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(57) ABSTRACT

A sensing device includes a substrate, two chips, and a
shielding structure. The two chips are respectively defined as
an emitting chip and a receiving chip. The emitting chip can
emit a sensing light beam, the receiving chip can receive the
sensing light beam, and the two chips are fixed in position
on the substrate at intervals. At least one of the chips is
electrically connected to the substrate through at least one
wire, and a position where the wire is connected to the
substrate is located between the two chips. The shielding
structure is formed on the substrate. The shielding structure
is located between the two chips, and the shielding structure
covers the wire and a portion of the chip connected to the
wire. Compared with the conventional photo-plethysmog-
raphy sensor, the sensing device has the advantage of a
smaller size.
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FIG. 1




US 2021/0050471 Al

Feb. 18, 2021 Sheet 2 of 22

Patent Application Publication

0¢-

¢ DId

- N N |
f
, f L \\/O.v f
7 DN
S I
) )
[0€ 10¢C
(
T [ % ]
10§
08 0§ 08

001



Patent Application Publication  Feb. 18,2021 Sheet 3 of 22 US 2021/0050471 A1

FIG. 3
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FIG. 4
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FIG. 6
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FIG. 7
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FIG. 10
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FIG. 12
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SENSING DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of priority to
China Patent Application No. 202010701758.3, filed on Jul.
20, 2020 in People’s Republic of China. The entire content
of the above identified application is incorporated herein by
reference.

[0002] This application claims priority from the U.S.
Provisional Patent Application Ser. No. 62/885,872 filed
Aug. 13, 2019, which application is incorporated herein by
reference in its entirety.

[0003] Some references, which may include patents, pat-
ent applications and various publications, may be cited and
discussed in the description of this disclosure. The citation
and/or discussion of such references is provided merely to
clarify the description of the present disclosure and is not an
admission that any such reference is “prior art” to the
disclosure described herein. All references cited and dis-
cussed in this specification are incorporated herein by ref-
erence in their entireties and to the same extent as if each
reference was individually incorporated by reference.

FIELD OF THE DISCLOSURE

[0004] The present disclosure relates to a sensing device,
and more particularly to a sensing device suitable for
wearable devices.

BACKGROUND OF THE DISCLOSURE

[0005] A conventional wearable device uses a photo-
plethysmography sensor (PPG sensor) to measure a heart
rate or blood oxygen of a user. However, the conventional
photo-plethysmography sensor is difficult to be reduced in
size based on current manufacturing methods, which limits
the range of application of the photo-plethysmography sen-
sor.

SUMMARY OF THE DISCLOSURE

[0006] Inresponse to the above-referenced technical inad-
equacies, the present disclosure provides a sensing device,
which is mainly used to improve the problem that a size of
a conventional photo-plethysmography sensor used in a
wearable device is difficult to be reduced.

[0007] In one aspect, the present disclosure provides a
sensing device which includes a substrate, two chips, and a
shielding structure. The two chips are respectively defined as
an emitting chip and a receiving chip. The emitting chip is
capable of emitting a sensing light beam, the receiving chip
is capable of receiving the sensing light beam, and the two
chips are fixed in position on the substrate at intervals. At
least one of the chips is electrically connected to the sub-
strate through at least one wire, and a position where the
wire is connected to the substrate is located between the two
chips. The shielding structure is formed on the substrate. The
shielding structure is located between the two chips, and the
shielding structure covers the wire and a portion of the chip
connected to the wire.

[0008] Preferably, each of the chips is electrically con-
nected to the substrate through at least one wire, each of the
wires is covered by the shielding structure, and the shielding
structure covers the portion where each of the chips is
connected to the at least one wire.
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[0009] Preferably, in a top view of the sensing device, a
sum of a distance from a position where each of the wires is
connected to the substrate to a position where each of the
wires is connected to the chip is smaller than a width of the
shielding structure.

[0010] Preferably, a height of the shielding structure is
greater than a height of each of the chips.

[0011] Preferably, the sensing device further includes: an
encapsulant, and the encapsulant covers each of the chips.
[0012] Preferably, the encapsulant is configured to absorb
light outside a wavelength band corresponding to the sens-
ing light beam.

[0013] Preferably, a sum of a height of each of the chips
and a thickness of the encapsulant is not greater than a height
of the shielding structure.

