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RIGID FLEXIBLE PRINTED CIRCUIT
BOARD AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the foreign priority benefit
of Korean Patent Application No. 10-2013-0060007, filed on
May 27, 2013, entitled “Rigid Flexible Printed Circuit Board
And Method Of Manufacturing The Same”, which is hereby
incorporated by reference in its entirety into this application.

BACKGROUND

[0002] 1. Field

[0003] Embodiments of the present invention relate to a
rigid flexible printed circuit board and a method of manufac-
turing the same.

[0004] 2. Description of the Related Art

[0005] Recently, high-pixel cameras has been adopted in
mobile devices. Such high-pixel cameras may have a resolu-
tion of 13 million pixels or other resolutions beyond 10 mil-
lion pixels. As a camera module substrate for mobile devices,
a rigid flexible substrate may be used (US Patent Laid-Open
Publication No. 2008-0014768). The rigid flexible substrate
is divided into a rigid portion at which sensors and compo-
nents are mounted and a flexible portion which is a curved
portion so as to be efficiently disposed in a narrow space; thus,
the substrate is efficiently used. Recently, a high-performance
and high-pixel camera module having a resolution beyond 10
million pixels has been mounted as a main camera. At the time
of manufacturing the camera module, flatness of the substrate
is very important. The reason is that when flatness of an image
sensor is not secured, a focus mismatch between the image
sensor and a lens may occur. When the focus mismatch does
not occur, a problem of focusing which partially causes blur-
ring of an image may occur.

SUMMARY

[0006] Embodiments of the present invention have been
made in an effort to provide a rigid flexible printed circuit
board with improved flatness and a method of manufacturing
the same.

[0007] Further, the embodiments have been made in an
effort to provide a rigid flexible printed circuit board capable
of preventing voids from occurring and a method of manu-
facturing the same.

[0008] According to an embodiment of the present inven-
tion, there is provided a rigid flexible printed circuit board
including: a base substrate including a rigid region and a
flexible region; a coverlay formed on the base substrate; a first
insulating layer formed on the coverlay and formed in the
rigid region; a second insulating layer formed on the first
insulating layer; and an outer layer circuit layer formed on the
second insulating layer.

[0009] The first insulating layer may be laminated in a B
stage and then hardened.

[0010] The second insulating layer may be a C-stage insu-
lating layer.
[0011] The base substrate may include an internal insulat-

ing layer and an inner layer circuit layer which is formed on
the internal insulating layer.

[0012] The rigid flexible printed circuit board may further
include: a via electrically connecting the inner layer circuit
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layer to the outer layer circuit layer by penetrating through the
first insulating layer, the second insulating layer, and the
coverlay.

[0013] The rigid flexible printed circuit board may further
include: a solder resist layer formed on the second insulating
layer to bury the outer layer circuit layer.

[0014] The coverlay may be attached to the base substrate
by an adhesive which is formed on one surface of the cover-
lay.

[0015] According to another embodiment of the present

invention, there is provided a rigid flexible printed circuit
board, including: a base substrate including a rigid region and
a flexible region; a coverlay formed on the base substrate; a
stop pattern formed on the coverlay of the rigid region and
having a side surface exposed in the flexible region; a first
insulating layer formed on the coverlay and formed in the
rigid region; and an outer layer circuit layer formed on the
first insulating layer.

[0016] The base substrate may include an internal insulat-
ing layer and an inner layer circuit layer which is formed on
the internal insulating layer.

[0017] The rigid flexible printed circuit board may further
include: a first via electrically connecting the inner layer
circuit layer to the outer layer circuit layer by penetrating
through the first insulating layer and the coverlay.

[0018] The rigid flexible printed circuit board may further
include: a solder resist layer formed on the second insulating
layer to bury the outer layer circuit layer.

[0019] The coverlay may be attached to the base substrate
by an adhesive which is formed on one surface of the cover-
lay.

[0020] The rigid flexible printed circuit board may further
include: an adhesive layer formed between the coverlay and
the first insulating layer.

[0021] The rigid flexible printed circuit board may further
include: a first circuit layer formed on the coverlay to be
buried in the first insulating layer.

[0022] The rigid flexible printed circuit board may further
include: a second via electrically connecting the first circuit
layer to the outer layer circuit layer by penetrating through the
first insulating layer.

[0023] According to still another embodiment of the
present invention, there is provided a method of manufactur-
ing a rigid flexible printed circuit board, including: providing
a base substrate including a rigid region and a flexible region;
forming a coverlay on the base substrate; forming a B-stage
first insulating layer on the coverlay formed in the rigid
region; forming a C-stage second insulating layer on the first
insulating layer; hardening the first insulating layer; and
forming an outer layer circuit layer on the second insulating
layer.

[0024] In the forming of the first insulating layer, the first
insulating layer may be attached to the coverlay in a punched
state so that the flexible region is opened.

[0025] In the forming of the second insulating layer, the
second insulating layer may be attached to the first insulating
layer in a punched state so that the flexible region is opened.
[0026] In the providing of the base substrate, the base sub-
strate may include an internal insulating layer and an inner
layer circuit layer which is formed on the internal insulating
layer.

[0027] The forming of the outer layer circuit layer may
further include forming a via electrically connecting the outer
layer circuit layer to the inner layer circuit layer.
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[0028] In the forming of the coverlay, the coverlay may be
attached to the base substrate by an adhesive formed on one
surface of the coverlay.

[0029] According to still yet another embodiment of the
present invention, there is provided a method of manufactur-
ing a rigid flexible printed circuit board, including: providing
a base substrate including a rigid region and a flexible region;
forming a coverlay on the base substrate; forming a stop
pattern on the coverlay of the flexible region; forming a
C-stage first insulating layer on the coverlay and the stop
pattern; etching the first insulating layer and the stop pattern
of'the flexible region; and forming an outer layer circuit layer
on the first insulating layer of the rigid region.

