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which is used to mount a heat emitting device thereon, includes a metallic plate including a metallic protrusion having a solder to
which the heat emitting device is attached, a bonding layer on the metallic protrusion, an insulating layer on the metallic plate to
expose the metallic protrusion, and a circuit pattern on the insulating layer. Heat emitted from the heat emitting device is directly
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Description

Title of Invention: RADIANT HEAT CIRCUIT BOARD AND

METHOD FOR MANUFACTURING THE SAME
Technical Field

The embodiment relates to a radiant heat circuit board and a method for manu-
facturing the same.
Background Art

A circuit board refers to an electrical insulating substrate printed with circuit patterns,
and is used to mount electronic components.

The electronic components may include heat emitting devices, for example, LEDs
(Light Emitting Diodes), and the heat emitting devices emit a significant amount of
heat. The heat emitted from the heat emitting devices increases the temperature of the
circuit board, thereby causing malfunction of the heat emitting devices and degrading
the reliability of the heat emitting devices.

In order to solve the problem caused by the emitted heat, a radiant heat circuit board
shown in FIG. 1 has been suggested.

FIG. 1 is a sectional view showing a conventional radiant heat circuit board 1.
Referring to FIG. 1, the radiant heat circuit board 1 includes a metallic plate 2, an in-

sulating layer 3, a circuit pattern 4, and a mounting part 5 for a heat emitting device.
Disclosure of Invention

Technical Problem

In the above conventional radiant heat circuit board 1, the heat emitted from the heat
emitting device is not transferred to the metallic plate 2 used for radiating heat due to
the interference with the insulating layer 3.

Solution to Problem

The embodiment provides a radiant heat circuit board having a novel structure and a
method for manufacturing the same.

The embodiment provides a radiant heat circuit board capable of improving thermal
efficiency and a method for manufacturing the same.

According to the embodiment, there is provided a radiant heat circuit board, which is
used to mount a heat emitting device thereon, includes a metallic plate including a
metallic protrusion having a solder to which the heat emitting device is attached, a
bonding layer on the metallic protrusion, an insulating layer on the metallic plate to
expose the metallic protrusion, and a circuit pattern on the insulating layer.

According to the embodiment, there is provided a method for manufacturing a

radiant heat circuit board, which includes forming a metallic plate including a metallic
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protrusion by processing a metallic base plate, forming a bonding layer by plating an
alloy including Cu representing a high adhesive property with respect to a solder on the
metallic protrusion, forming an insulating layer on the metallic plate to expose the
metallic protrusion, and forming a circuit pattern on the insulating layer.
Advantageous Effects of Invention

As described above, according to the embodiment, heat emitted from the heat
emitting device can be directly transferred to the metallic plate by providing the
metallic plate including a heat radiation protrusion under the mounting pad, so that
heat radiation efficiency can be increased. In addition, the surface of the heat radiation
protrusion is plated with an alloy including copper, thereby improving the adhesive
property with respect to the solder, so that the failure rate can be reduced.

Brief Description of Drawings

FIG. 1 is a sectional view showing a conventional radiant heat circuit board;

FIG. 2 is a sectional view showing a radiant heat circuit board according to a first
embodiment;

FIGS. 3 to 10 are sectional views showing a first method for manufacturing the
radiant heat circuit board of FIG. 2;

FIGS. 11 to 16 are sectional views showing a second method for manufacturing the
radiant heat circuit board of FIG. 2;

FIG. 17 is a sectional view showing a radiant circuit board according to a second em-
bodiment;

FIG. 18A shows the structure of a comparative group of the embodiment, and FIGS.
18B shows the structure of an experimental group according to the embodiment.

FIGS. 19A and 19B are photographs showing the state change of the comparative
group; and FIGS. 19C and 19D are photographs showing the state change of the ex-
perimental group;

FIG. 20 is a sectional view showing a radiant circuit board according to a third em-
bodiment;

FIGS. 21 to 27 are sectional views showing the first method for manufacturing the
radiant heat circuit board of FIG. 20;

FIGS. 28 to 34 are sectional views showing the second method for manufacturing the
radiant heat circuit board of FIG. 20;

FIG. 35 is a sectional view showing a radiant heat circuit board according to a fourth
embodiment;

FIG. 36 is a sectional view showing the application of the third embodiment; and

FIG. 37A is a photograph showing a comparative group of the embodiment, and FIG.
37B is a photograph showing the top surface of the radiant heat circuit board of FIG.
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20.
Best Mode for Carrying out the Invention

Hereinafter, the embodiments will be described with reference to accompanying
drawings in detail so that those skilled in the art to which the invention pertains can
easily realize the embodiments. However, the embodiments may have various modi-
fications without limitation.

In the following description, when a part is referred to as it includes a component, the
part may not exclude other components but further include another component unless
the context indicates otherwise.

The thickness and size of each layer shown in the drawings may be exaggerated,
omitted or schematically drawn for the purpose of convenience or clarity. In addition,
the size of elements does not utterly reflect an actual size. In the following description,
the similar components will be assigned with the similar reference numerals.

In the description of the embodiments, it will be understood that, when a layer (or
film), a region, a pattern, or a structure is referred to as being 'on' or 'under' another
substrate, another layer (or film), another region, another pad, or another pattern, it can
be 'directly’ or 'indirectly' on the other substrate, layer (or film), region, pad, or pattern,
or one or more intervening layers may also be present.

The embodiment provides a circuit substrate using a metallic plate for the purpose of
heat radiation, in which the circuit substrate includes heat radiation and solder bonding
structures.

Hereinafter, a radiant heat circuit board 100 according to a first embodiment will be
described with reference to FIGS. 2 to 10.

FIG. 2 is a sectional view showing the radiant heat circuit board according to the first
embodiment.

Referring to FIG. 2, the radiant heat circuit board 100 according to the first em-
bodiment includes a metallic plate 10, a bonding layer 20 formed on the metallic plate
10, an insulating layer 30 formed on the bonding layer 20, and a circuit pattern 40
formed on the insulating layer 30.

