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form atleast part of the solder into an intermetallic compound
(IMC) layer, in which the IMC layer comprises plural Cu,Sn,
grains with a preferred orientation; wherein at least 50% in
volume of the first and second nano-twinned copper layer
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1
ELECTRIC CONNECTING STRUCTURE
COMPRISING PREFERRED ORIENTED
CUSN; GRAINS AND METHOD FOR
FABRICATING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefits of the Taiwan Patent
Application Serial Number 101116641, filed on May 10,
2012, the subject matter of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electric connecting
structure and a method for fabricating the same and, more
particularly, to an electric connecting structure comprising
preferred oriented Cu¢Sn; grains and a method for fabricating
the same.

2. Description of Related Art

Copper (Cu) is generally used in metal connecting devices
(for examples, metal interconnects, under bump metalliza-
tions (UBMs), Cu pillar, or through silicon via (TSV) because
of its high electrical conductivity and thermal transferring
ability.

For instance, when Cu is applied in the UBM of a packag-
ing structure, UBM is frequently electrically connected to
other electronic elements through soldering. The process for
connecting UBM to other electronic elements requires high-
temperature reflow process, and intermetallic compounds
(IMCs) may be generated in the reaction between copper and
solder.

As shown in FIG. 1, the conventional flip-chip solder joint
structure comprises two chips 11, 12, wherein each chip 11,
12 respectively has electrical pads 13, 14 made of Cu, and the
electrical pads 13, 14 electrically connect to each other
through a solder 17. After a reflow process, Cu atoms con-
tained in the electrical pads 13, 14 may diffuse into the solder
17 and react with tin (Sn) atoms contained in the solder 17, so
that partial solder 17 is transformed into IMC layers 171, 172.
More specifically, the IMC layers 171, 172 are respectively
formed between the solder 17 and the electrical pads 13, 14.
In this case, the formed IMC layers 171, 172 may cause the
reliability of the flip-chip solder joint structure reduced.

Currently, in order to improve the property of the solder
joints, one means is to reduce the thickness of the IMC layer.
For example, a barrier layer is disposed between the electrical
pad and the solder to prevent the growth of the IMC layer, as
shown in U.S. Pat. No. 6,867,503 B2. However, the barrier
layer causes the manufacturing cost of the electronic device
increased, and the reliability thereof may be reduced.

Therefore, it is desirable to provide a novel electric con-
necting structure, in order to improve the property of solder
joints and reduce the manufacturing cost thereof,

SUMMARY OF THE INVENTION

The present invention provides a method for fabricating an
electric connecting structure comprising preferred oriented
CuSng, grains, which comprises the following steps: (A) pro-
viding a first substrate; (B) forming a first nano-twinned
copper layer on a part of a surface of the first substrate; (C)
using a solder to connect the first substrate with a second
substrate having a second electrical pad, in which the second
electrical pad comprises a second nano-twinned copper layer,
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and the solder locates between the first nano-twinned copper
layer and the second nano-twinned copper layer; and (D)
performing a reflow process between 200° C. and 300° C. to
transform at least part of the solder into an intermetallic
compound (IMC) layer, in which the IMC layer comprises
plural CugSny grains with a preferred orientation, wherein at
least 50% in volume of the first nano-twinned copper layer
and the second nano-twinned copper layer respectively com-
prises plural crystal grains.

In the present invention, the reflow process has to be per-
formed at a sufficient temperature, so the solder can be
present in a liquid state to transform into the CugSns grains.
When the temperature for the reflow process is less than 200°
C., a thicker Cu,Sn layer may be formed, in which the thick-
ness of the Cu;Sn layer is more than half of the height of the
CugSn, grains. The thickness of the Cu;Sn layer may be
increased as the obtained electric connecting structure is
stored for a long time. In this case, the CugSn; grains may
disappear.

In the present invention, the reflow process is performed
between 200° C. and 300° C. In this case, when the obtained
electric connecting structure is used in normal condition, for
example, the electric connecting structure is used at 100° C.,
the increase rateon the thickness of the Cu;Sn layer is relative
slower than the growth rate of the Cu,Sn; grains, and the size
ofthe Cu,Sn, grains is also increased. Hence, the control over
the reflow temperature is quiet important.