[0030] In the providing of the base substrate, the base sub-
strate may include an internal insulating layer and an inner
layer circuit layer which is formed on the internal insulating
layer.

[0031] The forming of the outer layer circuit layer may
further include forming a first via electrically connecting the
outer layer circuit layer to the inner layer circuit layer.

[0032] In the forming of the coverlay, the coverlay may be
attached to the base substrate by an adhesive formed on one
surface of the coverlay.

[0033] The method of manufacturing a rigid flexible
printed circuit board may further include: after the forming of
the coverlay, forming an adhesive layer on the coverlay.

[0034] The forming of the stop pattern may further include
forming a first circuit layer on the coverlay of the rigid region.

[0035] The forming of the outer layer circuit layer may
further include forming a second via electrically connecting
the outer layer circuit layer to the first circuit layer.

[0036] In another aspect of the invention. a rigid flexible
printed circuit board, having a rigid region and a flexible
region, includes: a base substrate including a portion in the
rigid region and a portion in the flexible region; a coverlay
formed onthe base substrate; an insulating layer formed in the
rigid region and on the coverlay, the insulating layer having a
boundary portion, at a boundary of the rigid region adjacent to
the flexible region, that is on an intermediate member inter-
posed between the boundary portion and the coverlay; and an
outer layer circuit layer formed on the second insulating layer.
A method of manufacturing this rigid flexible printed circuit
board of claim may include: providing the base substrate and
the coverlay on the base substrate; forming an intermediate
layer on the coverlay so as to be in the flexible region and at
least partly extending into the rigid region; forming the insu-
lating layer on the intermediate member, the insulating layer
being a C-stage insulating layer; and removing a portion of
the insulating layer and a portion of the intermediate layer
underlying the removed portion of the insulating layer, so as
to expose the coverlay underneath and to form the flexible
region of the printed circuit board.

[0037] Additional aspects and/or advantages will be set
forth in part in the description which follows and, in part, will
be apparent from the description, or may be learned by prac-
tice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other aspects, features and advan-
tages of the present invention will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings, in which:
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[0039] FIG. 1 is an exemplified diagram illustrating a rigid
flexible printed circuit board according to an embodiment of
the present invention;

[0040] FIGS. 2 through 12 are exemplified diagrams show-
ing a method for manufacturing a rigid flexible printed circuit
board according to an embodiment of the present invention;

[0041] FIG. 13 is an exemplified diagram illustrating a rigid
flexible printed circuit board according to another embodi-
ment of the present invention;

[0042] FIGS. 14 through 24 are exemplified diagrams
showing a method for manufacturing a rigid flexible printed
circuit board according to another embodiment of the present
invention;

[0043] FIG. 25 is an exemplified diagram illustrating a rigid
flexible printed circuit board according to another embodi-
ment of the present invention; and

[0044] FIGS. 26 through 34 are exemplified diagrams
showing a method for manufacturing a rigid flexible printed
circuit board according to another embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0045] The aspects, features and advantages of the present
invention will be more clearly understood from the following
detailed description of embodiments taken in conjunction
with the accompanying drawings. Throughout the accompa-
nying drawings, the same reference numerals are used to
designate the same or similar components, and redundant
descriptions thereof are omitted. Further, in the following
description, the terms “first”, “second”, “one side”, “the other
side” and the like are used to differentiate a certain compo-
nent from other components, but the configuration of such
components should not be construed to be limited by the
terms. Further, in the description of the present invention,
when it is determined that the detailed description of the
related art would obscure the gist of the present invention, the
description thereof will be omitted.

[0046] Hereinafter, embodiments of the present invention
will be described in detail with reference to the attached
drawings.

[0047] FIG. 1 is an exemplified diagram illustrating a rigid
flexible printed circuit board according to an embodiment of
the present invention.

[0048] Referring to FIG. 1, a rigid flexible printed circuit
board 100 may include an internal insulating layer 111, an
inner layer circuit layer 120, a coverlay 130, a first insulating
layer 140, a second insulating layer 151, an outer layer circuit
layer 170, and a solder resist layer 180.

[0049] The internal insulating layer 111 may be made of
flexible insulating materials known to those skilled in the art.
For example, the internal insulting layer 111 may be made of
polyimide. An inside of the internal insulating layer 111 may
be provided with a through via 125 which penetrates through
the internal insulating layer 111. The internal insulating layer
111 may include a rigid region R and a flexible region F.
[0050] The inner layer circuit layer 120 may be formed on
the internal insulating layer 111. The inner layer circuit layer
120 may include a first copper clad layer 112, a first seed layer
121, and a first plating layer 122. The inner layer circuit layer
120 may be made of conductive materials. The inner layer
circuit layer 120 may be formed by applying a method of
forming a circuit pattern known to those skilled in the art.
[0051] The coverlay 130 may be formed on the inner layer
circuit layer 120. The coverlay 130 may be formed to protect



US 2014/0345911 Al

the inner layer circuit layer 120 from the outside. To form the
coverlay 130 on the inner layer circuit layer 120, an adhesive
131 may be applied among the internal insulating layer 111,
the inner layer circuit layer 120, and the coverlay 130. The
coverlay 130 may be formed of a polyimide film. Alterna-
tively, the coverlay 130 may be formed of a photo imageable
coverlay (PIC).

[0052] The first insulating layer 140 may be formed on the
coverlay 130. The first insulating layer 140 may be formed in
the rigid region R. The first insulating layer 140 may be a
B-stage prepreg having flowability. The B-stage first insulat-
ing layer 140 may be hardened by being subjected to a press-
ing and heating process.