The metallic plate 10 may include one of alloys including aluminum (Al), nickel
(N1), gold (Au), or platinum (Pt) representing superior thermal conductivity.

The metallic plate 10 includes a metallic protrusion 11 on which the heat emitting
device 60 is mounted.

The metallic protrusion 11 protrudes from the metallic plate 10 perpendicularly to the
metallic plate 10, and has a predetermined area so that a solder 50 used to mount the
heat emitting device 60 thereon may be positioned on the top surface of the metallic
plate 10.
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The bonding layer 20 is formed on the metallic plate 10.

The bonding layer 20 increases the adhesive strength between the metallic protrusion
11 protruding from the metallic plate 10 and the solder 50, and may be a layer obtained
by plating the metallic plate 10 with an alloy including copper (Cu), which is a
material representing a superior adhesive property with respect to the solder 50,
preferably, alloy including Cu or Ni.

The metallic plate 10 is provided thereon with the insulating layer 30.

The insulating layer 30 opens the metallic protrusion 11. The insulating layer 30 may
include epoxy-based insulating material representing low thermal conductivity (about
0.2W/mk to about 0.4W/mk), or may include polyimide-based resin representing
higher thermal conductivity.

As shown in FIG. 2, the insulating layer 30 may have a thickness equal to the height
of the metallic protrusion 11 having the bonding layer 20 thereon, or may have a
thickness less than the height of the metallic protrusion 11.

The insulating layer 30 may include a single layer or a plurality of layers. If the in-
sulating layer 30 includes a plurality of layers, the layers may include materials
different from each other.

The insulating layer 30 is provided thereon with a plurality of circuit patterns 40.

The circuit patterns 40 are formed by patterning a conductive layer stacked on the in-
sulating layer 30.

The circuit patterns 40 may include a material representing high electrical con-
ductivity and low resistance. Accordingly, the circuit patterns 40 may be formed by
patterning a thin copper foil layer serving as the conductive layer.

The circuit patterns 40 may be plated with silver (Ag) or aluminum (Al) by using a
thin copper layer as a seed layer.

Meanwhile, the metallic protrusion 11 of the metallic plate 10 serves as a mounting
pad for the heat emitting device 60, and is provided thereon with the solder 50 used to
mount the heat emitting device 60. The heat emitting device 60 is formed on the solder
50.

The solder 50 may be formed by performing heat treatment after coating a lead
solder cream or a lead-free solder cream on the metallic protrusion 11 and mounting
the heat emitting device 60 thereon.

The heat emitting device 60 on the metallic protrusion 11, for example, a light
emitting device such as a light emitting diode package may be electrically connected to
the circuit patterns 40 through the bonding of a wire 65. Meanwhile, the heat emitting
device 60 may be mounted through flip-chip bonding.

As described above, the top surface of the metallic protrusion 11 is exposed outside

through the insulating layer 30 to serve as a mounting pad for the heat emitting device
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60. Accordingly, the heat emitting device 60 can be directly connected to the metallic
plate 10 without an additional mounting pad, so that heat radiation property can be
increased.

In addition, the surface of the metallic plate 10 including the metallic protrusion 11 is
plated with an alloy including Cu or Ni representing superior adhesive strength with
respect to the solder 50, thereby increasing the adhesive strength with the solder 50
when the metallic plate 10 includes metal other than Cu.

Accordingly, although the metallic plate 10 is formed by using Al having price lower
than that of Cu, a heat radiation property and the adhesive property with the solder 50
can be ensured.

Hereinafter, a method for manufacturing the radiant heat circuit board 100 of FIG. 2
will be described with reference to FIGS. 3 to 16.

FIGS. 3 to 10 are sectional views showing a first method for manufacturing the
radiant heat circuit board 100 of FIG. 2.

First, after preparing a metallic base plate 10a as shown in FIG. 3, the metallic
protrusion 11 and the metallic plate 10 are formed by processing the metallic base plate
10a as shown in FIG. 4.

The metallic base plate 10a may include one of alloys including Al, Ni, Au, or Pt
representing superior thermal conductivity. In addition, the metallic base plate 10a may
include metal representing low adhesive strength with respect to the solder 50.

The metallic protrusion 11 may be formed through a molding process after a rolling
process has been performed with respect to the metallic base plate 10a or may be
formed by etching the metallic base plate 10a.

In this case, the height of the metallic protrusion 11 is determined based on the
thickness of the insulating layer 30 so that the height of the metallic protrusion 11 may
be equal to or greater than the thickness of the insulating layer 30 to be described later.

Next, the bonding layer 20 of FIG. 5 is formed on the surface of the metallic plate 10
and the metallic protrusion 11.

The bonding layer 20 may be formed by plating an alloy including Cu or Ni, or may
be formed by plating an alloy including Cu or Ni after the surfaces of the metallic plate
10 and the metallic protrusion 11 have been chemically treated by using metal salt such
as zincate.

Subsequently, as shown in FIG. 6, a first insulating layer 31 is formed on the metallic
plate 10.

The first insulating layer 31 may be formed by coating and hardening a prepreg
including epoxy resin representing an insulating property.

The first insulating layer 31 is coated on the bonding layer 20 of the metallic plate 10

except for the metallic protrusion 11 so that the first insulating layer 31 has a thickness
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less than the height of the metallic protrusion 11.

Next, a second insulating layer 35 including a copper foil layer 45 is prepared as
shown in FIG. 7.

The sum of the thicknesses of the first and second insulating layers 31 and 35 may be
equal to or less than the height of the metallic protrusion 11, and the second insulating
layer 35 may include epoxy resin the same as that of the first insulating layer 31.

The stack structure of the copper foil layer 45 and the second insulating layer 35 of
FIG. 7 may be a conventional CCL (Cupper Clad Laminate), or may be formed by
coating the second insulating layer 35 in the paste state on the copper foil layer 45 and
hardening the resultant structure.

