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A force sensor device, which includes a force sensing layer,
is provided, in which a heat treatment layer is disposed on
one side of the force sensing layer, and a thermal conduc-
tivity of the heat treatment layer is greater than or equal to
200. An OLED display device includes an OLED layer and
a CPU element, in which the force sensor device is disposed
between the OLED layer and the CPU element. A heat
treatment layer is disposed on at least one side of the force
sensor device and the force sensing layer of the OLED
display device. Heat distribution is relatively uniform
through the heat treatment layer, so that a temperature
gradient on the force sensing layer may be effectively
decreased, the temperature noise in the press force detection
may be decreased, and accuracy of pressure detection may
be increased.
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FORCE SENSOR DEVICE AND OLED
DISPLAY DEVICE INCLUDING THE SAME

RELATED APPLICATIONS

[0001] This application claims priority to China Applica-
tion Serial Number 201710029471.9, filed Jan. 16, 2017,
which is herein incorporated by reference.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a touch device.
More particularly. the present disclosure relates to a force
sensor device and an OLED display device.

Description of Related Art

[0003] Electronic equipment increasingly includes a force
sensor device. Force sensor devices include pressure sensing
units. When the pressure sensing units sense pressure of
touch operations from users, the pressure sensing units are
deformed, thereby changing electrical signal output of the
pressure sensing units. A value of the electrical signal is
detected and processed to obtain a pressure value applied on
the pressure sensing units. Functions of the electronic equip-
ment may be designed to match different pressure values
obtained by detecting the pressure. For example, various
functions may be mapped to the same touch position for
different forces, such that the diversity of functions provided
by electronic products may be increased, opening up new
experiences for users.

[0004] Force sensor devices are typically made of piezo-
electric material or piezoresistive material. Due to limita-
tions of material properties, operation of the force sensor
devices inevitably generates temperature noise due to ambi-
ent temperature. For example, the output signal of the
pressure sensing units varies due to heat generated by
commonly used pressing objects (e.g. fingers), central pro-
cessing units (CPUs) of electronic equipment, and the like.
As a result, pressure detection is inaccurate, and a real
pressure value produced by user operation is difficult to
determine accurately.

SUMMARY

[0005] The present disclosure provides a force sensor
device and an OLED display device.

[0006] For the purpose of solving technical problems
described above, an aspect of the present disclosure provides
a force sensor device, which includes a force sensing layer.
A heat treatment layer is disposed on at least one side of the
force sensing layer. A thermal conductivity of the heat
treatment layer is greater than or equal to 200.

[0007] According to an embodiment of the present disclo-
sure, a direction perpendicular to a plane with the heat
treatment layer is defined as Z-direction. A thermal conduc-
tivity of the heat treatment layer in the Z-direction is smaller
than a thermal conductivity of the heat treatment in a
direction of the plane with the heat treatment layer.

[0008] According to an embodiment of the present disclo-
sure, the said thermal conductivity of the heat treatment
layer in the Z-direction is at least smaller than 0.25 times of
the thermal conductivity of the heat treatment layer in the
direction of the plane with the heat treatment layer.
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[0009] According to an embodiment of the present disclo-
sure, the said heat treatment layer is selected from a group
consisting of graphite sheets, graphene sheets, and copper
sheets.

[0010] According to an embodiment of the present disclo-
sure, the said heat treatment layer is grounded to function as
a signal mask layer.

[0011] According to an embodiment of the present disclo-
sure, one or plenty of the heat treatment layer(s) is/are
disposed on one side or two sides of the force sensing layer.
[0012] According to an embodiment of the present disclo-
sure, the said force sensor device further comprises a sub-
strate and an adhering layer, in which the force sensing layer
is disposed on the substrate. The heat treatment layer is
disposed on a surface of the substrate away from the force
sensing layer or a surface of the force sensing layer away
from the substrate by the adhering layer.

[0013] According to an embodiment of the present disclo-
sure, the said force sensor device further comprises a sub-
strate, an adhering layer and a protective layer, in which the
force sensing layer is disposed on the substrate. The pro-
tective layer covers a surface of the force sensing layer away
from the substrate. The heat treatment layer is disposed on
a surface of the protective layer away from the substrate by
the adhering layer.

[0014] According to an embodiment of the present disclo-
sure, the said force sensor device further comprises a sub-
strate, a first adhering layer and a second adhering layer. The
heat treatment layer includes a first heat treatment layer and
a second heat treatment layer. The force sensing layer is
disposed on the substrate. The first heat treatment layer is
disposed on a surface of the force sensing layer away from
the substrate by the first adhering layer. The second heat
treatment layer is disposed on a surface of the substrate away
from the force sensing layer by the second adhering layer.
[0015] According to an embodiment of the present disclo-
sure, the force sensing layer includes pressure sensing units.
Each of the pressure sensing units includes sub-pressure
sensing units, and there is a differential output between the
sub-pressure sensing units.

[0016] According to an embodiment of the present disclo-
sure, each of the pressure sensing units includes four resis-
tors with the same electrical resistance, and the resistors
construct a Wheatstone bridge. Pattern shapes of two of the
non-adjacent resistors have an identical first extending direc-
tion, and pattern shapes of another two of the non-adjacent
resistors have an identical second extending direction. The
first extending direction and the second extending direction
are inconsistent.

[0017] According to an embodiment of the present disclo-
sure, after the pattern shapes of the resistors with the first
extending direction are rotated 90° in plane, the rotated
pattern shapes are the same as or mirror-symmetric to the
pattern shapes of the resistors with the second extending
direction.

[0018] Another aspect of the present disclosure provides
an OLED display device, which includes an OLED layer and
a CPU element. The said force sensor device is disposed
between the OLED layer and the CPU element.