[0053] The second insulating layer 151 may be formed on
the first insulating layer 140. The second insulating layer 151
may be formed by stacking the C-stage prepreg. The second
insulating layer 151 may have high rigidity and a high glass
transition temperature. For example, the glass transition tem-
perature of the second insulating layer 151 may be 180° C. or
more. According to the embodiment of the present invention,
the insulating layer may be formed to have a double layered
structure. That is, a thickness of the B-stage first insulating
layer 140 may be reduced due to the second insulating layer
151.

[0054] The outer layer circuit layer 170 may be formed on
the second insulating layer 151. The outer layer circuit layer
170 may be electrically connected to a first via 165 which
penetrates through the first insulating layer 140 and the sec-
ond insulating layer 151. The first via 165 may electrically
connect the inner layer circuit layer 120 to the outer layer
circuit layer 170. The outer layer circuit layer 170 may
include a second copper clad layer 152, a second seed layer
171, and a second plating layer 172. The outer layer circuit
layer 170 may be made of conductive materials. The outer
layer circuit layer 170 may be formed by applying a method
of forming a circuit pattern known to those skilled in the art.

[0055] The solder resist layer 180 may be formed to bury
the outer layer circuit layer 170.

[0056] FIGS. 2 through 12 are exemplified diagrams show-
ing a method for manufacturing a rigid flexible printed circuit
board according to an embodiment of the present invention.

[0057] Referring to FIG. 2, a base substrate 110 on which a
through hole 113 is formed may be provided. The base sub-
strate 110 may be a flexible copper clad laminated (FCCL)
plate formed of the internal insulating layer 111 and the first
copper clad layer 112. The internal insulating layer 111 may
be made of polyimide. The through hole 113 may be formed
on the base substrate 110 by using CNC drill. The base
substrate 110 may be divided into the rigid region R and the
flexible region F.

[0058] Referring to FIG. 3, the first seed layer 121 may be
formed on an inner wall of the through hole 113 and on the
first copper clad layer 112. The first seed layer 121 may be
formed by an electroless plating method. The first plating
layer 122 may be formed on the first seed layer 121. The first
plating layer 122 may be formed by an electroplating method.
[0059] Referring to FIG. 4, the inner layer circuit layer 120
may be formed. The inner layer circuit layer 120 may be
formed by patterning the first copper clad layer 112, the first
seed layer 121, and the first plating layer 122. As described
above, the through hole 125 penetrating through the internal
insulating layer 111 may be formed simultaneously with
forming the inner layer circuit layer 120.
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[0060] Referringto FIG. 5, the coverlay 130 may be formed
on the inner layer circuit layer 120. The coverlay 130 may be
formed to protect the inner layer circuit layer 120 from the
outside. The coverlay 130 may be attached on the inner layer
circuit layer 120 by the adhesive 131. The coverlay 130 may
be formed of the polyimide film. Alternatively, the coverlay
130 may be formed of the photo imageable coverlay (PIC).
[0061] Referring to FIG. 6, the first insulating layer 140
may be formed on the coverlay 130. The first insulating layer
140 may be formed in the rigid region R. The first insulating
layer 140 may be the B-stage prepreg having flowability. The
first insulating layer 140 may be formed on the coverlay 130
by being punched and patterned in advance.

[0062] Referring to FIG. 7, the reinforcement layer 150
may be formed on the first insulating layer 140. The reinforce-
ment layer 150 may be made of a C-stage, high-rigidity
material having a high glass transition temperature Tg. For
example, the reinforcement layer 150 may have a glass tran-
sition temperature Tg of 180° C. or more. The reinforcement
layer 150 may include the second insulating layer 151 and the
second copper clad layer 152 which is formed on one surface
of the second insulating layer 151. Here, the second insulat-
ing layer 151 may be a C stage prepreg. For example, the
reinforcement layer 150 may be a single-sided copper clad
laminated (CCL) plate. The reinforcement layer 150 may be
laminated on the first insulating layer 140 by being punched
and patterned in advance.

[0063] As described above, the reinforcement layer 150 is
formed on the first insulating layer 140 and is then heated and
pressed, thereby hardening the first insulating layer 140.
[0064] According to the embodiment of the present inven-
tion, the use of the first insulating layer 140 having high
flowability may be reduced by including the C-stage rein-
forcement layer 150. That is, when the first insulating layer
140 thinly formed and having high flowability is heated and
pressed, the first insulating layer 140 which flows into the
flexible region F and is hardened may be reduced. As
described above, it is possible to improve the flatness of the
substrate by reducing the flowing of the first insulating layer
140 into the flexible region F. Further, it is possible to improve
the rigidity and flatness of the substrate by the C-stage second
insulating layer 151 and the second copper clad layer 152 on
the reinforcement layer 150.

[0065] Referring to FIG. 8, the second copper clad layer
152 may be patterned. The second copper clad layer 152 may
be patterned so that a region in which the first via (not illus-
trated) is formed later is opened. In this case, the second
copper clad layer 152 may be patterned by performing an
etching process using an etching resist (not illustrated) in
which the region in which the first via (not illustrated) is
formed is opened. However, a method of patterning the sec-
ond clad layer 152 is not limited thereto and any of the
patterning methods known to those skilled in the art may be
used.

[0066] Referring to FIG. 9, a first via hole 161 may be
formed. The first via hole 161 may be formed to penetrate
through the first insulating layer 140, the reinforcement layer
150, and the coverlay 130 through the region in which the
second copper clad layer 152 is patterned.

[0067] Referring to FIG. 10, the second seed layer 171 may
be formed in the first via hole 161, the second copper clad
layer 152, and the flexible region F. The second seed layer 171
may be formed by the electroless plating method. The second
plating layer 172 may be formed on the second seed layer 171.
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The second plating layer 172 may be formed by the electro-
plating method. In this case, the first via hole 161 is buried by
the second seed layer 171 and the second plating layer 172 to
form the first via 165.