The stack structure of the copper foil layer 45 and the second insulating layer 35 of
FIG. 7 has predetermined openings 35a and 45a.

In other words, the second insulating layer 35 includes the insulating opening 35a
having a size the same as the area of the metallic protrusion 11, and the copper foil
layer 45 includes the copper foil opening 45a aligned in line with the insulating
opening 35a.

The openings 35a and 45a may be formed through a mechanical process such as a
drill process or a laser process.

Next, as shown in FIG. 8, the insulating opening 35a is aligned to expose the metallic
protrusion 11 protruding beyond the first insulating layer 31, and the structures of
FIGS 6 and 7 are integrated with each other through thermo-compression so that the
second insulating layer 35 is positioned on the first insulating layer 31.

Therefore, the first and second insulating layers 31 and 35 form the insulating layer
30 of FIG. 2, and the thickness of the insulating layer 30 is equal to or lower than the
height of the metallic protrusion 11.

Next, as shown in FIG. 9, predetermined circuit patterns 40 are formed by etching
the copper foil layer 45, and may be plated with Ag or Al.

Differently, after forming the circuit patterns 40 by etching the copper foil layer 45 in
the stack structure of FIG. 7, the resultant structure may be thermally compressed with
the structure of FIG. 6.

In the radiant heat circuit board 100 shown in FIG. 9, the insulating layer 30 is open,
and the metallic protrusion 11 directly connected to the metallic plate 10 serves the
mounting pad for the heat emitting device 60, so that heat emitted from the heat
emitting device 60 is directly transferred to the metallic plate 10, thereby increasing
thermal efficiency.

In the radiant heat circuit board 100 having the above structure, the surface of the
metallic protrusion 11 is plated with a material including Cu to increase an adhesive

property with respect to the heat emitting device 60.
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As described above, the bonding layer 20 having a surface plated with Cu is formed.
Thus, after coating the cream of the solder 50 on the bonding layer 20 on the surface of
the metallic protrusion 11 as shown in FIG. 10, the heat emitting device 60 is mounted
on the cream of the solder 50. Thereafter, the cream of the solder 50 and the bonding
layer 20 is combined with each other through heat treatment, thereby firmly bonding
the heat emission device 60 on the solder 50.

The above radiant heat circuit board is used in a light source for a backlight unit or a
light source for lighting. In particular, when the radiant heat circuit board having a
light emitting diode package emitting a significant amount of heat is used in a light
source for a backlight unit or a light source for lighting, the radiant heat circuit board
discharges heat emitted from the light emitting diode package to the outside through
the metallic protrusion 11, thereby representing high heat radiation efficiency and a
superior adhesive property with respect to a device even if a substrate including metal
other than Cu is employed.

Meanwhile, the radiant heat circuit board 100 of FIG. 2 may be formed through a
method different from that of FIGS. 3 to 10.

Hereinafter, a method for manufacturing the radiant heat circuit board 100 of FIG. 2
will be described with reference to FIGS. 11 to 16.

After preparing the metallic base plate 10a of FIG. 11, the metallic protrusion 11 and
the metallic plate 10 are formed by processing the metallic base plate 10a as shown in
FIG. 12.

The metallic base plate 10a may include one of alloys including Al, Ni, Au, or Pt
representing superior thermal conductivity, or may include metal representing low
adhesive strength with the solder 50.

The metallic protrusion 11 may be formed by molding the metallic base plate 10a
through a rolling process or by etching the metallic base plate 10a.

In this case, the height of the metallic protrusion 11 is determined based on the
thickness of the insulating layer 30 so that the height of the metallic protrusion 11 may
be equal to or greater than the thickness of the insulating layer 30 to be described later.

Next, as shown in FIG. 13, the bonding layer 20 is formed on the surfaces of the
metallic plate 10 and the metallic protrusion 11.

The bonding layer 20 may be formed by plating an alloy including Cu or Ni on the
surfaces of the metallic plate 10 and the metallic protrusion 11, or may be formed by
plating alloy including Cu or Ni on the surfaces of the metallic plate 10 and the
metallic protrusion 11 after chemically treating the surfaces of the metallic plate 10
and the metallic protrusion 11 by using metal salt such as zincate.

Next, as shown in FIG. 14, the insulating layer 30 is formed on the metallic plate 10.

The insulating layer 30 is formed by coating an insulating material including epoxy
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resin at the thickness equal to or less than the height of the metallic protrusion 11 in
such a manner that the metallic protrusion 11 is exposed.

Next, as shown in FIG. 15, the copper foil layer 45 is formed on the insulating layer
30, and the insulating layer 30 is cured through thermo-compression.

In this case, if the metallic protrusion 11 protrudes beyond the insulating layer 30, the
copper foil layer 45 may have a hole (not shown) having the same size as the area of
the metallic protrusion 11 to expose the metallic protrusion 11.

Subsequently, as shown in FIG. 16, the predetermined circuit patterns 40 are formed
by etching the copper foil layer 45, and the circuit patterns 40 may be plated with Ag
or AL

In this case, if the copper foil layer 45 covers the upper portion of the metallic
protrusion 11, the copper foil layer 45 is etched to expose the metallic protrusion 11
when the circuit patterns 40 are formed.

According to the second method, the insulating layer 30 includes one layer, and the
copper foil layer 45 is directly formed on the insulating layer 30, so that the number of
the manufacturing processes can be reduced.

In the radiant heat circuit board 100 shown in FIG. 16, the insulating layer 30 is
exposed, and the metallic protrusion 11 directly connected to the metallic plate 10
serves the mounting pad for the heat emitting device 60, so that heat emitted from the
heat emitting device 60 is directly transferred to the metallic plate 11, thereby in-
creasing thermal efficiency.

In the radiant heat circuit board 100 having the above structure, the surface of the
metallic protrusion 11 is plated with a material including Cu to increase an adhesive
property with respect to the heat emitting device 60.