In the method for fabricating the electric connecting struc-
ture of the present invention, the growth direction of the
Cu,Sn; grains can be well controlled. Hence, the property of
microbumps formed by the CugSng grains is closed to each
other, and preferably identical to each other. Therefore, uni-
formelectrical property among every joint can be obtained, so
the electrical performance of the whole electric connecting
structure can be further improved.

In the method for fabricating the electric connecting struc-
ture of the present invention, the problem that the conven-
tional solder joints may happen due to the difference crystal
orientation of Sn grains can be solved by controlling the
growth direction of the Cu,Sny grains. When the electric
connecting structure of the present invention is applied to
flip-chip solder joint structure and three-dimensional inte-
grated circuit (3D-IC) packaging and through silica via
(TSV), the property of the solder joints can be ensured. In
addition, the method for fabricating the electric connecting
structure of the present invention can not only control the
mechanical property, the electrical property, the reliability
and the lifetime of the joints, but also reduce the manufactur-
ing cost, because that there are no additional barrier materials
or high-temperature heating treatment used in the method of
the present invention.

In the method for fabricating the electric connecting struc-
ture of the present invention, the growth direction of the
Cu,Sn, grains is substantially perpendicular to a surface of
the first nano-twinned copper layer.

In the method for fabricating the electric connecting struc-
ture of the present invention, an angle included between adja-
cent CugSn, grains is 0° to 40° in preferably at least 50% in
volume of the CuSn; grains, more preferably at least 70% in
volume thereof, and most preferably at least 90% in volume
thereof. More specifically, in 50% and more in volume of the
CueSn; grains, an angle included between the crystal axes of
two adjacent CugSn, grains is 0° to 40°.,

Furthermore, in the method for fabricating the electric
connecting structure of the present invention, an angle
included between a [0001] crystal axis of the CuSny grains
and a [111] orientation direction of the nano-twinned copper



US 8,952,267 B2

3

layer is 0° to 40° preferably in at least 50% in volume of the
CugSn, grains, more preferably in at least 70% in volume
thereof, and most preferably in at least 90% in volume
thereof.

In the step (D) of the method for fabricating the electric
connecting structure of the present invention, the reflow pro-
cess preferably is performed for 30 sec to 10 min. The size and
the height of the Cu,Sny grains are increased as the reflow
time is prolonged.

In the step (D) of the method for fabricating the electric
connecting structure of the present invention, the reflow tem-
perature preferably is 240° C. to 280° C., and more preferably
260° C.

In the method for fabricating the electric connecting struc-
ture of the present invention, a Cu;Sn layer may be further
comprised between the plural Cu,Sng grains and the first
nano-twinned copper layer, and a ratio between a thickness of
the Cu;Sn layer and a maximum height of the Cu,Sn; grains
is represented by: [thickness of the Cu,Sn layer]/[maximum
height of the Cu,Sns grains], which preferably is 0 to 0.5 and
more preferably 1x10™* to 0.3. As the storing time of the
electric connecting structure is increased, the thickness of the
Cu,Sn layer is also extended.

Hence, [thickness of the Cu,Sn layer]/[maximum height of
the CugSny grains| is preferably about 0 to 0.5, and more
preferably about 1x107* to 0.3.

Furthermore, a layer formed by the Cu,Sn; grains prefer-
ably has a thickness of 500 nm to 10 pm; and the thickness of
the Cu,Sn layer preferably is 1 nm to 1000 nm.

In the method for fabricating the electric connecting struc-
ture of the present invention, the crystal grains are preferably
columnar twinned grain. In addition, each crystal grain pref-
erably is formed as a result of the plurality of nano-twinned
copper working to stack in a stacking direction of a [111]
crystal axis, and an angle included between the stacking
directions (i.e. the orientation direction) of adjacent crystal
grains is 0° to 20°.

