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ELECTRICAL CONNECTING ELEMENT
AND METHOD FOR MANUFACTURING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefits of the Taiwan
Patent Application Serial Number 102104935 and
102134714, respectively filedonFeb. 7 and Sep. 26,2013, the
subject matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an electrical con-
necting element and a method for manufacturing the same,
especially relates to an electrical connecting element and a
method for manufacturing the same for a three dimensional
integrated electrical circuit.

[0004] 2. Description of Related Art

[0005] With a rapid development of the electronics indus-
try, requirements for electronic products with small sizes,
light weights, multifunction and high performances. In the
current development of an integrated circuit, in order to dis-
pose active components and passive components on the same
device, semiconductor packaging technology is used to
achieve the purpose of accommodating more circuits and
electronic components in a limited unit area.

1. Field of the Invention

[0006] In the semiconductor packaging technology, a sol-
der or a copper film is used to laminate package substrates or
circuit boards through compression. In the case that the com-
pression is formed by using an ordinary copper film, small
grains without uniform stacking directions are formed due to
the lattice of the ordinary copper film lacking unity. Hence, it
1s necessary to undergo a variety of pretreatment such as fine
surface polishing and etching before connecting the sub-
strates, and then thermo-compressing the substrates under a
severe environments (such as the environment with nitrogen
and acid gas introduced therein). Besides, the temperature of
the thermo-compression has to be proceeded at a temperature
0f300° C. or more, but this high temperature may cause the
components in the circuit boards damaged. Further, although
there have been reported that copper films can be connected at
room temperature, the surfaces thereof have to be atomically
flat, and the environment for the connecting the same has to be
anultrahigh vacuum environment of 107* torr, Therefore, the
aforementioned thermo-compression process is not suitable
for industrial manufacture.

[0007] As shown in FIG. 1A, when two substrates 11, 13
are connecting by copper films 12, 14 without enough flat-
ness, gaps or voids may be easily generated after the com-
pression (as shown in FIG. 1B), resulting in the product
reliability decreased.

[0008] Due to fine electronic devices are required, the fine
interconnects of the products cause the areas of the connect-
ing surfaces reduced. Meanwhile, in order to improve product
reliability, the connecting process is relatively more compli-
cated. Therefore, it is desirable to provide a connecting struc-
ture and a method for manufacturing the same with theadvan-
tages of simple manufacturing process, less voids formed
therein, and no solders used, which can be applied to various
semiconductor manufacturing processes, and particularly to
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those for three dimensional integrated circuits to improve the
reliability thereof and reduce product cost for manufacturing
the same.

SUMMARY OF THE INVENTION

[0009] The main purpose of the present invention is to
provide an electrical connection element, wherein a good
adhesion is obtained in an interconnect between two sub-
strates (particularly, connecting surfaces), and only few, or
even no gaps and voids are formed therein to prevent the
interconnect from being broken.

[0010] Another objectto the present invention is to provide
amethod for manufacturing an electrical connecting element,
in order to manufacture an electrical connection element hav-
ing high product reliability.

[0011] In order to achieve the above mentioned objects, a
method for manufacturing an electrical connecting element
for electrical connecting a first substrate and a second sub-
strate comprises the following steps: (A) providing a first
substrate and a second substrate, wherein a first copper film is
formed on the first substrate, a first metal film is formed on the
second substrate, a first connecting surface of the first copper
film is a (111)-containing surface, and the first metal film has
a second connecting surface; and (B) connecting the first
copper film and the first metal film to form an interconnect,
wherein the first connecting surface of the first copper film is
faced to the second connecting surface of the first metal film.
[0012] Through the above mentioned method of the present
invention, an electrical connection element for electrical con-
necting a first substrate and a second substrate can be
obtained, which comprises: a first substrate; a second sub-
strate; and an interconnect disposed between the first sub-
strate and the second substrate, wherein the interconnect is
formed by connecting a first copper film and a first metal film
with each other, and a junction between the first copper film
and the first metal film comprises a plurality of grains, which
stacks along a stacking direction of [111] crystal axis.
[0013] In the present invention, the used first copper film
has a high preferred [111] direction, in which the highest
self-diffusion rate is found, and the (111)-containing surface
has the highest stacking density. In the method of the present
invention, it should be noted that only the first copper film
having a connecting surface with a preferred [111] direction
is required to achieve the purpose of forming interconnect
with only few, or even without gaps or voids formed therein,
and the other can be any copper film or any other heteroge-
neous metal film having a connecting surface without pre-
ferred direction. Even though the first copper film is a poly-
crystalline copper film and the first metal film is a
polycrystalline copper or other heterogeneous metal film, the
aforementioned purpose can also be achieved. The reason is
that, when at least one copper film with (111)-connecting
surface is formed on the substrate (such as a semiconductor
wafer or a circuit board, etc.) as an electrical connection
medium, the copper lattice at the (111)-connecting surface
has a regular direction arrangement, so that gaps or voids are
not easily generated in the interconnect even though the
thermo-compression of the first copper film and the first metal
film 1s held at low temperature.

[0014] Furthermore, in the electrical connection element
prepared by the method of the present invention, grains hav-
ing preferred (111) directions can be formed in the connect-
ing portion (i.e. the junction), and no gaps are formed therein.
Since there is no gap formed in the interconnect between the
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first substrate and the second substrate, the risk of the inter-
connect broken can be reduced, the reliability and the usage
lifetime of the components can be improved, and the high
conductivity and high heat dispersion of copper can be main-
tained. In particular, in the electrical connecting element pre-
pared by the method of the present invention, the interconnect
without gaps formed therein, which is obtained by connecting
copper and a heterogeneous metal material, can still be
achieved.

