
[15]

The via formed using Zn and Zn alloys comprises a seed layer deposited inside the

via hole formed in the chip and a plated layer formed on the seed layer by using Zn and

Zn alloys.
[16]

The seed layer is preferably deposited with at least one selected from a metal group

consisting of Au, Ni, Cu, Pt, Ag and Zn.
[17]

The process for fabrication of a three-dimensional multiple chip stack package

according to the present invention comprises the steps of: polishing front and back
sides of a chip having a via which was formed using Zn and Zn alloys; forming a bump

layer on upper or lower side of the polished chip; laminating at least one polished chip
in sequence on another polished chip after laminating the latter on a substrate which

has a bottom metal layer through the bump layer and a solder, or otherwise, initially
laminating multiple polished chips, each of which has the bump layer, in sequence, to
form a chip package then laminating the chip package on a bottom metal layer of a
substrate through a solder.
[18]

In the present invention, when at least one polished chip is laminated in sequence on

top of another polished chip formed using Zn and Zn alloys after laminating a bump

layer of the latter chip on a substrate having a bottom metal layer by a solder, Zn
content of Zn alloys is preferably controlled according to the order for laminating the
chips.
[19]

In the present invention, when at least one polished chip is laminated in sequence on

top of another polished chip formed using Zn and Zn alloys after laminating a bump

layer of the chip on a substrate having a bottom metal layer by a solder, the solder is
preferably reflowed.
[20]

In the present invention, the solder used in the present invention is preferably lead
(Pb) free solder.

[21]

In the present invention, the Pb free solder preferably includes at least one selected

from a group consisting of Sn-Ag, Sn-Ag-Cu, Sn-Cu, Sn-Zn and Sn-Ag-Zn.
[22]

In the present invention, the bottom metal layer preferably contains at least one

selected from a group consisting of Cu, Ni(P), Au and Cu OSP (organic solderability
preservative).
[23]

In the present invention, the bump layer preferably contains at least one selected

from a group consisting of Cu/Sn, Ni/Sn, Ni(P)/Sn and Zn.

Advantageous Effects
[24]

According to the present invention, there is provided a process for fabrication of a
three-dimensional chip stack package in which via holes of chips are filled with Zn and
Zn alloys during lamination of three-dimensional chips, and which has advantages of:
overcoming problems caused by Cu via such as long time consumption and difficulties
in establishment of processing parameters; and solving problems in successive

processes caused by Sn via or via formed using other low melting point metals, thereby

improving reliability of the process.
[25]

Moreover, the present invention is effective to reduce processing time and cost by
adopting direct current (DC) plating process and heat treatment of Zn and Zn alloys.

[26]

Also, the present invention is effective to produce a chip having via with desired
thermal properties by controlling Zn content of Zn alloys.

Brief Description of the Drawings
[27]

The above objects, features and advantages of the present invention will become
more apparent to those skilled in the related art in conjunction with the accompanying
drawings. In the drawings:

[28]

Figures 1, 2, 3, 4 and 5 illustrate a process for formation of three-dimensional chip
having via formed using Zn and Zn alloys according to a preferred embodiment of the
present invention;

[29]

Figures 6 and 7 illustrate a process for fabrication of a three-dimensional multiple
chip stack package comprising chips, each of which has via formed using Zn and Zn
alloys according to a preferred embodiment of the present invention;

[30]

Figure 8 shows a graph illustrating variation of melting points depending on Zn
content of Sn-Zn alloy according to a preferred embodiment of the present invention;

[31]

Figure 9 shows a photograph of a via hole with Zn deposited on an inside by an elec
troplating process according to a preferred embodiment of the present invention;

[32]

Figure 10 shows a photograph of a via hole heat treated by reflowing in a hot furnace
after Zn plating according to a preferred embodiment of the present invention; and

[33]

Figure 11 shows a photograph of a via hole heat treated in a hot furnace after Zn
plating and removing oxide film from surface of the plated via hole according to a
preferred embodiment of the present invention.

[34]

[Description of symbols for major parts in drawings]

[35]

100: silicon chip 110: via hole

[36]

120: seed layer 130: plated layer

[37]

200: substrate 210: bump layer

[38]

220: bottom metal layer 230: solder

Best Mode for Carrying Out the Invention
[39]

Hereinafter, the present invention will be described in detail by the following em
bodiments with reference to the accompanying drawings.

