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Disclosed are fingerprint recognition device having an
improved structure to enable a driving device of an inte-
grated circuit to have durability, a manufacturing method
therefor, and an electronic device. The fingerprint recogni-
tion device comprise: an integrated circuit electrically con-
nected to at least one sensor electrode; a first circuit board
located at an upper portion of the integrated circuit and
provided with the at least one sensor electrode; a second
circuit board electrically connected to the first circuit board
and located at under the integrated circuit; a molding layer
provided under the first circuit board to surround the inte-
grated circuit so as to protect the integrated circuit from the
outside; and a connection part electrically connecting the
first circuit board and the second circuit board.
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FIG. 2A
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FIG. 2B
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FIG. 5A
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23

50—

40—

4+ 4+ - +
P + - - PR
+ R -
: + + + +
B e P L T e e s
o P L I ] + e - .
4

e ke oa
itk 4 4 4+ 4+ - T - 4

RN N R R R N N S S N T
3014 RN \Qk{\\ij SRR f\'\\x\:_\\ MR R N \\\\j\ R N N Y \4

\
/ \
200 6{) 10 7)0



Patent Application Publication  Dec. 11,2016 Sheet 9 of 20 US 2016/0350572 A1

FIG.7

20\/‘h




Patent Application Publication  Dec.1,2016 Sheet 10 of 20 US 2016/0350572 A1

FIG.8
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FIG.13
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FIG.16
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FINGERPRINT RECOGNITION DEVICE,
METHOD OF MANUFACTURING THE
SAME, AND ELECTRONIC DEVICE
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. National stage applica-
tion of PCT international application PCT/KR2014/008585,
filed on Sep. 15, 2014 and claims the benefits of Korean
Patent Application No 10-2014-0011408, filed on Jan. 29,
2014, and Korean Patent Application No. 10-2014-0025721,
filed on Mar. 4, 2014, respectively, the contents are incor-
porated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a fingerprint rec-

ognition device, a method of manufacturing the same, and
an electronic device, and more particularly, to a fingerprint
recognition device having an improved structure and dura-
bility against physical and environmental factors, a method
of manufacturing the same, and an electronic device.
[0004] 2. Background Art

[0005] Generally, portable terminals such as a mobile
terminal, a personal digital assistant (PDA), a tablet PC, and
the like adopt user interfaces through a key pad, a touch pad,
and the like.

[0006] Recently, in order to support a communication
service or an internet service using a portable terminal,
wireless internet services such as a wireless broadband
(WIBRO) and mobile communication services are commer-
cialized, and operating systems such as Windows mobile,
Android, and the like are adopted in the portable terminals
such as mobile terminals, PDAs, and the like in order to
support a graphical user interface (GUI).

[0007] Also, with the development of communication
technology, portable terminals provide various supplemen-
tary services to users, and a GUI based operating system
provides convenience in supplying supplementary services
through portable electronic devices.

[0008] In addition, for easier use of electronic devices a
pointing devices that are applied to electronic devices to
move a pointer such as a cursor or input information or a
command desired by the user by sensing a signal that
changes based on movement of a finger which is an object
are used.

[0009] In a pointing device, a sensor is adopted in order to
sense a change of the finger and move a cursor (a pointer on
a screen), and a dome switch or the like is also installed in
order to select a menu or an icon on which the cursor is
located.

[0010] Generally, fingerprint recognition technology is
technology for processing user registration and an identifi-
cation process to prevent security incidents, and is applied in
network defense for individuals or groups, protection of
content and data, and safe access of computers, mobile
devices, and the like.

[0011] Recently, with the development of mobile technol-
ogy, fingerprint recognition technology is applied to point-
ing device bio track pads (BTPs) which detect image data of
fingerprints and perform pointer operations, and thus has
come into wide use.
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[0012] For the above fingerprint technology, a fingerprint
sensor is applied as a sensor of a pointing device as a device
configured to recognize a pattern of a fingerprint of a human
finger, and fingerprint recognition sensors can be classified
based on a sensing principle as optical sensors, electric
(electrostatic capacitor type and conductive type) sensors,
ultrasonic type sensors, and temperature sensing type sen-
sors, and the fingerprint recognition of each type obtains
fingerprint image data from the finger based on its operating
principle.

[0013] In a pointing device including a fingerprint recog-
nition sensor, package processes of various methods in each
type are proposed, but since the electric sensor has indi-
vidual parts including an integrated circuit, developing
package technology is harder than for other types of sensors.
A wafer level fan-out package process is proposed as a
package technology of the fingerprint recognition sensor
including the integrated circuit, but when the wafer level
fan-out package process is used, a driving unit part of the
integrated circuit is positioned close to a surface exposed to
the outside. Thus, when the pointing device manufactured
by the wafer level fan-out package process is used in an
electronic device such as a button on which impact is applied
periodically, damage of the driving device of the integrated
circuit is unavoidable.

[0014] Also, in the wafer level fan-out package process, as
an area of the pointing device is greater than that of the
integrated circuit, efficiency of relocating /O of the inte-
grated circuit on the wafer is decreased, and thus a manu-
facturing cost is increased. Since the area of the integrated
circuit of the pointing device is small, economic loss is great
when the wafer level fan-out package process is used to
realize a button shape of a predetermined size such as a
home key of a smartphone.

[0015] Related art is Korean Patent Laid Open Publication
No. 10-2011-0055364 (“POINTING DEVICE AND ELEC-
TRONIC DEVICE”).

SUMMARY

[0016] The present invention is directed to providing a
fingerprint recognition device having an improved structure
configured to be used as a mechanical button, a method of
manufacturing the same, and an electronic device.

[0017] The present invention is directed to providing a
fingerprint recognition device having an improved structure
in which a driving unit of an integrated circuit has durability,
a method of manufacturing the same, and an electronic
device.