[0019] According to an embodiment of the present disclo-
sure, the said OLED display device further comprises a
touch panel, in which the OLED layer is located between the
touch panel and the force sensor device.
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[0020] According to an embodiment of the present disclo-
sure, the said OLED display device further comprises a
touch electrode layer, in which the touch electrode layer is
configured to sense a touch position, and the touch electrode
layer is embedded in the OLED layer.

[0021] Compared to conventional techniques, the heat
treatment layer is disposed on at least one side of the force
sensing layer of the force sensor device and the force sensor
device of the OLED display device of the present disclosure.
Heat distribution is relatively uniform through the heat
treatment layer. Therefore, a temperature gradient of the
force sensing layer is effectively decreased, temperature
noise produced in the press force detection progress is
decreased, and pressure detection accuracy is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

[0023] FIG. 1 is a cross-sectional structure diagram
according to at least one embodiment of the present disclo-
sure.

[0024] FIG. 2A is a circuit construction diagram of a
pressure sensing units of the force sensor device according
to at least one embodiment of the present disclosure.
[0025] FIG. 2B is a pattern diagram of the pressure
sensing units of the force sensor device according to at least
one embodiment of the present disclosure.

[0026] FIG. 2C is an analysis diagram of extending direc-
tions of resistors of the force sensor device according to at
least one embodiment of the present disclosure.

[0027] FIG. 2D is a transformed diagram of the pattern
shape of the pressures sensing units in FIG. 2B.

[0028] FIG. 2E is another transformed diagram of the
pattern shape of the pressures sensing units in FIG. 2B.
[0029] FIG. 3 is a cross-sectional structure diagram of a
force sensor device according to at least one embodiment of
the present disclosure.

[0030] FIG. 4 is a cross-sectional structure diagram of a
force sensor device according to at least one embodiment of
the present disclosure.

[0031] FIG. 5 is a cross-sectional structure diagram of a
force sensor device according to at least one embodiment of
the present disclosure.

[0032] FIG. 6 is a cross-sectional structure diagram of a
force sensor device according to at least one embodiment of
the present disclosure.

[0033] FIG. 7 is a cross-sectional structure diagram of an
OLED display device according to at least one embodiment
of the present disclosure.

[0034] FIG. 8 is a cross-sectional structure diagram of an
OLED display device according to at least one embodiment
of the present disclosure.

[0035] FIG. 9 is a cross-sectional structure diagram of an
OLED display device according to at least one embodiment
of the present disclosure.

[0036] FIG. 10 is a plane structure diagram of a display
plane of the OLED display device.

[0037] FIG. 11 is a pressure variation correlation graph of
a conventional OLED display device and an OLED display
device of the present disclosure in different test condition.
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DETAILED DESCRIPTION

[0038] Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are
illustrated in the accompanying drawings. It is to be under-
stood that the following embodiments are provided to better
elucidate the practice of the present disclosure and should
not be interpreted in anyway as to limit the scope of same.
[0039] Referring to FIG. 1, a force sensor device 10
includes a substrate 11, in which a force sensing layer 13 is
disposed on an upper surface of the substrate 11 (spatial
terms, such as “up”, “down”, “left” and “right” involved in
the present disclosure are relative positions of specific view.
It is to be understood that, when a plane of the specific view
rotates 180°, the spatial term “up” may become “down”.).
The force sensing layer 13, which includes at least one
pressure sensing unit 131, takes the substrate 11 as a loading
layer. A heat treatment layer 17 is disposed on a lower
surface of the substrate 11, in which the heat treatment layer
17 is strip shaped. Preferably, the heat treatment layer 17
adjoins the lower surface of the substrate 11.

[0040] The substrate 11 may be a flexible substrate or a
rigid substrate, such as glass, sapphire, polyimide (PI),
polypropylene (PP), polystyrene (PS), Acrylonitrile-Butadi-
ene-Styrene (ABS), polyethylene terephthalate (PET), poly-
vinyl chloride (PVC), polycarbonate (PC), polyethylene
(PE), poly(methyl methacrylate) (PMMA), polytetrafluoro-
ethylene (PTFE), or the like.

[0041] The heat treatment layer 17 has a good thermal
conductive characteristics, and heat distribution is relatively
uniform through the heat treatment layer 17. It is to be
understood that, after heat is conducted to the heat treatment
layer 17, heat is uniformly and rapidly distributed in a plane
with the heat treatment layer 17, such that heat received by
elements adjoining the heat treatment layer 17 is uniform. In
an embodiment, the heat treatment layer 17 is disposed on
one side of the force sensing layer 13 close to a heat source.
In an embodiment, a thermal conductivity of the heat
treatment layer 17 is greater than or equal to 200, and
preferably greater than or equal to 1000. In an embodiment,
the heat treatment layer 17 has different thermal conductivi-
ties in at least two different directions. A direction perpen-
dicular to a plane with the heat treatment layer 17 is defined
as Z-direction. In an embodiment, the thermal conductivity
of the heat treatment layer 17 in the Z-direction is greater
than the thermal conductivity of the heat treatment layer 17
in a direction perpendicular to the Z-direction. Since the
thermal conductivity of the heat treatment layer 17 in the
Z-direction is small, thermal conductive property is poor,
and heat conduction in the Z-direction is suppressed; and the
thermal conductive property is better in the direction per-
pendicular to the Z-direction so that heat may be well
conducted in the plane perpendicular to the Z-direction. That
is, heat is uniformly distributed in the plane with the heat
treatment layer 17, such that heat received by elements
adjoining the heat treatment layer 17 may be uniform. In an
embodiment, the thermal conductivity of the heat treatment
layer 17 in the Z-direction is at least smaller than 0.25 times
the thermal conductivity of the heat treatment layer 17 in the
direction perpendicular to the Z-direction, and preferably
smaller than 0.1 times the thermal conductivity of the heat
treatment layer 17 in the direction perpendicular to the
Z-direction. In an example, the thermal conductivity of the
heat treatment layer 17 in the Z-direction is smaller than or
equal to 50, and the thermal conductivity of the heat
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treatment layer 17 in the direction perpendicular to the
Z-direction is greater than or equal to 200. Preferably, the
thermal conductivity of the heat treatment layer 17 in the
Z-direction is smaller than or equal to 10, and the thermal
conductivity of the heat treatment layer 17 in the direction
perpendicular to the Z-direction is greater than or equal to
300. Further preferably, the thermal conductivity of the heat
treatment layer 17 in the Z-direction is smaller than or equal
to 8, and the thermal conductivity of the heat treatment layer
17 in the direction perpendicular to the Z-direction is greater
than or equal to 800. In an embodiment, material of the heat
treatment layer 17 is graphene sheets, graphite sheets or
copper sheets, in which graphene sheets are preferable. In an
embodiment, a thickness of the heat treatment layer 17 is 0.1
mm to 1 mm, and preferably is 0.4 mm to 0.6 mm.

