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461 46 A

A circuit board with twinned Cu circuit layer and a method for
manufacturing the same are disclosed, wherein the method
comprises the following steps: (A) providing a substrate with
a first circuit layer formed thereon, wherein the first circuit
layer comprises a conductive pad; (B) forming a first dielec-
tric layer on the surface of the substrate; (C) forming plural
openings in the first dielectric layer, wherein each opening
penetrates through the first dielectric layer and communicates
with the conductive pad to expose the conductive pad; (D)
forming a Cu seeding layer in the openings; (E) forming a
nano-twinned Cu layer in the openings with an electroplating
process; and (F) annealing the substrate to transfer the mate-
rial of the Cu seeding layer into nano-twinned Cu, wherein
the nano-twinned Cu layer and the transferred Cu seeding
layer are formed into a second circuit layer.
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CIRCUIT BOARD WITH TWINNED CU
CIRCUIT LAYER AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of Tai-
wanese Patent Application No. 101138044, filed on Oct. 16,
2012, which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a circuit board with
twinned copper circuit layer and method for manufacturing
the same, particularly to a circuit board with twinned copper
circuit layer for using on integrated circuit and method for
manufacturing the same.

[0003] Withthe rapid development of the electronics indus-
try, demand for minimum volume, light weight; multifunc-
tion, and high-performing electronics has seen steady
increased in quantity. On the current integrated circuit devel-
opment, the semiconductor packaging technologies are
applied now, in order to pack a number of active elements and
passive elements onto the same device; therefore, an object
having more circuits and electronic components are accom-
modated within a finite unit area can be achieved.

[0004] Inthe pastofintegrated circuit and packaging indus-
tries, chemical vapor deposition (CVD), plasma-enhanced
chemical vapor deposition (PECVD), sputtering, chemical
plating or electroplating and so on are used more to form
copper line conductors (or known as copper wires). However,
the copper lines prepared as above described method usually
have the issue of under-performing capability to resist elec-
tromigration. Particularly, the electromigration resistance
capability and mechanical property of the electrical wire and
nanoscale electrical wire can have significant impact on the
reliability of the products in the integrated circuit of the
semiconductor devices.

[0005] For this reason, technologies involving addition of
other metals or materials into copper wires have been devel-
oped. However, this method has the potential problem of
suffering from contamination, or increasing cost of manufac-
ture, the value of actual application in reality is instead less
noticeable.

[0006] In addition, in the current semiconductor copper
manufacturing process, physical vapor deposition can opet-
ate to deposit into metal copper having a nano twinned struc-
ture for forming a copper circuit, so as to replace current
copper wires, and therefore raising copper wire’s electromi-
gration resistance capability. However, the nanoscale twinned
copper formed by the physical vapor deposition has short
crystal lattice having scattered orientation led to by undefin-
able copper lattice direction. As such, the twins’ density is
relatively low, and therefore cannot work to lead to significant
improvement on electromigration resistance capability and
ultimately failing to create actual utility value. In addition,
when physical vapor deposition is used to form twinned cop-
per structure, the time for deposition is a lengthy undertaking,
and cannot work to plate into vias or trenches having high
aspect ratio, this method therefore cannot be directly applied
in copper interconnect, copper wires, or through-silicon via
(ISV).

[0007] Because the twinned copper has excellent elec-
tromigration resistance, if a method for manufacturing
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twinned copper having excellent crystal lattice may be devel-
oped, so as to it will be possible to replace the current copper
wire and the method for manufacturing the same, and there-
fore enhancing the electromigration resistance of the copper
wire.

SUMMARY OF THE INVENTION

[0008] One main object of the present invention is to pro-
vide a circuit board having twinned copper circuit layer, so as
to enhance electromigration resistance capability of copper
wire, and increasing product reliability.

[0009] Another object of the present invention is to provide
a method for manufacturing circuit board having twinned
copper circuit layer, so as to produce copper circuit layer
having twinned copper.