[0018] One aspect of the present invention provides a
fingerprint recognition device including an integrated circuit
electrically connected to at least one sensor electrode; a first
circuit substrate disposed on an upper portion of the inte-
grated circuit and on which the at least one sensor electrode
is provided; a second circuit substrate electrically connected
to the first circuit substrate and disposed under the integrated
circuit; a molding layer provided under the first circuit
substrate and surrounding the integrated circuit to protect the
integrated circuit from the outside; and a connecting part
electrically connecting the first circuit substrate to the sec-
ond circuit substrate.

[0019] The first circuit substrate may include a structure in
which a plurality of circuit layers are rearranged to transmit
a signal sensed by the at least one sensor electrode to the
integrated circuit.



US 2016/0350572 Al

[0020] The at least one sensor electrode may be provided
on a surface of the first circuit substrate which is exposed to
the outside.

[0021] The at least one sensor electrode may be provided
in the first circuit substrate and be adjacent to a surface of the
first circuit substrate which is exposed to the outside.
[0022] Also, at least one signal transmission path may be
formed on the first circuit substrate to transmit the signal
sensed by the at least one sensor electrode to the integrated
circuit, and the at least one signal transmission path may
include a first circuit layer on which the at least one sensor
electrode is disposed; a second circuit layer on which an
electrode provided under the first circuit substrate is dis-
posed; and a micro via electrically connecting the first
circuit to the second circuit.

[0023] The at least one signal transmission path may
further include at least one third circuit layer disposed
between the first circuit layer and the second circuit layer,
and the micro via may electrically connect the first circuit
layer, the at least one third circuit layer, and the second
circuit layer which have a stacked structure.

[0024] In order to transmit the signal sensed by the at least
one sensor electrode to the integrated circuit through the at
least one signal transmission path, the electrode may be
electrically connected to the integrated circuit through a
connecting member.

[0025] The connecting member may include a solder
bump.
[0026] The fingerprint recognition device of the present

invention may further include an underfill resin layer formed
between the integrated circuit and a lower surface of the first
circuit substrate facing the integrated circuit in order to
reinforce durability of the connecting member.

[0027] The second substrate may include a rigid printed
circuit board, a flexible printed circuit board, a rigid-flexible
printed circuit board, and a rigid-flexible separated-con-
nected printed circuit board.

[0028] The connecting part may include at least one
among a through mold via and a solder ball which pass
through the molding layer and electrically connects the first
circuit substrate to the second circuit substrate.

[0029] The connecting part may be connected to the
second circuit substrate through one of a gold-tin eutectic
connection, an ACA/NCA connection, a solder connection,
and a gold-gold connection.

[0030] Various colors may be realized on an upper portion
of the first circuit substrate in order to improve esthetics for
a user.

[0031] The first circuit substrate and the molding layer
may include a ceramic or metal filler to reinforce durability.
[0032] A receiving recess recessed toward the integrated
circuit may be formed on a bottom surface of the molding
layer, and the second circuit substrate may be received in the
receiving recess and separated from a structure disposed
under of the molding layer.

[0033] The receiving recess and the second circuit sub-
strate received in the receiving recess may be bent.

[0034] The receiving recess may be formed on a central
portion of the bottom surface of the molding layer.

[0035] The receiving recess may be formed on a side
portion of the bottom surface of the molding layer.

[0036] The receiving recess may be formed on one end
portion of the bottom surface of the molding layer.
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[0037] A connecting part protruding toward the structure
or recessed toward the integrated circuit may be formed on
the bottom surface of the molding layer to connect the
molding layer to the structure.

[0038] The fingerprint recognition device may further
include a fixing layer configured to fix the second circuit
substrate to the receiving recess, and the fixing layer may be
formed between the receiving recess and the second circuit
substrate or formed under the second circuit substrate to face
the structure.

[0039] The fixing layer may surround the second circuit
substrate received in the receiving recess.

[0040] The fixing layer may include at least one among an
epoxy resin, an acrylic resin, a silicone resin, and a urethane
resin.

[0041] The fixing layer may be formed between the
receiving recess and the second circuit substrate to cover a
portion of the second circuit substrate.

[0042] At least one of a recessed portion and a punching
portion may be formed on the second circuit substrate, and
the at least one of the recessed portion and the punching
portion may be filled by the molding layer.

[0043] The at least one of the recessed portion and the
punching portion may be disposed under the integrated
circuit and correspond to the integrated circuit.

[0044] The molding layer may surround the second circuit
substrate.
[0045] The fingerprint recognition device may further

include a reinforcing layer of metallic material disposed
under the second circuit substrate or the molding layer.
[0046] Another aspect of the present invention provides a
fingerprint recognition device including an integrated circuit
electrically connected to at least one sensor electrode; a first
circuit substrate disposed on an upper portion of the inte-
grated circuit and including at least one signal transmission
path configured to transmit a signal sensed by the at least one
sensor electrode to the integrated circuit; a connecting
member disposed between the integrated circuit and the first
circuit substrate to electrically connect the integrated circuit
to the first circuit substrate; and a molding layer provided
under the first circuit substrate and surrounding the inte-
grated circuit and the connecting member to protect the
integrated circuit from the outside.

[0047] A receiving recess recessed toward the integrated
circuit may be formed on a bottom surface of the molding
layer, and one end portion of the first circuit substrate may
be bent to face a lower surface of the integrated circuit and
received in the receiving recess.

[0048] One end portion of the first circuit substrate may be
bent away from the integrated circuit along the molding
layer.

[0049] The first circuit substrate may include a structure in
which a plurality of circuit layers are rearranged to transmit
a signal sensed by the at least one sensor electrode to the
integrated circuit, and the first circuit substrate may include
a rigid-flexible printed circuit board and a rigid-flexible
separated-connected printed circuit board.

[0050] Still another aspect of the present invention pro-
vides a method of manufacturing a fingerprint recognition
device, including electrically connecting an integrated cir-
cuit to a first circuit substrate on which at least one sensor
electrode is provided through a connecting member; and
forming a molding layer configured to surround the inte-
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grated circuit on the first circuit substrate and protect the
integrated circuit from the outside.

[0051] The first circuit substrate may be formed by stack-
ing a plurality of circuit layers.

