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(57) ABSTRACT 

A circuit board structure including a circuit board main body 
and an injection molded three-dimensional circuit device 
encapsulating at least a portion of the circuit board main body 
is provided. The three-dimensional circuit device includes a 
molded plastic body having a non-plate type, stereo structure, 
on Which a three-dimensional pattern is also fabricated. The 
three-dimensional pattern is interconnected With a contact 
pad on the circuit board main body through a conductive via. 
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CIRCUIT BOARD STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a circuit board struc 
ture. In particular, the present invention relates to a circuit 
board having a three-dimensional circuit structure and the 
fabrication method thereof. 
[0003] 2. Description of the PriorArt 
[0004] As knoWn in the art, circuit boards are essential 
devices in all electronic products Where circuit boards are 
used to bear all kinds of electronic elements such as chips, 
resistors or capacitors. There are many layers of Wires to 
connect these electronic elements. 
[0005] As the electronic products become smaller and thin 
ner, in many application ?elds such as Wireless communica 
tion, portable electronic device or automobile instrumental 
panel, the circuit boards are alWays placed in limited space in 
the product, or interconnected With another outer circuit 
boards by buses or module-connectors, such as in the auto 
mobile instrumental panels or steering Wheel With electronic 
functions. Thus, ef?ciently using substrate or the surface of 
module shell to pattern three-dimensional circuit layout or 
reducing the use of buses may be more e?icient to utiliZe the 
space and increase the ?exibility of designing. HoWever, on 
plate-type plastic or copper foil substrate, conventional cir 
cuit manufacturing technology can only form tWo-dimen 
sional Wire trace instead of three-dimensional pattern. 

SUMMARY OF THE INVENTION 

[0006] It is one objective of the present invention to provide 
a novel circuit board structure and a method for manufactur 
ing a three-dimensional circuit structure in order to solve the 
above-mentioned prior art problems and shortcomings. 
[0007] It is another objective of the present invention to 
provide a circuit board structure includes a circuit board main 
body and an injection molded three-dimensional circuit 
device encapsulating at least a portion of the circuit board 
main body. The three-dimensional circuit device includes a 
molded plastic body having a non-plate type, stereo structure, 
on Which a three-dimensional pattern is fabricated. The three 
dimensional pattern is interconnected With a contact pad on 
the circuit board main body through a conductive via. 
[0008] It is still another objective of the invention to pro 
vide a method for fabricating a circuit board structure. First, 
a circuit board main body is provided. Second, a molded 
plastic body is formed by encapsulating at least a portion of 
the circuit board main body With injection molded material. 
Then, a ?rst three-dimensional pattern is formed on the 
molded plastic body thereby de?ning a three-dimensional 
circuit device. 
[0009] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in the 
art after reading the folloWing detailed description of the 
preferred embodiment that is illustrated in the various ?gures 
and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 illustrates a cross-sectional vieW of a circuit 
board structure according to an embodiment of the present 
invention. 
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[0011] FIGS. 2A to 2C illustrate a method for fabricating 
the circuit board structure according to an embodiment of the 
present invention. 
[0012] FIGS. 3A to 3C illustrate another embodiment 
according to the present invention. 
[0013] FIGS. 4A to 4B illustrate still another embodiment 
according to the present invention. 
[0014] FIGS. 5A to 5B illustrate still another embodiment 
according to the present invention. 