In the method for fabricating the electric connecting struc-
ture of the present invention, the first nano-twinned copper
layer used in the step (B) can be prepared through direct
current electroplating, pulsed electroplating, physical vapor
deposition, chemical vapor deposition, or etching copper foil.

When the first nano-twinned copper layer is prepared
through an electroplating process, a plating solution used in
the step (B) can comprise: a copper-based salt, an acid and a
chloride anion source. In addition, the plating solution may
preferably further comprise at least one selected from a group
consisting of gelatin, surfactant, and lattice dressing agent.
Furthermore, the acid contained in the plating solution pref-
erably is sulfuric acid, methyl sulfonate, or a combination
thereof.

In the method for fabricating the electric connecting struc-
ture of the present invention, the first substrate preferably
comprises a first electrical pad, in which the first electrical
pad comprises the first nano-twinned copper layer or the first
nano-twinned copper layer is used as the first electrical pad.

Furthermore, in the method for fabricating the electric
connecting structure of the present invention, the second elec-
trical pad of the second substrate preferably comprises a
second nano-twinned copper layer, or the second nano-
twinned copper layer is used as the second electrical pad.

In the method for fabricating the electric connecting struc-
ture of the present invention, the solder material may be
selected from the group consisting of eutectic Sn/Pb solder,
Sn/Ag/Cu solder, Sn/Ag solder and Pb-free solder.

In the method for fabricating the electric connecting struc-
ture of the present invention, the thickness the first and/or
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second nano-twinned copper layer is preferably 0.1 um-500
wm, more preferably 0.1 um-100 pm, and most preferably 0.1
pm-20 pm.

The present invention further provides an electric connect-
ing structure comprising preferred oriented Cu,Sny grains,
which comprises: a first substrate with a first electrical pad
formed thereon, wherein the first electrical pad comprises a
first nano-twinned copper layer; a second substrate with a
second electrical pad formed thereon, wherein the second
electrical pad comprises a second nano-twinned copper layer;
and at least one IMC layer disposed between surfaces of the
first nano-twinned copper layer and the second nano-twinned
copper layer, wherein the IMC layer 1s disposed between the
first substrate and the second substrate and electrically con-
nects the first electrical pad and the second electrical pad, and
the IMC layer comprises plural Cu,Sn, grains with a pre-
ferred orientation, wherein at least 50% in volume of the first
nano-twinned copper layer and the second nano-twinned cop-
per layer respectively comprises plural crystal grains.

Inthe electric connecting structure of the present invention,
the growth direction of the Cu4Sn; grains is well controlled to
obtain preferred oriented CugSn, grains. Hence, the problem
that the conventional solder joints may be broken due to the
difference crystal orientation of Sn grains can be solved.
When the electric connecting structure of the present inven-
tion is applied to 3D-IC packaging and through silica via
(TSV), the property of the solder joints can be ensured. More
specifically, since the growth direction of the Cu,Sn, grainsis
well controlled, the property of microbumps formed by the
CueSn;, grains is closed to each other, and preferably identical
to each other. Therefore, the electrical and mechanical prop-
erty differences in the electric connecting structure can be
eliminated, so the electrical performance and reliability
thereof can further be improved.

In addition, the mechanical property, the electrical prop-
erty, the reliability and the lifetime of the joints in the electric
connecting structure of the present invention can be con-
trolled, and the manufacturing cost thereof can also be
reduced, since there are no additional barrier materials or
high-temperature heating treatment used in the present inven-
tion.

Inthe electric connecting structure of the present invention,
an angle included between adjacent CugSn; grains is 0° to 40°
in preferably at least 50% in volume of the CugSn; grains,
more preferably at least 70% in volume thereof, and most
preferably at least 90% in volume thereof. More specifically,
in 50% and more in volume of the Cu,Sn, grains, an angle
included between the crystal axes of two adjacent Cu,Sn,
grains is 0° to 40°.