[0010] In order to achieve the abovementioned object, a
method for preparing a circuit board with twinned Cu circuit
layer, comprising the following steps of: (A) providing a
substrate with a first circuit layer formed thereon, wherein the
first circuit layer comprises a conductive pad; (B) forming a
first dielectric layer on the surface of the substrate; (C) form-
ing plural openings in the first dielectric layer, wherein each
opening penetrates through the first dielectric layer and cor-
respond to the conductive pad to expose the conductive pad;
(D) forming a Cu seeding layer in the openings; (E) forming
a nano-twinned Cu layer in the openings with an electroplat-
ing process; and (F) annealing the substrate to transfer the
material of the Cu seeding layer into nano-twinned Cu,
wherein the nano-twinned Cu layer and the transferred Cu
seeding layer are formed into a second circuit layer, and the
second circuit layer comprise plural first conductive vias
formed in the openings.

[0011] Through the above manufacturing process, the
present invention provides a circuit board with twinned Cu
circuit layer, comprising: a substrate, which comprises at
least a first circuit layer, and the first circuit layer comprises a
conductive pad; a first dielectric layer, which is formed on a
surface of the substrate, wherein the first dielectric layer
comprises a plurality of openings to exposing the conductive
pad; and a second circuitlayer, which is formed on the surface
of the first dielectric layer, the second circuit layer comprises
aplurality of first conductive vias, each of the first conductive
vias 1s disposed in the opening so as to be electrically con-
nected to the conductive pad, and the second circuit layer is
made from nano-twinned Cu layer. Furthermore, the first
circuit layer is preferred to be made from a nano twinned.
[0012] The method for manufacturing the circuit board
having twinned copper circuit layer of the present invention is
by means of electroplating and annealing to form nano
twinned copper having preferred orientation and high
twinned crystal density. In particular, the electroplated nano
twinned copper would grow toward the seed crystal layer
having no twinned crystals by means of the annealing pro-
cess, and the original seed crystal layer can be transformed
wholly or partially into nano twinned copper, therefore the
circuit layer formed therefrom would turn to be made by nano
twinned copper, and the seed crystal layer may wholly trans-
formed into the nano twinned copper or partially remained in
the opening Preferably, the seed crystal layer is wholly trans-
formed into the twinned copper. As such, in the circuit board
having nano twinned copper circuit layer of the present inven-
tion, the second circuit layer is made by nano twinned copper
having preferred orientation and high twin crystal density.
Because the surface diffusion rate in the preferred orientation
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of the nano twinned copper is slower, the copper wire’s elec-
tromigration resistance capability can be greatly reduced, and
the reliability of the product can be enhanced. Accordingly,
when compared against the copper wire formed by the tradi-
tional physical vapor deposition, the twin crystal’s density of
the current invention is higher and has better electromigration
resistance, and it has shorter manufacturing time, making it
more suitable in the technical application in integrated circuit
industry.

[0013] In the method for manufacturing circuit board hav-
ing the twinned copper circuit layer of the current invention,
step (C) is: forming plural openings in the first dielectric
layer, wherein each opening penetrates through the first
dielectric layer and correspond to the conductive pad to
expose the conductive pad; step (D) is: forming a Cu seeding
layer in the openings; step (E) is: forming a nano-twinned Cu
layer in the openings with an electroplating process; and step
(F) is: annealing the substrate to transfer the material of the
Cu seeding layer wholly or partially into nano-twinned Cu,
wherein the nano-twinned Cu layer and the transferred Cu
seeding layer are formed into a second circuit layer, and the
second circuit layer comprise plural first conductive vias
formed in the openings.

[0014] Inaddition, in the method for manufacturing circuit
board having the twinned copper circuit layer of the current
invention, the method further comprises a step (G) after step
(F): forming a circuit built-up structure on a surface, wherein
the circuit built-up structure comprises at least a second
dielectric layer, at least a third circuit layer, and a plurality of
second conductive vias, and a portion of the second conduc-
tive vias are electrically connected with the second circuit
layer. In this case, the third circuit layer is preferred to be
made by the same method for forming the abovementioned
second circuit layer, Through the above manufacturing pro-
cess, the circuit board having twinned copper circuit layer of
the current invention further comprise a built-up circuit layer
structure, which is disposed on a surface of the first dielectric
layer and the second circuit layer, in which the built-up circuit
layer structure comprises at least a second dielectric layer, at
least a third circuit layer, and a plurality of second conductive
vias, and a portion of the second conductive vias are electri-
cally connected with the second circuit layer. Here, the third
circuit layer is preferably made by a nano twinned copper.