DETAILED DESCRIPTION 

[0015] The present invention provides a novel circuit board 
structure, comprising a circuit board main body that could be 
rigid printed circuit board (rigid PCB), ?exible printed circuit 
board (?exible PCB), rigid-?ex composite printed circuit 
board (rigid-?ex composite PCB) or rigid-?ex combination 
printed circuit board (rigid-?ex combination PCB). At least a 
portion of the circuit board main body is encapsulated by an 
injection molded three-dimensional circuit device. For one of 
the ordinary skill in the art, it is challenging and dif?cult to 
manufacture this novel circuit board Which is even applicable 
to a Wide range of technical ?elds such as automobile steering 
Wheels, cellular phones or semiconductor package. 
[0016] FIG. 1 illustrates a cross-sectional vieW of a circuit 
board structure 1 according to an embodiment of the present 
invention. As shoWn in FIG. 1, the circuit board structure 1 
comprises a circuit board main body 10, Which may be a 
typical plate-type printed circuit board, such as a rigid printed 
circuit board (rigid PCB), a ?exible printed circuit board 
(?exible PCB), a rigid-?ex composite printed circuit board 
(rigid-?ex composite PCB) or a rigid-?ex combination 
printed circuit board (rigid-?ex combination PCB). The cir 
cuit board main body 10 comprises a core layer 11, for 
example, a Prepreg resin-containing material. A coplanar ?rst 
pattern 12 is disposed on a ?rst side 1011 of the circuit board 
main body 10 and a coplanar second pattern 14 is disposed on 
a second side 10b of the circuit board main body 10. Further 
more, the circuit board main body 10 may be a tWo-layer 
board, a four-layer board or a multi-layer board, Which, hoW 
ever, should not be seen as to limit the scope of the present 
invention. FIG. 1 shoWs an example of a tWo-layer board. 
[0017] The present invention circuit board structure 1 fea 
tures an injection molded three-dimensional circuit device 
20. The three-dimensional circuit device 20 encapsulates at 
least a portion of the circuit board main body 10 such as a 
peripheral region and the three-dimensional circuit device 20 
combines With the encapsulated portion of the circuit board 
main body 10 tightly. The three-dimensional circuit device 20 
further comprises an injected molded plastic body 21 Which is 
non-plate, stereo type and usually contains a scraggy surface, 
on Which at least a three-dimensional pattern 22 is fabricated. 
The three-dimensional pattern 22 is interconnected With a 
contact pad 12a of the ?rst pattern 12 through a conductive via 
24 in the molded plastic body 21. 
[0018] According to one embodiment of the present inven 
tion, the above-mentioned injected molded plastic body 21 is 
made of plastic material comprising engineering plastic or 
ceramic. Speci?cally, the engineering plastic may be selected 
from a group consisting of polycarbonate (PC), acrylonitrile 
butadiene-styrene copolymer (ABS copolymer), polyethyl 
ene terephthalate (PET), polybutylene terephthalate (PBT), 
liquid crystalline polymer (LCP), polyamide 6 (PA 6), Nylon, 
polyoxymethylene (POM), poly-phenylone-sul?de (PPS) 
and cyclic-ole?n-copolymer (COC). 
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[0019] In addition, the plastic material further comprises 
catalytic particles, such as copper oxide particles, aluminum 
nitride particles or palladium particles. The plastic material is 
mixed With catalytic particles to form a laser activable mate 
rial. The catalytic particles described above may be a plurality 
of metal oxide particles or metallic complexes particles. In 
one embodiment of the present invention, the catalytic par 
ticles are selected from a group consisting of manganese, 
chromium, palladium, copper, aluminum and platinum. 
[0020] FIGS. 2A to 2C illustrates the method for fabricat 
ing the circuit board structure 1 according to the embodiment 
of the present invention. First, as shoWn in FIG. 2A, a circuit 
board main body 1 0 is provided. The circuit board main body 
10 may be a typical plate-type printed circuit board, such as a 
rigid PCB, a ?exible PCB, a rigid-?ex composite PCB or a 
rigid-?ex combination PCB. The circuit board main body 10 
comprises a core layer 11, such as a Prepreg resin-containing 
material. A coplanar ?rst pattern 12 is formed on a ?rst side 
10a of the circuit board main body 10 and a coplanar second 
pattern 14 is formed on a second side 10b of the circuit board 
main body 10. It is understood that the circuit board main 
body 10 may be a tWo-layer board, a four-layer board or a 
multi-layer board, Which, hoWever, should not be seen as to 
limit the scope of the present invention. FIGS. 2A to 2C 
demonstrate an example of a tWo-layer board. Furthermore, a 
solder resist layer (not shoWn) may be provided on the ?rst 
side 1011 and the second side 10b of the circuit board main 
body 10. 
[0021] As shoWn in FIG. 2B, at least a portion of the circuit 
board main body 10 is encapsulated With injection molded 
material, for example, by directly injected under loW injected 
pressure or loW molded temperature, thereby forming the 
molded plastic body 21 that encapsulates the circuit board 
main body 10. The molded plastic body 21 is non-plate, stereo 
type and usually contains a scraggy surface. In one embodi 
ment of the present invention, the molded plastic body 21 
encapsulates at least a portion of the contact pad 12a. 