In addition, in the electric connecting structure of the
present invention, an angle included between a [0001] crystal
axis of the Cu,Sn, grains and a [111] orientation direction of
the nano-twinned copper layer is 0° to 40° preferably in at
least 50% in volume of the CugSns grains, more preferably in
at least 70% in volume thereof, and most preferably in at least
90% in volume thereof. In the electric connecting structure of
the present invention, a Cu,Sn layer may be further com-
prised between the plural CuSns grains and the first nano-
twinned copper layer, and a ratio between a thickness of the
Cu,Sn layer and a maximum height of the Cu,Sn, grains is
represented by: [thickness of the Cu,Sn layer]/[maximum
height of the Cu Sn, grains], which preferably is 0to 0.5 and
more preferably 1x107*t0 0.3,

Furthermore, a layer formed by the Cu,Sn; grains prefer-
ably has a thickness of 500 nm to 10 pm; and the thickness of
the Cu,Sn layer preferably is 1 nm to 1000 nm.



US 8,952,267 B2

5

Inthe electric connecting structure of the present invention,
the crystal grains preferably connect to each other, each crys-
tal grain preferably is formed as a result of the plurality of
nano-twinned copper working to stack in a stacking direction
of a [111] crystal axis, and an angle included between the
stacking directions of adjacent crystal grains is 0° to 20°.

Inthe electric connecting structure of the present invention,
the first substrate preferably comprises a first electrical pad,
which comprises the first nano-twinned copper layer.

Inthe electric connecting structure of the present invention,
the second electrical pad of the second substrate preferably
comprises a second nano-twinned copper layer.

Inthe electric connecting structure of the present invention,
the thickness of the first nano-twinned copper layer and the
second nano-twinned copper layer preferably is 0.1 pm-500
jum, respectively.

In addition, in the electric connecting structure of the
present invention, the first substrate and/or the second sub-
strate is respectively selected from the group consisting of a
semiconductor chip, a circuit board, and a conductive sub-
strate, preferably.

The electric connecting structure of the present invention
may further comprise a solder layer disposed between the first
substrate and the second substrate, and more specifically
between the first nano-twinned copper layer and the second
electrical pad. The solder layer is a redundant layer that partial
solder is not transferred into the IMC layer during the reflow
process. The material ofthe solder layer is preferably selected
from the group consisting of: eutectic Sn/Pb solder, Sn/Ag/
Cu solder, Sn/Ag solder, Sn/Cu solder and other Pb-free
solder.

In addition, the electric connecting structure of the present
invention may further comprise a seed layer disposed
between the first nano-twinned copper layer and an adhesion
layer of the semiconductor chip.

The electric connecting structure of the present invention
may further comprise an adhesion layer disposed between the
seed layer and the semiconductor chip such as a silica wafer.
The material of the adhesion layer is selected from the group
consisting of Ti, TiW, TiN, TaN, Ta, and an alloy thereof.

the present invention, the diameter of the crystal grains can
be 0.1 um-50 um. In addition, the thickness (or the height) of
the crystal grains is preferably 0.01 p-1000 um, more prefer-
ably 0.01 p-200 pm, and most preferably 0.01 p-100 pm.

Other objects, advantages, and novel features of the inven-
tion will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a conventional flip-
chip solder joint structure;

FIGS. 2A to 2D show a process for fabricating an electric
connecting structure according to Embodiment 1 of the
present invention; FIG. 3A is a perspective view showing an
Electron Back-Scattered

Diffraction (EBSD) orientation image in a plan-view for a
CugSn layer according to Embodiment 1 of the present
invention;

FIG. 3B shows a reference for the EBSE orientation image
of FIG. 3A,;

FIG. 4isacross-sectional focused ion beam (FIB) image of
an electric connecting structure according to Embodiment 1
of the present invention;
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FIG.51s a perspective view showing an electric connecting
structure according to Embodiment 2 of the present inven-
tion;

FIG. 6A is a cross-sectional FIB image of a nano-twinned
copper layer according to one preferred embodiment of the
present invention; and

FIG. 6B is a perspective view showing a nano-twinned
copper layer according to one preferred embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention has been described in an illustrative
manner, and it is to be understood that the terminology used is
intended to be in the nature of description rather than of
limitation. Many modifications and variations of the present
invention are possible in light of the above teachings. There-
fore, it is to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described.