As described above, the bonding layer 20 having a surface plated with Cu is formed.
Thus, after coating the cream of the solder 50 on the bonding layer 20 on the surface of
the metallic protrusion 11 as shown in FIG. 2, the heat emitting device 60 is mounted
on the cream of the solder 50. Thereafter, the cream of the solder 50 and the bonding
layer 20 is combined with each other through heat treatment, thereby firmly bonding
the heat emission device 60 on the solder 50.

Hereinafter, a radiant heat circuit board 200 according to another embodiment will be
described with reference to FIG. 17,

FIG. 17 is a sectional view showing the radiant heat circuit board 200 according to a
second embodiment.

Referring to FIG. 17, the radiant heat circuit board 200 according to the second em-
bodiment includes a metallic plate 110, a bonding layer 120 formed on the metallic
plate 110, an insulating layer 130 formed on the bonding layer 120, and a circuit
pattern 140 formed on the insulating layer 130.
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The metallic plate 110 may include one of alloys including Al, Ni, Au, and Pt rep-
resenting superior thermal conductivity.

The metallic plate 110 includes a metallic protrusion 111 on which a heat emitting
device 160 is mounted.

The metallic protrusion 111 protrudes from the metallic plate 110 perpendicularly to
the metallic plate 10, and has a predetermined area so that a solder 150 used to mount
the heat emitting device 160 thereon may be positioned on the top surface of the
metallic plate 110.

The bonding layer 120 is selectively formed only on the top surface of the metallic
protrusion 111.

The bonding layer 120 increases the adhesive strength between the metallic
protrusion 111 protruding from the metallic plate 110 and the solder 150, and may be a
layer obtained by selectively plating the metallic protrusion 111 with an alloy
including copper (Cu), which is a material representing a superior adhesive property
with respect to the solder 150, preferably, an alloy including Cu or Ni.

The insulating layer 130 is formed on the metallic plate 110.

The insulating layer 130 opens the metallic protrusion 111. The insulating layer 130
may include epoxy insulating resin representing low thermal conductivity (about 0.2
W/mk to about 0.4W/mk), or may include polyimide resin representing higher thermal
conductivity.

The insulating layer 130 may have a thickness equal to the height of the metallic
protrusion 111 having the coating layer, or may have a thickness less than the height of
the metallic protrusion 111.

The insulating layer 130 may include a single layer, or may include a plurality of
layers. If the insulating layer 130 includes a plurality of layers, the layers may include
materials different from each other.

The insulating layer 130 is provided thereon with a plurality of circuit patterns 140.

The circuit patterns 140 are formed by patterning a conductive layer stacked on the
insulating layer 130.

The circuit patterns 140 may include a material representing high conductivity and
low resistance. Accordingly, the circuit patterns 40 may be formed by patterning a
copper foil layer serving as a conductive layer.

The circuit patterns 140 may be plated with Ag or Al by using a thin copper layer as
a seed layer.

Meanwhile, the metallic protrusion 111 of the metallic plate 110 serves as a
mounting pad for the heat emitting device 160, and is provided thereon with the solder
150 used to mount the heat emitting device 160. The heat emitting device 160 is
formed on the solder 150.
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The solder 150 may be formed by performing heat treatment after coating a lead
solder cream or a lead-free solder cream on the metallic protrusion 111 and mounting
the heat emitting device 160 thereon.

The heat emitting device 160 on the metallic protrusion 111, for example, a light
emitting device such as a light emitting diode package may be electrically connected
with the circuit pattern 140 through the bonding of the wire 165.

As described above, the top surface of the metallic protrusion 111 is exposed outside
through the insulating layer 130 to serve as a mounting pad for the heat emitting device
160. Accordingly, the heat emitting device 160 can be directly connected to the
metallic plate 10 without an additional mounting pad, so that heat radiation property
can be increased.

In addition, the surface of the metallic protrusion 111 is plated with an alloy
including Cu or Ni representing superior adhesive strength with the solder 150, thereby
increasing the adhesive strength with the solder 150 when the metallic plate 110
includes metal other than Cu.

Accordingly, although the metallic plate 110 is formed by using Al having price
lower than that of Cu, a heat radiation property and the adhesive property with the
solder 150 can be ensured. In addition, the bonding layer 120 is selectively formed on
the metallic protrusion 111, thereby reducing the manufacturing cost.

Naturally, the radiant heat circuit board 200 shown in FIG. 17 can be manufactured
through the manufacturing method that has been described with reference to FIGS. 3 to
16.

Hereinafter, the effects of the bonding layer 20 of a radiant heat circuit board
according to the embodiment will be described with reference to FIGS. 18A to 19C.

FIG. 18A shows the structure of a comparative group of the embodiment, and FIGS.
18B shows the structure of an experimental group according to the embodiment. FIGS.
19A and 19B are photographs showing the state change of the comparative group; and
FIGS. 19C and 19D are photographs showing the state change of the experimental
group;

Similarly to the structure shown in FIG. 2, a radiant heat circuit board 300 belonging
to the comparative group of FIG. 18A includes an aluminum plate 210 including a
metallic protrusion 211, an insulating layer 230, and circuit patterns 240 formed on the
insulating layer 230, and includes a solder 250 formed on the metallic protrusion 211.

FIG. 19A is a photograph showing the top surface of the radiant heat circuit board
300 of FIG. 18A. The solder 240 is separated from the metallic protrusion 211 as
shown in FIG. 19B after the predetermined time elapses.

Since the metallic protrusion 211 includes an alloy including Al without Cu, the

metallic protrusion 211 may not be combined with the solder 250 in the form of an
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alloy, so the adhesive strength is lowered.

Hereinafter, the radiant heat circuit board 100 according to the embodiment will be
described with reference to FIGS. 18B, 19C and 19D. As shown in FIG. 18B, in the
radiant heat circuit board 100 shown in FIG. 2, the aluminum plate 10 is used, and the
bonding layer 20 is formed on the aluminum plate 10 by plating the surface of the
metallic protrusion 11 with an alloy including Cu.