[0052] Yet another aspect of the present invention pro-
vides a method of manufacturing a fingerprint recognition
device, including electrically connecting an integrated cir-
cuit to a first circuit substrate on which at least one sensor
electrode is provided through a connecting member; forming
a molding layer configured to surround the integrated circuit
on the first circuit substrate of the plurality of layers to
protect the integrated circuit from the outside, and forming
a connecting part including one end portion coming in
contact with the first circuit substrate of the plurality of
layers; and electrically connecting the first circuit substrate
of'the plurality of layers to a second circuit substrate to bring
the other end portion of the connecting part in contact with
the second circuit substrate.

[0053] Yet another aspect of the present invention pro-
vides a method of manufacturing a fingerprint recognition
device, including electrically connecting an integrated cir-
cuit to a first circuit substrate on which at least one sensor
electrode is provided through a connecting member; forming
a connecting part including one end portion coming in
contact with the first circuit substrate of the plurality of
layers; electrically connecting the first circuit substrate of
the plurality of layers to a second circuit substrate to bring
the other end portion of the connecting part in contact with
the second circuit substrate; and forming a molding layer
configured to surround the integrated circuit and the second
circuit substrate on the first circuit substrate of the plurality
of layers to protect the integrated circuit from the outside.
[0054] Yet another aspect of the present invention pro-
vides an electronic device using a fingerprint recognition
device, the fingerprint recognition device includes an inte-
grated circuit electrically connected to at least one sensor
electrode; a first circuit substrate disposed on an upper
portion of the integrated circuit and on which the at least one
sensor electrode is provided; a second circuit substrate
electrically connected to the first circuit substrate and dis-
posed under the integrated circuit; and a molding layer
provided under the first circuit substrate and surrounding the
integrated circuit to protect the integrated circuit from the
outside, and wherein a curved surface is formed at a periph-
ery of the fingerprint recognition device.

[0055] A receiving recess recessed toward the integrated
circuit may be formed on a bottom surface of the molding
layer, and the second circuit substrate may be received in the
receiving recess and spaced apart from the structure.
[0056] The first circuit substrate may be integrally formed
with the second circuit substrate.

[0057] The fingerprint recognition device may further
include a connecting part electrically connecting the first
circuit substrate to the second circuit substrate.

[0058] The electronic device may further include a coating
layer provided on the first circuit substrate to realize various
colors and patterns.

[0059] The molding layer may surround the second circuit
substrate.
[0060] Since a first circuit substrate including a plurality

of circuit layers is used, a driving unit of an integrated circuit
which is vulnerable to external impact is separated from the
outside, and thus damage of the driving unit of the integrated
circuit may be prevented.
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[0061] Since a manufacturing process is simpler than a
wafer level fan-out package process through which a fin-
gerprint recognition device is manufactured, a manufactur-
ing time is decreased, thereby being more economic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] FIG. 1 is a cross-sectional view illustrating a fin-
gerprint recognition device according to one embodiment of
the present invention.

[0063] FIGS. 2A and 2B are enlarged views illustrating
parts of the fingerprint recognition device according to one
embodiment of the present invention.

[0064] FIG. 3 is a perspective view illustrating an external
shape of a fingerprint recognition device according to one
embodiment of the present invention.

[0065] FIG. 4 is a view illustrating a bottom surface of the
fingerprint recognition device shown in FIG. 3.

[0066] FIGS. 5A and 5B are views illustrating bottom
surfaces of a fingerprint recognition device according to
another embodiment of the present invention.

[0067] FIG. 6 is a view illustrating a structure including an
underfill resin layer in a fingerprint recognition device
according to one embodiment of the present invention.
[0068] FIG. 7 is a view illustrating a structure including a
coating layer in a fingerprint recognition device according to
one embodiment of the present invention.

[0069] FIG. 8 is a flow chart illustrating a method of
manufacturing a fingerprint recognition device according to
one embodiment of the present invention.

[0070] FIG. 9 is a cross-sectional view illustrating a fin-
gerprint recognition device according to another embodi-
ment of the present invention.

[0071] FIG. 10 is a cross-sectional view illustrating a
structure in which a recess part is formed on a second circuit
board of the fingerprint recognition device according to
another embodiment of the present invention.

[0072] FIG. 11 is a cross-sectional view illustrating a
structure in which a punching part is formed on the second
circuit board of the fingerprint recognition device according
to another embodiment of the present invention.

[0073] FIG. 12 is a cross-sectional view illustrating a
structure in which a reinforcing layer is formed in the
fingerprint recognition device according to another embodi-
ment of the present invention.

[0074] FIG. 13 is a flow chart illustrating a method of
manufacturing a fingerprint recognition device according to
another embodiment of the present invention.

[0075] FIG. 14 is a cross-sectional view illustrating a
fingerprint recognition device according to still another
embodiment of the present invention.

[0076] FIG. 15 is a cross-sectional view illustrating a
fingerprint recognition device according to still another
embodiment of the present invention.

[0077] FIG. 16 is a flow chart illustrating a method of
manufacturing the fingerprint recognition devices of FIGS.
14 and 15.

[0078] FIG. 17 is a perspective view illustrating an elec-
tronic device according to one embodiment of the present
invention.

[0079] FIG. 18 is an enlarged view illustrating a portion of
the electronic device shown in FIG. 17.
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DESCRIPTION OF EMBODIMENTS

[0080] Hereinafter, embodiments of the present invention
will be described in detail with reference to accompanying
drawings.

[0081] FIG. 1 is a cross-sectional view illustrating a fin-
gerprint recognition device according to one embodiment of
the present invention, and FIGS. 2A and 2B are enlarged
views illustrating parts of the fingerprint recognition device
according to one embodiment of the present invention.
[0082] As shown in FIGS. 1, 2A, and 2B, a fingerprint
recognition device 1 may include an integrated circuit 10, a
first circuit substrate 20, a second circuit substrate 30, a
molding layer 40, and a connecting part 50.