[0015] In the present invention, the material of the first
metal film and the first copper film may be the same or
different. Preferably, the material of the first metal film is
selected from a group consisting of gold, silver, platinum,
nickel, copper, titanium, aluminum, and palladium.

[0016] 1Inoneaspect of the present invention, the first metal
film is a second copper film. Herein, the material of the first
copper film and the second copper film are not particularly
limited, as long as one of the connecting surfaces thereof is a
(111)-containing surface. For example, the first copper film of
the present invention can be a copper layer having a connect-
ing surface of a (111)-containing surface, and the second
copper film is a polycrystalline copper layer without pre-
ferred direction; or the first copper film and the second copper
film of the present invention can respectively be a copper
layer or a nanotwinned copper layer having a connection
surface of a (111)-connecting surface. After the thermo-com-
pression process, both of the copper layer (which includes a
polycrystalline copper layer) or a nanotwinned copper layer
can form an interconnect, in which the joint is formed by a
plurality of grains stacking along a stacking direction of [111]
crystal axis. Preferably, these grains are columnar grains. The
term “(111) surface” in the present invention means: an angle
of 15° included between a normal vector of the (111) surface
of a plurality of copper grains of the copper film and a normal
vector of the connecting surface. Based on the aforemen-
tioned definition, “the (111)-containing surface” means
40-100% of a total area of the connecting surface is a (111)
surface; preferably, 50-100% of a total area thereofis a (111)
surface; and more preferably, 60-100% of a total area thereof
is a (111) surface. If both the first copper film and the second
copper film are nanotwinned copper layers, 50% or more
volume of the nanotwinned copper layer preferably com-
prises a plurality of grains. Since the twinned crystal arrange-
ment of the nanotwinned copper can improve the electron
migration resistance of a copper film, thus the reliability of
the product can be increased and particularly suitable for the
production of an integrated circuit.

[0017] 1In one aspect of the present invention, the material
of the first metal film may be gold, silver, platinum, nickel,
titanium, aluminum, palladium, or alloys thereof. Herein, the
materials of the first copper film and the connecting surface
thereof are the same as previously mentioned, thus they are
not further described.

[0018] The method for manufacturing the electrical con-
necting element of the present invention, further comprises a
step (A") prior to the step (A): cleaning the first connecting
surface of the first copper film and the second connecting film
of the first metal film with an acid to remove the oxidant or
other impurities thereon. In particular, an acid solution (such
as a hydrochloric acid) is used to clean the first connecting
surface of the first copper film and the second connecting
surface of the first metal film. Furthermore, in the method for
manufacturing the electrical connecting element of the
present invention, in the step (B), the means for connecting is
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not particularly limited, and the technique commonly used in
the art, such as connecting by the clamps can be used. Further,
the first copper film and the first metal film may also be
connected with each other with a pressure. However, the
pressure applied thereto is not particularly limited. Prefer-
ably, the thermo-compression process is performed at low
pressure, such as 1.5-5 kg/cm?.

[0019] Furthermore, in the method for manufacturing the
electrical connecting element of the present invention, the
step (B) may be performed at an elevated temperature, and the
connecting temperature is not particularly limited, as long as
the thermo-compression is finished without destroying the
structures of both the substrates. For example, the thermo-
compression can be performed at the low temperature of
100-400° C. Preferably, the first copper film and the first
metal film are connected with each other with a pressure at
150-300° C. In this case, the connecting temperature in the
step (B) is preferably 150-400° C. and more preferably 150-
250° C. Besides, the connecting time is not particularly lim-
ited, as long as both the substrates can be connected well. For
example, the connection time can be about 0.1 to 5 hours, and
preferably is about 0.1 to 1.5 hours.

[0020] Inthe method for manufacturing the electrical con-
necting element of the present invention, in the step (B), the
first copper film and the first metal film can be connected with
each other under low vacuum, and preferably under 1-10~3
torr.

[0021] The connecting surface of the first copper film is a
(111) surface while the connecting is proceeded for manufac-
turing the electrical connection element of the present inven-
tion. The (111) surface has a relative high diffusion rate as
well as a relative low surface energy, and a face-centered
cubic (FCC) close-packed surfaces, so the interconnect with-
out gaps can be easily achieved. When either the polycrystal-
line copper or the nanotwinned copper is used as a film
material, as long as the first connecting surface containing
(111) preferred direction, the interconnect with few voids can
be obtained even though the connecting surface thereof is
only cleaned with a simple polishing process in advance. The
diffusion rate of the copper atoms in the (111) surface is very
fast, so excellent connecting effect of the joint can be obtained
at 200° C. or less. Hence, the restrictions for the thermo-
compression can accordingly be reduced, the expensive
equipment is not further required, and thus the production
cost thereof can be greatly decreased.

[0022] Inthe electrical connection element and the method
of the present invention, the nanotwinned copper grains are
columnar twinned grains. Further, a plurality of grains con-
nect to each other, each grain is formed by a plurality of
nanotwinned copper stacking along a stacking direction of
crystal axis, and an angle included between the stacking
directions of adjacent grains is 0-20°.

[0023] Furthermore, in the method for manufacturing the
electrical connecting element of the present invention, the
first copper film and the second copper film having nanot-
winned copper or polycrystalline copper containing (111)
surface can be formed through DC plating or pulse plating.
Preferably, the nanotwinned copper or the polycrystalline
copper containing the (111) surface is prepared by the fol-
lowing steps: providing a plating apparatus, comprising an
anode, a cathode, a plating solution, and a power supply,
wherein the power supply connects to the anode and the
cathode, and the anode and cathode lines are immersed in a
plating solution; and growing a nanotwinned copper film
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from the surface of the cathode through a plating process
performed with the power supply. Here, the plating solution
to be used can include: a copper salt, an acid, and a chloride
ion.