[0014] Preferably, the substrate has a mounting surface,
and the two chips and the shielding structure are disposed on
the mounting surface. The sensing device further includes a
blocking structure disposed on the mounting surface, and the
blocking structure is disposed around the two chips and the
shielding structure.

[0015] Preferably, a height of the blocking structure is not
less than a height of each of the chips.

[0016] Preferably, the sensing device further includes at
least an encapsulant, and the encapsulant covers each of the
chips and the blocking structure.

[0017] Preferably, the sensing device further includes at
least a ring-shaped blocking structure, the ring-shaped
blocking structure is formed on the blocking structure, and
the ring-shaped blocking structure is disposed around the
two chips and the shielding structure.

[0018] Preferably, the ring-shaped blocking structure, the
shielding structure, and the two chips jointly form at least
one accommodating groove. The sensing device further
includes an encapsulant, and the encapsulant is disposed in
the accommodating groove.

[0019] Preferably, a top surface of the ring-shaped block-
ing structure, a top surface of the shielding structure, and a
top surface of the encapsulant are flush with each other.
[0020] Therefore, the sensing device of the present dis-
closure can be effectively reduced in size by virtue of “the
shielding structure being disposed between the emitting chip
and the receiving chip”, and by virtue of “the shielding
structure covering the wire and a portion of the chip con-
nected to the wire”.

[0021] These and other aspects of the present disclosure
will become apparent from the following description of the
embodiment taken in conjunction with the following draw-
ings and their captions, although variations and modifica-
tions therein may be affected without departing from the
spirit and scope of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The present disclosure will become more fully
understood from the following detailed description and
accompanying drawings.

[0023] FIG. 1 is a perspective view of a sensing device
according to a first embodiment of the present disclosure.
[0024] FIG. 2 is a top view of the sensing device according
to the first embodiment of the present disclosure.

[0025] FIG. 3 is a cross-sectional view of the sensing
device according to the first embodiment of the present
disclosure.
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[0026] FIG. 4 is a perspective view of a sensing device
according to a second embodiment of the present disclosure.
[0027] FIG. 5is a top view of the sensing device according
to the second embodiment of the present disclosure.
[0028] FIG. 6 is a cross-sectional view of the sensing
device according to the second embodiment of the present
disclosure.

[0029] FIG. 7 is a perspective view of a sensing device
according to a third embodiment of the present disclosure.
[0030] FIG. 8is a top view of the sensing device according
to the third embodiment of the present disclosure.

[0031] FIG. 9 is a cross-sectional view of the sensing
device according to the third embodiment of the present
disclosure.

[0032] FIG. 10 is a perspective view of a sensing device
according to a fourth embodiment of the present disclosure.
[0033] FIG. 11 is a top view of the sensing device accord-
ing to the fourth embodiment of the present disclosure.
[0034] FIG. 12 is a cross-sectional view of the sensing
device according to the fourth embodiment of the present
disclosure.

[0035] FIG. 13 is a schematic flow chart of a manufac-
turing method of the sensing device according to the first
embodiment of the present disclosure.

[0036] FIG. 14 is a schematic flow chart of a manufac-
turing method of the sensing device according to the second
embodiment of the present disclosure.

[0037] FIG. 15 is a schematic flow chart of a manufac-
turing method of the sensing device according to the third
embodiment of the present disclosure.

[0038] FIG. 16 to FIG. 25 are respectively schematic
diagrams showing semi-finished products of the sensing
device in the manufacturing processes of the manufacturing
method of the sensing device according to the third embodi-
ment of the present disclosure.

[0039] FIG.26 and FIG. 27 are respectively a top view and
a cross-sectional view of a sensing device produced by the
manufacturing method of the sensing device according to
the third embodiment of the present disclosure.

[0040] FIG. 28 is a schematic diagram of the sensing
device produced by the manufacturing method of the sens-
ing device according to the third embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0041] The present disclosure is more particularly
described in the following examples that are intended as
illustrative only since numerous modifications and varia-
tions therein will be apparent to those skilled in the art. Like
numbers in the drawings indicate like components through-
out the views. As used in the description herein and through-
out the claims that follow, unless the context clearly dictates
otherwise, the meaning of “a”, “an”, and “the” includes
plural reference, and the meaning of “in” includes “in” and
“on”. Titles or subtitles can be used herein for the conve-
nience of a reader, which shall have no influence on the
scope of the present disclosure.