[0015] In another aspect of the present invention, over a
50% percentage of a volume of the nano-twinned Cu layer
comprises a plurality of dies, and these dies are preferred to be
columnar twinned grains. In addition, the plurality of dies are
mterconnected with each other, and each die is formed as a
result of the stacking of plural nano twinned copper along the
[111] crystal axis direction, and an angle included between
adjacent crystal dies is 0° to 20° in a stacking direction.

[0016] In another aspect of the present invention, the
method for forming nano twinned copper layer can be direct
current electroplating or pulse electroplating. Preferably, the
method for forming nano twinned copper layer can be of the
following: providing an electroplating device, the electroplat-
ing device comprises an anode, a cathode, an electroplating
solution, and an electrical power supply source; wherein the
electrical power supply source is connected respectively to
the anode and the cathode, and the anode and the cathode are
immersed in the electroplating solution; and using the elec-
trical power supply source to provide electrical power to
perform electroplating, wherein nano twinned copper layer
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grows on a surface of the cathode. Herein, the electroplating
solution comprises: a copper-containing salinized matter, an
acid, and chlorine ion source.

[0017] Inthe above electroplating solution, the main func-
tion of the chlorine ion is to fine tune the growth direction of
dies, to make twinned metal have preferred orientation for
crystallization. In addition, the acid can be a organic acid or
an inorganic acid, so as to increase concentration of the elec-
trolyte and to increase electroplating speed, for example,
sulfuric acid, methyl sulfonic acid, or a combination thereof
can be used; in addition, concentration of acid in the electro-
plating solution is preferred to be 80-120 g/L.. Furthermore,
the electroplating solution needs to have a copper ion source
at the same time (that is, salinized matter of copper , for
example, sulfuric acid copper or methyl sulfonic acid cop-
per). Ina preferred composition of the electroplating solution,
the solution can further comprise an additive, which can be
selected from a group consisting of: gelatin, surfactant, lattice
modification agent, and a combination thereof, for use in
adjusting the growth direction of the grains that can be fine-
tuned by the additive.

[0018] Here, the electrical power supply of the electroplat-
ing device is preferred to be a direct current electroplating
supply source, or a high-speed pulse electroplating supply
source, or either one ofthe two, so as to increase the formation
rate of twined metal layer. When the direct current electro-
plating supply source is used in step (B), the electric current
density is preferred to be 1-12 ASD, which is more preferred
to be 2-10 ASD (e.g. 8 ASD). When the high-speed pulse
electroplating supply source is used in step (B), the operating
condition is preferred to be: T, /T ; (sec) being between
0.1/2-0.1/0.5 (e.g. 0.1/2, 0.1/1, or 0.1/0.5), electric current
density being 1-25 ASD (more preferred 5 ASD). Performing
electroplating under these conditions, nano twinned copper
growth rate is calculated by actual running time, which is
preferred to be 0.22-2.64 pm/min. For example, when the
electric density for electroplating is 8 ASD, the growth rate of
the twinned metal can be 1.5-2 pm/min (for example, 1.76
wm/min): In the present invention, thickness of nano twinned
copper layer varies in accordance with the electroplating
time, its range being preferred between 0.1-500 um, more
preferred to be 0.8-200 wm, most preferred to be 1-20 pm.
Twinned copper metal layer having preferred orientation as
manufactured by conventional technologies does not have
via-filling ability, thickness from mass production can only
reach about 0.1 pum, which is therefore only usable as a seed
crystal layer, and not ideal for applications such as wires.
However the thickness of the electroplated nano twinned
copper layer of the current invention can be between 0.1-500
um, and can be plated directly on the opening of dielectric
layer or trenches, and therefore be applied in the circuit layer
manufacture of the circuit board of the current invention.
[0019] In addition, when electroplating is performing, the
cathode or the electroplating solution can rotate at a rotational
speed of 50-1500 rpm, to aiding twinned crystal growth ori-
entation and speed rate. By appropriate conditions for elec-
troplating, diameter of the die of the nano twinned copper
layer obtained by the current invention is preferred to be
0.1-50 um, more preferred to be 1-10 um ; thickness of the
grain can be preferred to be 0.01-500 um, more preferred to be
0.1-200 pm.