[0024] In the plating solution mentioned above, one of the
main function of the chloride ion is to fine adjust the grain
growth direction to let copper layer (particularly, a twinned
copper layer) have a preferred crystal orientation. In addition,
the acid may be an organic acid or an inorganic acid to
increase the concentration of electrolyte and to improve a
plating rate. The examples of the acid may comprise sulfuric
acid, methane sulfonic acid, or a mixture thereof. In addition,
the concentration of the acid in the plating solution preferably
is 80-120 g/L. Furthermore, a plating solution has to contain
copper ions which can be obtained from the copper salt, such
as copper sulfate or methane copper sulfonate. The preferred
composition of the plating solution may further include an
additive selected from a group consisting of gelatin, surfac-
tants, lattice modification agent, and a mixture thereof to
adjust the grain growth direction to obtain copper layer con-
taining (111) preferred direction.

[0025] The power supply used in the plating device is pref-
erably a DC plating supply, a high-speed pulse plating supply
or both of them used alternately to enhance the growing rate
of the metal layer. When the DC plating supply is used in the
step (B), the current density may be preferably 1-12 ASD, and
more preferably is 2-10 ASD (such as 8 ASD). When the
high-speed pulse plating supply is used in the step (B), the
operating condition is preferably: T, /T, -(sec) being 0.1/2-
0.1/0.5 (such as 0.1/2, 0.1/1, or 0.1/0.5), the current density
being 1-25 ASD (preferably, 5 ASD). Under the aforemen-
tioned conditions, the growth rate of the copper layer is cal-
culated by the actual power on hours, and preferably is 2-2.64
pm/min. For example, when the plating current density is 8
ASD, the growth rate of the metal layeris 1.5-2 pum/min (such
as 1.76 um/min). In addition, the thickness of the copper layer
can be adjusted according to the period of the plating time. In
the present invention, the thickness thereof is preferably
about 0.1-500 pum, more preferably 0.8-200 um, and most
preferably 1-20 pm.

[0026] In particular, the twinned crystal copper having a
preferred direction manufactured by the conventional tech-
nique does not have fill-hole property, and the thickness is
only up to about 0.1 um in the mass production. Hence, it can
be used as a seed layer, and cannot be directly applied as
wires. However, the thickness of the nanotwinned copper
plating layer can be up to 0.1-500 um manufactured by the
aforementioned method of the present invention, and may be
formed directly in the opening or the trench of the dielectric
layer. Therefore, the nanotwinned copper playing layer of the
present invention can be applied to produce the lines of the
circuit board.

[0027] In addition, the cathode or the plating solution can
be held at 50-1500 rpm rotational speed to help the grain
growth direction and the speed when performing the plating
process. The grain diameter of the nanotwinned copper layer
of the present invention preferably is 0.1-50 um, and more
preferably is 1-10 wm; and the grain thickness thereof pref-
erably is 0.01-500 um, and more preferably is 0.1-200 pm.
[0028] Furthermore, in the electrical connection element
and the method of the present invention, each the first sub-
strate and the second substrate may independently be a semi-
conductor chip, a package substrate, or a circuit board; and
preferably is a semiconductor wafer. Hence, the present
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invention can be applied to a flip chip packaging, a wafer
bonding, a wafer level chip scale packaging (WLCSP) and
other common used packaging techniques derived from IBM
C4, and especially applied to those with high frequency and
high power components. In particular, the present invention
can be applied to the three dimensional integrated circuit
which have to be met with the requirement of high mechani-
cal properties and product reliability. For example, when both
the first substrate and the second substrate are semiconductor
wafers, the so-called three-dimensional integrated circuit
(3D-IC) can be formed after connecting the same. Moreover,
in other case, the three dimensional integrated circuit can be
used as the first substrate, and the package substrate can be as
the second substrate to proceed the connecting process. Here,
the aforementioned devices are only the way of example, and
not be used to limit the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1A is a schematic view of a conventional inter-
connect element.

[0030] FIG. 1B is an enlarged schematic view of a connect-
ing portion of a conventional interconnect element.

[0031] FIG.2A to2C are cross-sectional views of a process
for manufacturing an electrical connecting element having
nanotwinned copper layer according to Example 1 of the
present invention.

[0032] FIG. 3 is a schematic view of a plating apparatus for
forming a copper film according to Example 1 of the present
invention.

[0033] FIG.4isavertical view of an electron backscattered
diffraction of a copper layer according to Example 1 of the
present invention.

[0034] FIGS. 5A and 5B are respectively a focused ion
beam cross-sectional view and a schematic view of a nanot-
winned copper layer according to Example 1 of the present
invention.

[0035] FIG. 6is a focused ion beam cross-sectional view of
a connecting portion of an electrical connecting element
according to Example 2 of the present invention.

[0036] FIGS. 7A-7B are cross-sectional views of a process
for manufacturing an electrical connecting element having a
nanotwinned copper layer according to Example 2 of the
present invention.

[0037] FIGS. 8A-8C are cross-sectional views of a process
for manufacturing an electrical connecting element formed
by a copper layer according to Example 3 of the present
invention.

[0038] FIG.9isavertical view of an electron backscattered
diffraction of a copper layer according to Example 3 of the
present invention.

[0039] FIG.101s across-sectional image in a bright field of
a copper layer observed by a transmission electron micro-
scope according to Example 3 of the present invention.
[0040] FIG. 11 is a high resolution transmission electron
microscope image of a connecting portion of an electrical
connecting element according to Example 3 of the present
invention.