[0042] The terms used herein generally have their ordinary
meanings in the art. In the case of conflict, the present
document, including any definitions given herein, will pre-
vail. The same thing can be expressed in more than one way.
Alternative language and synonyms can be used for any
term(s) discussed herein, and no special significance is to be
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placed upon whether a term is elaborated or discussed
herein. A recital of one or more synonyms does not exclude
the use of other synonyms. The use of examples anywhere
in this specification including examples of any terms is
illustrative only, and in no way limits the scope and meaning
of the present disclosure or of any exemplified term. Like-
wise, the present disclosure is not limited to various embodi-
ments given herein. Numbering terms such as “first”, “sec-
ond” or “third” can be used to describe various components,
signals or the like, which are for distinguishing one com-
ponent/signal from another one only, and are not intended to,
nor should be construed to impose any substantive limita-
tions on the components, signals or the like.

[0043] Referring to FIG. 1 to FIG. 3, FIG. 1 is a perspec-
tive view of a sensing device according to a first embodi-
ment of the present disclosure, FIG. 2 is a top view of the
sensing device according to the first embodiment of the
present disclosure, and FIG. 3 is a cross-sectional view of
the sensing device according to the first embodiment of the
present disclosure. The sensing device 100 of the present
disclosure includes: a substrate 10, two chips (respectively
defined as an emitting chip 20 and a receiving chip 30), a
wire 40, a shielding structure 50, and an encapsulant 80. The
two chips are fixedly disposed on the substrate 10. The two
chips are electrically connected to an external power supply
unit through the substrate 10. The external power supply unit
is configured to provide the power required for an operation
of the two chips through the substrate 10. The substrate 10
may be various types of circuit boards according to require-
ments, and the present disclosure is not limited thereto.
[0044] The emitting chip 20 is configured to emit a
sensing light beam, and the receiving chip 30 is configured
to receive the sensing light beam. The two chips are fixed in
position on the substrate 10 and spaced apart from each
other. One of the two chips is electrically connected to the
substrate 10 through the wire 40. The position where the
wire 40 is connected to the substrate 10 is located between
the two chips. Another one of the two chips can be fixed on
the substrate 10 in a non-wired manner. For example, the
another one of the two chips may be a flip-chip. In the
present embodiment, the emitting chip 20 is electrically
connected to the substrate 10 through the wire 40, but the
present disclosure is not limited thereto. In different embodi-
ments, the receiving chip 30 may be electrically connected
to the substrate 10 through the wire 40.

[0045] In practical applications, the emitting chip 20 is
configured to emit green light (sensing light beam), and a
relevant processor is configured to calculate a heart rhythm
signal of a user according to the green light received by the
receiving chip 30, or the emitting chip 20 is configured to
emit red light or far-infrared light, and the relevant processor
is configured to calculate a blood oxygen concentration of
the user based on the red light or far-infrared light received
by the receiving chip 30.

[0046] The shielding structure 50 is formed on the sub-
strate 10, and the shielding structure 50 is located between
the two chips. The shielding structure 50 covers the wire 40
located between the two chips, and the shielding structure 50
also covers a portion of the chip connected to the wire 40.
That is, the wire 40 is entirely covered by the shielding
structure 50, and the portion of the chip connected to the
wire 40 is also covered by the shielding structure 50. The
shielding structure 50 is mainly used to shield the sensing
light beam, and to prevent the sensing light beam emitted by
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the emitting chip 20 from directly entering the receiving
chip 30, thereby avoiding interference with the receiving
chip 30, and also protecting the wire 40. In practical appli-
cations, a material of the shielding structure 50 may be
determined according to a wavelength of the sensing light
beam, and the present disclosure is not limited thereto. The
shielding structure 50 may be made of a white material or a
black material, or the shielding structure 50 may be made of
a material with the same color as the light beam emitted by
the emitting chip 20.

[0047] In practical applications, a height H1 of the shield-
ing structure 50 is greater than a height of each of the chips.
As shown in FIG. 3, in a preferred application, the height H1
of' the shielding structure 50 is greater than a sum of a height
H2 of the emitting chip 20 and a width W1 of the emitting
chip 20, divided by 2*tan 6. 6 is a half-value angle of the
emitting chip 20. The above proportional relationship can be
expressed mathematically as: H1I=(H2+W1)/(2*tan 0). For
example, assuming that the height of the emitting chip 20 is
150 micrometers (um), the viewing angle of the emitting
chip 20 is 120°, and the width of the emitting chip 20 is 280
micrometers (um), the height of the shielding structure 50
may be: (150+280)/(2*tan 60°)=124.13 micrometers (um).
In addition, in a preferred application, a difference between
the height H1 of the shielding structure 50 and the height of
each of the chips is not greater than 50 micrometers (um),
and the width W2 of the shielding structure 50 is between
0.5 millimeter (mm) and 0.85 millimeter (mm).