[0083] The first circuit substrate 20 may include at least
one sensor electrode 21. The at least one sensor electrode 21
senses an electrostatic signal derived from ridges and valleys
of a fingerprint. The signal sensed by the at least one sensor
electrode 21 may be transformed into an electric signal and
amplified by an amplifier (not shown), and may be trans-
mitted to a microcomputer of the fingerprint recognition
device 1 through a connector such as the connecting part 50
or the second circuit substrate 30.

[0084] The signal sensed by the at least one sensor elec-
trode 21 is transmitted to the integrated circuit 10 electri-
cally connected to the at least one sensor electrode 21. The
integrated circuit 10 performs an operation of calculating the
signal sensed by the at least one sensor electrode 21.
[0085] The first circuit substrate 20 disposed on an upper
portion of the integrated circuit 10 may have a structure in
which a plurality of circuit layers 24, 25, and 26 are stacked.
The plurality of circuit layers 24, 25, and 26 included in the
first circuit substrate 20 may transmit the signal sensed by
the at least one sensor electrode 21 to the integrated circuit
10 disposed under the first circuit substrate 20 through a
rearrangement process. Also, a driving unit (not shown) of
the integrated circuit 10 which is easily damaged by external
impact may be spaced from a surface of the first circuit
substrate 20 that may be touched by a portion of a body of
a user by a thickness of the plurality of circuit layers 24, 25,
and 26 forming the first circuit substrate 20, and thus may be
protected from external impact.

[0086] In order to transmit the signal sensed by the at least
one sensor electrode 21 to the integrated circuit 10, at least
one signal transmission path 23 may be formed in the first
circuit substrate 20. The at least one signal transmission path
23 may include a first circuit layer 24, a second circuit layer
25, and a micro via 27.

[0087] The at least one sensor electrode 21 may be dis-
posed on the first circuit layer 24, and at least one electrode
28 may be disposed on the second circuit layer 25 which is
provided under the first circuit layer 24. The first circuit
layer 24 and the second circuit layer 25 may be electrically
connected through the micro via 27.

[0088] The at least one signal transmission path 23 may
further include at least one third circuit layer 26. The at least
one third circuit layer 26 may be disposed between the first
circuit layer 24 and the second circuit layer 25. The first
circuit layer 24, the at least one third circuit layer 26, and the
second circuit layer 25 may have a stacked structure in a
direction toward the integrated circuit 10, and the micro via
27 electrically connects the first circuit layer 24, the at least
one third circuit layer 26, and the second circuit layer 25.
[0089] The first circuit layer 24, the at least one third
circuit layer 26, and the second circuit layer 25 may be
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formed on a metal layer, and the micro via 27 may be formed
through a resin layer 29. In particular, the micro via 27
passes through the resin layer 29 and electrically connects
the first circuit layer 24, the at least one third circuit layer 26,
and the second circuit layer 25.

[0090] The number of the plurality of circuit layers 24, 25,
and 26 included in the first circuit substrate 20 may be
counted with reference to the number of metal layers in
which the first circuit layer 24, the at least one third circuit
layer 26, and the second circuit layer 25 are provided.
[0091] The number of the plurality of circuit layers 24, 25,
and 26 is not limited to three.

[0092] The first circuit substrate 20 may include a ceramic
or metal filler in order to reinforce durability, reinforce
strength, compensate for a thermal expansion coefficient,
and control a dielectric constant.

[0093] Various colors may be realized on an upper portion
of'the first circuit substrate 20 in consideration of design and
improving esthetics for a user. In particular, various colors
may be realized on the resin layer 294 disposed on the upper
portion of the first circuit substrate 20 to improve esthetics
for the user, and to cover the at least one sensor electrode 21
disposed in the first circuit substrate 20.

[0094] The at least one sensor electrode 21 provided on
the first circuit layer 24 may be provided in the first circuit
substrate 20 and be adjacent to a surface of the first circuit
substrate 20 exposed to the outside in order to contact the
portion of the body of the user.

[0095] The second circuit substrate 30 may be provided
under the integrated circuit 10 and electrically connected to
the first circuit substrate 20. Thus, the signal sensed by the
at least one sensor electrode 21 is transmitted to the inte-
grated circuit 10 through the at least one signal transmission
path 23 formed on the first circuit substrate 20, and the signal
calculated by the integrated circuit 10 is transmitted to the
second circuit substrate 30. The signal transmitted to the
second circuit substrate 30 may be transmitted to other
electric parts through an output terminal (not shown) formed
on one end portion of the second circuit substrate 30.
[0096] The second circuit substrate 30 may include a rigid
printed circuit board, a flexible printed circuit board, a
rigid-flexible printed circuit board (a substrate including a
rigid portion and a flexible portion), and a rigid-flexible
separated-connected printed circuit board (a substrate
formed by connecting a rigid printed circuit board to a
flexible printed circuit board and including a rigid portion
and a flexible portion).

[0097] The molding layer 40 is provided under the first
circuit substrate 20 and protects the integrated circuit 10
from external impact and external environmental factors
such as change of temperature, change of moisture, and the
like. The molding layer 40 may surround the integrated
circuit 10.

[0098] In order to reinforce strength, compensate for a
thermal expansion coefficient, and control a dielectric con-
stant of the molding layer 40, the molding layer 40 may
include a ceramic or metal filler.

[0099] The connecting part 50 may electrically connect
the first circuit substrate 20 to the second circuit substrate
30. The connecting part 50 may include a through mold via
configured to pass through the molding layer 40 and elec-
trically connect the first circuit substrate 20 to the second
circuit substrate 30. The connecting part 50 may be filled
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with a conductive material such that the signal of the
integrated circuit 10 is transmitted to the second circuit
substrate 30.

[0100] The connecting part 50 may be connected to the
second circuit substrate 30 through one of a gold-tin eutectic
connection, an ACA/NCA connection, a solder connection,
and a gold-gold connection. The solder connection may
include throughhole soldering and hot bar soldering.