[0068] Referring to FIG. 11, the outer layer circuit layer
170 may be formed. The outer layer circuit layer 170 may be
formed by patterning the second copper clad layer 152, the
second seed layer 171, and the second plating layer 172.
[0069] Referring to FIG. 12, the solder resist layer 180 may
be formed. The solder resist layer 180 may be formed to bury
the outer layer circuit layer 170.

[0070] According to the rigid flexible printed circuit board
and the method of manufacturing the same according to the
embodiment of the present invention, the rigidity and flatness
may be improved by forming the C-stage second insulating
layer 151 on the B-stage first insulating layer 140.

[0071] FIG.13is an exemplified diagram illustrating a rigid
flexible printed circuit board according to another embodi-
ment of the present invention.

[0072] Referring to FIG. 13, a rigid flexible printed circuit
board 200 may include an internal insulating layer 211, an
inner layer circuit layer 220, a coverlay 230, a first insulating
layer 251, an outer layer circuit layer 270, and a solder resist
layer 280.

[0073] The internal insulating layer 211 may be made of
flexible insulating materials which are known to those skilled
in the art. For example, the internal insulating layer 211 may
be made of polyimide. An inside of the internal insulating
layer 211 may be provided with a through via 225 which
penetrates through the internal insulating layer 211. The
internal insulating layer 211 may include a rigid region R and
a flexible region F.

[0074] The inner layer circuit layer 220 may include a first
copper clad layer 212, a first seed layer 221, and a first plating
layer 222 of'the internal insulating layer 211. The inner layer
circuit layer 220 may be made of conductive materials. The
inner layer circuit layer 220 may be formed by applying a
method of forming a circuit pattern known to those skilled in
the art.

[0075] The coverlay 230 may be formed on the inner layer
circuit layer 220. The coverlay 230 may be formed to protect
the inner layer circuit layer 220 from the outside. To form the
coverlay 230 on the inner layer circuit layer 220, an adhesive
231 may be applied among the internal insulating layer 211,
the inner layer circuit layer 220, and the coverlay 230. The
coverlay 230 may be formed of the polyimide film. Alterna-
tively, the coverlay 230 may be formed of the photo image-
able coverlay (PIC).

[0076] A stop pattern 291 may be formed on the coverlay
230. When the flexible region F suffers from the etching
process, the stop pattern 291 may be formed so as to protect
components on a lower portion of the stop pattern 291 from
the etching process. The stop pattern 291 may be made of
conductive metals such as copper.

[0077] The first insulating layer 251 may be formed on the
coverlay 230. Further, the first insulating layer 251 may be
formed to bury the stop pattern 291. The first insulating layer
251 may be formed in the rigid region R. After the first
insulating layer 251 may be formed by being laminated with
the B-stage prepreg having flowability and then suffering
from the hardening process. Further, the first insulating layer
251 may have the high rigidity and high glass transition
temperature. For example, the glass transition temperature of
the first insulating layer 251 may be 180° C. or more. Due to
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the high glass transition temperature, it is possible to prevent
the hardened state of the first insulating layer 251 from chang-
ing even at the time of the following high temperature pro-
cess. That is, it is possible to prevent a step from occurring in
the substrate due to the flowing of the first insulating layer 251
which is caused by the high temperature process as in the
prior art.

[0078] Although not illustrated in the embodiment of the
present invention, an adhesive layer (not illustrated) may be
applied on the coverlay 230 to improve an adhesion between
the coverlay 230 and the first insulating layer 251.

[0079] The outer layer circuit layer 270 may be formed on
the first insulating layer 251. The outer layer circuit layer 270
may be electrically connected to a first via 265 which pen-
etrates through the first insulating layer 251. The first via 265
may electrically connect the inner layer circuit layer 220 to
the outer layer circuit layer 270. The outer layer circuit layer
270 may include a second copper clad layer 252, a second
seed layer 271, and a second plating layer 272. The outer layer
circuit layer 270 may be made of conductive materials. The
outer layer circuit layer 270 may be formed by applying the
method of forming a circuit pattern which is known to those
skilled in the art.

[0080] The solder resist layer 280 may be formed to bury
the outer layer circuit layer 270.

[0081] FIGS. 14 through 24 are exemplified diagrams
showing a method for manufacturing a rigid flexible printed
circuit board according to another embodiment of the present
invention.

[0082] Referring to FIG. 14, a base substrate 210 on which
a through hole 213 is formed may be provided. The base
substrate 210 may be the flexible copper clad laminated
(FCCL) plate which is formed of the internal insulating layer
211 and the first copper clad layer 212. The internal insulating
layer 211 may be made of polyimide. The through hole 213
may be formed on the base substrate 210 by using CNC drill.
[0083] Referring to FIG. 15, the first seed layer 221 and the
first plating layer 222 may be formed on an inner wall of the
through hole 213 and on the first copper clad layer 212. The
first seed layer 221 may be formed by the electroless plating
method. The first plating layer 222 may be formed by the
electroplating method.

[0084] Referring to FIG. 16, the inner layer circuit layer
220 may be formed. The inner layer circuit layer 220 may be
formed by patterning the first copper clad layer 212, the first
seed layer 221, and the first plating layer 222. As described
above, the through hole 225 penetrating through the internal
insulating layer 211 may be formed simultaneously with
forming the inner layer circuit layer 220.

[0085] Referring to FIG. 17, the coverlay 230 may be
formed on the inner layer circuit layer 220. The coverlay 230
according to the embodiment of the present invention may
have a third copper clad layer 290 formed on an upper portion
thereof. The coverlay 230 may be attached on the inner layer
circuit layer 220 by the adhesive 231. The coverlay 230 may
be formed of the polyimide film. Alternatively, the coverlay
230 may be formed of the photo imageable coverlay (PIC). In
the forming of the coverlay 230 according to the embodiment
of the present invention, attaching the coverlay 230 formed
with the third copper clad layer 290 on the inner layer circuit
layer 220 is described; however, the embodiment of the
present invention is not limited thereto. That is, the forming of
the coverlay 230 may be performed in a sequence of attaching
the coverlay 230 on the inner layer circuit layer 220 and then
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forming the third copper clad layer 290 on the coverlay 230.
Further, although not illustrated, an adhesive layer may be
applied on the coverlay 230. In this case, the adhesive layer
applied on the coverlay 230 may be formed to improve the
adhesion with the first insulating layer 251 (FIG. 19) to be
formed later.