[0041] FIG.12isacross-sectional image in a bright field of
a connecting portion of an electrical connecting element
observed by a transmission electron microscope according to
Example 3 of the present invention.

[0042] FIG. 13 is a focused ion beam cross-sectional view
of a connecting portion of an electrical connecting element
according to Example 4 of the present invention.
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[0043] FIG.14isacross-sectional image in a bright field of
a connecting portion of an electrical connecting element
observed by a transmission electron microscope according to
Example 5 of the present invention.

[0044] FIG. 151s an image in a bright field of a connecting
portion of an electrical connecting element observed by a
transmission electron microscope according to Example 6 of
the present invention.

[0045] FIG.16isacross-sectional image in a bright field of
a connecting portion of an electrical connecting element
observed by a transmission electron microscope according to
Example 7 of the present invention.

[0046] FIG. 17 is a vertical view of an electron backscat-
tered diffraction of a copper layer containing 64% of a (111)
surface according to Example 8 of the present invention.
[0047] FIG.18 s atransmission electron microscope cross-
sectional image in a bright field of a connecting portion of an
electrical connecting element observed by a transmission
electron microscope according to Example 8 of the present
invention.

[0048] FIG. 19 is a focused ion beam cross-sectional view
of a connecting portion of an electrical connecting element
according to Example 9 of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0049] The preset invention is illustrated by the following
specific embodiments, and those skilled in the art can readily
understand the advantages and efficiency of the present
invention according to the content of the present specifica-
tion. The present invention may also be implemented or
applied by various other specific embodiments, the details of
the specification can be changed and modified without
departing from the spirit of the invention based on different
perspectives and applications.

Example 1

[0050] FIGS. 2A to 2C are cross-sectional views showing a
process for manufacturing an electrical connection element
having a twinned crystal copper layer of the present embodi-
ment. The schematic view of a plating apparatus for forming
the copper film in the present embodiment is shown in FIG. 3.
A vertical view of an electron backscattered diffraction of the
copper layer in the present embodiment is shown in FIG. 4, in
which the ratio of the (111) surface is 100%. The focused ion
beam cross-sectional view and a schematic view of the nan-
otwinned copper layer of the present embodiment are respec-
tively shown in FIGS. 5A and 5B.

[0051] First, a first substrate 21 is provided, which is a
wafer, as describes in FIG. 2A. In order to describe briefly,
only the schematic view the first substrate 21 is exemplified,
and circuits, active components, passive components or other
components are not disclosed in the drawings.

[0052] Then, a plating process is performed on the first
substrate 21 with the plating apparatus shown in FIG. 3. As
shown in FIG. 3, the first substrate 21 is placed in a plating
apparatus 3 as the cathode, wherein the plating apparatus 3
comprises an anode 32, which is immersed in the plating
solution 34 and connected to a DC power supply source 36
(Keithley 2400 is sued herein). The material of the anode 32
may be copper, a phosphor bronze or an inert anode (such as
titanium rhodium); and the material used for the anode 32 is
copper in the present embodiment. Further, the plating solu-
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tion 34 includes copper sulfate (wherein the concentration of
copper ions is 20-60 g/L), chloride 1ons (wherein the concen-
tration thereof is 10-100 ppm), and methacrylic acid (wherein
the concentration thereofis 80-120 g/L), and other surfactants
or lattice modification agents can be added (such as BASF
Lugalvan with a concentration of 1-100 ml/L) therein. The
plating solution 34 of the present embodiment may further
optionally contain an organic acid (such as methane sulfonic
acid), a gelatin, or a mixture thereof to adjust the grain struc-
ture and the size.

[0053] Next, as shown in FIG. 2A, a plating process is
performed with a direct current having a current density of
2-10ASD to grow the first copper film 22 on the surface of the
first substrate 21, and the direction thereof is indicated with
the arrow shown in FIG. 3. The (111) surface of the twinned
crystal and the surface of the first copper film 22 are approxi-
mately perpendicular to the direction of the electric field
during the plating process, and the twinned crystal copper is
grown at a rate of about 1.76 um/min. More specifically, the
first copper film 22 (i.e. the nanotwinned copper layer) is
grown along a direction perpendicular to (111), which means
the first copper film 22 is grown in a direction parallel to the
direction of the electric field.

[0054] Theobtained first copper film 22 includes a plurality
of twinned crystal copper grains, which are composed from a
plurality of twinned copper. The nanotwinned copper grains
are extended to the surface, thus the first copper film surface
22 is also a (111) surface. The thickness of the obtained first
copper film 22 is around 5~20 pm, and the [111] crystal axis
thereofis vertical to the axis of the (111) surface and the ratio
of (111) surface is 100%. Then, the first substrate 21 is
removed from the plating apparatus, the first substrate 21 with
the first copper film 22 formed thereon can be obtained, the
first copper film 22 is a nanotwinned copper layer and the first
connecting surface 221 thereofis a (111) surface, wherein the
ratio of the (111) surface is 100%. A vertical view of an
electron backscattered diffraction (EBSD) thereofis shownin
FIG. 4, wherein the area of the blue part is a (111) surface.