[0101] The first circuit substrate 20 and the integrated
circuit 10 may be electrically connected through a connect-
ing member 60. In particular, in order to transmit the signal
sensed from the at least one sensor electrode 21 to the
integrated circuit 10 through the at least one signal trans-
mission path 23, the electrode 28 provided on the second
circuit layer 25 may be electrically connected to the inte-
grated circuit 10 through the connecting member 60. The
connecting member 60 may include a solder bump.

[0102] As shown in FIGS. 3 to 5B, a receiving recess 70
recessed toward the integrated circuit 10 may be formed on
a bottom surface of the molding layer 40. The second circuit
substrate 30 may be received in the receiving recess 70 and
spaced apart from a structure (not shown) disposed under the
molding layer 40.

[0103] When the fingerprint recognition device 1 is used
as a mechanical button, the structure disposed under the
molding layer 40 may include a dome switch (not shown).

[0104] When the fingerprint recognition device is used as
the mechanical button, the bottom surface of the molding
layer 40 may come in contact with the structure disposed
under the molding layer 40 or be pressed by the structure
disposed under the molding layer 40, and when the con-
necting part 50 or the second circuit substrate 30 comes in
contact with the structure, the connecting part 50 or the
second circuit substrate 30 may be damaged, and thus the
second circuit substrate 30 may be outside of a lower
pressure concentration portion (a portion at which the bot-
tom surface of the molding layer comes in contact with the
structure or a portion at which the molding layer is pressed
by the structure disposed under the molding layer) 80
formed on the bottom surface of the molding layer 40 and be
received in the receiving recess 70.

[0105] Generally, the lower pressure concentration portion
80 may be formed on a central portion of the bottom surface
of the molding layer 40. The receiving recess 70 may be
formed to pass through between the lower pressure concen-
tration portions 80 formed on the central portion of the
bottom surface of the molding layer 40. That is, the lower
pressure concentration portion 80 may be disposed on a left
side and a right side of the receiving recess 70. Also, the
receiving recess 70 may be outside of the lower pressure
concentration portion 80 formed at the central portion and
formed on a side portion of the bottom surface of the
molding layer 40, or may be formed on one end portion of
the bottom surface of the molding layer 40.

[0106] The lower pressure concentration portion 80 may
be formed on an edge portion of the bottom surface of the
molding layer 40. The lower pressure concentration portion
80 may be formed at various positions based on structures
disposed under the molding layer 40, and is not limited to the
central portion of the bottom surface of the molding layer 40
or the edge portion of the bottom surface of the molding
layer 40.
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[0107] The receiving recess 70 may be bent and outside of
the lower pressure concentration portion 80, and the second
circuit substrate 30 received in the bent receiving recess 70
may also be bent.

[0108] A connecting part (not shown) which protrudes
toward the structure or is recessed toward the integrated
circuit may be formed on the bottom surface of the molding
layer 40 so that the structure (not shown) disposed under the
molding layer 40 connected to the molding layer 40.
[0109] The fingerprint recognition device 1 may further
include a fixing layer 90. In order to fix the second circuit
substrate 30 to the receiving recess 70, the fixing layer 90
may be formed between the receiving recess 70 and the
second circuit substrate 30. Also, the fixing layer 90 may be
formed under the second circuit substrate 30 to face the
structure (not shown) disposed under the molding layer 40,
and support the second circuit substrate 30 received in the
receiving recess 70. The fixing layer 90 may surround the
entire second circuit substrate 30 received in the receiving
recess 70. Also, the fixing layer 90 may be formed between
the receiving recess 70 and the second circuit substrate 30 to
cover a portion of the second circuit substrate 30. The fixing
layer 90 may be formed in various shapes so that the second
circuit substrate 30 may not be separated from the receiving
recess 70.

[0110] The fixing layer 90 may include at least one among
an epoxy resin, an acrylic resin, a silicone resin, and a
urethane resin.

[0111] FIG. 6 is a view illustrating a structure including an
underfill resin layer in a fingerprint recognition device
according to one embodiment of the present invention.
[0112] As shown in FIG. 6, a fingerprint recognition
device 1a may further include an underfill resin layer 200.
In order to reinforce durability of a connecting member 60
configured to electrically connect a first circuit substrate 20
to an integrated circuit 10, the underfill resin layer 200 may
be formed between a lower surface of the first circuit
substrate 20 facing an integrated circuit 10 and the inte-
grated circuit 10. The underfill resin layer 200 may be
formed to surround the connecting member 60.

[0113] FIG. 7 is a view illustrating a structure including a
coating layer in a fingerprint recognition device according to
one embodiment of the present invention.

[0114] As shown in FIG. 7, a fingerprint recognition
device 15 may further include a coating layer 300.

[0115] The coating layer 300 may be provided on an upper
portion of a first circuit substrate 20. Various colors and
patterns may be formed on the coating layer 300. The
various patterns or shapes formed on the coating layer 300
may be displayed on the coating layer 300 through at least
one among printing, carving, and a laser process. Also, the
various patterns or shapes may be attached on the coating
layer 300 in the form of a sticker. A display method of the
patterns or the shapes is not limited to the above embodi-
ments.

[0116] FIG. 8 is a flow chart illustrating a method of
manufacturing a fingerprint recognition device according to
one embodiment of the present invention.

[0117] As shown in FIG. 8, the method of manufacturing
the fingerprint recognition device includes electrically con-
necting an integrated circuit to a first circuit substrate on
which at least one sensor electrode is provided through a
connecting member (P1), forming a molding layer config-
ured to surround the integrated circuit on the first circuit
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substrate of a plurality of layers to protect the integrated
circuit from the outside (P2), forming a connecting part
having one end portion contacting the first circuit substrate
of'the plurality of layers (P3), and electrically connecting the
first circuit substrate of the plurality of layers to the second
circuit substrate so that the other portion end of the con-
necting part is in contact with the second circuit substrate.
[0118] The molding layer may be formed using a mold. In
particular, after electrically connecting the integrated circuit
to the first circuit substrate on which at least one sensor
electrode is provided through the connecting member, the
mold is covered and the molding layer is formed. By
molding after forming a receiving recess on the mold, the
receiving recess configured to receive the second circuit
substrate may be formed on a bottom surtace of the molding
layer.