[0022] As shoWn in FIG. 2C, a three-dimensional pattern 
22 is formed on the molded plastic body 21, thereby de?ning 
a three-dimensional circuit device 20. For example, laser 
direct structuring (LDS) is used to activate the metal catalysts 
in the molded plastic body 21, after laser activation, the met 
alliZation of chemical copper is performed. Certainly, other 
technology, for example, microscopic integrated processing 
technology (MIPTEC), may be used to form the three dimen 
sional pattern 22 according to the present invention. MIPI 
TEC comprises: depositing a conductive material by chemi 
cal vapor deposition (CVD) or sputtering, then patterning the 
conductive material by laser and etching aWay the conductive 
material in non-metalliZation region, next, metalliZing by 
chemical copper. Additionally, a conventional tWo-shot 
molding technology may be used to form the three-dimen 
sional pattern 22 by separately injecting tWo different plastic 
materials Which are activatible and non-activatible respec 
tively, then metalliZing the activatible plastic material by Wet 
procession. As described above, one approach to connecting 
the three-dimensional pattern 22 and the contact pad 12a 
involves mechanical or laser drilling and then ?lling With the 
conductive body (not shoWn), or directly penetrating the 
molded plastic body 21 by a metal conductive pillar to form a 
contact via. The conductive body described above may be 
formed by electroplating, chemical deposition or metal con 
ductive material printing and padding. 
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[0023] FIGS. 3A to 3C illustrate another embodiment 
according to the present invention. First, as shoWn in FIG. 3A, 
a circuit board main body 100 having thereon a three-dimen 
sional pattern 102 is provided. The circuit board main body 
100 may be a plate-type printed circuit board, such as a rigid 
PCB, a ?exible PCB, a rigid-?ex composite PCB or a rigid 
?ex combination PCB Where is already formed. 
[0024] As shoWn in FIG. 3B, a portion or all of the circuit 
board main body 100 is encapsulated With the molded plastic 
body 121. The injection molded material is used to encapsu 
late at least a portion or all of the circuit board main body 100, 
for example, by directly injected under loW injected pressure 
or loW molded temperature, thereby forming the molded plas 
tic body 121 that encapsulates the circuit board main body 
100. The molded plastic body 121 is non-plate, stereo type 
and has a scraggy surface. To prevent the molded plastic body 
121 from contacting some sensitive elements and in consid 
eration of the thermal expansion coe?icient, the molded plas 
tic body 121 may comprise a cavity 12111. The suitable mate 
rials for the molded plastic body 121 are similar to the molded 
plastic body 21 as described in the embodiment mentioned 
above. 