[0042] The pressure sensing units 131 of the force sensing
layer 13 are made of piezoelectric material or piezoresistive
material, which may change electrical output according to
the press force. The piezoresistive material is preferable. The
force sensing layer 13 may be a single layer or multiple
layers, and the present embodiment is discussed by using the
single force sensing layer 13 as an example.

[0043] The heat treatment layer 17 is disposed on one side
of the force sensing layer 13. Since the heat treatment layer
17 has a property of heat uniformity, temperature of various
parts of each pressure sensing unit may become consistent.
In a condition with the same material and temperature,
temperature noise becomes consistent. In such case, the
pressure sensing units 131 may be configured to output
differential signals to eliminate the temperature noise, or the
temperature noise generated in corresponding temperature
may be eliminated by program calculation of program
design. The present disclosure prefers disposal of the pres-
sure sensing units 131 to output differential signals to
eliminate the temperature noise. In order to obtain the
differential signals, each pressure sensing unit 131 may be
configured to include a plurality of substantially identical
sub-pressure sensing units, in which the temperature noise
between at least two sub-pressure sensing units 131 is offset
to eliminate the effect of the temperature noise. Specifically,
a plurality of sub-pressure sensing units may be disposed to
be configured as a bleeder circuit, and four sub-pressure
sensing units may also be disposed as a Wheatstone bridge
or a suitable amount of sub-pressure sensing units may be
constructed as bleeder circuits. The present embodiment is
discussed in terms of using four sub-pressure sensing units
to construct the Wheatstone bridge as an example.

[0044] Referring to FIG. 2A, each pressure sensing unit
131 includes four sub-pressure sensing units 131", and the
sub-pressure sensing units 131' correspond to a resistor R,
a resistor R,, a resistor R;, and a resistor R, with substan-
tially identical electrical resistances. The four resistors are
electrically connected as a bridge circuit. Specifically, the
resistor R, is series connected to the resistor R,, the resistor
R; is series connected to the resistor R,, and two series
circuits are parallel connected to construct the Wheatstone
bridge. Furthermore, a power supply VEX is applied
between an electrical connection point B of the resistor R,
and the resistor R, and an electrical connection point D of
the resistor R, and the resistor R,. Output voltage U, is
generated between an electrical connection point A of the
resistor R, and the resistor R, and an electrical connection
point C of the resistor R; and the resistor R,. The voltage U,
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corresponds to a value of the press force. In such case,
voltage drop between two ends of the resistor R, may be
represented as formula (1).

U =hR = Ugp

R
Ri+Ry

[0045] Voltage drop between two ends of the resistor R,
may be represented as formula (2).

U By
BC_R3+R4 BD

[0046] Output voltage U, of the bridge circuit may be
represented as formula (3).

RiRy — RyR; ©)
Up=Usg-Upe = ——o 23
0T TR T Ri v R)(Rs + Ra)

[0047] In the present disclosure, the condition that
R,=R,=R;=R, is substituted into the formula (3), and insig-
nificant terms after substituting may be ignored to simplify
the formula (3) to obtain formula (4).

Usp AR AR, ARy ARy @
=% .

4R R R R

[0048] A dependent variable relationship between a ratio
of variation of resistance produced by pressing operation to
an initial resistance of corresponding resistor and the resistor
after pressing operation is represented as formula (5).

AR/R=Ke )

[0049] In the formula (5), K represents piezoresistive
coefficient of the resistor.

[0050] Combining the formulas (4) and (5) described
above, voltage U, may be further represented as formula (6).

Ug= UB_fK(Sl —e -8 +&) ©
[0051] In the formula (6), K represents piezoresistive

coeflicient of the resistor, Uy, represents a value of the
power supply VEX applied between the electrical connec-
tion points B and D, and ¢,, &,, &5, and &, are dependent
variables corresponding to the resistors R, R,, R;, and R,
respectively.

[0052] Generally, it is desired to output voltage U, as high
as possible. In this embodiment, in order to obtain the
highest voltage U,,, it is preferable to have electrode pattern
of the pressure sensing units 131 as shown in FIG. 2B. The
resistors R;, R,, R, and R, are all in square-wave form.
Pattern shapes of the resistors R, and R, both extend along
a first direction (X-direction), and pattern shapes of the
resistors R, and R, both extend along a second direction
(Y-direction). The first direction is different from the second



US 2018/0204885 Al

direction. The resistors R;, R, R;, and R, are connected to
construct the Wheatstone bridge through a binding domain
1311.