As shown in FI. 19C, even if a predetermined time elapses after the solder 50 has
been formed on the metallic protrusion 11, the solder 50 is not separated from the
metallic protrusion 11, but bonded to the bonding layer 20 on the surface of the
metallic protrusion 11 in the form of an alloy.

As described above, according to the embodiment, a heat radiation protrusion is
formed by using a metallic plate without Cu, thereby ensuring thermal efficiency and
economic properties. Meanwhile, an alloy including Cu is plated on the surface of the
metallic protrusion used as the mounting pad for the heat emitting device, thereby in-
creasing the adhesive property with respect to the solder.

Hereinafter, the radiant heat circuit board 300 according to the third embodiment will
be described with reference to FIGS. 20 to 27.

FIG. 20 is a sectional view showing the radiant heat circuit board 300 according to
the third embodiment.

Referring to FIG. 20, the radiant heat circuit board 300 according to the third em-
bodiment includes the metallic plate 10, the insulating layer 30 formed on the metallic
plate 10, and the circuit pattern 40 formed on the insulating layer 30.

Hereinafter, components of the third embodiment identical to those of the first em-
bodiment will be not further described.

The metallic plate 10 includes the metallic protrusion 11 on which the heat emitting
device 60 is mounted.

The metallic protrusion 11 protrudes from the metallic plate 10 perpendicularly to the
metallic plate 10, and formed with a first width d1 so that the metallic protrusion 11
has a predetermined area to place the solder 50 used to mount the heat emitting device
60 on the top surface thereof.

The insulating layer 30 is formed on the metallic plate 10.

The insulating layer 30 may be formed by hardening a prepreg formed by infiltrating
the solid component 21 such as tempered glass, glass fiber, or filler into epoxy resin.

A lateral-surface insulating layer 80 is formed at a predetermined thickness Ad
closely to the metallic protrusion 11 while surrounding the lateral surfaces of the
metallic protrusion 11.

In this case, the lateral-surface insulating layer 80 may have various thicknesses Ad

about the metallic protrusion 11.
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The lateral-surface insulating layer 80 extends from the insulating layer 30 and has a
height equal to that of the metallic protrusion 11. The lateral-surface insulating layer
80 does not include the solid component 21 of the insulating layer 30, but includes
only resin.

As shown in FIG. 20, the lateral-surface insulating layer 80 includes only resin and
surrounds the metallic protrusion 11. The lateral-surface insulating layer 80 is formed
at the predetermined thickness Ad to have the second width d2 instead of the first
width d1. The insulating layer 30 extends together with the lateral-surface insulating
layer 80, and includes both the solid component 21 and the resin on the flat surface of
the metallic plate 10.

In this case, the distance between the solid component 21 of the insulating layer 30
and the lateral-surface insulating layer 80 is about 100um or less.

The insulating layer 30 may have a thickness equal to or less than the height of the
metallic protrusion 11, or may have a thickness less than the height of the metallic
protrusion 11 as shown in FIG. 2, so that the insulating layer 30 may be lower than the
lateral-surface insulating layer 80.

The circuit patterns 40 are formed on the insulating layer 30.

The circuit patterns 40 may be formed by patterning conductive layers stacked on the
insulating layer 30, and may be lower than the metallic protrusion 11.

Meanwhile, the metallic protrusion 11 of the metallic plate 10 serves as the mounting
pad for the heat emitting device 60, and provided thereon with the solder 50 used to
mount the heat emitting device 60. The heat emitting device 60 is formed on the solder
50.

The lateral-surface insulating layer 80 extends from the insulating layer 30 while sur-
rounding the lateral surfaces of the metallic protrusion 11, thereby ensuring an
electrical insulating property between the metallic protrusion 11 and the circuit
patterns 40 adjacent to the metallic protrusion 11.

Hereinafter, a method for manufacturing the radiant heat circuit board 300 of FIG. 20
will be described with reference to FIGS. 21 to 34.

First, after preparing the metallic base plate 10a as shown in FIG. 21, the metallic
protrusion 11 and the metallic plate 10 are formed by processing the metallic base plate
10a as shown in FIG. 22.

The metallic protrusion 11 has the first width d1. The metallic protrusion 11 may be
formed by molding the metallic base plate 10a through a rolling process or by etching
the metallic base plate 10a.

Next, the insulating layer 30 is formed on the metallic plate 10 as shown in FIG. 23.

The insulating layer 30 may be formed by coating a prepreg, in which the solid

component 21 such as tempered glass, glass fiber, or filler is infiltrated into epoxy
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resin, on the metallic plate 10.
At this time, the prepreg has an opening 30a to expose the metallic protrusion 11.
The opening 30a has the second width d2 greater than the first width d1 of the
metallic protrusion 11, and the distance Ad from the lateral surface of the opening 30a

to the metallic protrusion 11 satisfies the following equation.

Equation
Ad=(d2-d1)/2

The distance Ad is equal to the thickness of the lateral-surface insulating layer 80
formed by the prepreg that surrounds the lateral surfaces of the metallic protrusion 11
while flowing toward the metallic protrusion 11 due to the thermo-compression of the
resin of the prepreg when the stack structure including the copper foil layer 45 stacked
on the prepreg is thermally compressed.

In this case, the prepreg may have various distances Ad from the metallic protrusion
11 due to the fine alignment error occurring when the opening 30a of the prepreg is
aligned with the metallic protrusion 11.

Meanwhile, the second width d2 of the opening 30a may have a size corresponding
to at least 80 times greater than the thickness of the prepreg, or may have various sizes
according to the temperature and the pressure in the thermo-compression.

Next, as shown in FIG. 24, the copper foil layer 45 is prepared.

The copper foil layer 45 of FIG. 24 has the copper foil opening 45a.