[0020] In the method for manufacturing the circuit board
having the twinned copper circuit layer of the current inven-
tion, conditions for annealing can be the process conditions



US 2014/0103501 Al

commonly seen in the current technical field, provided that
the material of the copper grain layer can be switched to nano
twinned copper. For example, annealing under 200-500° C.
can run for 15-120 minutes, more preferably at 250-450° C.
for 40-100 minutes, and more preferably at 270-350° C. for
50-70 minutes.

[0021] Furthermore, in another aspect of the present inven-
tion, the material of the substrate and its structure are not
particularly limited, which can be silicon substrate, glass
substrate, quartz substrate, metal substrate, plastic substrate,
print circuit board, copper foil substrate, III-V group material
substrate, insulator board, or circuit board having multilayer
circuits. In addition, packaging substrate having circuit layer,
three dimensional integrated circuit (3D-IC) board, semicon-
ductive chip can also be used as the substrate for the present
invention.

[0022] Thetime required for the method for manufacturing
the current invention is shorter than the physical vapor depo-
sition method required for the known technology, and the
deposition rate and speed rate are faster. The expensive vapor
phase deposition equipment is not required, therefore, this
can greatly reduce the production cost. In addition, the
present invention can also produce in a simple manner nano
wwinned copper having high density and [111] preferred ori-
entation, which has, in addition to excellent mechanical prop-
erties (higher elastic modulus), higher electromigration resis-
tance capability as increased by twinned crystals
arrangement, which all can contribute to increasing product
liability and especially applicability to manufacture of inte-
grated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0024] FIGS. 1A to 1E are cross-sectional views of a pro-
cess for manufacturing copper circuit according to embodi-
ment 1 of the current invention.

[0025] FIG. 2 shows a schematic view of an electroplating
device for forming copper circuit layer according to embodi-
ment 1 of the current invention.

[0026] FIG. 3A is an ion scanning image of the copper
circuit layer that is not treated by an annealing process,
according to embodiment 1 of the present invention.

[0027] FIG. 3B is an ion scanning image of the copper
circuit layer that is treated by an annealing process, according
to embodiment 1 of the present invention.

[0028] FIGS. 4A to 4E are cross-sectional views of a pro-
cess for preparing the circuit board of embodiment 2 accord-
ing to the present invention.

[0029] FIGS. 5A to 5B are cross-sectional views of a pro-
cess for preparing the circuit board of embodiment 3 accord-
ing to the present invention

[0030] FIG. 6 is an electron backscatter diffraction photo of
the section “A” of FIG. 5B according to embodiment 3 of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0031] Hereafter, examples will be provided to illustrate the
embodiments of the present invention. Other advantages and
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effects of the invention will become more apparent from the
disclosure of the present invention. Other various aspects also
may be practiced or applied in the invention, and various
modifications and variations can be made without departing
from the spirit of the invention based on various concepts and
applications.

Embodiment 1

[0032] FIGS. 1A to 1D are cross-sectional views of a pro-
cess for manufacturing the copper circuit layer of the present
embodiment. FIG. 2 is a schematic view of an electroplating
device for forming copper circuitlayer of the present embodi-
ment.