[0053] The extending directions of the resistors are
defined as below. Referring to FIG. 2C, resistor shown in
FIG. 2C is marked as a resistor r, whose total projection
length includes a total projection length d in the first
direction and a total projection length h in the second
direction. In such case, a resistor pattern shape is divided
into multiple sections along the first direction or the second
direction. The total projection length d along the first direc-
tion equals to a summation of a length d1, d2, d3, d4, d5 and
d6, and the total projection length h along the second
direction equals to a summation of length hl, h2, h3, h4 and
h5. As known from FIG. 2C, the total projection length d
along the first direction is greater than the total projection
length h along the second direction. As a result, the extend-
ing direction of the electrode pattern shape of the resistor r
is the first direction. Preferably, the projection length of the
resistor r in the first direction is greater than 5 times the
projection length of the resistor r in the second direction.
Strain of the resistor r in its extending direction is much
greater than strain in other directions. Therefore, it is known
that the strain of the resistor r is similar to the strain in the
extending direction.

[0054] Since the resistances of the said resistors R}, R,
R;, and R, are the same, the extending directions of the
pattern shapes of the resistors R, and R, are consistent, the
extending directions of the pattern shapes of the resistors R,
and R are consistent, such that in the condition that resis-
tance variation of the resistors R, R,, R;, and R, resulted
from finger pressing force and temperature variation are the
same, it is certified that the strain of the resistors R, and R,
are consistent, and the strain of the resistors R, and R, are
consistent. In other words, the strain relationship of the
resistors Ry, R,, R, and R, after finger pressing may be
represented as: g,=¢,~¢, and &,=¢,=¢,. As a result, the
formula (6) described above may be further transformed
into:

UppK UppK \ (6)
—&,—&t&)= T(EX —&y)

[0055] 1In the formula (6), &, represents the strain of the
resistors R and R, in the first direction, and &, represents the
strain of the resistors R, and R; in the second direction.
[0056] According to the formula (2), when the difference
between ¢, and ¢, is greater, then the output value of voltage
Uy, is greater, and the accuracy of pressure detection can be
better. Therefore, preferably, the first direction is perpen-
dicular to the second direction.

[0057] Referring to FIG. 2D, which shows another trans-
formation of the pressure sensing units 131, a bridge circuit
1115 includes four resistors R, ,, R,,, R;,, and R, in which
a pattern shape of the four resistors is an ellipse coiling
shape. A total projection length of the pattern shape in the
ellipse coiling shape is greatest along the long-axis direction
of the ellipse, so that the direction is an extending direction
of the pattern shape. In such case, the extending directions
of the pattern shapes of the resistor R, and the resistor R,
are parallel with the first direction, and the extending direc-
tions of the pattern shape of the resistor R,, and the resistor
R;, are parallel with the second direction.
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[0058] 1In the present transformed embodiment, after the
pattern shape plane of the resistor R, or the resistor R,,
extending along the first direction is rotated 90°, the pattern
shape is the same as the pattern shape of the resistor R,, or
the resistor R;, extending along the second direction,
thereby maintaining stability of the Wheatstone bridge and
simplifying process. As another transformation, after the
pattern shape plane of the resistor R, or the resistor R,,
extending along the first direction is rotated 90°, the pattern
shape is mirror-symmetric to the pattern shape of the resistor
R,, or the resistor R,, extending along the second direction.
[0059] As shown in FIG. 2E, as another transformation of
the pressure sensing units 131, a bridge circuit 111¢ includes
four resistors R, , R,_, R, , and R, , in which a pattern shape
of the four resistors is fence-shaped with a fold-line, such as
a structure with three horizontal segments and one vertical
segment. In such case, the extending directions of the pattern
shapes of the resistor R, and the resistor R are parallel
with the first direction, and the extending directions of the
pattern shapes of the resistor R, and the resistor R, _ are
parallel with the second direction.

[0060] In some embodiments, specific shapes of the sub-
pressure sensing units 131" of the pressure sensing units 131
are a wave shape, zigzag shape, or the like. Preferably, after
the pattern shape of the resistors with a first extending
direction is rotated 90°, the pattern shape is the same as or
mirror-symmetric to the pattern shape of the resistor with a
second extending direction.

[0061] Compared to the conventional technology, the heat
treatment layer 17 is disposed on one side of the force
sensing layer 13 of the force sensor device 10. Heat distri-
bution is relatively uniform through the heat treatment layer
17. Therefore, a temperature gradient of the force sensing
layer 13 is effectively decreased, temperature noise pro-
duced in the press force detection progress is decreased, and
pressure detection accuracy is increased.

[0062] Referring to FIG. 3, the force sensor device 10a is
similar to the force sensor device 10, in that the force sensor
device 10a also includes a substrate 11a, a force sensing
layer 13a disposed on the substrate 11a, and a heat treatment
layer 17a disposed underneath the substrate 11a, and the
force sensing layer 13a includes a plurality of pressure
sensing units 131a. In the force sensor device 10a of the
present embodiment, the substrate 11a and the heat treat-
ment layer 17a of the force sensor device 10a are attached
through an added adhering layer 154 therebetween. Prefer-
ably, the adhering layer 15a covers at least the entire overlap
of the substrate 11a and the heat treatment layer 17a. The
adhering layer 15a is made of adhering material, and pref-
erably is made of insulating optical clear adhesive. The heat
treatment layer 17a is disposed on one side of the force
sensing layer 13a. Specifically, the heat treatment layer 17a
is fixed on one side of the substrate 11a through the adhering
layer 15a. Therefore, binding between the heat treatment
layer 17a, the substrate 11a and the force sensing layer 13a
is more compact, and the temperature gradient between the
pressure sensing units 131a may be further decreased.
[0063] Description of the force sensor device 10 regarding
disposition of the force sensing layer 13, material dimen-
sions of the substrate 11 and the heat treatment layer 17, and
the like are all suitable for the present embodiment shown in
FIG. 3.