[0048] It is worth mentioning that, in the drawings of the
present embodiment, the shielding structure 50 only covers
the wire 40 located between the two chips and a portion of
one of the chips connected to the wire 40, and the shielding
structure 50 does not cover the other chip as an example for
illustration, but the present disclosure is not limited thereto.
[0049] The encapsulant 80 is disposed on the substrate 10,
and the encapsulant covers the portions of the two chips not
covered by the shielding structure 50. The encapsulant 80 is
mainly used to protect the two chips, and the encapsulant 8
provides the light beam emitted by the emitting chip 20 to
pass there through. In practical applications, a top surface
801 of the encapsulant 80 may be flush with a top surface
501 of the shielding structure 50, but the present disclosure
is not limited thereto.

[0050] As described above, a size of the sensing device
100 of the present embodiment can be effectively reduced by
virtue of “the shielding structure 50 being located between
the emitting chip 20 and the receiving chip 30”, and by
virtue of “the shielding structure 50 covering the wire 40 and
a portion of the chip connected to the wire 40”. For example,
in actual testing, in the case of using the same size emitting
chip 20 and receiving chip 30, a maximum width of the
sensing device 100 of the present embodiment is reduced by
35% compared to a conventional sensing device.

[0051] Referring to FIG. 4 to FIG. 6, FIG. 4 is a perspec-
tive view of a sensing device according to a second embodi-
ment of the present disclosure, FIG. 5 is a top view of the
sensing device according to the second embodiment of the
present disclosure, and FIG. 6 is a cross-sectional view of
the sensing device according to the second embodiment of
the present disclosure. The main difference between the
present embodiment and the afore-mentioned first embodi-
ment is that each of the chips (the emitting chip 20 and the
receiving chip 30) of the sensing device 100 is electrically
connected to the substrate 10 through a wire 40. Each of the
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wires 40 is covered by the shielding structure 50, and a
portion of each of the chips connected to the corresponding
wire 40 is also covered by the shielding structure 50.
[0052] As shown in FIG. 5, in the top view of the sensing
device 100, a sum of a distance from a position where each
wire 40 is connected to the substrate 10 to a position where
each wire 40 is connected to the chip is smaller than a width
of the shielding structure 50. More specifically, if a distance
from a position P1 where one wire 40 is connected to the
emitting chip 20 to a position P2 where the one wire 40 is
connected to the substrate 10 is L1, a distance from a
position P3 where another wire 40 is connected to the
receiving chip 30 to a position P4 where the another wire 40
is connected to the substrate 10 is 1.2, and the width of the
shielding structure 50 is W2, L1+1.2<W2. In other words, as
shown in FIG. 6, in the side view of the sensing device 100,
the two wires 40 respectively connected to the emitting chip
20 and the receiving chip 30 are arranged alternately.
[0053] Referring to FIG. 7 to FIG. 9, FIG. 7 is a perspec-
tive view of a sensing device according to a third embodi-
ment of the present disclosure, FIG. 8 is a top view of the
sensing device according to the third embodiment of the
present disclosure, and FIG. 9 is a cross-sectional view of
the sensing device according to the third embodiment of the
present disclosure. The main difference between the present
embodiment and the afore-mentioned second embodiment is
that the sensing device 100 may further include a blocking
structure 60. The substrate 10 has a mounting surface 101.
The emitting chip 20, the receiving chip 30, the shielding
structure 50, and the blocking structure 60 are all disposed
on the mounting surface 101. The blocking structure 60 is
disposed around the emitting chip 20 and the receiving chip
30. That is, except for an emitting surface 201 of the emitting
chip 20 away from the substrate 10, the other side surfaces
of the emitting chip 20 are covered by the blocking structure
60. In addition, except for a receiving surface 301 of the
receiving chip 30 away from the substrate 10, the other side
surfaces of the receiving chip 30 are covered by the blocking
structure 60.