[0033] As shown in FIG. 1A, the first step of the method is
to provide a silicon substrate 11, on which a surface is dis-
posed with multiple trenches 111, and the height and depth of
the each trenches is 0.8 pm and 0.8 pm respectively. The next
step is to use the electroplating device shown in FIG. 2 to
carry out electroplating on the silicon substrate 11. As shown
in FIG. 2, the silicon substrate is placed in an electroplating
device 2 as a cathode; wherein, the electroplating device 2
comprises an anode 22, which is immersed in an electroplat-
ing solution 24 and connected to a direct current electrical
power 26 (Keithley 2400 is used in this case). The materials
used for anode 22 can be metal copper, phosphor bronze or
insert anode (e.g. titanium plated platinum); in the current
embodiment, the anode 22 is made by metal copper. In addi-
tion, the electroplating solution comprises copper sulfate
(copper ion concentration ranging between 20-60 g/L), chlo-
rine ion (concentration of which ranging between 10-100
ppm), and methyl sulfonate (concentration of which ranging
between 80-120 g/L), and additional surfactants or lattice
dressers (e.g. BASF Lugalvan 1-100 ml/L). Optionally. the
electroplating solution 24 of the current embodiment can
further comprise organic acid (e.g. methyl sulfonate), gelatin,
or a mixture of the above, for use in dressing lattice structure
and size.

[0034] Next, physical vapor deposition is used to apply
pulsed electric current to stabilize electric current, in order to
deposit a copper seed crystal layer 12 on the silicon substrate
11 and the trench 111, as shown in FIG. 1B. Here, the copper
seed crystal layer 12 has a thickness of about 0.05 um. After
the silicon substrate 12 is formed, a direct current with a
currentdensity of2-10 ASD is used to perform electroplating,
wherein, as shown in FIG C, the silicon substrate 11 starts to
grow nano twinned copper layer 13 in the direction pointed by
an arrow shown in FIG. 2. In the growing process, the (111)
surface of twinned crystals and planar surface of the nano
twinned copper layer 13 are perpendicular to the direction of
the electric field, and twinned copper is grown at a rate of 1.76
wm/min; in more specific terms, nano twinned copper layer 13
grows along perpendicular to the (111) direction, namely the
nano twinned copper layer is the parallel electric field direc-
tion.

[0035] The nano twinned copper layer 13 is grown com-
pletely, comprising a plurality of twinned copper dies, each
twinned copper die is composed of numerous twinned crystal
copper, the nano twinned copper die can extend to the surface,
therefore a surface of the nano twinned copper layer 13 would
the same as a (111) surface. Thickness of the nano twinned
copper layer 13 that has been electroplated is about 2 pm, and
the [111] crystal axis is normal to the (111) surface.

[0036] The final step is to remove the silicon substrate 11
from the electroplating device, after 30 minutes of 400° C.
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annealing process, the twinned copper of the nano twinned
copper layer 13 would turn to grow toward the copper seed
crystal layer having no twinned crystals, to therefore trans-
form the nano twinned copper seed crystal layer 12 into nano
twinned copper. With the annealing process finished, nano
twinned copper layer 13 and the original copper seed crystal
layer 12 (as shown in FIG. 1C) would transform to form a
circuit layer 14, and the circuit layer 14 comprises a circuit
141.

[0037] In particular, after the electroplating and annealing
process of the present embodiment, circuit layer 14 would no
longer have seed crystal layer having twinned crystal, and
would become entirely a circuit layer having nano twinned
copper structure. Accordingly, the circuit layer 14 is com-
posed of numerous nano twinned copper crystals, the nano
twinned copper crystal would reach the surface, therefore a
surface of the circuit layer 14 would the same as a (111)
surface.

[0038] If necessary. a chemical mechanical polish (CMP)
step is applied to the circuit layer 14 to reduce the thickness of
the circuit layer 14 to form the silicon substrate 11 having the
nano twinned copper crystal circuit 141 as shown in F1G. 1E.
[0039] In addition, an analysis of focused ion beam (FIB)
shows that over 50% volume of the nano twinned copper 43 of
the circuit layer 14 comprises numerous columnar grains, and
each grain has plural layer-shaped nano twinned copper. Fur-
thermore, diameter of each columnar grain ranges between
about 0.5 pm and 8 pm and its height ranges between 2 pm and
20 um, and nano twinned planar surface 661 (level striation)
is disposed parallel to (111) surface, a grain boundary 662 is
between twinned crystals, (111) planar surface of copper is
perpendicular to the e thickness T°s direction, and a thickness
T of the twinned copper layer 43 is about 20 pum (freely
adjustable between 0.1 pm-500 pm). An angle included
between the stacking directions (approximately equivalent to
[111] crystal axis) formed between adjacent crystal grains is
between 0 and 20 degrees.