[0064] Referring to FIG. 4, the force sensor device 105 is
similar to the force sensor device 10, in that the force sensor
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device 105 includes a heat treatment layer 175, a substrate
115, and a force sensing layer 135 disposed on the substrate
115, and the force sensing layer 135 includes a plurality of
pressure sensing units 1315. The force sensor device 105 of
the present embodiment is further configured such that the
heat treatment layer 175 is disposed over the force sensing
layer 135, the force sensing layer 135 is attached with the
heat treatment layer 175 through an added adhering layer
154, and the adhering layer 155 covers at least the entire
overlap of the force sensing layer 135 and the heat treatment
layer 175.

[0065] In some embodiments, the adhering layer 156 is
made of insulating adhering material, and preferably is made
of insulating optical clear adhesive. When the heat treatment
layer 175 is made of conducting material, the adhering layer
1554 is electrically insulated from the heat treatment layer
175 and the force sensing layer 136. In some embodiments,
thickness of the adhering layer 155 is 0.1 mm to 1 mm, and
preferably is 0.4 mm to 0.8 mm.

[0066] The heat treatment layer 175 is disposed on one
side of the force sensing layer 135. Specifically, the heat
treatment layer 175 is attached to one side of the force
sensing layer 135 through the adhering layer 1556. Therefore,
binding between the heat treatment layer 175, the substrate
115 and the force sensing layer 134 is more compact, and the
temperature gradient between the pressure sensing units
1315 may be further decreased.

[0067] In a transformed example, the adhering layer 155
may be replaced with an insulating layer. The insulating
layer has insulating effect, and the insulating layer is stacked
between the force sensing layer 135 and the heat treatment
layer 175.

[0068] In a transformed example, the heat treatment layer
175 disposed on one side of the force sensing layer 135 is
multi-layered, and the multi-layer heat treatment layer 175
is attached or closely stacked in between each other.

[0069] Description of the force sensor device 10 regarding
disposition of the force sensing layer 13, material dimen-
sions of the substrate 11 and the heat treatment layer 17, and
the like are all suitable for the present embodiment.

[0070] Referring to FIG. 5, the force sensor device 10c is
similar to the force sensor device 105, in that the force
sensor device 10¢ also includes a substrate 11¢ and a force
sensing layer 13¢ disposed on the substrate 11c, and the
force sensing layer 13c¢ includes a plurality of pressure
sensing units 131c. A heat treatment layer 17¢ and an
adhering layer 15¢ are disposed over the force sensing layer
13¢. The force sensor device 10¢ of the present embodiment
further includes an integrally formed protective layer 14¢ (or
simply “the protective layer 14¢” hereafter). The protective
layer 14¢ covers a surface of the force sensing layer 13¢
away from the substrate 11c¢, thereby protecting the force
sensing layer 13¢ and preventing the pressure sensing units
131c¢ from being oxidized and broken. The heat treatment
layer 17¢ is attached with a surface of the protective layer
14¢ away from the substrate 1lc, and the attachment is
preferable to be entire attachment.

[0071] The protective layer 14¢ not only protects the force
sensing layer 13¢, but also electrically isolates the heat
treatment layer 17¢ from the force sensing layer 13¢. Pref-
erably, the protective layer 14¢ is made of soft insulating
flexible material, such as PEEK (polyetheretherketone), PI
(polyimide), PET (polyethylene terephthalate), PC (polycar-

Jul. 19,2018

bonate), PES (polyethylene succinate), PMMA (polymeth-
ylmethacrylate), or any combination including any two or
more thereof.

[0072] The protective layer 14¢ and the adhering layer 15¢
both have insulating effect. As a result, a thickness of the
adhering layer 15¢ may be decreased, and preferably, the
thickness of the adhering layer may be in a range of about
0.01 mm to about 0.2 mm.

[0073] The description of force sensor device 10 regarding
disposition of the force sensing layer 13, material dimen-
sions of the substrate 11 and the heat treatment layer 17, and
the like are all suitable for the present embodiment.

[0074] Referring to FIG. 6, a force sensor device 104 is
similar to the force sensor device 10a. The force sensor
device 104 of the present embodiment further includes a
heat treatment layer and an adhering layer based on the force
sensor device 10a. Therefore, the force sensor device 104
includes a first heat treatment layer 17d, a first adhering
layer 15d, a force sensing layer 134 including plenty of
pressure sensing units 1314, a substrate 11d, a second
adhering layer 154" and a second heat treatment layer 174" in
order from top to bottom. The substrate 114 is disposed as
a carrier layer of the force sensing layer 134. The first heat
treatment layer 17d is attached to an upper surface of the
force sensing layer 134 through the first adhering layer 154,
and the second heat treatment layer 174" is attached to a
lower surface of the substrate 114 through the second
adhering layer 154'. The attachment is preferably entire
attachment.

[0075] The first adhering layer 154 is made of insulating
adhering materials. The second adhering layer 154" is made
of adhering materials, and insulating adhering materials are
preferable. The first adhering layer 154 and the second
adhering layer 154" cause binding between the heat treat-
ment layers (including the first heat treatment layer 174 and
the second heat treatment layer 174") and the force sensing
layer 13d to be more compact.

[0076] The heat treatment layers 17d, 17d" are disposed on
both sides of the force sensing layer 134. The heat treatment
layers 17d, 174" cause heat distribution from the upper
surface and the lower surface of the force sensing layer 134
to be more uniform, and a temperature gradient of the force
sensing layer 134 is further decreased.

[0077] In a transformed example, the second adhering
layer 154 may be eliminated, and the second heat treatment
layer 17d' is stacked directly and closely with the lower
surface of the substrate 11d. In another transformed
example, the first adhering layer 154 may be replaced with
an insulating layer. and the insulating layer is stacked
between the force sensing layer 13d and the first heat
treatment layer 174.

[0078] In atransformed example, the heat treatment layers
on two sides of the force sensing layer 13d may be multi-
layered.