[0086] Referring to FIG. 18, the stop pattern 291 may be
formed. Herein, the stop pattern 291 is a component part to
prevent the progress of etching at the time of performing a
laser etching process to be performed later. The stop pattern
291 may be formed by patterning the third copper clad layer
290 (FIG. 17). According to the embodiment of the present
invention, the stop pattern 291 may be formed in the flexible
region F.

[0087] Referring to FIG. 19, the reinforcement layer 250
may be formed on the coverlay 230 and the stop pattern 291.
The reinforcement layer 250 may include the first insulating
layer 251 and the second copper clad layer 252 which is
formed on one surface of the first insulating layer 251. The
first insulating layer 251 may be made of a material having a
high glass transition temperature Tg. For example, the first
insulating layer 251 may be the prepreg having a high glass
transition temperature of 180° C. or more. When the rein-
forcement layer 250 is formed on the coverlay 230, the first
insulating layer 251 may be in the B stage. The reinforcement
layer 250 having the B-stage first insulating layer 251 is
formed and is then heated and pressed, thereby hardening the
first insulating layer 251. The reinforcement layer 250 under-
going the hardening process is in the C stage and may have the
high rigidity and high glass transition temperature of 180° C.
or more. Due to the high glass transition temperature, it is
possible to prevent the hardened state of the first insulating
layer 251 from changing even at the time of the following
high temperature process. That is, it is possible to prevent a
step from occurring in the substrate due to the flowing of the
first insulating layer 251 which is caused by the high tem-
perature process as in the prior art. Further, the rigidity and
flatness of the substrate may be more improved by the second
copper clad layer 252.

[0088] Referring to FIG. 20, the second copper clad layer
252 may be patterned. The second copper clad layer 252 may
be patterned so that a region in which the first via (not illus-
trated) is formed later is opened. Further, the second copper
clad layer 252 may be patterned so that the flexible region F is
opened.

[0089] Referring to FIG. 21, a first via hole 261 may be
formed. The first via hole 261 may be formed to penetrate
through the first insulating layer 251 and the coverlay 230
through the region in which the second copper clad layer 252
is patterned. The first via hole 261 may be formed by laser
machining.

[0090] Referring to FIG. 22, the second seed layer 271 and
the second plating layer 272 may be formed in the first via
hole 261, the second copper clad layer 252, and the stop
pattern 291. In this case, the first via hole 261 is buried by the
second seed layer 271 and the second plating layer 272 to
form the first via 265.

[0091] Referring to FIG. 23, the outer layer circuit layer
270 may be formed. The outer layer circuit layer 270 may be
formed by patterning the second copper clad layer 252, the
second seed layer 271, and the second plating layer 272. The
outer layer circuit layer 270 may be patterned by performing
the etching using technologies known to those skilled in the
art. In this case, the second plating layer 272, the second seed
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layer 271, and the stop pattern 291 of the flexible region F
may be removed. The etching of the flexible region F may be
performed by the laser machining. When the etching is per-
formed by the laser machining, the coverlay 230 and the inner
layer circuit layer 220 of the flexible region F may be pro-
tected without being removed, due to the stop pattern 291.
[0092] Referring to FIG. 24, the solder resist layer 280 may
be formed. The solder resist layer 280 may be formed to bury
the outer layer circuit layer 270.

[0093] The rigid flexible printed circuit board and the
method for manufacturing the same according to the embodi-
ment of the present invention applies the reinforcement layer
instead of the insulating layer according to the prior art,
thereby improving the rigidity and flatness of the substrate.
[0094] FIG. 25 is an exemplified diagram illustrating a rigid
flexible printed circuit board according to another embodi-
ment of the present invention.

[0095] A rigid flexible printed circuit board 400 according
to an embodiment of the present invention may be formed to
have a six layer structure.

[0096] Referring to FIG. 25, the rigid flexible printed cir-
cuit board 400 may include an internal insulating layer 411,
an inner layer circuit layer 420, a coverlay 430, a first circuit
layer 495, a first insulating layer 451, an outer layer circuit
layer 470, and a solder resist layer 480.

[0097] The internal insulating layer 411 may be made of
flexible insulating materials known to those skilled in the art.
For example, the internal insulting layer 411 may be made of
polyimide. The internal insulating layer 411 may include the
rigid region R and the flexible region F.

[0098] The inner layer circuit layer 420 may be formed on
the internal insulating layer 411. The inner layer circuit layer
420 may be made of conductive materials. The inner layer
circuit layer 420 may be formed by applying a method of
forming a circuit pattern known to those skilled in the art.
[0099] The coverlay 430 may be formed on the inner layer
circuit layer 420. The coverlay 430 may be formed to protect
the inner layer circuit layer 420 from the outside. To form the
coverlay 430 on the inner layer circuit layer 420, an adhesive
431 may be applied among the internal insulating layer 411,
the inner layer circuit layer 420, and the coverlay 430. The
coverlay 430 may be formed of the polyimide film. Alterna-
tively, the coverlay 430 may be formed of the photo image-
able coverlay (PIC).

[0100] An adhesive layer 432 may be formed on the cov-
erlay 430. The adhesive layer 432 may be formed to improve
adhesion between the coverlay 430 and the first insulating
layer 451.