[0040] FIGS. 3A and 3B are respectively ion scanning
images of the copper circuit layer of the current invention,
wherein the former is one that has not undergone the anneal-
ing process and the latter having gone through the annealing
process. As shown in FIG. 3A, orderly arranged copper seed
crystal layer and nano twinned copper layer 13 can be clearly
seen on the silicon substrate 11 before the annealing process;
in FIG. 3B, after the annealing process is finished, the entire
circuit layer 14 is uniformly composed of nano twinned cop-
per, indicating that original copper seed crystal layer has been
transformed into nano twinned copper.

Embodiment 2

[0041] FIGS. 4A to 4E are cross-sectional views of the
process for preparing circuit board of the present embodi-
ment.

[0042] FIG. 4A begins with first providing a substrate 31,
forwhich at least a surfaceis disposed with a first circuit layer,
the first circuit layer is used as an electric attachment pad 32.
This pad may connect to the active devices in the substrate. In
the current embodiment, the substrate 31 is a circuit board
having multiple layers of circuit; which will be shown here in
drawings only, without description of detailed structure. In
addition, the electric attachment pad 32 of the first circuit
layer is manufactured by the same method for making circuit
layer for embodiment 1, and the pad has nano twinned copper
structure.
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[0043] And then as shown in FIG. 4B, the next step is to
form a first dielectric layer 33 on at least one surface of the
substrate 31. Then, by way of the manufacturing process
commonly used in the present invention technical field, such
as photolithography, form openings 331 and trenches 332 on
the first dielectric layer 33, wherein the opening 331 operates
to pass through the first dielectric layer 33 and correspond to
the conductive pad 32 to expose the conductive pad 32.
[0044] Afterwards, as shown in FIG. 4C, using the same
manufacturing method and conditions for making the copper
seed crystal layer described in Embodiment 1, form a cooper
seed crystal layer 34 in the opening 331 and the trench 332;
then using the same manufacturing method and conditions for
making the nano twinned copper layer described in Embodi-
ment 1, deposit a nano twinned copper layer 35 in the open-
ings 331 and trenches 332 by an electroplating method, as
shown in FIG. 4D.

[0045] The last step, as shown in FIGS. 4D and 4E, is to
perform an annealing process on the substrate 31, using the
same annealing process and conditions as described in
Embodiment 1, to transform copper seed crystal layer 34 into
nano twinned copper. After the annealing process, the nano
twinned copper layer 35 and the transformed copper seed
crystal layer 34 work to form a second circuit layer 35, and the
second circuit layer 36 comprises a first conductive via 361
formed at the opening 331, and a first circuit 362 formed at the
trench 332, as shown in FIG. 4E.

[0046] The circuit board of the present embodiment, pre-
pared by the abovementioned manufacturing process, as
shown in FIG. 4E, comprises: a substrate 31, the surface of
which is disposed with a first circuit layer, and the first circuit
layer comprises an electrical attachment layer 32; a first
dielectric layer 33, which is disposed on a surface of the
substrate 31 and the first circuit layer, wherein the first dielec-
tric layer 33 comprises multiple openings for exposing elec-
trical attachment pad 32; and a second circuit layer 36, which
is formed on a surface of the first dielectric layer 33, the
second circuit layer 36 comprises multiple first conductive
vias 361, the first conductive via 361 is setup to communicate
with the electrically connected electrical attachment pad 32 at
the opening 331, and the second circuit layer 36 is made by
nano twinned copper. Furthermore, the first dielectric layer
33 further comprises trenches 332, the second circuit layer 36
further comprises a first circuit 362, and the first circuit 362 is
disposed in the trench 32.

[0047] In particularly the material making up the second
circuit layer 36 is the same as the nano twinned copper of
Embodiment 1, which is composed of multiple nano twinned
copper grains, wherein the nano twinned copper grain reaches
the surface, therefore making the surface of the second circuit
layer 36 is the same as (111) surface.