[0079] The description of the force sensor device 10
regarding disposition of the force sensing layer 13, material
dimensions of the substrate 11 and the heat treatment layer
17, and the like are all suitable for the present embodiment.
[0080] Referring to FIG. 7, an OLED display device 20
includes a cover plate 22, an OLED layer 24, a force sensor
device 20s and a central processing unit (“CPU”) element 26
in order from top to bottom.

[0081] An upper surface of the cover plate 22 is a user
touch operation plane. When a touch operation is performed,
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the force sensor device 20s is disposed below the touch
operation plane, and the force sensor device 20s senses press
force corresponding to the touch operation. The OLED layer
24 and the force sensor device 205 are electrically connected
to the CPU element 26, and the CPU element 26 controls
operation of the OLED display device 20.

[0082] The force sensor device 20s is consistent in struc-
ture and material parameters to the force sensor device 10a.
Likewise, the force sensor device 20s includes a force
sensing layer 23 comprising a plurality of pressure sensing
units 231. The force sensing layer 23 is disposed on a surface
of the substrate 21, and another surface of the substrate 21
is attached to a heat treatment layer 27 through an adhering
layer 25. The force sensing layer 23 is located between the
OLED layer 24 and the substrate 21.

[0083] In some embodiments, when the heat treatment
layer 27 is made of conducting material, the heat treatment
layer 27 is grounded and functions as a signal mask layer to
block disturbing signals from the CPU element 26. The
implementation is suitable for other embodiments of the
present disclosure, as well.

[0084] It is understood that the force sensor device 20s of
the present embodiment may be replaced with the force
sensor device of other embodiments and transformed
embodiments of the present disclosure.

[0085] The CPU element 26 is a control center of the
OLED display device 20, which tends to act as a point heat
source in operation progress. After heat crosses the heat
treatment layer 27 disposed over the CPU element 26, heat
distribution on the heat treatment layer 27 is relatively
uniform. As a result, the force sensing layer 23 disposed over
the heat treatment layer 27 is heated uniformly, temperature
gradient decreases, temperature noise produced in the press
force detection progress decreases, and pressure detection
accuracy increases. It is understood that the heat treatment
layer 27 is not only used to treat heat from the CPU element
26, but heat conducted from any direction may also be
treated by the heat treatment layer 27 so as to obtain uniform
heat distribution property.

[0086] Referring to FIG. 8, the OLED display device 20a
includes a cover plate 22a, an OLED layer 24a, a force
sensor device 20s' and a CPU element 264 in order from top
to bottom. The force sensor device 20s' is consistent in
structure and material parameters to the force sensor device
10a. Likewise, the force sensor device 20s' includes a force
sensing layer 23a comprising a plurality of pressure sensing
units 231a. The force sensing layer 23qa is disposed on a
surface of the substrate 21a, and another surface of the
substrate 21a is attached with a heat treatment layer 27a
through an adhering layer 25a. The difference between the
OLED display device 20a of the present embodiment and
the OLED display device 20 concerns assembly of the force
sensor device 20s". In some embodiments, the force sensing
layer 23 is located between the OLED layer 24 and the
substrate 21. In the present embodiment, the force sensor
device 20s' is formed equivalent to the force sensor device
20s after rotating 180° within a plane. As a result, the force
sensing layer 23q is located between the CPU element 264
and the substrate 21a, and the heat treatment layer 27a is
disposed between the OLED layer 24a and the adhering
layer 25a.

[0087] It is understood that the force sensor device 20s'
may be changed to the force sensor device of another
embodiments and transformed embodiments of the present
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disclosure, and the force sensor device may be rotated 180°
to be formed in two different ways.

[0088] Referring to FIG. 9, the OLED display device 30
includes a cover plate 32, a touch sensing layer 38, an OLED
layer 34, a force sensor device 30s and a CPU element 36 in
order from top to bottom. The force sensor device 30s is
consistent in structure and material parameters to the force
sensor device 10a. Likewise, the force sensor device 30s
includes a force sensing layer 33 comprising a plurality of
pressure sensing units 331. The force sensing layer 33 is
disposed on a surface of the substrate 31, and another
surface of the substrate 31 is attached with a heat treatment
layer 37 through an adhering layer 35. The force sensing
layer 33 is located between the OLED layer 34 and the
substrate 31.

[0089] The difference between the present embodiment
and this embodiment is that the touch sensing layer 38 is
added between the cover plate 32 and the OLED layer 34,
in which the touch sensing layer 38 is used to sense a
position touched by a user. The touch sensing layer 38 and
the cover plate 32 are considered to be a touch panel, and the
touch panel may be a one-glass-solution (OGS) touch panel,
a glass-film-film (GFF) touch panel, glass-film (GF) touch
panel or glass-two-sided-film (G2F) touch panel. In other
words, the touch panel is a plug-in structure. In a trans-
formed example, the touch panel may also be an embedded
structure; that is, the touch sensing layer is embedded in the
OLED layer.

[0090] It is understood that the force sensor device 30s
may be replaced with the force sensor device of another
embodiments and transformed embodiments of the present
disclosure, and the force sensor device may be rotated 180°
to be formed in two different ways.

[0091] Compared to the conventional technique, the heat
treatment layer 37 is disposed on one side of the force
sensing layer 33 of the OLED display device. The heat
treatment layer 37 makes received heat uniform to decrease
temperature gradient of the force sensing layer 33, resulting
in decreasing temperature noise produced in the press force
detection progress, and further increasing accuracy of pres-
sure detection.

[0092] The present disclosure provides a special OLED
display device and the OLED display device provided in the
present disclosure (particularly, the OLED display device of
the eighth embodiment of the present disclosure) in the same
dimension, and both are tested in conditions of different
temperatures. The difference between the special OLED
display device and the OLED display device provided in the
present disclosure is that no heat treatment layer is disposed
on the special OLED display device, and the other disposi-
tions are consistent.