[40]

With regard to constitutional elements indicated by numerical symbols in the
drawings, the same element which was illustrated in one of the drawings, if possible,
has the same symbol in other one(s). General constructions and functions commonly
known in related arts are not essential components for the present invention and have
not been described in detail herein, in order to avoid unnecessary duplication of ex-

planation thereof.
[41]

Figs. 1, 2, 3, 4 and 5 illustrate a process for formation of three-dimensional chips

having via formed using Zn and/or Zn alloys according to a preferred embodiment of
the present invention.
[42]

Referring to Fig. 1, after forming via holes 110 on a silicon chip 100 through deep
reactive ion etching or laser drilling, an insulation layer was deposited on the via holes
by thermal oxidation of SiO .

[43]

Referring to Fig. 2, a seed layer 120 was deposited on a top portion of the chip
formed as shown in Fig. 1 by sputtering or physical vapor deposition (PVD).

[44]

The seed layer is prepared by using at least one selected from a group consisting of
Au, Ni, Cu, Pt, Ag and Zn, which is favorably wetted by Zn to efficiently flow Zn

ingredient into the via holes 110 during hot heat treatment.
[45]

Referring to Fig. 3, a plated layer 130 was formed by introducing a specimen into a
plating bath to prepare Zn alloys and plating a top portion of the seed layer 120 formed
as shown in Fig. 2 with the prepared Zn alloys and Zn.

[46]

The plated layer 130 is formed by DC plating among electroplating processes and

careful attention is required to prevent the via holes from being clogged during plating.
[47]

In case of using the prepared Zn alloys, a metal included in the Zn alloys is

preferably selected from Sn, Bi, In and the like which form no intermetallic
compounds with Zn ingredient.
[48]

When using Sn to prepare Sn-Zn alloy, the alloy can exhibit no formation of

in

termetallic compounds between Sn and Zn and have higher melting point above 3000C
if Sn content is more than 25wt.%, so as to be affected little by successive processes in
production of semiconductor chips.
[49]

When using Bi to prepare Bi-Zn alloy, the alloy has Bi content in the range of 1 to
5wt.% and the melting point of 420 to 45O0C. Likewise, when using In to prepare In-

Zn alloy, the alloy has In content in the range of 15 to 99wt.% and the melting point of
350 to 419 0C. Both of the alloys can be affected little by successive processes in

production of semiconductor chips.
[50]

Referring to Fig. 4, the via was completely formed by heat treatment to flow Zn and
Zn alloys into the via holes after removing the oxide film from surface of the plated
layer 130 shown in Fig. 3 by using an etching solution or a polishing process.

[51]

Removal of the oxide film assists in inhibition of voids possibly generated during
fusion and solidification of Zn and Zn alloys. In order to inhibit generation of casting
voids during solidification, the chips were heat treated in a hot furnace while forming
thermal gradient in a direction perpendicular to the chips so as to start the solidification
from lower portions of the via holes and remove the voids.

[52]

Zn and Zn alloys can be more rapidly and easily filled into the via holes by

increasing pressure of upper portion of the specimen during heat treatment.
[53]

While heat treating the chips at a temperature of more than the melting point of Zn
and Zn alloys, the via holes were fully filled with the Zn and Znc alloys, followed by
slow cooling of the chips.

[54]

Referring to Fig. 5, after slowly cooling the chips of Fig. 4, thinning front and back
sides of each of the chips having via through CMP (chemical mechanical polishing)

process resulted in finally formed chips used for fabrication of chip stack packages.
[55]

At least one chip stack package produced as shown in Fig. 5 is useable to fabricate a
three-dimensional multiple chip stack package. A process for fabrication of the threedimensional multiple chip stack package will be described with reference to the
following Figs. 6 and 7.