[0055] Herein, FIGS. 5A and 5B are respectively a focused
ion beam (FIB) cross-sectional view and schematic view of
the nanotwinned copper layer as the first copper film of the
presentembodiment. As shown in FIG. 5A, more than 50% of
the volume of the nanotwinned copper layer comprises a
plurality of columnar grains 41, and each of the grain has a
plurality of layered nanotwinned copper (for example, a
group of adjacent black and whitelines form a twinned crystal
copper, which stacks along the stacking direction 42 to con-
stitute the grain 41, as shown in FIG. 5B). In the present
invention, the nanotwinned copper layer contains a lot of
nanotwinned copper. Herein, the diameter D of these colum-
nar grains 41 are about 0.5 um to 8 pm, a height L thereof is
around 2 pm to 20 um, and the surface 411 of the nanotwinned
grain (horizontal lines) is parallel to the (111) surface. A grain
boundary 412 is located between adjacent the twinned crystal
grains, the (111) surface of the copper layer is perpendicular
to the thickness direction T thereof, and the thickness T
thereof is around 20 pm (which can be adjusted in a range
from 0.1 pm to 500 um). An angle included between the
stacking directions of adjacent grains are within 0° to 20°
(which is almost equivalent to the [111] crystal axis).

[0056] Referring to FIG. 2B, a second substrate 23 is pro-
vided, which is also a wafer. Similarly, in order to describe
briefly, only the schematic view of the second substrate 23 is
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exemplified, and the circuits, the active components, passive
components or other components are not disclosed in the
drawings.

[0057] Meanwhile, the second copper film 24 is formed on
the second substrate 23 through the same plating method for
forming the first copper film 22, wherein the obtained second
copper film 24 has a thickness about 5~20 um, and the [111]
crystal axis is vertical to the (111) surface. Accordingly, the
second copper film 24 is a nanotwinned copper film, and a
second connecting surface 241 is also a (111) surface. The
nanotwinned copper films of the second copper film 24 and
the first copper film 22 have the same structure and will not be
further described herein.

[0058] The first connecting surface 221 of the first copper
film 22 and the second connecting surface 241 of the second
copper film 24 are respectively cleaned by an aqueous solu-
tion of hydrochloric acid (the volume ratio between hydro-
chloric acid and the deionized water is 1:1). The first substrate
21 and the second substrate 23 are respectively placed on the
clamps 261, 262, and the first connecting surface 221 is faced
to the second connecting surface 241. Then, the first substrate
21 and the second substrate 23 are placed in a vacuum furnace
under 10~* torr, the temperature of the vacuum furnace is
raised to 200° C. to perform the connecting process and the
annealing process for 1 hour. During the connecting process,
the pressure therein is appropriately adjusted to maintain the
twinned grain structure of the first copper film 22, the second
copper film 24 and the junction therebetween.

[0059] After the aforementioned process, the electrical
connection element having twinned copper of the present
embodiment can be obtained, as shown in FIG. 2C, which
comprises: a first substrate 21; a second substrate 23; and an
interconnect 25 disposed between the first substrate 21 and
the second substrate 23, wherein the interconnect 25 is
obtained from the first copper film 22 and the second copper
film 24 connected to each other, the material of the intercon-
nect 25 is a nanotwinned copper layer, and 50% or more
volume of the nanotwinned copper layer comprises a plural-
ity of grains. Herein, the interconnect 25 is formed by the first
copper film 22 and the second copper film 24 after a connect-
ing process, and the connecting portion (i.e. junction) ther-
ebetween is shown as a dotted line.

[0060] The focused ion beam cross-sectional view of the
connecting portion of the electrical connection element hav-
ing a twinned copper of the present embodiment is shown in
FIG. 6. The result shows that, while the (111) surface is served
as a connecting surface, there are no voids or gaps observed in
the connecting portion of the interconnect 25 formed by the
first copper film 22 and the second copper film 24.

Example 2

[0061] FIGS. 7A and 7B are cross-sectional views of a
process for manufacturing the electrical connecting element
having a nanotwinned copper of the present embodiment.

[0062] A plurality of the first copper films 22 and a plurality
of the second copper films 24 are respectively formed on the
first substrate 21 and the second substrate 23 in the present
embodiment, as shown in FIGS. 7A and 7B. Herein, a plural-
ity of the first copper films 22 and a plurality of the second
copper films 24 can be respectively formed on the first sub-
strate 21 and the second substrates 23 through the plating
process described in Example 1 along with a lithography
process. Herein, the first copper film 22 and the second copper
film 24 respectively comprise a plurality of nanotwinned
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copper grains, the nanotwinned copper grains are composed
by a plurality of nanotwinned copper, the nanotwinned cop-
per grains are extended to the surface; and the [111] crystal
axis is the axis vertical to the (111) surface. Thus, both the first
connecting surface 221 of the first copper film 22 and the
second connecting surface 241 of the second copper film 24
are (111) surfaces, and the ratios of (111) surfaces are 100%.
The electron backscattered diffraction result thereof is the
same as that shown in FIG. 4 of Example 1.

[0063] Thefirst substrate 21 and the second substrate 23 are
both semiconductor wafers in the present embodiment. Simi-
larly, for the purpose of simply illustration, the structure of the
first substrate 21 and the second substrate 23 are only repre-
sented by the schematic views, and the circuits or other com-
ponents are not disclosed in the figures.

[0064] As shown in FIG. 7A, the first connecting surface
221 of the first copper film 22 and the second connecting
surface 241 of the second copper film 24 are cleaned by an
aqueous solution of hydrochloric acid (the volume ratio of a
hydrochloric acid and the deionized water is 1:1) by the same
method disclosed in Example 1. The first substrate 21 and the
second substrate 23 are respectively placed on the clamps
261, 262, and the first connecting surface 221 is faced to the
second connecting surface 241. Then, the first substrate 21
and the second substrate 23 are disposed in a vacuum furnace
under 1073 torr, the temperature of the vacuum furnace is
raised to 200° C. to perform the connecting and annealing
processes for 10 minutes to 1 hour. The twinned crystal struc-
ture of the first copper film 22, the second copper film 24 and
the connecting portion therebetween can be maintained by
moderately adjusting the added pressure during the connect-
ing process.