[0101] The first circuit layer 495 may be formed on the
coverlay 430. The first circuit layer 495 may include a first
circuit pattern 492 and a stop pattern 491. When the flexible
region F suffers from the etching process, the stop pattern 491
may be formed so as to protect components on a lower portion
of the stop pattern 491 from the etching process. The stop
pattern 491 may be made of conductive metals such as copper.
[0102] The first insulating layer 451 may be formed on the
adhesive layer 432. Further, the first insulating layer 451 may
be formed to bury the first circuit layer 495. The first insulat-
ing layer 451 may be formed in the rigid region R. After the
first insulating layer 451 may be formed by being laminated
with the B-stage prepreg having flowability and then suffer-
ing from the hardening process. The B-stage first insulating
layer 451 may be hardened by being subjected to a pressing
and heating process and then filling a space between a first
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circuit pattern 492 and a stop pattern 491. Further, the first
insulating layer 451 may have the high rigidity and high glass
transition temperature. For example, the glass transition tem-
perature of the first insulating layer 451 may be 180° C. or
more. The first insulating layer 451 has a high glass transition
temperature to able to prevent the hardened state of the first
insulating layer 451 from changing even at the time of the
following high temperature process. That is, it is possible to
prevent a step from occurring in the substrate due to the
flowing ofthe first insulating layer 451 which is caused by the
high temperature process as in the prior art. Further, the space
between the inner layer circuit layers 420 is buried and then
the inner layer circuit layers are hardened, such that it is
possible to prevent voids from occurring between the inner
layer circuit layers 420.

[0103] The outer layer circuit layer 470 may be formed on
the first insulating layer 451. The outer layer circuit layer 470
may include a second copper clad layer 452, a second seed
layer 471, and a second plating layer 472. The outer layer
circuit layer 470 may be electrically connected to at least one
of'a first via 465 and a second via 466. The outer layer circuit
layer 470 may be formed by applying the method of forming
a circuit pattern which is known to those skilled in the art.
[0104] According to the embodiment of the present inven-
tion, the first via 466 and the second via 465 may be formed.
The first via 466 may be formed to penetrate through the first
insulating layer 451 and the coverlay 430. Further, the second
via 465 may be formed to penetrate through the first insulat-
ing layer 451. The so formed first via 466 may electrically
connect the outer layer circuit layer 470 to the inner layer
circuit layer 420. Further, the second via 465 may electrically
connect the outer layer circuit layer 470 to the first circuit
layer 495.

[0105] The solder resist layer 480 may be formed on the
outer layer circuit layer 470. The solder resist layer 480 may
be formed to bury the outer layer circuit layer 470.

[0106] FIGS. 26 through 34 are exemplified diagrams
showing a method for manufacturing a rigid flexible printed
circuit board according to another embodiment of the present
invention.

[0107] Referring to FIG. 26, the internal insulating layer
411 on which the inner layer circuit layer 420 is formed may
be provided. For example, the internal insulating layer 411 on
which the inner layer circuit layer 420 is formed may be
formed of the flexible copper clad laminated (FCCL) plate.
That is, the inner layer circuit layer 420 may be formed by
patterning the copper clad of the flexible copper clad lami-
nated plate.

[0108] The inner layer circuit layer 420 may be formed by
applying a method of forming a circuit pattern which is
known to those skilled in the art. The inner layer circuit layer
420 may include an internal circuit pattern and an internal
pad. Herein, the internal pad may be configured to be electri-
cally connected to the via.

[0109] The internal insulating layer 411 may include the
rigid region R and the flexible region F.

[0110] Referring to FIG. 27, the coverlay 430 may be
formed on the inner layer circuit layer 420. The coverlay 430
according to the embodiment of the present invention may
have a third copper clad layer 490 formed on an upper portion
thereof. Here, an adhesive layer 432 may be formed between
the coverlay 430 and the third copper clad layer 490. The
coverlay 430 may be attached on the inner layer circuit layer
420 by the adhesive 431. The coverlay 430 may be formed of
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the polyimide film. Alternatively, the coverlay 430 may be
formed of the photo imageable coverlay (PIC). In the forming
of the coverlay 430 according to the embodiment of the
present invention, attaching the coverlay 430 formed with the
third copper clad layer 490 on the inner layer circuit layer 420
is described; however, the embodiment of the present inven-
tion is not limited thereto. That is, the forming of the coverlay
430 may be performed in a sequence of attaching the coverlay
430 on the inner layer circuit layer 420 and then forming the
adhesive layer 432 and the third copper clad layer 490 on the
coverlay 430. The adhesive layer 432 is formed to improve
the adhesion between the coverlay 430 and the first insulating
layer 451 to be formed later.

[0111] Referring to FIG. 28, the first circuit layer 495 may
be formed. The first circuit layer 495 may be formed on the
adhesive layer 432. The first circuit layer 495 may be formed
by patterning the third copper clad layer 490. The first circuit
layer 495 may include the first circuit pattern 492 and the stop
pattern 491. The stop pattern 491 is a component part to
prevent the progress of etching at the time of performing the
etching process to be performed later. According to the
embodiment of the present invention, the stop pattern 491
may be formed in the flexible region F.

[0112] Referring to FIG. 29, the reinforcement layer 450
may be formed on the coverlay 430 and the first circuit layer
495. The reinforcement layer 450 may include the first insu-
lating layer 451 and the second copper clad layer 452 which
is formed on one surface of the first insulating layer 451. The
first insulating layer 451 may be made of a material having a
high glass transition temperature Tg. For example, the first
insulating layer 451 may be the prepreg having the high glass
transition temperature of 180° C. or more. When the rein-
forcement layer 450 is formed on the coverlay 430, the first
insulating layer 451 may be in the B stage. The reinforcement
layer 450 having the B-stage first insulating layer 451 is
formed and is then heated and pressed, thereby hardening the
firstinsulating layer 451. The first insulating layer 451 may be
hardened by suffering from the pressing and heating process
and then filling a space between a first circuit pattern 492 and
a stop pattern 491. The reinforcement layer 450 suffering
from the hardening process is in the C stage and may have the
high rigidity and high glass transition temperature of 180° C.
or more. Due to the high glass transition temperature, it is
possible to prevent the hardened state of the first insulating
layer 451 from changing even at the time of the following
high temperature process. That is, it is possible to prevent a
step from occurring in the substrate due to the flowing of the
first insulating layer 451 which is caused by the high tem-
perature process as in the prior art. Further, the rigidity and
flatness of the substrate may be more improved by the second
copper clad layer 452. Further, the space between the inner
layer circuit layers 420 is buried and then the inner layer
circuit layers are hardened, such that it is possible to prevent
voids from occurring between the inner layer circuit layers
420.