[56]

Figs. 6 and 7 illustrate a process for fabrication of three-dimensional multiple chip

stack package comprising chips, each of which has via formed using Zn and Zn alloys
according to a preferred embodiment of the present invention.
[57]

Referring to Fig. 6, the process for fabrication of three-dimensional multiple chip
stack package is implemented by using the chip having the via formed using Zn and Zn
alloys as shown in Fig. 1, which includes the steps of: forming patterns by lithography

to prepare a bump layer 210; sputtering a seed layer 120 for plating via portions; and

electroplating the via portions.
[58]

The chips having the bump layers 210 were laminated on a substrate 200 having a

bottom metal layer 220 by using a solder 230 and a reflowing process.
[59]

The bump layer 210 of the lowest chip layer in contact with the substrate 200

contains electroless nickel elements while the bump layers of the other chip layers
contain one selected from Cu/Sn, Ni/Sn, Ni(P)/Sn and Zn.
[60]

The bottom metal layer 220 is in contact with the bump layer 210 and comprises Cu,

Ni(P), Au and Cu OSP. The solder 230 is preferably Pb free solder and uses one

selected from Sn-Ag, Sn-Ag-Cu, Sn-Cu, Sn-Zn, and Sn-Ag-Zn.
[61]

Next, the chips having the bump layers 210 on top portions thereof were laminated in

sequence through the reflowing process at high temperature under pressure to fabricate
a three-dimensional multiple chip stack package.
[62]

Herein, each of the chips laminated in sequence has the via with the plated layer 130

containing via formation material, that is, Zn alloys which are preferably selected by
altering contents of constitutional elements in the alloys so as to have specific melting
point suitable for the chips.
[63]

As an illustrative example, when higher melting point is required for upper layers

further from the substrate, the melting point of Zn alloys as the via formation material
is increased in phases by increasing relative content of Zn while going upper layers so

as to form the desired three-dimensional multiple chip stack package in a short time.

[64]

As a representative example of Zn alloys, Sn-Zn alloy has melting points and phase
conditions varied by Sn content. Therefore, in order to fabricate a desired threedimensional multiple chip stack package, via can be formed by altering Sn content (or
amount of constitutional elements in the alloy) of via formation material in via of each
of the chips laminated in sequence (see Fig. 8 and the following Table 1).

[65]

Table 1
[Table 1]
[Table ]

[66]

As illustrated in Fig. 7, after forming chips having bump layers 210 in the same
manner as shown in Fig. 6, at least one chip may be laminated on another chip to
fabricate a chip package, followed by lamination of at least one chip package in a
desired sequence to complete a three-dimensional chip stack package.

[67]

Fig. 9 shows a photograph of a via hole with Zn deposited on an inside by an elec

troplating process according to a preferred embodiment of the present invention; Fig.
10 shows a photograph of a via hole heat treated by reflowing in a hot furnace after Zn

plating according to a preferred embodiment of the present invention; and Fig. 11
shows a photograph of a via hole heat treated in a hot furnace after Zn plating and
removing oxide film from surface of the plated via hole according to a preferred
embodiment of the present invention.
[68]

As similar to the via hole with Zn deposited on an inside by an electroplating process

illustrated in Fig. 9, Cu via also exhibits a problem of defect in plating in that a lower
portion of the via hole is not plated due to centralization of current density on entrance
portion of the via hole as shown in Fig. 9.
[69]

However, Zn via has melting point lower than that of Cu via, so as to be filled with
Zn by hot heat treatment.

[70]

Referring to Fig. 10, which is a photograph of a via hole heat treated by reflowing in
a hot furnace after Zn plating to fill Zn in the via hole, Zn is molten by heat treatment
immediately after plating thereby generating a lot of voids which, in turn, remain in Zn
ingredient during solidification thereof causing a problem of forming via wirings with
defects.

[71]

However, as shown in Fig. 1 1, if oxide film is removed from surface of the plated
layer of the via hole before heat treatment of Zn plated via illustrated in Fig. 9, voids
may be preferably prevented from remaining in Zn ingredient during fusion and solid
ification thereof.

Industrial Applicability
[72]

As described in detail above, the present invention provides via holes filled with Zn
and Zn alloys, which are formed in chips useful for three-dimensional chip lamination
process, so as to overcome problems of Cu via such as long processing time and dif
ficulties in establishment of processing parameters and/or problems in successive
processes caused by Sn via or via formed using other low melting point metals, thereby
improving reliability of the process.