[0065] After the aforementioned process, the electrical
connection element having a twinned copper of the present
embodiment can be obtained, as shown in FIG, 7B, which
comprises: a first substrate 21; a second substrate 23; and a
plurality of interconnects 25 which are located between the
first substrate 21 and the second substrate 23, wherein the
material of the interconnect 25 is nanotwinned copper, and
50% or more volume of the nanotwinned copper comprises a
plurality of grains. Herein, the first copper films 22 and the
second copper films 24 are connected to form the intercon-
nects 25, and the connecting portion thereof are described as
dotted lines.

Example 3

[0066] The method for manufacturing a copper layer hav-
ing (111) surface is shown as follows. First, a titanium layer
(as an adhesion layer) with a thickness of 100 nm 1s deposited
on the silicon wafer by a sputtering method, and then a copper
layer having a (111) surface and a thickness of 200 nm is
deposited on the titanium layer by a plating method. Herein,
the copper layer can be prepared through the same plating
process mentioned above. In the present embodiment, a sili-
con wafer with a copper layer having a (111) surface formed
thereon is provided by the Amkor Technology Taiwan, INC.
The ratio of the (111) surface can be controlled by forming
different adhesion layer on the silicon wafer. Herein, 97% of
the (111) surface can be obtained by using the titanium layer
as an adhesion layer.

[0067] FIGS. 8A to 8C are cross-sectional views of a pro-
cess for a manufacturing an electrical connecting element of
the present embodiment; wherein the difference between the
present embodiment and Example 1 is that the copper layer
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containing 97% of (111) surface as the connecting surface is
used to replace the nanotwinned copper layer of Example 1.

[0068] First, as shown in FIG. 8A, a first substrate 21,
which is a silicon substrate, is provided; and a first adhesion
layer 221 is formed thereon which is a titanium layer with a
thickness of 100 nm. However, the first adhesion layer of the
present embodiment is only used for connecting the silicon
substrate with the following formed copper layer well, and
the material of the first adhesion layer can be changed or the
first adhesion layer is not used based on the material of the
substrate. In addition, in order to illustrate briefly, only the
schematic diagram the first substrate 21 is exemplified, and
circuits, active components, passive components or other
components are not disclosed in the drawings.

[0069] Then, a first copper layer 22 is formed on the first
adhesion layer 221 of the first substrate 21, the first copper
layer 22 is a copper layer having a (111) surface, and a
thickness thereof is around 200 nm.

[0070] After an electron backscattered diffraction (EBSD)
analysis, as shown in FIG. 9, 97% or more of the copper layer
surface are prepared in the present embodiment is a (111)
surface, wherein the area of the blue part is (111) surface.
Further, the cross section of the copper layer is analyzed with
a transmission electron microscope (TEM), and the result
indicates that the copper layer prepared by the present
embodiment is present in a columnar structure (columnar
crystal grains), as shown in FIG. 10. Furthermore, it was
found that the long axis of the copper layer is in [111] direc-
tion, which is observed by a X-ray diffraction image analysis;
and the cross section of the copper layer analyzed by the high
resolution transmission electron microscope (HRTEM) also
shows that the surface of the copper layer prepared in the
present embodiment is a (111) surface, as shown in the FIG.
11.

[0071] AsshowninFIG. 8B, asecond substrate 23 which is
a silicon substrate is provided, and a second adhesion layer
231 is formed thereon. Then, a second copper layer 24 is
formed on the second adhesion layer 231 of the second sub-
strate 23, which is a copper layer having a (111) surface with
a thickness about 200 nm. The process, material, thickness
and function of the second adhesion layer 231 and the second
copper layer 24 are respectively similar to the above men-
tioned firstadhesion layer 211 and the first copper layer 22, so
those are not further described herein. Besides, for the pur-
pose of brief description, only the schematic view of the
second substrate 23 is exemplified, and the circuits, active
components, passive components or other components are
not illustrated in the drawings.

[0072] Then, as shown in FIG. 8B, the first connecting
surface 221 of the first copper film 22 and the second con-
necting surface 241 of the second copper film 24 are respec-
tively cleaned with an aqueous solution of hydrochloric acid
(wherein, the volume ratio of a hydrochloric acid and the
deionized water is 1:1). The first substrate 21 and the second
substrate 23 are respectively placed on the clamps 261, 262,
and the first connecting surface 221 is faced to the second
connecting surface 241. Then, the first substrate 21 and the
second substrate 23 are placed in a vacuum furnace under
107 torr, the temperature of the vacuum furnace is raised to
200° C. to perform the connecting and annealing processes
for 1 hour, and pressure (about 3 Kg/cm?) is moderately
applied to the first substrate 21 and the second substrate 23
during the period of connecting.
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[0073] The electrical connection element containing (111)
without twinned copper of the present embodiment can be
obtained via the above mentioned process, as shown in FIG.
8C, which comprises: a first substrate 21; a second substrate
23; and an interconnect 25 which is located between the first
substrate 21 and the second substrate 23, wherein the inter-
connect 25 is made of the first copper layer 22 connecting to
the second copper layer 24, the junction between the first
copper layer 22 and the second copper layer 24 comprises a
plurality of grains, and the grains are formed by stacking
along a stacking direction of [111] crystal axis. Herein, the
first copper layer 22 and the second copper layer 24 form the
interconnect 25 by connecting and the connecting portion
(i.e. the connecting surface) is represented by a dotted line.
[0074] FIG.12is a TEM photo showing the cross section of
the electrical connecting element formed by a copper layer of
the present embodiment. Although the copper layer without
nanotwinned structure is used in the present embodiment,
there are no holes or gaps formed in the connecting portion
(i.e. the connecting surface) and a columnar grain structure
can be maintained due to the (111) surface of the copper layer.
Meanwhile, the HRTEM image of the cross section of the
copper layer also shows that the connection interface is a
grain boundary and no oxidant layer is observed, as shown in
the FIG. 11.

