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(54) FLAT PANEL DISPLAY EMBEDDING OPTICAL IMAGING SENSOR

(57) The present disclosure relates to a flat panel dis-
play embedding an optical imaging sensor such as a fin-
gerprint image sensor. The present disclosure provides
a flat panel display embedding an image sensor com-
prising: a display panel (DP) including a display area (AA)
and a non-display area (NA); and a directional optical
unit having a length and a width corresponding to the
display panel (DP) and a thickness, and attached on a
top surface of the display panel (DP), wherein the direc-
tional optical unit includes: a first cover plate (CP1) and
a second cover plate (CP2) having a size corresponding
to the length and the width and joining each other by a
first low refractive layer (LR1) between the first cover
plate and the second cover plate (CP2); a light radiating
film (VHOE) corresponding to the display area (AA) under
the second cover plate (CP2); a light incident film (CHOE)
disposed outside of the display area (AA) at one lateral
side of the light radiating film (VHOE), under the second
cover plate (CP2); a second low refractive layer (LR2)
disposed under the light radiating film (VHOE) and the
light incident film (CHOE), and attached on the top sur-
face of the display panel; and a light source (LS) disposed
at the lateral side of the display panel as facing with the
light incident film (CHOE).
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Description

BACKGROUND

Field of the Disclosure

[0001] The present disclosure relates to a display de-
vice, and more particularly, to a flat panel display em-
bedding an optical imaging sensor including an ultra-thin
substrate providing directional lights and an optical im-
aging sensor.

Description of the Background

[0002] Various computer based systems including
notebook computers, tablet personal computers (or, PC),
smart phones, personal digital assistants, automated tell-
er machines (ATM) and/or search information system
have been developed. As these devices use and store
various personal information as well as business infor-
mation and confidential information, it is required to
strengthen the securities for preventing these important
data being leaked.
[0003] To do so, one method has been suggested for
strengthening the security using an image sensor recog-
nizing the authorized user’s biological information. For
example, the fingerprint sensor is generally used for en-
hancing the security when registering and authenticating
are performed. The fingerprint sensor is for sensing the
fingerprint of user. The fingerprint sensor may be cate-
gorized into an optical fingerprint sensor and a capacitive
fingerprint sensor.
[0004] The optical fingerprint sensor uses a light
source such as a light emitting diode (or LED) to irradiate
lights and detects the lights reflected by the ridge of the
fingerprint using a CMOS (or, complementary metal ox-
ide semiconductor) image sensor. As the optical finger-
print sensor may scan the fingerprint using the LED lights,
it is required that the sensor is equipped with an additional
device for a scanning process. There is a limitation to
increasing the size of the object for scanning the image.
Therefore, there are limitations to applying the optical
fingerprint sensor to various applications such as com-
bining with the display devices.
[0005] For conventional optical fingerprint sensors,
known are Korean patent 10-060817 registered on June
26, 2006 of which title is "A display apparatus having
fingerprint identification sensor" and a Korean patent ap-
plication 10-2016-0043216 published on April 21, 2016
of which title is "Display device including fingerprinting
device".
[0006] The above mentioned optical fingerprint sensor
uses the display area as the touch area for inputting the
user’s selection and the sense area for sensing the fin-
gerprint. However, this optical fingerprint sensor uses the
diffused (or diverged) lights having very low directivity.
Therefore, there is a limitation to recognize the exact fin-
gerprint pattern. When using the collimated lights such

as the infrared laser having high directivity, it is very hard
to generating the sensing lights as covering the wider
area. Therefore, the fingerprint sensing area is restricted
in small area. In order to radiate the collimated lights over
the wider scan area, specific scanning structure is re-
quired, so that this system is not suitable for portable or
personal display apparatus.
[0007] Therefore, for portable devices embedding the
fingerprint sensor, the capacitive fingerprint sensor is
mainly used. However, the capacitive fingerprint sensor
also has many problems.
[0008] The capacitive fingerprint sensor is configured
to detect the difference of the electricity between the ridge
and the valley of the fingerprint contacting on the finger-
print sensor. For conventional capacitive fingerprint sen-
sors, known is US patent application 2013/0307818 pub-
lished on November 21, 2013 of which title is "Capacitive
Sensor Packaging".
[0009] The above mentioned capacitive fingerprint
sensor is an assembly type embedding with a specific
push button. It has a capacitive plate and a silicon wafer
having a circuit for detecting the capacitive storage dif-
ference between the ridge and valley of the fingerprint.
Generally, as the sizes of the ridge and valley of the fin-
gerprint are very tiny, about 300 ∼ 500 mm (micrometer),
the capacitive fingerprint sensor needs a high resolution
sensor array and an integrated chip (or IC) for processing
the fingerprint detection. To do so, the silicon wafer in-
cludes the sensor array and the IC on one substrate.
[0010] However, when the high resolution sensor array
and the IC are formed on the same silicon wafer, the
assembly structure for joining the push button with the
fingerprint sensor is required. Therefore, the structure
would be very complex and further the non-display area
(or bezel area) may be increased. In some cases, the
push button (i.e., the home key of the smart phone) over-
laps the fingerprint sensor, so that the thickness of the
whole device becomes inevitably thick. Further, the sens-
ing area for the fingerprint is dependent on the size of
the push button.
[0011] To solve above mentioned problems and limi-
tations, some technologies have been suggested in
which the touch sensor area is used as for sensing the
fingerprint. For example, known are US 8,564,314 reg-
istered on October 22, 2013 of which title is "Capacitive
touch sensor for identifying a fingerprint", and Korean
patent 10-1432988 registered on August 18, 2014 of
which title is "A capacitive touch screen for integrated of
fingerprint recognition".
[0012] In general, the personal portable devices such
as the smart phones, an additional transparent film is
attached for protecting the display glass panel. When the
above mentioned technologies are applied to the person-
al portable devices, as attaching the protective film ther-
eon, the performance for sensing or recognizing the fin-
gerprint can be substantially degraded. In general, even
though the protective film is attached, the touch function
may be properly operated. However, the detection ability
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for the difference of the capacitive storage amount for
sensing the fingerprint may be deteriorated by the pro-
tective film even though its thickness is very thin.
[0013] For a display embedding the capacitive finger-
print sensor, generally a protective film or a hardening
glass may be further attached on the cover glass of the
display. In that case, the recognition ability can be dete-
riorated. That is, the total thickness of the cover glass
may affect to the sensitivity of the capacitive fingerprint
sensor. In the interim, the diffused lights used in the sens-
ing light source may affect to the sensitivity of the optical
fingerprint sensor. When using the collimated lights for
enhancing the sensitivity of the optical fingerprint sensor,
the bulky and/or complex optical devices are required so
that it is difficult to apply to a display for a personal mobile
device.