[0054] The blocking structure 60 can be used to prevent a
sensing light beam emitted by the emitting chip 20 from
directly entering a side surface of the receiving chip 30, and
the blocking structure 60 may also be used to absorb the
light outside a wavelength band corresponding to the sens-
ing light beam. In practical applications, the blocking struc-
ture 60 and the shielding structure 50 may be made of the
same material. The shielding structure 50 and the blocking
structure 60 may be integrally formed on the substrate 10,
but the present disclosure is not limited thereto. In addition,
a height H4 of the blocking structure 60 is not less than the
heights H2 and H3 of the chips (the emitting chip 20 and the
receiving chip 30). Preferably, a top surface 601 of the
blocking structure 60 away from the substrate 10 can be
flush with the emitting surface 201 of the emitting chip 20
and the receiving surface 301 of the receiving chip 30. The
height H4 of the blocking structure 60 may be between 0.2
millimeters (mm) and 0.3 millimeters (mm). In practical
applications, the height H4 of the blocking structure 60 may
be correspondingly changed according to the height of each
chip, and the present disclosure is not limited to the afore-
mentioned range.

[0055] Referring to FIG. 10 to FIG. 12, FIG. 10 is a
perspective view of a sensing device according to a fourth
embodiment of the present disclosure, FIG. 11 is a top view
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of the sensing device according to the fourth embodiment of
the present disclosure, and FIG. 12 is a cross-sectional view
of the sensing device according to the fourth embodiment of
the present disclosure. The main difference between the
present embodiment and the afore-mentioned third embodi-
ment is that the sensing device 100 further includes a
ring-shaped blocking structure 70. The ring-shaped blocking
structure 70 is formed on the blocking structure 60. The
ring-shaped blocking structure 70, the blocking structure 60,
and the shielding structure 50 together form two accommo-
dating grooves SP. The encapsulant 80 is correspondingly
located in each of the accommodating grooves SP. Specifi-
cally, the ring-shaped blocking structure 70 may be a sub-
stantially rectangular frame body. As shown in FIG. 7 and
FIG. 10, in practical applications, a relevant operator may
first circularly remove a portion of the encapsulant 80 and a
portion of the shielding structure 50 of the sensing device
100 as shown in FIG. 7, and then form the ring-shaped
blocking structure 70 on the encapsulant 80 and the shield-
ing structure 50, so as to form the sensing device 100 as
shown in FIG. 10.

[0056] The ring-shaped blocking structure 70 and the
blocking structure 60 are also used to prevent the sensing
light beam emitted by the emitting chip 20 from directly
entering the side surface of the receiving chip 30. In prac-
tical applications, a penetration rate of the ring-shaped
blocking structure 70 for the sensing light beam may be the
same as a penetration rate of the blocking structure 60 for the
sensing light beam. The ring-shaped blocking structure 70,
the blocking structure 60, and the shielding structure 50 may
be made of the same material.

[0057] Indifferent embodiments, the ring-shaped blocking
structure 70 adjacent to the emitting chip 20 may reflect the
sensing light beam to improve a utilization of the sensing
light beam emitted by the emitting chip 20. The ring-shaped
blocking structure 70 adjacent to the receiving chip 30 can
absorb the light outside the wavelength band corresponding
to the sensing light beam, so that the receiving chip 30 can
better receive the sensing light beam. The shape, thickness,
height of the ring-shaped blocking structure 70 can be
changed according to requirements and is not limited herein.
[0058] Each encapsulant 80 is correspondingly located
above each chip (the emitting chip 20 and the receiving chip
30). Each encapsulant 80 can absorb the light outside the
wavelength band corresponding to the sensing light beam,
so that the receiving chip 30 can better receive the sensing
light beam. Of course, in different embodiments, the encap-
sulant 80 may only be used to protect the emitting chip 20
and the receiving chip 30, and the encapsulant 80 may not
have the function of absorbing the light outside the wave-
length band corresponding to the sensing light beam. In
practical applications, the encapsulant 80 may be selectively
doped with dyes according to the wavelength of the sensing
light beam emitted by the emitting chip 20, so that the
dye-doped encapsulant 80 can absorb light in the wave-
length band corresponding to the non-sensing light beam.
Accordingly, noise of the non-sensing light beam received
by the receiving chip 30 can be reduced.