[0119] FIG. 9 is a cross-sectional view illustrating a fin-
gerprint recognition device according to another embodi-
ment of the present invention, FIG. 10 is a cross-sectional
view illustrating a structure in which a recess part is formed
on a second circuit board of the fingerprint recognition
device according to another embodiment of the present
invention, FIG. 11 is a cross-sectional view illustrating a
structure in which a punching part is formed on the second
circuit board of the fingerprint recognition device according
to another embodiment of the present invention, and FIG. 12
is a cross-sectional view illustrating a structure in which a
reinforcing layer is formed in the fingerprint recognition
device according to another embodiment of the present
invention. Hereinafter, any repetitive description of FIGS. 1
to 8 will be omitted. Also, un-described numerical refer-
ences will be understood with reference to FIGS. 1 to 8.

[0120] As shown in FIGS. 9 to 12, a fingerprint recogni-
tion device 2 may include an integrated circuit 10, a first
circuit substrate 20, a second circuit substrate 30, a molding
layer 40, and a connecting part 50.

[0121] The first circuit substrate 20 disposed on an upper
portion of the integrated circuit 10 may have a structure in
which a plurality of circuits 24, 25, and 26 are stacked.
[0122] The second circuit substrate 30 may be provided
under the integrated circuit 10 and electrically connected to
the first circuit substrate 20. Thus, a signal sensed by at least
one sensor electrode 21 is transmitted to the integrated
circuit 10 through at least one signal transmission path 23
formed on the first circuit substrate 20, and a signal calcu-
lated by the integrated circuit 10 is transmitted to the second
circuit substrate 30. The signal transmitted to the second
circuit substrate 30 may be transmitted to another electric
part through an output terminal (not shown) formed on one
end portion of the second circuit substrate 30.

[0123] At least one of a recess part 31 and a punching part
31a may be formed on the second circuit substrate 30.
[0124] The recess part 31 that is recessed more away from
the first circuit substrate 20 may be formed on the second
circuit substrate 30.

[0125] The recess part 31 may be disposed under the
integrated circuit 10 to correspond to the integrated circuit
10.

[0126] Alternatively, the punching part 31la may be
formed on the second circuit substrate 30.

[0127] The punching part 31a may be disposed under the
integrated circuit 10 to correspond to the integrated circuit
10. Since the punching part 31a is formed on the second
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circuit substrate 30, the second circuit substrate 30 may be
non-continuously disposed under the integrated circuit 10.
[0128] Alternatively, both of the recess part 31 and the
punching part 31a may be formed on the second circuit
substrate 30.

[0129] In order to reinforce strength, the molding layer 40
may be filled in the recess part 31 and the punching part 30a.
That is, the molding layer 40 formed of a rigid material may
be filled in the recess part 31 and the punching part 31a
disposed under the integrated circuit 10 and the strength of
the fingerprint recognition device 2 may be reinforced.
[0130] The molding layer 40 is provided under the first
circuit substrate 20, and protects the integrated circuit 10
from external impact and external environmental factors
such as change of temperature, change of moisture, and the
like. The molding layer 40 may surround the integrated
circuit 10.

[0131] The molding layer 40 may surround the second
circuit substrate 30 as well as the integrated circuit 10 to
protect the second circuit substrate 30 from external impact
and external environmental factors such as change of tem-
perature, change of moisture, and the like. Thus, the molding
layer 40 may be disposed above and below the second circuit
substrate 30.

[0132] The receiving recess 70 may be omitted.

[0133] The connecting part 50 may include at least one
among a through mold via and a solder ball configured to
pass through the molding layer 40 and electrically connect
the first circuit substrate 20 to the second circuit substrate
30.

[0134] The fingerprint recognition device 2 may further
include a reinforcing layer 400.

[0135] The reinforcing layer 400 may be disposed under
the second circuit substrate 30 to improve durability of the
fingerprint recognition device 2.

[0136] The reinforcing layer 400 may be disposed under
the molding layer 40.

[0137] The reinforcing layer 400 may include a metal. The
metal may include steel use stainless (SUS).

[0138] FIG. 13 is a flow chart illustrating a method of
manufacturing a fingerprint recognition device according to
another embodiment of the present invention.

[0139] As shown in FIG. 13, the method of manufacturing
the fingerprint recognition device includes connecting an
integrated circuit to a first circuit substrate on which at least
one sensor electrode is provided through a connecting
member (R1), forming a connecting part having one end
portion contacting the first circuit substrate of a plurality of
layers (R2), electrically connecting the first circuit substrate
of the plurality of layers to the second circuit substrate to be
in contact with the other end portion of the connecting part
to the second circuit substrate (R3), and forming a molding
layer configured to surround the integrated circuit and the
second circuit substrate on the first circuit substrate of the
plurality of layers to protect the integrated circuit from the
outside (R4).

[0140] FIG. 14 is a cross-sectional view illustrating a
fingerprint recognition device according to still another
embodiment of the present invention.

[0141] As shown in FIG. 14, a fingerprint recognition
device 1¢ may include an integrated circuit 10a, a first
circuit substrate 20a, a connecting member 60a, and a
molding layer 40a. In FIG. 9, any description concerning the
same parts described above may be omitted.
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[0142] Since the integrated circuit 10a is a structural unit
configured to calculate and process the signal sensed by the
at least one sensor electrode 214, the integrated circuit 10a
is electrically connected to the at least one sensor electrode
21a.

[0143] The first circuit substrate 20a may be disposed on
an upper portion of the integrated circuit 10qa, at least one
signal transmission path 234 may be disposed thereinside, so
that the signal sensed by the at least one sensor electrode 21a
may be transmitted to the integrated circuit 10a. The first
circuit substrate 20a may have a structure in which a
plurality of circuit layers rearranged to transmit the signal
sensed by the at least one sensor electrode 21a to the
integrated circuit 10a are stacked, and may include a rigid-
flexible printed circuit board and a rigid-flexible separated-
connected printed circuit board.