[Embodiment]1

FIGS. 2A to 2D show a process for fabricating an electric
connecting structure according to Embodiment 1 of the
present invention. As shown in FIG. 2A, a substrate 31 is
provided. In the present embodiment, the substrate 31 is a
circuit board with a circuit layer 32 (which can also be used as
an electrical pad). Next, as shown in FIG. 2B, the substrate 31
is placed into an electroplating device 2 to use as a cathode.
The electroplating device 2 comprises an anode 22, which is
immersed in an electroplating solution 24 and electrically
connects to a direct current power supply source 26 (Keithley
2400 is used herein). The material used in anode 22 can be
copper, phosphor bronze or inert anode material such as plati-
num plating titanium. The electroplating solution 24 com-
prises copper sulfate (copper ion concentration being 20-60
g/L), chlorine ion (concentration being 10-100 ppm), and
methyl sulfonate (concentration being 80-120 /1), and other
surfactants or lattice dresser (e.g. BASF Lugalvan 1-100
ml/L) can also be added thereto. In addition, the electroplat-
ing solution 24 used in the present embodiment may further
comprise an organic acid (e.g. methyl sulfonate), gelatin, or a
combination thereof for adjusting crystal grain structure and
size.

Next, a direct current power is supplied in 2-10 ASD cur-
rent densities to perform the electroplating process, and nano-
twinned copper grows on a surface of the circuit layer 32 in a
direction pointed by an arrow, as shown in FI1G. 2B. During
the electroplating process, the (111) plane of the nano-
twinned copper and the surface of the nano-twinned copper
layer is approximately perpendicular to the direction of the
electric field, and the twinned copper is grown at a speed of
about 1.76 um/min. After the electroplating process, the
obtained first nano-twinned copper layer 33 used as the elec-
trical pad comprises plural crystal grains, which is composed
of plural nano-twinned copper. The crystal grains extend to
the surface of the first nano-twinned copper layer 33, so the
exposed surface of the first nano-twinned copper layer 33 is
alsoina(111)plane. In the present embodiment, the obtained
first nano-twinned copper layer 33 has a thickness of 20 um,
and the[111] crystal axis thereofis anaxis normal to the (111)
plane.

As shown in F1G. 2C, a semiconductor chip 41 is provided,
which has an electrical pad 42 made of anano-twinned copper
layer, i.e. a second nano-twinned copper layer. The second
nano-twinned copper layer is prepared by the same method
for fabricating the first nano-twinned copper layer 33. Next, a
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solder 51 provided to connect the electrical pad 42 of the
semiconductor chip 41 and the first nano-twinned copper
layer 33 of the substrate 31.

Then, a reflow process is performed, wherein the reflow
temperature is 260° C., and the reflow time is 30 sec and more
(for example, 1 mm, 3 min or 5 min). The reflow time can be
adjusted based on the amount of the solder. In the present
embodiment, the reflow time is 5 min. As shown in FIG. 2D,
after the reflow process, parts of the solder 51 is transformed
into an IMC layer 57, which comprises a Cu,;Sn layer 54 and
a CugSny layer 55. The CugSny layer 55 comprises plural
oriented CugSny grains 551, which extend from a surface of
the Cu,Sn layer 54. The reflow process has to be performed at
a sufficient temperature, so the solder can be present in a
liquid state to grow the CusSns grains. Hence, the reflow
temperature is preferably a temperature which can make the
solder melt. For example, the reflow temperature is about
230° C. or more. It should be noted that the electrical element
may be damaged when the reflow temperature is too high, so
the reflow temperature has to be controlled.