[0059] In practical applications, a top surface 801 of each
encapsulant 80 away from the blocking structure 60, a top
surface 701 of the ring-shaped blocking structure 70 away
from the blocking structure 60, and a top surface 501 of the
shielding structure 50 may be flush with each other, but the
present disclosure is not limited thereto. Referring to FIG. 1
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and FIG. 13, FIG. 13 is a schematic flow chart of a
manufacturing method of the sensing device according to
the first embodiment of the present disclosure, and FIG. 1 is
a perspective view of the sensing device produced by the
manufacturing method of the sensing device according to
the first embodiment of the present disclosure. The manu-
facturing method of the sensing device includes the follow-
ing steps.

[0060] A chip mounting step S11 includes: arranging two
chips on a mounting surface 101 of a substrate 10 at
intervals. One of the chips is an emitting chip 20, the
emitting chip 20 can emit a sensing light beam, another one
of the chips is a receiving chip 30, and the receiving chip 30
can receive the sensing light beam. Further, at least one of
the chips is electrically connected to the substrate 10 through
at least one wire 40, and a position where the wire 40 is
connected to the substrate 10 is correspondingly located
between the two chips.

[0061] A shielding structure forming step S12 includes:
forming a shielding structure 50 on the mounting surface
101 of the substrate 10, in which the shielding structure 50
is located between the two chips, and the shielding structure
50 is covered on the wire 40 and a portion of the chip
connected to the wire 40. In practical applications, in the
shielding structure forming step S12, a mold can be used to
form the shielding structure 50 on the mounting surface 101
of the substrate 10.

[0062] As shown in FIG. 4, the manufacturing method of
the sensing device of the present disclosure is applied to an
embodiment in which each chip is connected to the substrate
10 through a wire 40, each wire 40 is located between the
two chips, and each wire 40 is covered by the shielding
structure 50. In addition, in practical applications, after the
shielding structure forming step S12, an encapsulant 80 may
be formed on the substrate 10 to cover the two chips
according to requirements.

[0063] Referring to FIG. 14 and FIG. 7, FIG. 14 is a
schematic flow chart of a manufacturing method of the
sensing device according to the second embodiment of the
present disclosure. The main difference between the present
embodiment and the afore-mentioned embodiment is that in
the shielding structure forming step S12, in addition to
forming the shielding structure 50, a blocking structure 60 is
also formed at the same time. The blocking structure 60
covers all sides of the emitting chip 20 and all sides of the
receiving chip 30. The emitting surface 201 of the emitting
chip 20 and the receiving surface 301 of the receiving chip
30 are exposed from the blocking structure 60. The blocking
structure 60 has been described in detail in the foregoing
description, and will not be reiterated herein.

[0064] Another difference between the present embodi-
ment and the foregoing embodiment is that after the shield-
ing structure forming step S12, the manufacturing method of
the sensing device further includes a ring-shaped blocking
structure forming step S13. The ring-shaped blocking struc-
ture forming step S13 includes: removing a portion of the
shielding structure 50 and a portion of the blocking structure
60, and forming a ring-shaped blocking structure 70. The
ring-shaped blocking structure 70, the shielding structure 50,
and the blocking structure 60 together form two accommo-
dating grooves SP. The emitting surface 201 of the emitting
chip 20 and the receiving surface 301 of the receiving chip
30 are correspondingly located in the accommodating
grooves SP. The detailed descriptions of the ring-shaped
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blocking structure 70 and the encapsulant 80 are described
in the foregoing description, and will not be repeated herein.

[0065] Referring to FIG. 15 to FIG. 28, FIG. 15 is a
schematic flow chart of a manufacturing method of the
sensing device according to the third embodiment of the
present disclosure. FIG. 16 to FIG. 25 are respectively
schematic diagrams showing semi-finished products of the
sensing device in the manufacturing processes of the manu-
facturing method of the sensing device according to the third
embodiment of the present disclosure. FIG. 26 and FIG. 27
are respectively a top view and a cross-sectional view of a
sensing device produced by the manufacturing method of
the sensing device according to the third embodiment of the
present disclosure. The manufacturing method of the sens-
ing device of the present embodiment includes the following
steps.

[0066] A chip mounting step S21 includes: arranging two
emitting chips 20 and two receiving chips 30 on a mounting
surface 101 of a substrate 10 at intervals as shown in FIG.
16 and FIG. 17. That is, two of the chips are the emitting
chips 20 that can respectively emit a sensing light beam, and
the other two of the chips are the receiving chips 30 that can
respectively receive the sensing light beam. Further, at least
one of the chips is electrically connected to the substrate 10
through at least one wire 40, and a position where the wire
40 is connected to the substrate 10 is correspondingly
located between the emitting chip 20 and the receiving chip
30.