[0144] The at least one sensor electrode 21a may be
provided in the first circuit substrate 20a and be adjacent to
a surface of the first circuit substrate 20a.

[0145] The first circuit substrate 20a may be bent with two
facing portions between which the integrated circuit 10a is
interposed. In particular, one end portion of the first circuit
substrate 20a may be received in a receiving recess 70a
formed on a bottom surface of the molding layer 40a
provided under the first circuit substrate 20a to protect the
integrated circuit 10a from the outside. An output terminal
(not shown) may be provided on the one end portion of the
first circuit substrate 20a received in the receiving recess
70a, and the signal sensed by the at least one sensor
electrode 21a may be transmitted to other electronic device.
Since the first circuit substrate 20a provided above and
below the integrated circuit 10a is integrally formed, a
connecting part configured to electrically connect the first
circuit substrate 20a provided on and under the integrated
circuit 10a may be omitted.

[0146] The integrated circuit 10e¢ and the first circuit
substrate 20a may be electrically connected by the connect-
ing member 60a. The connecting member 60a may be
provided between the integrated circuit 10 and the first
circuit substrate 20a disposed on an upper portion of the
integrated circuit 10a. The connecting member 60 may
include a solder pump.

[0147] FIG. 15 is a cross-sectional view illustrating a
fingerprint recognition device according to still another
embodiment of the present invention.

[0148] As shown in FIG. 15, a fingerprint recognition
device 1d may include an integrated circuit 105, a first
circuit substrate 20b, a connecting member 60b, and a
molding layer 405. In FIG. 10, any description concerning
the same parts described above may be omitted.

[0149] The first circuit substrate 205 is disposed on an
upper portion of the integrated circuit 105, and at least one
signal transmission path 235 configured to transmit a signal
sensed by at least one sensor electrode 215 to the integrated
circuit 105 may be formed in the first circuit substrate 205.
[0150] In order to protect the integrated circuit 105 from
the outside, the molding layer 406 may be provided under
the first circuit substrate 205 and surround the connecting
member 605 configured to electrically connect the integrated
circuit 105 to the first circuit substrate 205 and the integrated
circuit 105.

[0151] One end portion of the first circuit substrate 205
may be bent away from the integrated circuit 104 along the
molding layer 405. When the one end portion of the first
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circuit substrate 205 is bent away from the integrated circuit
105, an additional receiving recess (not shown) may not be
formed on a bottom surface of the molding layer 405.
[0152] FIG. 16 is a tflow chart illustrating a method of
manufacturing the fingerprint recognition devices of FIGS.
14 and 15.

[0153] As shown in FIG. 16, the method of manufacturing
the fingerprint recognition device includes connecting an
integrated circuit to a first circuit substrate on which at least
one sensor electrode is provided through a connecting
member (S1), and forming a molding layer configured to
surround the integrated circuit on the first circuit substrate
and protect the integrated circuit from the outside (S2).
[0154] FIG. 17 is a perspective view illustrating an elec-
tronic device according to one embodiment of the present
invention, and FIG. 18 is an enlarged view illustrating a
portion of the electronic device shown in FIG. 17.

[0155] As shown in FIGS. 17 and 18, an electronic device
100 includes a body in a bar shape. However, the body of the
electronic device 100 is not limited to the bar shape, but
bodies of various structures such as a slide type, a folder
type, a swing type, a swivel type, and the like which are
relatively movably combined may be applied.

[0156] The body includes a casing forming an external
shape. The body may include a front casing 101, a rear
casing 102, and a battery cover (not shown). Various electric
parts are installed in a space formed between the front casing
101 and the rear casing 102. At least one middle casing may
be additionally disposed between the front casing 101 and
the rear casing 102.

[0157] The casing may be formed by ejecting synthetic
resin or to include metal such as stainless steel (STS),
aluminum (Al), titanium (T1), and the like.

[0158] A display module 104, a sound output part 105, a
camera 106, a user input part 107, a microphone (not
shown), an interface (not shown), and the like may be
disposed on the body of the electronic device, mainly the
front casing 101.

[0159] The display module 104 covers most of a main
surface of the front casing 101. The sound output part 105
and the camera 106 are disposed in an area adjacent to one
end portion among both end portions of the display module
104, and the user input part 107 and the microphone (not
shown) are disposed in an area adjacent to the other end
portion. The user input part 107, the interface (not shown),
and the like may be disposed on side surfaces of the front
casing 101 and the rear casing 102.

[0160] The user input part 107 may be operated to receive
a command configured to control an operation of the elec-
tronic device 100, and may include a plurality of manipu-
lating units (not shown). The manipulating units may be
referred to as manipulating portions, and may use any tactile
method of manipulation through a tactile sense of a user.
[0161] Ahome key 108 including a fingerprint recognition
device (not shown) may be formed in the user input part 107.
At least one sensor electrode is provided in the fingerprint
recognition device, and the at least one sensor electrode
senses a difference (an electrostatic signal) in capacitance
generated by a difference in electric characteristics between
valleys and ridges of a fingerprint. The electrostatic signal
may be transformed into an electric signal and amplified by
an amplifier (not shown), and transmitted to a microcom-
puter of the electronic device 100 through a connector such
as a printed circuit board (not shown).
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[0162] A fingerprint recognition device le may be used as
the home key 108 itself without an additional packaging
process.

[0163] A curved surface may be formed at a periphery of
the fingerprint recognition device le through a numerical
process.

[0164] In order to perform the numerical process, the
fingerprint recognition device le is disposed on an addi-
tional structure (not shown). For an effective numerical
process, in order to fix the fingerprint recognition device le
to the additional structure, a fixing part (not shown) may be
formed on a bottom surface of the fingerprint recognition
device 1e. In particular, the fixing part may be formed on a
bottom surface of a molding layer of the fingerprint recog-
nition device 1le, and may have a shape protruding toward
the additional structure or recessed toward the inside of the
fingerprint recognition device 1le.

[0165] The fingerprint recognition device may be used to
support a user identification mode using an electric field, a
capacitor, a thermistor, and the like.