FIG. 3A is a perspective view showing an Electron Back-
Scattered Diffraction (EBSD) orientation image in a plane-
view for a Cu Sns layer 55 with plural CuSn, grains 551 of
the present embodiment; and FIG. 3B shows a reference for
the EBSD orientation image of FIG. 3A. According to the
reference shown in FIG. 3B, it can be known that the Cu Sn;
grains 551 shown in dots are grown in a direction close to
[0001] direction; the Cu Sn; grains 551 shown in crosses are
grown ina direction close to [2110] direction, and the CuSn,
grains 551 shown in circles are grown in a direction close to
[1010]. As shown in FIG. 3A, most of the Cu,Sn; grains 551
are grown in a direction close to [0001] direction, which is
represented in dots. This result shows that the growth direc-
tion of the Cu4Sn, grains can be well controlled in the present
embodiment.

In the present embodiment, the growth direction of the
CugSn, grains is controlled, so the problem that the conven-
tional solder joints may be broken due to the difference crys-
tal orientation of Sn grains can be solved. When the electric
connecting structure of the present embodiment is applied to
3D-IC packaging and through silica via (TSV), the property
of the solder joints can be ensured. In addition, the mechani-
cal property, the electrical property, the reliability and the
lifetime of the joints can be controlled and the manufacturing
cost thereof can further be reduced in the present embodi-
ment, because there are no additional barrier materials or
high-temperature heating treatment used in the method of the
present embodiment.

FIG. 4isacross-sectional focused ion beam (FIB) image of
an electric connecting structure of the present embodiment.
As shown in FIG. 2D and FIG. 4, the electric connecting
structure comprising preferred oriented CugSns grains of the
present embodiment comprises: a substrate 31 with a circuit
layer 32 formed thereon, in which a surface of the circuit layer
32 has a first nano-twinned copper layer 33 as an electrical
pad; a semiconductor chip 41 with an electrical pad 42 formed
by a nano-twinned copper layer; and at least one IMC layer57
formed on a surface of the first nano-twinned copper layer 33,
wherein the IMC layer 57 is disposed between the substrate
31 and the semiconductor chip 41, and the IMC layer 57
comprises Cu;Sn layers 54, 52 and Cu,Sny layers 53, 55.
Each Cu,Sn, layer 53, 55 comprises plural oriented Cu,Sn,
grains 551, 531, and at least 50% in volume of the first
nano-twinned copper layer 33 comprises plural crystal
grains. In the present embodiment, the thickness of the
CugSn, layer 55 is about 1 pm-5 pm, and that of Cu,Sn layer
54 is about 10 nm-50 nm.
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The structure of the first nano-twinned copper layer 33 is
described after all the embodiments.
[Embodiment]2

FIG.51s aperspective view showing an electric connecting
structure of the present embodiment. The structure and the
fabricating method of the electric connecting structure of the
present embodiment is similar to that of Embodiment 1,
except that the reflow time used in the present embodiment is
longer than that used in Embodiment. The reflow time is
about 5-6 min, so the size of the Cu Sny grains 551, 531 is
increased and the thickness of the CugSny layer 55 is
increased to about 10 um-30 pum. In the present embodiment,
the thickness of the solder 51 and the reflow time performed
thereon are adjusted, so the Cu,Sn, grains 551, 531 on the
surfaces of the substrate 31 and the semiconductor 41 can be
adhered to each other. In addition, the inventor confirmed that
the CugSns grains are still well oriented, even though the
CugSn, grains 551, 531 are adhered to each other. The afore-
mentioned result indicates that the method of the present
invention can control the growth direction of the CuSns
grains.

When the Cu Sn; grains 551, 531 on the upper and lower
substrate are adhered to each other, it means that almost all the
solder 51 is transformed in to the IMC layer, or only a little
part of the solder 51 is present between the Cu,Sns grains 551,
531. In the case that the Cu4Sn; grains 551, 531 on the upper
and lower substrate are adhered to each other, the mechanical
property, the electrical property, the reliability and the life-
time of the joints can be controlled can be controlled. Hence,
the reduced reliability caused by the weak joints can be pre-
vented, and the lifetime of electronic devices can further be
improved.