Embodiment 3

[0048] FIG.5A to 5B are cross-sectional views of a process
for preparing the circuit board of embodiment 3 according to
the present invention.

[0049] Asshownin FIG.5A, the circuit board of the present
invention comprises: a substrate 41, the surface of which has
a first circuit layer, and the first circuit layer comprises an
electrical attachment pad 42; a first dielectric layer 43, which
is disposed on a surface of the substrate 41 and the first circuit
layer; and a second circuit layer 44, which is formed on a
surface of the first dielectric layer 43, the second circuit layer
44 comprises multiple first conductive vias 441 and a first
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circuit 442, the first conductive via 441 communicates and is
electrically connected to the electrical attachment pad 42.
Here, the manufacturing method and conditions for the sub-
strate, first dielectric layer 43 and second circuit layer 44 are
the same as for Embodiment 2, further elaboration will be
omitted here.

[0050] Furthermore, a built-up circuit layer structure 45 can
be formed on a surface of the first dielectric layer 43 and the
second circuit layer 44 through a built-up circuit layer struc-
ture manufacturing process; wherein the built-up circuit
structure 45 comprises a second dielectric layer 451, a third
circuit layer 452, and a second conductive via 453, and the
second conductive via 453 is electrically connected to the
second circuit layer 44. Here, the manufacturing method and
conditions for the second dielectric layer 451, third circuit
layer 452 and second conductive via 453 of the built-up
circuit layer are the same as those for the first dielectric layer,
second circuit layer and first conductive via of Embodiment 2,
as such, further description will not be provided.

[0051] Moreover, a solder mask 46 can be formed addition-
ally on the third circuit layer 452 of the outermost layer of the
circuit board ofthe present embodiment; wherein the opening
461 is disposed on the solder mask, so as to expose a portion
of the third circuit layer 452 in order to save as an conductive
pad for follow-on or other semiconductive equipments, as
shown in FIG. 5B.

[0052] Inthe present embodiment, the first circuit layer and
its conductive pad 42, the second circuit layer 44 and the first
conductive via 441, and third circuit layer 452 and its second
conductive via 452 are made by nano twinned copper, and are
composed by multiple nano twinned copper grains.

[0053] According to FIG. 6, an analysis of electron back-
scatter diffraction (EBSD) of section “A” in FIG. 5B shows
that the stretched second circuit layer and the stretched third
circuit layer 452 are presented in two parallel nano twinned
copper lines, wherein both of them have the crystals growing
along the (111) direction. Therefore, not only via but also
circuit lines on the circuit board of the present invention are
made of (111) nano twinned copper.

[0054] Since the nano twinned copper has excellent
mechanical property, higher elastic modulus, preferred elec-
tromigration resistance capability, the circuit board and its
method for manufacturing the present invention are particu-
larly applicable for use in the back-end-of-line (BEOL) for
integrated circuit; to produce interconnect inside copper hav-
ing excellent electromigration resistance, and therefore
enhance product liability.

[0055] The above embodiments are for the purpose of bet-
ter description and are of exemplary nature only, the scope of
right asserted by the current invention is based on the scope of
claims in this application, and are notintended to be restricted
by the above embodiments.

What is claimed is:

1. A circuit board with twinned Cu circuit layer, compris-

ing:

a substrate, which comprises at least a first circuit layer,
and the first circuit layer comprises a conductive pad,

a first dielectric layer, which is formed on a surface of the
substrate, wherein the first dielectric layer comprises a
plurality of openings adapted for exposing the conduc-
tive pad; and

asecond circuit layer, which is formed on the surface of the
first dielectric layer, the second circuit layer comprises a
plurality of first conductive vias, each of the first con-
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ductive vias is disposed in the opening so as to be elec-
trically connected to the conductive pad, and the second
circuit layer is made from nano-twinned Cu layer.

2. The circuit board according to claim 1, wherein the first
dielectric layer further comprises a plurality of trenches, the
second circuit layer further comprises a first circuit, and the
first circuit is disposed in the trenches.

3. The circuit board according to claim 1, wherein over
50% percentage of a volume of the nano-twinned Cu layer
comprises the plurality of dies.