In other words, the copper foil layer 45 includes the copper foil opening 45a having
the second width d2 equal to the width of the opening 30a of the insulating layer 30.

The copper foil opening 45a may be formed through a mechanical process, that is, a
drilling process, or a laser process.

Next, as shown in FIG. 25, the copper foil layer 45 is integrated with the insulating
layer 30 through the thermo-compression in such a manner that the copper foil layer 45
is provided on the insulating layer 30 so that the copper foil opening 45a can expose
the metallic protrusion 11 protruding beyond the insulating layer 30.

Accordingly, the thickness of the insulating layer 30 is equal to or lower than the
height of the metallic protrusion 11.

In this case, the prepreg constituting the insulating layer 30 is hardened due to the
thermo-compression for the copper foil layer 45 and the metallic plate 10, and resin
flows from the prepreg to the metallic protrusion 11 by the pressure in the thermo-
compression, so that the resin may be filled in the opening 30a of the insulating layer
30 and the copper foil opening 45a.

The resin of the prepreg filled in the opening 30a of the insulating layer 30 and the



14

WO 2012/011701 PCT/KR2011/005218

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

opening 45a of the copper foil layer 45 is hardened, thereby forming the lateral-surface
insulating layer 80 surrounding the metallic protrusion 11 while extending from the in-
sulating layer 30, and the insulating layer 30 including the mixture of the resin and the
solid component 21 is hardened other than the lateral-surface insulating layer 80.

In this case, as shown in FIG. 25, if a portion 80 of the resin covers the top surfaces
of the metallic protrusion 11 and the copper foil layer 45, the resin is removed to
expose the top surfaces of the metallic protrusion 11 and the copper foil layer 45 as
shown in FIG. 26. The process to expose the top surfaces of the metallic protrusion 11
and the copper foil layer 45 may be performed through a de-smear process to remove a
smear of the insulating layer 30.

Next, as shown in FIG. 27, the circuit patterns 40 are formed by etching the copper
foil layer 45, and the circuit patterns 40 may be plated with Ag or Al.

In the radiant heat circuit board 300 shown in FIG. 28, the insulating layer 30 is
exposed, and the metallic protrusion 11 directly connected to the metallic plate 10
serves the mounting pad of the heat emitting device 60, so that heat emitted from the
heat emitting device 60 is directly transferred to the metallic plate 11, thereby in-
creasing thermal efficiency.

When manufacturing the radiant heat circuit board 300 having the above structure,
after forming the insulating layer 30 having the opening 30a greater than the metallic
protrusion 11, the insulating layer 30 is thermally compressed to allow the resin of the
insulating layer 30 to flow, so that the lateral-surface insulating layer 80 can be
formed.

Accordingly, the electric insulating property between the metallic protrusion 11 and
the circuit patters 40 adjacent to the metallic protrusion 11 can be ensured by the
lateral-surface insulating layer 80.

The above radiant heat circuit board 300 is used in a light source for a backlight unit
or a light source for lighting. In particular, when the radiant heat circuit board having a
light emitting diode package emitting a significant amount of heat is used in a light
source for a backlight unit or a light source for lighting, the area of the top surface of
the metallic protrusion 11 to discharge heat emitted from the light emitting diode
package to the outside through the metallic protrusion 11, thereby increasing heat
radiation and adhesive properties. In addition, the insulating property can be ensured
by the lateral-surface insulating layer 80, thereby increasing reliability.

Meanwhile, the radiant heat circuit board 300 of FIG. 20 may be formed through
another method.

Hereinafter, another method for manufacturing the radiant heat circuit board 300 of
FIG. 20 will be described with reference to FIGS. 28 to 34.

First, after preparing the metallic base plate 10a as shown in FIG. 28, the metallic
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protrusion 11 and the metallic plate 10 are formed by processing the metallic base plate
10a as shown in FIG. 29.

In this case, the metallic base plate 10a may include one of alloys including Cu, Al,
Ni, Au, and Pt representing superior thermal conductivity.

The metallic protrusion 11 may be formed through a molding process after a rolling
process has been performed with respect to the metallic base plate 10a or may be
formed by etching the metallic base plate 10a.

In this case, the height of the metallic protrusion 11 is determined based on the
thickness of the insulating layer 30 to be described later so that the height of the
metallic protrusion 11 may be equal to or greater than the thickness of the insulating
layer 30.

Subsequently, the insulating layer 30 including the copper foil layer 45 is prepared as
shown in FIG. 30.

The structure of the insulating layer 30 including the copper foil layer 45 may be a
conventional CCL (Cupper Clad Laminate) or may be formed by coating the insulating
layer 30 in the paste state on the copper foil layer 45.

The insulating layer 30 may include a prepreg formed by infiltrating the solid
component 21 such as tempered glass, glass fiber, or filler into epoxy resin.

At this time, the prepreg has an opening 30a to expose the metallic protrusion 11, and
the copper foil layer 45 includes the copper foil opening 45a aligned with the opening
30a. The opening 30a and the copper foil opening 45a may be formed through a
chemical etching process or a laser etching process, or may be formed through a me-
chanical process such as punching.

The opening 30a and the copper foil opening 45a have the second width d2 greater
than the first width d1 of the metallic protrusion 11, and the distance Ad from the
lateral surfaces of the openings 30a and 45a to the metallic protrusion 11 satisfies the

following equation.

Equation
Ad=(d2-d1)/2

The distance Ad is equal to the thickness of the lateral-surface insulating layer 80
formed by a prepreg that surrounds the lateral surfaces of the metallic protrusion 11
while flowing toward the metallic protrusion 11 due to the thermo-compression of the
resin of the prepreg when the stack structure is thermally compressed with respect to
the insulating plate 10.

Meanwhile, the second width d2 of the opening 30a may have a size corresponding

to at least 80 times greater than the thickness of the prepreg, or may have various sizes
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according to the temperature and the pressure in the thermo-compression.