FIGS. 6A and 6B are respectively a cross-sectional FIB
image and a perspective view of a nano-twinned copper layer
of the present embodiment. As shown in FIGS. 6 A and 6B, at
least 50% in volume of the nano-twinned copper layer 43
comprises plural columnar crystal grains 66, and each crystal
grain comprises plural layered nano-twinned copper. For
example, neighboring sets of black lines and white lines con-
stitute a nano-twinned copper, and the nano-twinned coppers
stack in a stacking direction 69 to form a crystal grain 66.
Hence, the whole nano-twinned copper layer comprises
plenty of nano-twinned copper. The diameter D of these
columnar crystal grains 55 is ina range 0f 0.5 um to 8 um. The
height L thereof is about 1 um-500 um, preferably 1 um-100
wm, and more preferably 1 pm-20 um. The surface 661 of the
nano-twinned copper indicated in horizontal lines is parallel
to the (111) plane. A boundary 662 is present between nano-
twinned coppers. The (111) plane of the copper is perpen-
dicular to the direction showing the thickness T. In addition,
the thickness T of the nano-twinned copper layer is about 20
wm, which may be adjusted between 0.1 um to 500 um ifit is
necessary. Furthermore, an angel included between the stack-
ing directions of adjacent crystal grains is about 0° to 20°, in
which the stacking direction is almost the same as the [111]
crystal axis.

In conclusion, according to the electric connecting struc-
ture and the method for fabricating the same of the present
invention, the growth direction of the CugSny grains can be
controlled. Hence, the problem that the reliability may be
reduced due to the IMC layers contained in the solder joints
can be solved, and the property of the solder joints can be
controlled. In addition, the mechanical property, the electrical
property, the reliability and the lifetime of the joints of the
electric connecting structure of the present invention can be
controlled by using the method for fabricating the same of the
present invention. Furthermore, no additional barrier materi-
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als and high-temperature heating treatments are used in the
method of the present invention, so the manufacturing cost of
the electric connecting structure can further be reduced.

Although the present invention has been explained in rela-
tion 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 fabricating an electric connecting structure
comprising preferred oriented CugSny grains, which com-
prises the following steps:

(A) providing a first substrate;

(B) forming a first nano-twinned copper layer on a part of

a surface of the first substrate;

(C) using a solder to connect the first substrate with a
second substrate having a second electrical pad, in
which the second electrical pad comprises a second
nano-twinned copper layer, and the solder locates
between the first nano-twinned copper layer and the
second nano-twinned copper layer; and

(D) performing a reflow process between 200° C. and 300°
C. to transform at least part of the solder into an inter-
metallic compound (IMC) layer, in which the IMC layer
comprises plural CusSn, grains with a preferred orien-
tation,

wherein at least 50% in volume of the first nano-twinned
copper layer and the second nano-twinned copper layer
respectively comprises plural crystal grains.

2. The method as claimed in, claim 1, wherein an angle
included between adjacent CugzSns grains is 0° to 40° in at
least 50% in volume of the Cu,Sn; grains.

3. The method as claimed in claim 1, wherein an angle
included between a [0001] crystal axis of at least 50% in
volume of the CugSn, grains and a [111] orientation direction
of the first nano-twinned copper layer is 0° to 40°, and an
angle included between a [0001] crystal axis of at least 50%
in volume of the CugSn; grains and a [111] orientation direc-
tion of the second nano-twinned copper layer is 0° to 40°.

4. The method as claimed in claim 1, wherein the reflow
process is performed for 30 sec to 10 min in the step (D).

5. The method as claimed in claim 1, wherein the reflow
process is performed at 240° C. to 280° C. in the step (D).

6. The method as claimed in claim 1, wherein a Cu;Sn layer
is further comprised between the plural Cu,Sn, grains and the
first nano-twinned copper layer, and a ratio between a thick-
ness of the Cu;Sn layer and a maximum height of the Cu Sn;
grains is represented by: [thickness of the Cu,Sn layer)/
[maxinmum height of the CugSn, grains], which is 1x10™* to
03.

7. The method as claimed in claim 1, wherein a layer
formed by the Cu,Sn, grains has a thickness of 500 nm to 10
pm.
8. The method as claimed in claim 6, wherein a thickness of
the Cu,Sn layer is 1 nm to 1000 nm.