[0113] Referring to FIG. 30, the second copper clad layer
452 may be patterned. The second copper clad layer 452 may
be patterned so that the region in which the first via 466 (F1G.
32) and the second via 465 (FIG. 32) are formed is opened.
Further, the second copper clad layer 452 may be patterned so
that the flexible region F is opened.

[0114] Referring to FIG. 31, a first via hole 462 and a
second via hole 461 may be formed. The first via hole 462
may be formed to penetrate through the first insulating layer
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451 and the coverlay 430. The second via hole 461 may be
formed to penetrate through the first insulating layer 451
through the region in which the second copper clad layer 452
is patterned. The first viahole 462 and the second via hole 461
may be formed by the laser machining. Further, the first
insulating layer 451 of the flexible region F may be removed
simultaneously with forming the first via hole 462 and the
second via hole 461. In this case, since the first insulating
layer 451 is removed by the laser machining, the flexible
region F may be protected without removing the coverlay 430
and the inner layer circuit layer 420, due to the stop pattern
491.

[0115] Referring to FIG. 32, the second seed layer 471 and
the second plating layer 472 may be formed in the first via
hole 462, the second via hole 461, the second copper clad
layer 452, and the stop pattern 491. In this case, the insides of
the first via hole 462 and the second via hole 461 are buried
with the second plating layer 472, such that the first via 466
and the second via 465 may be formed. According to the
embodiment of the present invention, the first via 466 may be
formed to penetrate through the first insulating layer 451 and
the coverlay 430. Further, the second via 465 may be formed
to penetrate through the first insulating layer 451.

[0116] Referring to FIG. 33, the outer layer circuit layer
470 may be formed. The outer layer circuit layer 470 may be
formed by patterning the second copper clad layer 452, the
second seed layer 471, and the second plating layer 472. The
outer layer circuit layer 470 may be patterned by performing
the etching using technologies known to those skilled in the
art. In this case, the second plating layer 472, the second seed
layer 471, and the stop pattern 491 of the flexible region F
may be removed. The etching of the flexible region F may be
performed by the laser machining. When the etching is per-
formed by the laser machining, the coverlay 430 and the inner
layer circuit layer 420 of the flexible region F may be pro-
tected without being removed, due to the stop pattern 491.
[0117] According to the embodiment of the present inven-
tion, the first via 466 may electrically connect the outer layer
circuit layer 470 to the inner layer circuit layer 420. Further,
the second via 465 may electrically connect the outer layer
circuit layer 470 to the first circuit layer 495.

[0118] Referring to FIG. 34, the solder resist layer 480 may
be formed. The solder resist layer 480 may be formed to bury
the outer layer circuit layer 470.

[0119] The rigid flexible printed circuit board and the
method for manufacturing the same according to the embodi-
ment of the present invention applies the reinforcement layer
instead of the insulating layer according to the prior art,
thereby improving the rigidity and flatness of the substrate.
Further, the thickness of the substrate may be reduced by
forming the single circuit layer using the process of forming
the stop pattern.

[0120] According to the rigid flexible printed circuit board
and the method of manufacturing the same according to the
embodiments of the present invention, it is possible to
improve the flatness.

[0121] According to the rigid flexible printed circuit board
and the method of manufacturing the same according to the
embodiments of the present invention, it is possible to prevent
the void from occurring.

[0122] Although the embodiments of the present invention
have been disclosed for illustrative purposes, it will be appre-
ciated that the present invention is not limited thereto, and
those skilled in the art will appreciate that various modifica-
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tions, additions and substitutions are possible, without
departing from the scope and spirit of the invention.

[0123] Accordingly, any and all modifications, variations
or equivalent arrangements should be considered to be within
the scope of the invention as defined in the claims and their
equivalents.

What is claimed is:

1. A rigid flexible printed circuit board having a rigid
region and a flexible region, comprising:

a base substrate including a portion in the rigid region and

a portion in the flexible region;

a coverlay formed on the base substrate;

a first insulating layer formed on the coverlay and formed
in the rigid region;

a second insulating layer formed on the first insulating
layer; and

an outer layer circuit layer formed on the second insulating
layer.

2. The rigid flexible printed circuit board as set forth in
claim 1, wherein the first insulating layer is laminated in a B
stage and then hardened.

3. The rigid flexible printed circuit board as set forth in
claim 1, wherein the second insulating layer is a C-stage
insulating layer.

4. The rigid flexible printed circuit board as set forth in
claim 1, wherein the base substrate includes an internal insu-
lating layer and an inner layer circuit layer which is formed on
the internal insulating layer.

5. The rigid flexible printed circuit board as set forth in
claim 4, further comprising:

a via electrically connecting the inner layer circuit layer to
the outer layer circuit layer by penetrating through the
first insulating layer, the second insulating layer, and the
coverlay.

6. The rigid flexible printed circuit board as set forth in

claim 1, further comprising:

a solder resist layer formed on the second insulating layer
to bury the outer layer circuit layer.

7. The rigid flexible printed circuit board as set forth in
claim 1, wherein the coverlay is attached to the base substrate
by an adhesive which is formed on one surface of the cover-
lay.