[0166] The user identification mode is a mode configured
to perform user identification by bringing a portion of a body
such as a finger in contact with a fingerprint recognition
sensor. For example, when the user puts his or her finger on
the fingerprint recognition device, the fingerprint recogni-
tion sensor provided on the fingerprint recognition device
recognizes the fingerprint of the user, compares it with
previously stored fingerprint data, and verifies whether the
corresponding user is a legitimate user who has permission
to perform control authority or access content.

[0167] The fingerprint recognition device may be pro-
vided on any device requiring a user identification process.
For example, electronic devices such as an information
terminal, a smartphone, a gaming device, a PMP, a tablet PC,
a camera, and the like, a medical device, or an ATM may be
included.

[0168] Although specific embodiments were illustrated
and described above, the present invention should not be
construed as limited to the example embodiments set forth
herein and may be embodied by those skilled in the art in
many alternative forms within the spirit and scope of the
claims of the invention.

1. A fingerprint recognition device comprising:

an integrated circuit electrically connected to at least one
sensor electrode;

a first circuit substrate disposed on an upper portion of the
integrated circuit, and on which the at least one sensor
electrode is provided;

a second circuit substrate electrically connected to the first
circuit substrate and disposed under the integrated
circuit;

a molding layer provided under the first circuit substrate
and configured to surround the integrated circuit to
protect the integrated circuit from the outside; and

a connecting part electrically connecting the first circuit
substrate to the second circuit substrate.

2. The fingerprint recognition device of claim 1, wherein
the first circuit substrate comprises a structure in which a
plurality of circuit layers are rearranged to transmit a signal
sensed by the at least one sensor electrode to the integrated
circuit.

3. The fingerprint recognition device of claim 2, wherein
the at least one sensor electrode is provided on a surface of
the first circuit substrate which is exposed to the outside.
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4. The fingerprint recognition device of claim 2, wherein
the at least one sensor electrode is provided in the first circuit
substrate and is adjacent to a surface of the first circuit
substrate which is exposed to the outside.

5. The fingerprint recognition device of claim 2, wherein
at least one signal transmission path is formed on the first
circuit substrate to transmit the signal sensed by the at least
one sensor electrode to the integrated circuit, and

wherein the at least one signal transmission path com-

prises:

a first circuit layer on which the at least one sensor

electrode is disposed;

a second circuit layer on which an electrode provided

under the first circuit substrate is disposed; and

a micro via electrically connecting the first circuit to the

second circuit.

6. The fingerprint recognition device of claim 5, wherein
the at least one signal transmission path further comprises at
least one third circuit layer disposed between the first circuit
layer and the second circuit layer,

wherein the micro via electrically connects the first circuit

layer, the at least one third circuit layer, and the second
circuit layer which have a stacked structure.

7. The fingerprint recognition device of claim 5, wherein,
in order to transmit the signal sensed by the at least one
sensor electrode to the integrated circuit through the at least
one signal transmission path, the electrode is electrically
connected to the integrated circuit through a connecting
member.

8-15. (canceled)

16. The fingerprint recognition device of claim 1, wherein
a receiving recess recessed toward the integrated circuit is
formed on a bottom surface of the molding layer, and the
second circuit substrate is received in the receiving recess
and separated from a structure disposed under the molding
layer.

17. The fingerprint recognition device of claim 16,
wherein the receiving recess and the second circuit substrate
received in the receiving recess are bent.

18. The fingerprint recognition device of claim 16,
wherein the receiving recess is formed on a central portion
of the bottom surface of the molding layer.

19. The fingerprint recognition device of claim 16,
wherein the receiving recess is formed on a side portion of
the bottom surface of the molding layer.

20. The fingerprint recognition device of claim 16,
wherein the receiving recess is formed on one end portion of
the bottom surface of the molding layer.

21-25. (canceled)

26. The fingerprint recognition device of claim 1, wherein
at least one of a recessed portion and a punching portion is
formed on the second circuit substrate, and the at least one
of the recessed portion and the punching portion is filled by
the molding layer.

27-30. (canceled)

31. The fingerprint recognition device of claim 1, wherein
a receiving recess recessed toward the integrated circuit is
formed on a bottom surface of the molding layer, and one
end portion of the first circuit substrate is bent to face a lower
surface of the integrated circuit and received in the receiving
recess.

32. The fingerprint recognition device of claim 1, wherein
one end portion of the first circuit substrate is bent away
from the integrated circuit along the molding layer.
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33. The fingerprint recognition device of claim 1, wherein
the first circuit substrate comprises a structure in which a
plurality of circuit layers are rearranged to transmit a signal
sensed by the at least one sensor electrode to the integrated
circuit, and the first circuit substrate comprises a rigid-
flexible printed circuit board and a rigid-flexible separated-
connected printed circuit board.
34. A method of manufacturing a fingerprint recognition
device, comprising:
electrically connecting an integrated circuit to a first
circuit substrate on which at least one sensor electrode
is provided through a connecting member; and

forming a molding layer configured to surround the
integrated circuit on the first circuit substrate to protect
the integrated circuit from the outside.

35. The method of manufacturing the fingerprint recog-
nition device of claim 34, wherein the first circuit substrate
is formed by stacking a plurality of circuit layers.

36-37. (canceled)

38. An electronic device using a fingerprint recognition
device, the electronic device comprising:
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an integrated circuit electrically connected to at least one
sensor electrode;

a first circuit substrate disposed on an upper portion of the
integrated circuit and on which the at least one sensor
electrode is provided;

a second circuit substrate electrically connected to the first
circuit substrate and disposed under the integrated
circuit; and

a molding layer provided under the first circuit substrate
and configured to surround the integrated circuit to
protect the integrated circuit from the outside, and

wherein a curved surface is formed at a periphery of the
fingerprint recognition device.

39. The electronic device of claim 38, wherein a receiving
recess recessed toward the integrated circuit is formed on a
bottom surface of the molding layer, and the second circuit
substrate is received in the receiving recess and spaced apart
from the structure.

40-43. (canceled)