Example 4

[0075] As shown in FIG. 8A to FIG. 8C, the material,
manufacturing process and the structure of this embodiment
are the same as those described in the Example 3, except that
the first copper layer 22 on the first substrate 21 of the present
embodiment is a polycrystalline layer having a (111) surface
(the first connecting surface 221) and has a thickness of about
2 um; and the second copper layer 24 of the second substrate
23 is a copper layer without a (111) surface (the second
connecting surface 241) and has a thickness of about 2 pm. In
addition, the connecting process is performed under 107 torr,
the connecting temperature is 200° C., the applied pressure is
about 4 kg/ecm?, and the connecting time is 1 hour.

[0076] FIG. 13 is a focused ion beam (FIB) cross-sectional
view of a connecting portion of the electrical connecting
element of the present embodiment. The result shows that,
there are no holes or gaps formed in the connecting portion
(i.e. the connecting surface) even though the copper layer
without nanotwinned structure is used and only one connect-
ing surface 221 being a (111) surface is used in the present
embodiment.

[0077] The above results show that when using a copper
layerhaving high preferred direction[111], only one connect-
ing surface but not both the connecting surface has to be a
(111) surface, the purpose of connecting the copper layers
under a condition of low vacuum, low pressure and low tem-
perature can be achieved, and there is no oxidant layer formed
in the connecting portion. Meanwhile, due to the low con-
necting temperature, the connected copper layer (i.e. the con-
necting portion) still has a columnar crystal structure having
[111] preferred direction.

Example 5

[0078] As shown in FIG. 8A to FIG. 8C, the material,
manufacturing process and the structure of this embodiment
are the same as those described in the Example 3, except that
the first copper layer 22 on the first substrate 21 and the
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second copper layer 24 of the second substrate 23 of the
present embodiment are both nanotwinned copper layers, and
both the first connecting surface 221 and the second connect-
ing surface 241 have 97% of (111) connecting surface based
on the total area of the first connecting surface 221 and the
second connecting surface 241. Besides, the connecting pro-
cess is performed under 1072 torr, the connecting temperature
is 250° C., the applied pressure is about 100 psi, and the
connecting time is 10 minutes.

[0079] The electron backscattered diffraction diagram of
the copper layer of the present embodiment is the same as that
shownin FIG. 9 of Example 3. According to the image shown
in FIG. 9, the result shows that both the first connecting
surface 221 and the second connecting surface 241 contain
97% of the (111) connecting surface, and the blue part shown
therein is a (111) surface. In addition, according to the bright
field image observed by the transmission electron microscope
shown in FIG. 14, there are no holes or gaps formed in the
connecting portion (i.e. the connecting surface).

Example 6

[0080] The material, manufacturing process and the struc-
ture of this embodiment are the same as those described in
Example 5, except that the connecting process is performed
under 1072 torr, the connecting temperature is 200° C., the
applied pressure is about 100 psi, and the connecting time is
30 minutes. According to the bright field image observed by
the transmission electron microscope shown in FIG. 15, there
are 1o holes or gaps formed in the connecting portion (i.e. the
connecting surface).

Example 7

[0081] The material, manufacturing process and the struc-
ture of this embodiment are the same as those illustrated in
Example 5, except that the connecting process is performed
under 107> torr, the connecting temperature is 150° C., the
applied pressure is about 100 psi, and the connecting time is
60 minutes. According to the bright field image observed by
the transmission electron microscope shown in FIG. 16, there
are 1o holes or gaps formed in the connecting portion (i.e. the
connecting surface).

Example 8

[0082] As shown in FIG. 8A to FIG. 8C, the material,
manufacturing process and the structure of this embodiment
are the same as those illustrated in Example 3, except that the
first copper layer 22 on the first substrate 21 and the second
copper layer 24 of the second substrate 23 of the present
embodiment are both nanotwinned copper layers, and both
the first connecting surface 221 and the second connecting
surface 241 have 64% of (111) connecting surface based on
the total area of the first connecting surface 221 and the
second connecting surface 241. Besides, the connecting pro-
cess is performed under 1072 torr, the connecting temperature
is 200° C., the applied pressure is about 100 psi, and the
connecting time is 30 minutes.

[0083] FIG. 17 is an electron backscattered diffraction of
the copper layer of the present embodiment. As shown in FIG.
17, both the first connecting surface 221 and the second
connecting surface 241 used in the present embodiment con-
tain 64% of the (111) connecting surface, and the blue part
shown therein is a (111) surface. The ratio of the (111) surface
can be controlled by using different connecting layers on the
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silicon wafer. In the present embodiment, a titanium tungsten
layer is used as an adhesion layer to obtain a copper layer
having 64% of the (111) surface formed thereon. Besides,
according to the bright field image observed by the transmis-
sion electron microscope shown in FIG. 18, there are no holes
and gaps formed in the connecting portion (i.e. the connecting
surface).

[0084] The above mentioned results show that when using
a copper layer having high preferred direction [111], even
though only 50% of the connecting surface is a (111) surface,
the purpose of connecting the copper layers under a condition
of low vacuum, low pressure and low temperature can be
achieved, and there are no holes or gaps formed in the con-
necting interface. Meanwhile, due to the low connecting tem-
perature, the connected copper layer (i.e. the copper film) still
has the columnar crystal structure having [111] preferred
direction.