Next, as shown in FIG. 31, the opening 30a of the insulating layer 30 is integrated
with the copper foil opening 45a through the thermo-compression in such a manner
that the opening 30a is aligned with the copper foil opening 45a while exposing the
metallic protrusion 11.

In this case, the prepreg constituting the insulating layer 30 is hardened due to the
thermo-compression of the insulating layer 30 and the metallic plate 10, and resin of
the prepreg flows to the metallic protrusion 11, so that the resin is filled in the opening
30a of the insulating layer 30 and the copper foil opening 45a.

The resin of the prepreg filled in the opening 30a of the insulating layer 30 is
hardened to form the lateral-surface insulating layer 80 surrounding the metallic
protrusion 11 while extending from the insulating layer 30, and the insulating layer 30
including the mixture of the resin and the solid component 21 is hardened other than
the lateral-surface insulating layer 80.

In this case, when the portion 80 of the resin of the lateral-surface insulating layer 80
covers the top surface of the metallic protrusion 11 as shown in FIG. 31, the resin is
removed from the top surface of the metallic protrusion 11 to expose the top surface of
the metallic protrusion 11 as shown in FIG. 32. Accordingly, the height of the lateral-
surface insulating layer 80 is equal to the height of the metallic protrusion 11.

The top surface of the metallic protrusion 11 may be exposed through a de-smear
process to remove the smear of the insulating layer 30.

Next, the copper foil layer 45 on the insulating layer 30 is etched with a prede-
termined pattern as shown in FIG. 33 to form the circuit patterns 40, the cream of the
solder 50 is coated on the exposed top surface of the metallic protrusion 11 as shown in
FIG. 34, and the heat emitting device 60 is mounted before heat treatment is performed
as shown in FIG. 20.

In the radiant heat circuit board 300 shown in FIG. 34, the insulating layer 30 is
exposed, and the metallic protrusion 11 directly connected to the metallic plate 10
serves as the mounting pad for the heat emitting device 60, so that heat emitted from
the heat emitting device 60 is directly transferred to the metallic plate 10, thereby in-
creasing thermal efficiency.

Hereinafter, a radiant heat circuit board 400 according to a fourth embodiment will
be described with reference to FIG. 35.

FIG. 35 is a sectional view showing the radiant circuit board 400 according to the
forth embodiment.

Referring to FIG. 35, the radiant heat circuit board 400 according to the fourth em-
bodiment includes the metallic plate 10, the bonding layer 20 formed on the metallic

plate 10, and the circuit patterns 40 formed on the insulating layer 30 provided on the
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bonding layer 20.

In the radiant heat circuit board 400 according to the fourth embodiment, the bonding
layer 20 is formed on the metallic plate 10.

The bonding layer 20 increases the adhesive strength between the metallic protrusion
11 protruding from the metallic plate 10 and the solder 50, and may be a layer obtained
by coating the metallic plate 10 with an alloy including Cu, which is a material rep-
resenting a superior adhesive property with respect to the solder 50, preferably, an
alloy including Cu or Ni.

The insulating layer 30 and the lateral-surface insulating layer 80 have the same
structure as that of FIG. 20.

The bonding layer 20 is formed on the metallic protrusion 11 through a plating
process to ensure the adhesive strength with the solder 50.

Naturally, the radiant heat circuit board 400 shown in FIG. 35 can be manufactured
through the above methods.

As described above, in the radiant heat circuit board according to the embodiment,
the insulating between the metallic protrusion and the circuit patterns adjacent to the
metallic protrusion can be ensured by reducing errors that may occur in the manu-
facturing process.

Hereinafter, the radiant heat circuit board to which the embodiment is applied will be
described with reference to FIG. 36.

FIG. 36 is a sectional view showing the application of the radiant heat circuit board
300 of FIG. 20.

Referring to FIG. 36, the radiant heat circuit board 300 according to the embodiment
includes the metallic plate 210 and the circuit patterns 240 formed on the insulating
layer 220 provided on the metallic plate 210. The components are the same as those
shown in FIG. 2.

The insulating layer 220 may be formed by hardening the prepreg formed by in-
filtrating the solid component 221 such as tempered glass, glass fiber, or filler into
epoxy resin.

A lateral-surface insulating layer 231 including only resin without the solid
component 221 is formed closely to the metallic protrusion 211 while extending from
the insulating layer 220 to surround the metallic protrusion 211.

The lateral-surface insulating layer 231 may have the height equal to the height of the
metallic protrusion 211.

Meanwhile, the metallic protrusion 211 of the metallic plate 210 serves as a
mounting pad for a heat emitting device 260. The solder 250 is formed on the metallic
protrusion 211 or the circuit pattern 240, and the heat emitting device 260 is formed on
the solder 250.
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In this case, in the heat emitting circuit board 300 of FIG. 28, when processing the
metallic plate 210, the step difference at the left side of the metallic protrusion 211
may differ from the step difference at the right side of the metallic protrusion 211 due
to the process deflection.

Hereinafter, the manufacturing process of the radiant heat circuit board of FIG. 36
will be described.

The prepreg of the insulating layer 220 and a copper foil layer used to form the
circuit pattern 240 are thermally compressed with the insulating plate 210 as shown in
FIGS. 21 to 34, so that the resin of the prepreg is filled in the openings of the insulating
layer 220 and the copper foil layer, thereby forming the lateral-surface insulating layer
231.

In this case, if the step differences at both sides are different from each other, thermo-
compression is performed to constantly maintain the height of the insulating layer 220,
so that the thicknesses of the insulating layer 220 at both sides are different from each
other. Next, the resin is removed from the metallic protrusion 211 and the copper foil
layer, and the circuit pattern 240 is formed by etching the copper foil layer. In this
case, the circuit patterns 240 may have the same height at both sides thereof.

Accordingly, since both circuit patterns 240 have heights different from each other,
when the heat emitting device 260 is attached to the solder 250 after the solder 250 has
been formed, the heat emitting device 260 can be prevented from being unstably
attached to the solder 250 due to asymmetrical force.