[73]

Moreover, the present invention is effective to reduce processing time and cost by
adopting DC plating process and heat treatment of Zn and Zn alloys.

[74]

Also, the present invention is effective to produce chips having via with desired
thermal properties by controlling Zn content of Zn alloys.

[75]

While the present invention has been described with reference to the accompanying
drawings, it will be understood by those skilled in the art that various modifications
and variations may be made therein without departing from the scope of the present
invention as defined by the appended claims.

Claims
[I]

A method for formation of via comprising the steps of:
forming a seed layer inside a via hole; and
forming a plated layer on top of the seed layer, in which the plated layer is
prepared using Zn and Zn alloys.

[2]

The method according to claim 1, further comprising the step of heat treating the

plated layer after formation.
[3]

The method according to claim 1, wherein the seed layer is deposited with at

least one selected from a metal group consisting of gold (Au), nickel (Ni), copper
(Cu), platinum (Pt), silver (Ag) and zinc (Zn).
[4]

The method according to claim 1, wherein Zn alloys comprise tin-zinc (Sn-Zn)

alloy, bismuth-zinc (Bi-Zn) alloy or indium- zinc (In-Zn) alloy.
[5]

The method according to claim 4, wherein the Sn-Zn alloy has Sn content of 30
to 99wt.%, the Bi-Zn alloy has Bi content of 1 to 5wt.% and the In-Zn alloy has

In content of 15 to 99wt.%.
[6]

The method according to claim 1, wherein the heat treating step further includes

application of thermal gradient in a direction perpendicular to the chips.
[7]

The method according to claim 1, further comprising the step of applying

pressure during the heat treatment step.
[8]

Via formed using Zn and Zn alloys comprising:
a seed layer deposited inside a via hole formed in a chip; and
a plated layer formed on top of the seed layer by using Zn and Zn alloys.

[9]

The via according to claim 8, wherein the seed layer is deposited with at least

one selected from a metal group consisting of Au, Ni, Cu, Pt, Ag and Zn.
[10]

The via according to claim 8, wherein Zn alloys comprise tin-zinc (Sn-Zn) alloy,

bismuth-zinc (Bi-Zn) alloy or indium-zinc (In-Zn) alloy.
[II]

The via according to claim 10, wherein the Sn-Zn alloy has Sn content of 30 to

99wt.%, the Bi-Zn alloy has Bi content of 1 to 5wt.% and the In-Zn alloy has In

content of 15 to 99wt.%.
[12]

A process for fabrication of a three-dimensional multiple chip stack package
comprising the steps of:
polishing front and back sides of a chip having a via which was formed using Zn
and Zn alloys according to the method as defined in claim 1;

forming a bump layer on upper or lower side of the polished chip; and
laminating at least one polished chip in sequence on another polished chip after
laminating the latter on a substrate which has a bottom metal layer through the
bump layer and a solder, or otherwise, initially laminating multiple polished

chips, each of which has the bump layer, in sequence to form a chip package then

laminating the chip package on a bottom metal layer of a substrate through a
solder.
[13]

The process according to claim 12, wherein, when at least one polished chip is

laminated in sequence on top of another polished chip formed using Zn and Zn
alloys after laminating the bump layer of the latter chip on the substrate having
the bottom metal layer by the solder, Zn content of Zn alloys is controlled

according to the order for laminating the chips.
[14]

The process according to claim 12, wherein, when at least one polished chip is

laminated in sequence on top of another polished chip formed using Zn and Zn
alloys after laminating the bump layer of the latter chip on the substrate having
the bottom metal layer by the solder, the solder is reflowed.
[15]

The process according to claim 12, wherein the solder is lead (Pb) free solder.

[16]

The process according to claim 15, wherein the Pb free solder includes at least

one selected from a group consisting of Sn-Ag, Sn-Ag-Cu, Sn-Cu, Sn-Zn and
Sn-Ag-Zn.
[17]

The process according to claim 12, wherein the bottom metal layer contains at

least one selected from a group consisting of Cu, Ni(P), Au and Cu OSP.
[18]

The process according to claim 12, wherein the bump layer contains at least one

selected from a group consisting of Cu/Sn, Ni/Sn, Ni(P)/Sn and Zn.
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