8. A rigid flexible printed circuit board having a rigid
region and a flexible region, comprising:

a base substrate including a portion in the rigid region and

a portion in the flexible region;

a coverlay formed on the base substrate;

a stop pattern formed on the coverlay ofthe rigid region and
having a side surface exposed in the flexible region;

a first insulating layer formed on the coverlay and formed
in the rigid region; and

an outer layer circuit layer formed on the first insulating
layer.

9. The rigid flexible printed circuit board as set forth in
claim 8, wherein the base substrate includes an internal insu-
lating layer and an inner layer circuit layer which is formed on
the internal insulating layer.

10. The rigid flexible printed circuit board as set forth in
claim 8, further comprising:

a first via electrically connecting the inner layer circuit
layer to the outer layer circuit layer by penetrating
through the first insulating layer and the coverlay.

11. The rigid flexible printed circuit board as set forth in

claim 8, further comprising:
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a solder resist layer formed on the second insulating layer
to bury the outer layer circuit layer.

12. The rigid flexible printed circuit board as set forth in
claim 8, wherein the coverlay is attached to the base substrate
by an adhesive which is formed on one surface of the cover-
lay.

13. The rigid flexible printed circuit board as set forth in
claim 8, further comprising:

an adhesive layer formed between the coverlay and the first
insulating layer.

14. The rigid flexible printed circuit board as set forth in

claim 8, further comprising:

a first circuit layer formed on the coverlay to be buried in
the first insulating layer.

15. The rigid flexible printed circuit board as set forth in

claim 14, further comprising:

a second via electrically connecting the first circuit layer to
the outer layer circuit layer by penetrating through the
first insulating layer.

16. The rigid flexible printed circuit board as set forth in
claim 14, wherein the stop pattern is a portion of a circuit layer
formed on the coverlay.

17. A method of manufacturing a rigid flexible printed
circuit board having a rigid region and a flexible region, the
method comprising:

providing a base substrate including a portion that forms a
part of the rigid region and a section that forms a part of
flexible region;

forming a coverlay on the base substrate;

forming a B-stage first insulating layer on the coverlay
formed in the rigid region;

forming a C-stage second insulating layer on the first insu-
lating layer;

hardening the first insulating layer; and

forming an outer layer circuit layer on the second insulat-
ing layer.

18. The method as set forth in claim 17, wherein in the
forming of the first insulating layer, the first insulating layeris
attached to the coverlay in a punched state so that the flexible
region is opened.

19. The method as set forth in claim 17, wherein in the
forming of the second insulating layer, the second insulating
layer is attached to the first insulating layer in a punched state
so that the flexible region is opened.

20. The method as set forth in claim 17, wherein in the
providing of the base substrate, the base substrate includes an
internal insulating layer and an inner layer circuit layer which
is formed on the internal insulating layer.

21. The method as set forth in claim 20, wherein the form-
ing of the outer layer circuit layer further includes forming a
via electrically connecting the outer layer circuit layer to the
inner layer circuit layer.

22. The method as set forth in claim 17, wherein in the
forming of the coverlay, the coverlay is attached to the base
substrate by an adhesive formed on one surface of the cover-
lay.

23. A method of manufacturing a rigid flexible printed
circuit board having a rigid region and a flexible region, the
method comprising:

providing a base substrate including a portion that forms a
part of rigid region and a portion that forms a part of the
flexible region;

forming a coverlay on the base substrate;
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forming a stop pattern on the coverlay of the flexible

region;

forming a C-stage first insulating layer on the coverlay and

the stop pattern;

etching the first insulating layer and the stop pattern of the

flexible region; and

forming an outer layer circuit layer on the first insulating

layer of the rigid region.

24. The method as set forth in claim 23, wherein in the
providing of the base substrate, the base substrate includes an
internal insulating layer and an inner layer circuit layer which
is formed on the internal insulating layer.

25. The method as set forth in claim 24, wherein the form-
ing of the outer layer circuit layer further includes forming a
first via electrically connecting the outer layer circuit layer to
the inner layer circuit layer.

26. The method as set forth in claim 23, wherein in the
forming of the coverlay, the coverlay is attached to the base
substrate by an adhesive formed on one surface of the cover-
lay.

27. The method as set forth in claim 23, further comprising:

after the forming of the coverlay, forming an adhesive layer

on the coverlay.
28. The method as set forth in claim 23, wherein the form-
ing of the stop pattern further includes forming a first circuit
layer on the coverlay of the rigid region.
29. The method as set forth in claim 28, wherein the form-
ing of the outer layer circuit layer further includes forming a
second via electrically connecting the outer layer circuit layer
to the first circuit layer.
30. A rigid flexible printed circuit board having a rigid
region and a flexible region, comprising:
a base substrate including a portion in the rigid region and
a portion in the flexible region;

a coverlay formed on the base substrate;

an insulating layer formed on the coverlay and formed in
the rigid region, the insulating layer having a boundary
portion, at a boundary of the rigid region adjacent to the
flexible region, that is on an intermediate member inter-
posed between the boundary portion and the coverlay;
and

an outer layer circuit layer formed on the second insulating

layer.

31. The rigid flexible printed circuit board of claim 30,
wherein

the base substrate is a patterned flexible copper clad lami-

nate (FCCL), and

in the flexible region, the coverlay covers a circuit pattern

formed on the base substrate.

32. A method of manufacturing the rigid flexible printed
circuit board of claim 30, comprising:

providing the base substrate and the coverlay on the base

substrate;

forming an intermediate layer on the coverlay so as to be in

the flexible region and at least partly extending into the
rigid region;
forming the insulating layer on the intermediate member,
the insulating layer being a C-stage insulating layer; and

removing a portion of the insulating layer and a portion of
the intermediate layer underlying the removed portion
of the insulating layer, so as to expose the coverlay
underneath and to form the flexible region of the printed
circuit board.