[0067] A shielding structure forming step S22 includes:
forming a shielding structure 50 on the mounting surface
101 of the substrate 10, each of the emitting chips 20, and
each of the receiving chips 30. In addition, a height of the
shielding structure 50 located between each of the emitting
chips 20 and each of the receiving chips 30 is greater than
the height of the shielding structure 50 located in other
positions as shown in FIG. 18 and FIG. 19. The shielding
structure 50 completely covers each of the wires 40 and a
portion where each of the chips is connected to the wire 40.

[0068] A surface exposing step S23 includes: removing a
portion of the shielding structure 50 located on the emitting
surface 201 of each emitting chip 20 to expose a portion of
each emitting surface 201; and removing a portion of the
shielding structure 50 located on the receiving surface 301
of each receiving chip 30 to expose a portion of each
receiving surface 301 as shown in FIG. 20 and FIG. 21.

[0069] An encapsulant forming step S24 includes: form-
ing an encapsulant 80 on the emitting surface 201 of each
emitting chip 20 exposed outside the shielding structure 50
and the receiving surface 301 of each receiving chip 30
exposed outside the shielding structure 50. Further, a top
surface 801 of the encapsulant 80 away from the blocking
structure 60 and a top surface 501 of the shielding structure
50 away from the substrate 10 are flush with each other as
shown in FIG. 22 and FIG. 23.

[0070] A cutting step S25 includes: removing at least a
portion of the encapsulant 80 not directly above the emitting
surface 201 of each emitting chip 20 and the receiving
surface 301 of each receiving chip 30, so that a portion of the
shielding structure 50 is exposed outside the encapsulant 80,
but the emitting surface 201 of each emitting chip 20 and the
receiving surface 301 of each receiving chip 30 are not
exposed outside the encapsulant 80 as shown in FIG. 24 and
FIG. 25.
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[0071] An auxiliary shielding structure forming step S26
includes: forming an auxiliary shielding structure 90 on a
portion of the shielding structure 50 not covered by the
encapsulant 80, in which a thickness of the auxiliary shield-
ing structure 90 is equal to a thickness of the encapsulant 80
as shown in FIG. 26 and FIG. 27. In practical applications,
the thickness of the auxiliary shielding structure 90 may be
between 0.2 mm and 0.3 mm, and the auxiliary shielding
structure 90 referred to herein is the same as the aforemen-
tioned ring-shaped blocking structure 70. Relevant descrip-
tions are as described above. The auxiliary shielding struc-
ture 90 and the ring-shaped blocking structure 70 may be
made of the same material.

[0072] As described above, as shown in FIG. 26 and FIG.
27, the sensing device produced by the manufacturing
method according to the third embodiment of the present
disclosure is illustrated. In the present embodiment, one of
the emitting chips 20 is configured to emit a red light beam,
and another one of the emitting chips 20 is configured to
emit a green light beam. Correspondingly, one of the receiv-
ing chips 30 is configured to receive the red light beam, and
another one of the receiving chips 30 is configured to receive
the green light beam.

[0073] It should be noted that, as shown in FIG. 24, in
practical applications, in the cutting step S25, in addition to
removing the encapsulant 80 in a ring shape, portions of the
encapsulant 80 and the shielding structure 50 between the
two emitting chips 20 can be removed, and portions of the
encapsulant 80 and the shielding structure 50 between the
two receiving chips 30 can also be removed. That is, the
portions of the shielding structure 50 and the encapsulant 80
can be removed in an H-shaped manner.

[0074] In practical applications, in the above-mentioned
shielding structure forming step S22, a height H1 of the
shielding structure 50 is greater than a height of each of the
chips (the emitting chip 20 and the receiving chip 30). In a
preferred application, the height H1 of the shielding struc-
ture 50 is greater than a sum of a height of the emitting chip
20 and a width of the emitting chip 20, divided by 2*tan 0,
in which 0 is a half-value angle of the emitting chip 20. In
addition, a difference between the height of the shielding
structure 50 and the height of each of the chips (the emitting
chip 20 and the receiving chip 30) is not greater than 50
micrometers (um), and the width of the shielding structure
50 is between 0.5 millimeter (mm) and 0.85 millimeter
(mm).