9. The method as claimed in claim 1, wherein the crystal
grains connect to each other, each crystal grain is formed as a
result of the plurality of nano-twinned copper working to
stack in a stacking direction of a [111] crystal axis, and an
angle included between the stacking directions of adjacent
crystal grains is 0° to 20°.

10. The method as claimed in claim 1, wherein the first
nano-twinned copper layer in the step (B) is prepared through
direct current electroplating, pulsed electroplating, physical
vapor deposition, chemical vapor deposition, or etching cop-
per foil.
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11. The method as claimed in claim 10, wherein a plating
solution for forming the first nano-twinned copper layer com-
prises: a copper-based salt, an acid and a chloride anion
source.

12. The method as claimed in claim 11, wherein the plating
solution further comprises at least one selected from a group
consisting of gelatin, surfactant, and lattice dressing agent.

13. The method as claimed in claim 1, wherein the acid
contained in the plating solution is sulfuric acid, methyl sul-
fonate, or a combination thereof.

14. The method as claimed in claim 1, wherein the first
substrate comprises a first electrical pad, which comprises the
first nano-twinned copper layer.

15. The method as claimed in claim 1, wherein a thickness
of the first nano-twinned copper layer is 0.1 pm-500 pm.

16. An electric connecting structure comprising preferred
oriented CugSn; grains, comprising:

a first substrate with a first electrical pad formed thereon,
wherein the first electrical pad comprises a first nano-
twinned copper layer;

a second substrate with a second electrical pad formed
thereon, wherein the second electrical pad comprises a
second nano-twinned copper layer; and

at least one IMC layer disposed between surfaces of the
first nano-twinned copper layer and the second nano-
twinned copper layer, wherein the IMC layer is disposed
between the first substrate and the second substrate and
electrically connects the first electrical pad and the sec-
ond electrical pad, and the IMC layer comprises plural
Cu4Sn, grains with a preferred orientation,

wherein at least 50% in volume of the first nano-twinned
copper layer and the second nano-twinned copper layer
respectively comprises plural crystal grains.

17. The electric connecting structure as claimed in claim
16, wherein an angle included between adjacent CuSns
grains is 0° to 40° in at least 50% in volume of the CuSn;
grains.

18. The electric connecting structure as claimed in claim
16, wherein an angle included between a [0001] crystal axis
of at least 50% in volume of the Cu,Sn grains and a [111]
orientation direction of the first nano-twinned copper layer is
0°1040°, and an angle included between a [0001] crystal axis
of at least 50% in volume of the Cu,Sn; grains and a [111]
orientation direction of the second nano-twinned copper layer
is 0° to 40°.

19. The electric connecting structure as claimed in claim
16, wherein a Cu,Sn layer is further comprised between the
plural CugSn, grains and the first nano-twinned copper layer,
and a ratio between a thickness of the Cu,Sn layer and a
maximum height of the CugSns grains is represented by:
[thickness of the Cu,Sn layer]/[maximum height of the
Cu,Sn; grains], which is 1x10~* to 0.3.

20. The electric connecting structure as claimed in claim
16, wherein a layer formed by the Cu,Sn, grains has a thick-
ness of 500 nm to 10 pm.

21. The electric connecting structure as claimed in claim
19, wherein a thickness of the Cu;Sn layeris 1 nm to 1000 nm.

22. The electric connecting structure as claimed in claim
16, wherein the crystal grains connect to each other, each
crystal grain is firmed as a result of the plurality of nano-
twinned copper working to stack in a stacking direction of a
[111] crystal axis, and an angle included between the stacking
directions of adjacent crystal grains is 0°to 20°.

23. The electric connecting structure as claimed in claim
16, wherein thicknesses of the first nano-twinned copper
layer and the second nano-twinned copper layer are 0.1
pm-500 pm, respectively.
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24. The electric connecting structure as claimed in claim
16, wherein the first substrate and the second substrate are
respectively a semiconductor chip, a circuit board, or a con-
ductive substrate.
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