[0025] As shoWn in FIG. 3C, a three-dimensional pattern 
122 is formed on the molded plastic body 121, de?ning a 
three-dimensional circuit device 120, Thereafter, the three 
dimensional pattern 122 is electrically connected With the 
three-dimensional pattern 102. For example, laser direct 
structuring (LDS) is used to activate the metal catalysts in the 
molded plastic body 121, after laser activation, the metalliZa 
tion of chemical copper is performed. Other technology, for 
example, microscopic integrated processing technology (MI 
PTEC), may be used to form three-dimensional pattern 122. 
Additionally, in the present invention, the tWo-shot molding 
technology may be used to form the three-dimensional pat 
tern 122. As described above, one approach to connecting the 
three-dimensional pattern 122 and three-dimensional pattern 
102 involves mechanical or laser drilling and then ?lling With 
the conductive body 124, or directly penetrating the molded 
plastic body 122 by a metal conductive pillar to form a contact 
via. The conductive body 124 described above may be formed 
by electroplating, chemical deposition or metal conductive 
material printing and padding. 
[0026] According to the present invention, the combination 
of the molded plastic and the circuit board main body is not 
necessary done by injection molded technology. FIGS. 4A 
and 4B illustrate another embodiment according to the 
present invention. First, as shoWn in FIG. 4A, a circuit board 
main body 200 and a three-dimensional circuit device 220 are 
formed separately. The circuit board main body 200 may be a 
typical plate-type printed circuit board, such as a rigid PCB, 
a ?exible PCB, a rigid-?ex composite PCB, a rigid-?ex com 
bination PCB or a circuit board With a three-dimensional 
pattern. The circuit board main body 200 has a pattern 202 
Which includes contact pads 202a, 2021) and 2020. The three 
dimensional circuit device 220 may be made by traditional 
injection molded technology and contains a molded plastic 
body 221 Which is non-plate, stereo type and With a scraggy 
surface on Which a three-dimensional pattern 222 is formed. 
The three-dimensional pattern 222 comprised contact pads 
222a, 222b, and 2220. 
[0027] The molded plastic body 221 further comprises a 
slot 221a. Subsequently, one end of the circuit board main 
body 200 is inserted into the slot 22111 to make the contact 
pads 222a, 2221) and 2220 in contact With the contact pads 
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202a, 2021) and 2020 respectively, thereby tightly tenoning 
the molded plastic body and the circuit main board, as shown 
in FIG. 4B. While the material of the molded plastic body 221 
is similar to the molded plastic body 21 in the embodiment 
mentioned above, it is not described herein for the sake of 
simplicity. The method for forming the three-dimensional 
patterns 222 on molded plastic body 221 is similar to the 
method for forming the three-dimensional patterns 122 on 
molded plastic body 121, Which is mentioned above, thus it is 
not described for the sake of simplicity. 
[0028] FIGS. 5A and 5B illustrate another embodiment 
according to the present invention. FIG. 5A illustrates a top 
vieW of the circuit board structure and FIG. 5B illustrates the 
cross-sectional vieW taken along line l-l' of FIG. 5A. As 
shoWn in FIGS. 5A and 5B, the circuit board structure 300 
comprises a substrate 302 Where at least plurality of contact 
pads 312, pattern 314 and pattern 316 are formed on its main 
surface 302a. Speci?cally, the pattern 316 may have four 
roWs and may be arranged in matrix or, depending on differ 
ent design purposes, may be arranged in single-roW, 2-roW or 
3-roW. Speci?cally, the disclosure of the ?gures is only one 
example embodiment that should not be used to limit the 
scope of the invention. 
[0029] An injection molded three-dimensional circuit 
device 320 is formed on the main surface 30211, which con 
tains a center cavity 330, exposing plurality of contact pads 
312. The three-dimensional circuit device 320 comprises an 
injection molded body 321 having a non-plate type, stereo 
structure. At least a three-dimensional pattern 322 and 
another three-dimensional pattern 32211 are formed on the 
surface of the molded main body 321 Wherein the three 
dimensional pattern 322 is connected to the pattern 316 
encapsulated partially by the molded plastic body 321 While 
the three-dimensional pattern 32211 is connected to the pattern 
314 encapsulated by the molded plastic body 321 through a 
conductive via 324 in the molded plastic body 321. Besides, 
in another embodiment, the edge of the molded plastic body 
321 aligns With the edge of the pattern 316, Which is not 
shoWn in the ?gures. 
[0030] The material of the molded plastic body 321 is simi 
lar to the molded plastic body 21 in the embodiment men 
tioned above, therefore it is not described herein for the sake 
of simplicity. The method for forming the three-dimensional 
patterns 322, 32211 on the molded plastic body 321 is similar 
to the method for forming the three-dimensional patterns 122 
on molded plastic body 121, Which is mentioned above, thus 
it is not described for the sake of simplicity. 
[0031] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device and 
method may be made While retaining the teachings of the 
invention. 

What is claimed is: 
1. A circuit board structure, comprising: 
a circuit board main body; and 

an injection molded three-dimensional circuit device, 
encapsulating at least a portion of said circuit board 
main body, Wherein said three-dimensional circuit 
device includes a molded plastic body having a non 
plate type, stereo structure, on Which a three-dimen 
sional pattern is fabricated, said three-dimensional 
pattern is interconnected With a contact pad on said 
circuit board main body through a conductive via. 

2. The circuit board structure according to claim 1, Wherein 
said circuit board main body includes rigid printed circuit 
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board (rigid PCB), ?exible printed circuit board (?exible 
PCB), rigid-?ex composite printed circuit board (rigid-?ex 
composite PCB) or rigid-?ex combination printed circuit 
board (rigid-?ex combination PCB). 

3. The circuit board structure according to claim 1, Wherein 
said circuit board main body comprises a tWo-layer board or 
a multi-layer board. 

4. The circuit board structure according to claim 1, Wherein 
said circuit board main body comprises a core layer. 

5. The circuit board structure according to claim 1, Wherein 
said molded plastic body is made of plastic material compris 
ing engineering plastic or ceramic. 