In addition, the circuit patterns 240 and the metallic protrusion 211 have the same
height although the process errors occur, so that the insulating between the metallic
protrusion 211 and the circuit patterns 240 adjacent to the metallic protrusion 211 can
be ensured by the lateral-surface insulating layer 231.

Hereinafter, the effects of the radiant heat circuit board according to the embodiment
will be described with reference to FIGS. 37A and FIG. 37B.

FIG. 37A is a photograph showing a comparative group according to the em-
bodiment, and FIG. 37B is a photograph showing the top surface of the radiant heat
circuit board of FIG. 20.

Differently from the radiant heat circuit board according to the embodiment, FIG.
37A shows a top surface of a radiant heat circuit board in which an insulating prepreg
is coated on a metallic plate having a metallic protrusion, an opening to expose the
metallic protrusion has a width the same as the width of the metallic protrusion, and a
post process is not performed.

As shown in the radiant heat circuit board of FIG. 37A, when a marginal space does
not exist between the opening and the metallic protrusion, the resin of the prepreg is

moved up along the metallic protrusion in the thermo-compression of the prepreg to
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reduce the exposed area of the metallic protrusion.

In contrast, similarly to the radiant heat circuit board 300 of FIG. 20 according to the
embodiment, when the insulating layer 30 has the opening 30a wider than the width of
the metallic protrusion 11, the lateral-surface insulating layer 80 is formed on the
lateral surfaces of the metallic protrusion 11 after the thermo-compression of the in-
sulating layer 30, and the top surface of the metallic protrusion 11 is exposed through a
post process, thereby ensuring the area of the metallic protrusion 11 as shown in FIG.
37B.

Any reference in this specification to 'one embodiment,' ' an embodiment,' 'example
embodiment' etc., means that a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least one embodiment of the
invention. The appearances of such phrases in various places in the specification are
not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it
is submitted that it is within the purview of one skilled in the art to effects such feature,
structure, or characteristic in connection with other ones of the embodiments.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

A radiant heat circuit board used to mount a heat emitting device
thereon, the radiant heat circuit board comprising:

a metallic plate including a metallic protrusion having a solder to which
the heat emitting device is attached;

a bonding layer on the metallic protrusion;

an insulating layer on the metallic plate to expose the metallic
protrusion; and

a circuit pattern on the insulating layer.

The radiant heat circuit board of claim 1, wherein the bonding layer
includes an alloy including copper (Cu) or nickel (Ni) representing a
high adhesive property with respect to the solder.

The radiant heat circuit board of claim 1, wherein the metallic plate
includes an alloy including aluminum (Al).

The radiant heat circuit board of claim 1, wherein the bonding layer is
selectively formed only on a top surface of the metallic protrusion.

The radiant heat circuit board of claim 1, wherein the insulating layer
includes a plurality of insulating films.

The radiant heat circuit board of claim 1, wherein the insulating layer
includes a solid component infiltrated into insulating resin, and the
radiant heat circuit board further comprises a lateral-surface insulating
layer extending from the insulating layer while surrounding a lateral
surface of the metallic protrusion.

The radiant heat circuit board of claim 6, wherein the lateral-surface in-
sulating layer extends from the insulating layer while surrounding the
metallic protrusion, and includes only the insulating resin.

The radiant heat circuit board of claim 6, wherein the lateral-surface in-
sulating layer has a height equal to a height of the metallic protrusion.
The radiant heat circuit board of claim 6, wherein the solid component
includes tempered glass, glass fiber, or filler.

The radiant heat circuit board of claim 1, wherein the circuit pattern has
a height equal to a height of the metallic protrusion.

The radiant heat circuit board of claim 6, wherein a thickness of the
metallic plate varies about the metallic protrusion.

The radiant heat circuit board of claim 6, wherein a thickness of the in-
sulating layer varies about the metallic protrusion.

A method for manufacturing a radiant heat circuit board, the method
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comprising:

forming a metallic plate including a metallic protrusion by processing a
metallic base plate;

forming a bonding layer by plating an alloy including Cu or Ni rep-
resenting a high adhesive property with respect to a solder on the
metallic protrusion;

forming an insulating layer on the metallic plate to expose the metallic
protrusion; and

forming a circuit pattern on the insulating layer.

The method of claim 13, wherein the forming of the insulating layer
comprises:

coating insulating resin constituting a first insulating layer on a region
except for the metallic protrusion;

forming an opening in a second insulating layer having a layered
structure with respect to a conductive layer to expose the metallic
protrusion; and

thermally compressing the first and second insulating layers by aligning
the metallic protrusion and the opening of the second insulating layer.
The method of claim 13, wherein the forming of the metallic plate
comprises forming the metallic protrusion and the metallic plate by
rolling or etching an aluminum base plate.

The method of claim 13, wherein the forming of the bonding layer
comprises selectively performing a plating process with respect to a top
surface of the metallic protrusion only.

The method of claim 13, wherein the forming of the insulating layer
comprises:

forming a prepreg by infiltrating a solid component into a resin in such
a manner that the prepreg has a first opening that exposes the metallic
protrusion on the metallic plate and has a width wider than a width of
the metallic protrusion;

forming a copper foil layer having a second opening having a width
equal to a width of the first opening on the prepreg; and

thermally compressing the prepreg and the copper foil layer to fill the
first and second openings, thereby forming a lateral-surface insulating
layer surrounding the metallic protrusion.

The method of claim 17, wherein the lateral-surface insulating layer is
formed by filling resin, which flows from the prepreg through the

thermo-compression, into the first and second openings.
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The method of claim 17, wherein the solid component includes
tempered glass, glass fiber, or filler.

The method of claim 17, wherein the forming of the lateral-surface in-
sulating layer comprises removing the resin covering a top surface of
the metallic protrusion to expose the top surface of the metallic

protrusion after the prepreg has been thermally compressed.
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