[0075] As shown in FIG. 28, a top view of the sensing
device produced by the manufacturing method according to
the fourth embodiment of the present disclosure is illus-
trated. After the auxiliary shielding structure forming step
S26 of the manufacturing method of the third embodiment,
the manufacturing method of the fourth embodiment further
includes: cutting the sensing device shown in FIG. 26 and
FIG. 27, so that the two emitting chips 20 are separated from
each other, and the two receiving chips 30 are separated
from each other. Accordingly, the sensing device shown in
FIG. 26 can be cut into a state shown in FIG. 28.

[0076] It should be noted that the sensing device 100
mentioned in the foregoing embodiments can be manufac-
tured using the manufacturing method of the sensing device
100 mentioned in the present embodiment, but the present
disclosure is not limited thereto.

[0077] In conclusion, the manufacturing method of the
sensing device of the present disclosure is to first arrange
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chips on the substrate, and then form a shielding structure
between the emitting chip and the receiving chip. The
shielding structure covers the wire between the emitting chip
and the receiving chip. Therefore, a size of the sensing
device produced by the manufacturing method of the sens-
ing device of the present disclosure can be smaller than a
size of the sensing device produced by a conventional
manufacturing method.

[0078] The foregoing description of the exemplary
embodiments of the disclosure has been presented only for
the purposes of illustration and description and is not
intended to be exhaustive or to limit the disclosure to the
precise forms disclosed. Many modifications and variations
are possible in light of the above teaching.

[0079] The embodiments were chosen and described in
order to explain the principles of the disclosure and their
practical application so as to enable others skilled in the art
to utilize the disclosure and various embodiments and with
various modifications as are suited to the particular use
contemplated. Alternative embodiments will become appar-
ent to those skilled in the art to which the present disclosure
pertains without departing from its spirit and scope.

What is claimed is:

1. A sensing device, comprising:

a substrate;

two chips, which are respectively defined as an emitting

chip and a receiving chip; wherein the emitting chip is
capable of emitting a sensing light beam, the receiving
chip is capable of receiving the sensing light beam, and
the two chips are fixed in position on the substrate at
intervals; wherein at least one of the chips is electri-
cally connected to the substrate through at least one
wire, and a position where the wire is connected to the
substrate is located between the two chips; and

a shielding structure formed on the substrate; wherein the

shielding structure is located between the two chips,
and the shielding structure covers the wire and a
portion of the chip connected to the wire.

2. The sensing device according to claim 1, wherein each
of' the chips is electrically connected to the substrate through
the at least one wire, each of the wires is covered by the
shielding structure, and the shielding structure covers the
portion where each of the chips is connected to the at least
one wire.

3. The sensing device according to claim 2, wherein in a
top view of the sensing device, a sum of a distance from a
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position where each of the wires is connected to the substrate
to a position where each of the wires is connected to the chip
is smaller than a width of the shielding structure.

4. The sensing device according to claim 1, wherein a
height of the shielding structure is greater than a height of
each of the chips.

5. The sensing device according to claim 1, further
comprising: an encapsulant, the encapsulant covering each
of the chips.

6. The sensing device according to claim 5, wherein the
encapsulant is configured to absorb light outside of a wave-
length band corresponding to the sensing light beam.

7. The sensing device according to claim 5, wherein a sum
of a height of each of the chips and a thickness of the
encapsulant is not greater than a height of the shielding
structure.

8. The sensing device according to claim 1, wherein the
substrate has a mounting surface, the two chips and the
shielding structure are disposed on the mounting surface, the
sensing device further includes a blocking structure disposed
on the mounting surface, and the blocking structure is
disposed surroundingly around the two chips and the shield-
ing structure.

9. The sensing device according to claim 8, wherein a
height of the blocking structure is not less than a height of
each of the chips.

10. The sensing device according to claim 8, further
comprising: at least an encapsulant, the encapsulant cover-
ing each of the chips and the blocking structure.

11. The sensing device according to claim 8, further
comprising: at least a ring-shaped blocking structure, the
ring-shaped blocking structure being formed on the blocking
structure, and the ring-shaped blocking structure being dis-
posed surroundingly around the two chips and the shielding
structure.

12. The sensing device according to claim 11, wherein the
ring-shaped blocking structure, the shielding structure, and
the two chips jointly form at least one accommodating
groove; wherein the sensing device further includes an
encapsulant, and the encapsulant is disposed in the accom-
modating groove.

13. The sensing device according to claim 12, wherein a
top surface of the ring-shaped blocking structure, a top
surface of the shielding structure, and a top surface of the
encapsulant are flush with each other.
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