4. The circuit board according to claim 3, wherein the
plurality of dies is each a columnar twinned transistor.

5. The circuit board according to claim 3, wherein the
plurality of dies is each connected to each other, and the each
die is formed by stacking of a plurality of nano twinned Cu in
a [111] crystal direction, and an included angle between
stacking direction of adjacent dies is from 0° to 20°.

6. The circuit board according to claim 1, further compris-
ing a circuit built-up structure disposed on a surface between
the first dielectric layer and the second circuit layer, wherein
the circuit built-up structure comprises at least a second
dielectric layer, at least a third circuit layer, and a plurality of
second conductive vias, and a portion of the second conduc-
tive vias are electrically connected with the second circuit
layer.

7. The circuit board according to claim 6, wherein the third
circuit layer is made by nano twined Cu.

8. The circuit board according to claim 7, wherein over
50% of volume of the third circuit layer comprises a plurality
of dies.

9. The circuit board according to claim 8, wherein each of
the plurality of dies is a columnar twinned die.

10. The circuit board according to claim 8, wherein the
plurality of dies is connected with each other, each die is
formed by stacking of a plurality of nano twinned Cu in a
[111] crystal direction, and an included angle between stack-
ing direction of adjacent dies is from 0° to 20°.

11. A method for preparing a circuit board with twinned Cu
circuit layer, comprising the following steps:

(A) providing a substrate with a first circuit layer formed
thereon, wherein the first circuit layer comprises a con-
ductive pad,

(B) forming a first dielectric layer on the surface of the
substrate;

(C) forming plural openings in the first dielectric layer,
wherein each opening penetrates through the first dielec-
tric layer and communicates with the conductive pad so
as to expose the conductive pad;

(D) forming a Cu seeding layer in the openings;

(E) forming a nano-twinned Cu layer in the openings with
an electroplating process; and

(F) annealing the substrate to transfer the material ofthe Cu
seeding layer into nano-twinned Cu, wherein the nano-
twinned Cu layer and the transferred Cu seeding layer
are formed into a second circuit layer, and the second
circuit layer comprise plural first conductive vias formed
in the openings.

12. The method according to claim 11, wherein step (C) is:
forming plural openings in the first dielectric layer, wherein
each opening penetrates through the first dielectric layer and
communicates with the conductive pad so as to expose the
conductive pad; step (D) is: forming a Cu seeding layer in the
openings; step (E)is: forming a nano-twinned Cu layer in the
openings with an electroplating process; and step (F) is
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annealing the substrate to transfer the material of the Cu
seeding layer into nano-twinned Cu, wherein the nano-
twinned Cu layer and the transferred Cu seeding layer are
formed into a second circuit layer, and the second circuit layer
comprise plural first conductive vias formed in the openings.

13. The method according to claim 11, wherein over a 50%
percentage of a volume of the nano-twinned Cu layer com-
prises the plurality of dies.

14. The method according to claim 13, wherein the plural-
ity of dies is each a columnar twinned transistor.

15. The method according to claim 13, wherein the plural-
ity of dies is each connected to each other, and the each die is
formed by stacking of a plurality of nano twinned Cu in a
[111] crystal direction, and an included angle between stack-
ing direction of adjacent dies is from 0° to 20°.

16. The method according to claim 13, further comprising
a step (F) after the step (G): forming a circuit built-up struc-
ture on a surface, wherein the circuit built-up structure com-
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prises at least a second dielectric layer, at least a third circuit
layer, and a plurality of second conductive vias, and a portion
of the second conductive vias are electrically connected with
the second circuit layer.

17. The method according to claim 16, the third circuit
layer is made by nano twined Cu.

18. The method according to claim 17, wherein over 50%
of volume of the third circuit layer comprises a plurality of
dies.

19. The method according to claim 18, wherein each of the
plurality of dies is a columnar twinned die.

20. The method according to claim 18, wherein the plural-
ity of dies is connected with each other, each die is formed by
stacking of a plurality of nano twinned Cu along a [111]
crystal direction, and an included angle between stacking
direction of adjacent dies is from 0 ° to 20°.
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