Example 9

[0085] As shown in FIG. 8A to FIG. 8C, the material,
manufacturing process and the structure of this embodiment
are the same as those illustrated Example 1, except that the
second copper layer 24 of the second substrate 23 is substi-
tuted with a gold film, and the second substrate 23 is a silicon
substrate with a silicon dioxide layer and a titanium layer
sequentially laminated thereon. Herein, the gold film is
formed with a FCTD-0056-6 Microfab Aul00 plating solu-
tion (which is purchased from the Electroplating Engineers of
Japan Ltd. Later), and the DC plating process is performed
with a current density of 5 ASD at room temperature to form
a gold film having a thickness of 100 nm, which has (220)
preferred direction. Moreover, the connecting process is pet-
formed under 10> torr, the connecting temperature is 200°
C., the applied pressure is about 4 kg/cm?, and the connecting
time is 1 hour.

[0086] FIG.19 is a focused ion beam (FIB) cross-sectional
view of a connecting portion of the electrical connecting
element of the present embodiment. As shown in FIG. 19,
there are no holes or gaps formed in the connecting interface
between the first copper layer 22 having (111) connecting
surface (i.e. the nanotwinned copper film) and the gold film
27, and this result indicates that a good interconnect formed
with the nanotwinned copper film and the gold film can be
obtained by direct connecting the same.

[0087] According to the foregoing results, when using a
copper layer having high preferred [111] direction, even
though the first metal film is the gold film which is made of a
hetero material other than copper, the purpose of connecting
the metal film and the copper film under a condition of low
vacuum, low pressure and low temperature can still be
achieved, and there are no holes or gaps formed in connecting
interface. Meanwhile, due to the low connecting temperature,
the connected copper layer (i.e. the copper film) still has a
columnar crystal structure having [111] preferred direction.

[0088] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A method for manufacturing an electrical connecting
element for electrical connecting a first substrateand a second
substrate, comprising the following steps:
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(A) providing a first substrate and a second substrate,
wherein a first copper film is formed on the first sub-
strate, a first metal film is formed on the second sub-
strate, a first connecting surface of the first copper film is
a (111)-containing surface, and the first metal film has a
second connecting surface; and

(B) connecting the first copper film and the first metal film
to form an interconnect, wherein the first connecting
surface of the first copper film is faced to the second
connecting surface of the first metal film.

2. The method of claim 1, wherein both the first connecting
surface of the first copper film and the second connecting
surface of the first metal film are (111)-containing surfaces.

3. The method of claim 1, wherein the first copper film
comprises a plurality of copper grains having (111) surfaces,
and 40-100% of a total area of the (111)-containing surface is
(111) surface on a basis that an angle of 15° included between
anormal vector of the (111) surface of the copper grain and a
normal vector of the (111)-containing surface is defined as the
(111) surface.

4. The method of claim 1, wherein a material of the first
metal film is selected from a group consisting of gold, silver,
platinum, nickel, copper, titanium, aluminum and palladium.

5. The method of claim 1, wherein the first metal film is a
second copper film.

6. The method of claim 5, wherein the first copper film and
the second copper film respectively are a copper layer having
a conrecting surface containing (111) surface or a nanot-
winned copper layer.

7. The method of claim 1, further comprising a step (A")
prior to the step (A): cleaning the first connecting surface of
the first copper film and the second connecting surface of the
first metal film with an acid.

8. The method of claim 6, wherein 50% or more volume of
the nanotwinned copper layer comprises a plurality of grains.

9. The method of claim 7, wherein the grains are columnar
twinned grains.

10. The method of claim 8, wherein the grains are inter-
connecting with each other, each grain is formed by a plural-
ity of nanotwinned copper stacking along a stacking direction
of [111] crystal axis, and an angle included between the
stacking directions of adjacent grains is 0-20°.
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11. The method of claim 1, wherein the first copper film
and the first metal film are connected with each other with a
pressure in the step (B).

12. The method of claim 1, wherein the first copper film
and the first metal film are connected with each other with a
pressure under 100-400° C. in the step (B).

13. The method of claim 1, wherein the first copper film
and the first metal film are connected with each other under
1-1072 torr in the step (B).

14. An electrical connecting element for electrical connect-
ing a first substrate and a second substrate, comprising:

a first substrate;

a second substrate; and

aninterconnect disposed between the first substrate and the

second substrate, wherein the interconnect is formed by
connecting a first copper film and a first metal film to
each other, and a junction between the first copper film
and the first metal film comprises a plurality of grains,
which stacks along a stacking direction of [111] crystal
axis.

15. The electrical connecting element of claim 14, wherein
the grains are columnar grains.

16. The electrical connecting element of claim 14, wherein
a material of the first metal film is selected from a group
consisting of gold, silver, platinum, nickel, copper, titanium,
aluminum, and palladium.

17. The electrical connecting element of claim 14, wherein
the first copper film is a copper layer having a connecting
surface containing (111) surface, or a nanotwinned copper
layer.

18. The electrical connecting element of claim 17, wherein
50% or more volume of the nanotwinned copper layer com-
prises a plurality of grains.

19. The electrical connecting element of claim 18, wherein
the grains are columnar twinned grains.

20. The electrical connecting element of claim 18, wherein
the grains interconnects with each other, each grain is formed
by a plurality of nanotwinned copper stacking along the
stacking direction of [111] crystal axis, and an angle included
between the stacking directions of adjacent grains is 0-20°.
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