Test 1

[0093] Referring to FIG. 10, an X-Y coordinate system is
established by taking lower left corner of a display region of
the OLED display device as a point of origin O. Dimension
of the display region is 100 mm*60 mm. A center position
of the display region is defined as O' point, and coordinate
of the O' point is (30 mm, 50 mm). Touch operation is
carried out at the O' point to perform test.

[0094] FIG. 11 is a comparison graph of tests in different
conditions of the special OLED display device and the
OLED display device provided by the present disclosure. In
the comparison graph, an X-direction of the OLED display
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device is taken as a transverse axis, and a pressure value
detected by the pressure sensing units on the force sensing
layer is taken as a longitudinal axis.

Test A
[0095] Test subject: Special OLED display device
[0096] Test conditions: 200 unit force is applied at the O

point (FIG. 10) at ambient temperature.

[0097] Test results: Profiles al and a2 (FIG. 11) are
pressure values detected by the pressure sensing units along
the X-direction of the special OLED display device, in
which the profile al depicts the pressure values detected by
the resistor with the first extending direction of the pressure
sensing units, and the profile a2 depicts the pressure values
detected by the resistor with the second extending direction
of the pressure sensing units. From variation of the profiles,
the pressure values detected by the pressure sensing units of
the special OLED display device decrease gradually from a
pressing position to a position away from the pressing
position.

Test B
[0098] Test subject: Special OLED display device
[0099] Test conditions: No press force is applied at a

constant temperature of 65° C.

[0100] Test results: Profiles a3 and a4 (FIG. 11) depict
pressure values detected by the pressure sensing units along
the X-direction of the special OLED display device, in
which the profile a3 depicts the pressure values detected by
the resistor with the first extending direction of the pressure
sensing units, and the profile a4 depicts the pressure values
detected by the resistor with the second extending direction
of the pressure sensing units. From variation of the profiles,
it is observed that the profiles a3 and a4 are close to the
transverse axis. In other words, at the constant temperature,
output of the pressure sensing units is substantially 0,
indicating that temperature noise of the pressure sensing
units is substantially 0 at the constant temperature condition.

Test C
[0101] Test subject: Special OLED display device
[0102] Test conditions: No press force is applied at a

temperature gradient of 22° C. to 65° C.

[0103] Test results: Profiles a5 and a6 (FIG. 11) depict
pressure values detected by the pressure sensing units along
the X-direction of the special OLED display device, in
which the profile a5 depicts the pressure values detected by
the resistor with the first extending direction of the pressure
sensing units, and the profile a6 depicts the pressure values
detected by the resistor with the second extending direction
of the pressure sensing units. From variation of the profiles,
although no press force is applied on the special OLED
display device, the pressure values detected by the resistors
with the first extending direction and the second extending
direction of the pressure sensing units are even higher than
the pressure values of the profiles al and a2 corresponding
to application of 200 units force. In other words, when the
temperature gradient is greater, the temperature noise pro-
duced by the pressure sensing units is so great that a larger
pressure detection error is caused.
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Test D

[0104] Test subject: The OLED display device provided
by the present disclosure, in which the heat treatment layer
of the OLED display device is made of graphene (thermal
conductivity of graphene at a plane with the heat treatment
layer is greater than or equal to 1000).

[0105] Test conditions: No press force is applied at a
temperature gradient of 22° C. to 65° C.

[0106] Test results: Profiles a7 and a8 (FIG. 11) depict
pressure values detected by the pressure sensing units along
the X-direction of the OLED display device provided by the
present disclosure, in which the profile a7 depicts the
pressure values detected by the resistor with the first extend-
ing direction of the pressure sensing units, and the profile a8
depicts the pressure values detected by the resistor with the
second extending direction of the pressure sensing units.
From variation of the profiles, it is observed that the profiles
a7 and a8 are close to the transverse axis. In a condition with
the heat treatment layer added, although the temperature
gradient is greater, output of the pressure sensing units is
substantially 0. Therefore, the disposition of the heat treat-
ment layer made of graphene material makes the tempera-
ture noise produced by the pressure sensing units decrease,
and accuracy of the pressure detection is increased.

Test E

[0107] Test subject: The OLED display device provided
by the present disclosure, in which the heat treatment layer
of the OLED display device is made of graphite sheet
(thermal conductivity of graphite sheet at a plane with the
heat treatment layer is greater than or equal to 200).
[0108] Test conditions: No press force 1s applied at a
temperature gradient of 22° C. to 65° C.

[0109] Test results: Profiles a9 and a10 (FIG. 11) depict
pressure values detected by the pressure sensing units along
the X-direction of the OLED display device provided by the
present disclosure, in which the profile a9 depicts the
pressure values detected by the resistor with the first extend-
ing direction of the pressure sensing units, and the profile
al0 depicts the pressure values detected by the resistor with
the second extending direction of the pressure sensing units.
From variation of the profiles, it is observed that the profiles
a9 and al0 are close to the transverse axis. In a condition
with the heat treatment layer added, although the tempera-
ture gradient is greater, output of the pressure sensing units
is substantially 0. In other words, in a condition of greater
temperature gradient, the temperature noise of the pressure
sensing units is substantially 0. Therefore, the disposition of
the heat treatment layer made of graphite sheet material
causes the temperature noise produced by the pressure
sensing units to decrease, and accuracy of the pressure
detection is increased.

Test F

[0110] Test subject: The OLED display device provided
by the present disclosure, in which the heat treatment layer
of the OLED display device is made of iron sheet (thermal
conductivity of iron sheet at a plane with the heat treatment
layer is about 70).

[0111] Test conditions: No press force is applied at a
temperature gradient of 22° C. to 65° C.