6. The circuit board structure according to claim 5, Wherein 
said engineering plastic is selected from a group consisting of 
polycarbonate (PC), acrylonitrile-butadiene-styrene copoly 
mer (ABS copolymer), polyethylene terephthalate (PET), 
polybutylene terephthalate (PBT), liquid crystalline polymer 
(LCP), polyamide 6 (PA 6), Nylon, polyoxymethylene 
(POM), poly-phenylone-sul?de (PPS) and cyclic-ole?n-co 
polymer (COC). 

7. The circuit board structure according to claim 5, Wherein 
said engineering plastic comprises catalytic particles. 

8. The circuit board structure according to claim 7, Wherein 
said catalytic particles comprise copper oxide particles, alu 
minum nitride particles or palladium particles. 

9. The circuit board structure according to claim 7, Wherein 
said catalytic particles are selected from a group consisting of 
manganese, chromium, palladium, copper, aluminum and 
platinum. 

10. The circuit board structure according to claim 1, 
Wherein a ?rst side of said circuit board main body has a 
coplanar ?rst pattern, a second side of said circuit board main 
body has a coplanar second pattern. 

11. The circuit board structure according to claim 10, 
Wherein said ?rst pattern is arranged in matrix and is partially 
covered by said molded plastic body. 

12. The circuit board structure according to claim 10, 
Wherein an edge of said molded plastic body aligns With an 
edge of said ?rst pattern. 

13. The circuit board structure according to claim 1, 
Wherein said circuit board main body comprises a second 
three-dimensional pattern. 

14. A method of fabricating a circuit board structure, com 
prising: 

providing a circuit board main body; 
forming a molded plastic body by encapsulating at least a 

portion of said circuit board main body With injection 
molded material; and 

forming a ?rst three-dimensional pattern on said molded 
plastic body thereby de?ning a three-dimensional cir 
cuit device. 

15. The method according to claim 14, Wherein said 
molded plastic body is directly injected under loW injected 
pressure or loW molded temperature. 

16. The method according to claim 14, Wherein said circuit 
board main body includes rigid printed circuit board (rigid 
PCB), ?exible printed circuit board (?exible PCB), rigid-?ex 
composite printed circuit board (rigid-?ex composite PCB) 
or rigid-?ex combination printed circuit board (rigid-?ex 
combination PCB). 

17. The method according to claim 14, Wherein said circuit 
board main body comprises a tWo-layer board or a multi-layer 
board. 
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18. The method according to claim 14, wherein said circuit 
board main body comprises a core layer. 

19. The method according to claim 14, Wherein said 
molded plastic body is made of plastic material comprising 
engineering plastic or ceramic. 

20. The method according to claim 19, Wherein said engi 
neering plastic is selected from a group consisting of poly 
carbonate (PC), acrylonitrile-butadiene-styrene copolymer 
(ABS copolymer), polyethylene terephthalate (PET), poly 
butylene terephthalate (PET), liquid crystalline polymer 
(LCP), polyamide 6 (PA 6), Nylon, polyoxymethylene 
(POM), poly-phenylone-sul?de (PPS) and cyclic-ole?n-co 
polymer (COC). 

21. The method according to claim 19, Wherein said engi 
neering plastic comprises catalytic particles. 

22. The method according to claim 21, Wherein said cata 
lytic particles comprise copper oxide particles, aluminum 
nitride particles or palladium particles. 

23. The method according to claim 21, Wherein said cata 
lytic particles are selected from a group consisting of manga 
nese, chromium, palladium, copper, aluminum and platinum. 
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24. The method according to claim 14, Wherein the ?rst 
side of said circuit board main body has a coplanar ?rst 
pattern, the second side of said circuit board main body has a 
coplanar second pattern. 

25. The method according to claim 24, Wherein said ?rst 
pattern is arranged in matrix and is partially covered by said 
molded plastic body. 

26. The method according to claim 24, Wherein an edge of 
said molded plastic body aligns With an edge of said ?rst 
pattern. 

27. The method according to claim 14, Wherein said circuit 
board main body comprises a second three-dimensional pat 
tern. 

28. The method according to claim 14, Wherein said ?rst 
three-dimensional pattern is formed by laser direct structur 
ing (LDS), microscopic integrated processing technology 
(MIPTEC) or tWo-shot molding. 

* * * * * 