[0112] Test results: Profiles all and a12 (FIG. 11) depict
pressure values detected by the pressure sensing units along
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the X-direction of the OLED display device provided by the
present disclosure, in which the profile all depicts the
pressure values detected by the resistor with the first extend-
ing direction of the pressure sensing units, and the profile
al2 depicts the pressure values detected by the resistor with
the second extending direction of the pressure sensing units.
From variation of the profiles, it is observed that the pressure
value detected by the resistor with the first extending direc-
tion is about 200 unit force, and the pressure value detected
by the resistor with the second extending direction is about
100 unit force. In other words, at a temperature gradient of
22° C. to 65° C., the pressure sensing units still produce the
temperature noise. However, compared to the Test C, the
disposition of the heat treatment layer suppresses the pro-
duction of the temperature noise to a certain extent. Com-
pared to the Test D and Test E, it can be seen that suppression
of the temperature noise is the best when the heat treatment
layer is made of graphene material (profiles a7 and a8).

Test 2

[0113] The special OLED display device and the OLED
display device provided by the present disclosure are heated
from room temperature to 95° C. by using a gas blower. The
test is repeated for five cycles. Output variation of the
special OLED display device and the OLED display device
provided by the present disclosure are shown below.

TABLE 1

Number of experiments

Type 1 2 3 4 5

Output of the special OLED 0.09 0.2 0.07 0.02 0.12
display device (mV)

Output of the OLED display 0.02 0.017 0.02 002 0.02
device provided by the present

disclosure (mV)

[0114] It is observed from Table 1 above that in a condi-
tion of abrupt change in temperature, the output signal of the
pressure sensing units of the special OLED display device is
obviously greater than the output signal of the pressure
sensing units of the OLED display device provided by the
present disclosure. Moreover, the output signal of the pres-
sure sensing units of the OLED display device provided by
the present disclosure tends toward stability. Hence it is
known that the temperature noise of the force sensing layer
of the OLED display noise with the added heat treatment
layer decreases, and the accuracy of the pressure detection
increases.

[0115] Descriptions above are merely the better embodi-
ments of the present disclosure and are not intended to limit
the present disclosure. Various modifications, equivalent
replacement and improvement may be made based on the
principle of the present disclosure while not departing from
the scope of the disclosure.

What is claimed is:

1. A force sensor device, comprising:

a force sensing layer; and

a heat treatment layer disposed on at least one side of the
force sensing layer;

wherein thermal conductivity of the heat treatment layer
is greater than or equal to 200.
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2. The force sensor device of claim 1, wherein the heat
treatment layer is substantially planar orthogonal to a first
direction, and a thermal conductivity of the heat treatment
layer in the first direction is less than a thermal conductivity
of the heat treatment layer in a second direction orthogonal
to the first direction.

3. The force sensor device of claim 2, wherein the thermal
conductivity of the heat treatment layer in the first direction
is less than about 0.25 times the thermal conductivity of the
heat treatment layer in the second direction.

4. The force sensor device of claim 1, wherein the heat
treatment layer is selected from a group consisting of
graphite sheets, graphene sheets, and copper sheets.

5. The force sensor device of claim 4, wherein the heat
treatment layer is grounded to function as a signal mask
layer.

6. The force sensor device of claim 1, wherein one heat
treatment layer is disposed on one side of the force sensing
layer, or a plurality of the heat treatment layers are disposed
on two sides of the force sensing layer.

7. The force sensor device of claim 1, further comprising:

a substrate; and

an adhering layer;,

wherein the force sensing layer is disposed on the sub-

strate; and

wherein the heat treatment layer is adhered to a surface of

the substrate away from the force sensing layer or a
surface of the force sensing layer away from the
substrate by the adhering layer.

8. The force sensor device of claim 1, further comprising:

a substrate;

an adhering layer; and

a protective layer;,

wherein the force sensing layer is disposed on the sub-

strate;

wherein the protective layer covers a surface of the force

sensing layer away from the substrate; and

wherein the heat treatment layer is adhered to a surface of

the protective layer away from the substrate by the
adhering layer.

9. The force sensor device of claim 1, further comprising:

a substrate;

a first adhering layer; and

a second adhering layer;

wherein the heat treatment layer includes a first heat

treatment layer and a second heat treatment layer;
wherein the force sensing layer is disposed on the sub-
strate;

wherein the first heat treatment layer is adhered to a

surface of the force sensing layer away from the
substrate by the first adhering layer; and

wherein the second heat treatment layer is adhered to a

surface of the substrate away from the force sensing
layer by the second adhering layer.

10. The force sensor device of claim 1, wherein the force
sensing layer includes a plurality of pressure sensing units,
each of the pressure sensing units includes a plurality of
sub-pressure sensing units, and there is a differential output
between the sub-pressure sensing units.

11. The force sensor device of claim 10, wherein each of
the pressure sensing units includes four resistors with the
same electrical resistance, the resistors construct a Wheat-
stone bridge, pattern shapes of two of the non-adjacent
resistors have an identical first extending direction, pattern
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shapes of another two of the non-adjacent resistors have an
identical second extending direction, and the first extending
direction and the second extending direction are different.

12. The force sensor device of claim 11, wherein after the
pattern shapes of the resistors with the first extending
direction are rotated 90° in a plane, the rotated pattern
shapes are the same as or mirror-symmetric to the pattern
shapes of the resistors with the second extending direction.

13. An organic light-emitting diode (OLED) display
device, comprising:

an OLED layer;

a central processing unit (CPU) element; and

a force sensor device comprising;

a force sensing layer; and

a heat treatment layer disposed on at least one side of the

force sensing layer:;

wherein thermal conductivity of the heat treatment layer

is greater than or equal to 200.
wherein the force sensor device is disposed between the
OLED layer and the CPU element.

14. The OLED display device of claim 13, further com-
prising a touch panel, wherein the OLED layer is located
between the touch panel and the force sensor device.

15. The OLED display device of claim 13, further com-
prising a touch electrode layer, wherein the touch electrode
layer is configured to sense a touch position, and the touch
electrode layer is embedded in the OLED layer.

I I T T
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