SUMMARY

[0014] In order to overcome the above mentioned
drawbacks, the purpose of the present disclosure is to
provide a flat panel display embedding an ultra-thin op-
tical image sensor (or an optical image recognition ap-
paratus). Another purpose of the present disclosure is to
provide a flat panel display having an optical image sen-
sor in which most of all or whole surface of the display
panel would be used for the sensing area. Still another
purpose of the present disclosure is to provide a flat panel
display embedding an optical image sensor in which a
directional light is used as a sensing light covering large
surface. Yet another purpose of the present disclosure
is to provide a flat panel display embedding an ultra-thin
and large area optical image sensor of which resolution
and sensitivity are very high and/or superior. Still yet an-
other purpose of the present disclosure is to provide a
flat panel display embedding an optical image sensor in
which any interference between the printing element dis-
posed at non-display area of the cover plate and the im-
age sensing elements.
[0015] In order to accomplish the above purpose, the
present disclosure provides a flat panel display embed-
ding an image sensor according to claim 1. Further em-
bodiments are described in the dependent claims. Vari-
ous embodiments provide a flat panel display embedding
an image sensor comprising: a display panel including a
display area and a non-display area; and a directional
optical unit having a length and a width corresponding to
the display panel and a thickness, and attached on a top
surface of the display panel, wherein the directional op-
tical unit includes: a first cover plate and a second cover
plate having a size corresponding to the length and the
width and joining each other by a first low refractive layer
between the first cover plate and the second cover plate;
a light radiating film corresponding to the display area
under the second cover plate; a light incident film dis-
posed outside of the display area at one lateral side of
the light radiating film, under the second cover plate; a
second low refractive layer disposed under the light ra-

diating film and the light incident film, and attached on
the top surface of the display panel; and a light source
disposed at the lateral side of the display panel as facing
with the light incident film.
[0016] In one aspect, the light source provides an in-
cident light to an incident point defined on a surface of
the light incident film; the light incident film includes a first
holographic pattern for converting the incident light to a
propagating light having an incident angle satisfying an
internal total reflection condition of the second cover
plate, and for sending the propagating light into the sec-
ond cover plate; and the light radiating film includes a
second holographic pattern for converting some of the
propagating light into the sensing light having a reflection
angle which satisfies a total reflection condition at the top
surface of the first cover plate and a transmitting condition
through the first low refractive layer and the second low
refractive layer.
[0017] In one aspect, the incident angle is larger than
a first internal total reflection critical angle between the
light radiating film and the second low refractive layer,
and larger than a second internal total reflection critical
angle between the second cover plate and the first low
refractive layer.
[0018] In one aspect, the reflection angle is larger than
a first total reflection critical angle between the first cover
plate and an air layer, and smaller than a second total
reflection critical angle between the light radiating film
and the second low refractive layer.
[0019] In one aspect, the propagating light has an ex-
panding angle on a horizontal plane including the length
axis and the width axis, and maintains the collimated
state on a vertical plane including the length axis and the
thickness axis.
[0020] In one aspect, the expanding angle is at least
equal to an inner angle between a first line and a second
line, the first line is connecting the incident point and one
end of an opposite side of the second cover plate, and
the second line is connecting the incident point and other
end of the opposite side of the second cover plate.
[0021] In one aspect, the flat panel display embedding
an image sensor further comprises: a deco layer dis-
posed at least any one of one side and an opposite side
corresponding to the non-display area, under the first
cover plate.
[0022] In one aspect, the light incident film and the light
source are disposed under the deco layer.
[0023] In one aspect, the first low refractive layer and
the deco layer are one of a film, a coating layer and a
pattern disposed between the first cover plate and the
second cover plate.
[0024] In one aspect, a thickness between the deco
layer and the light incident film is 1.0 mm at least.
[0025] In one aspect, the second cover plate has a
thickness of 0.70 mm at least.
[0026] The present disclosure suggests a flat panel
display embedding an optical image sensor that has a
high resolution recognizing ability or sensitivity by pro-
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viding the directionized lights (or ’oriented’) as the sens-
ing lights. Comparing with the diffused lights used in the
conventional art for the fingerprint sensor, because that
the directionized lights according to the present disclo-
sure are used for sensing the image without any loss of
lights so that the present disclosure has the merits of the
higher resolution and the superior sensitivity. The present
disclosure provides a flat panel display embedding a
large area optical image sensor in which a collimated
infrared laser beam is expanded as the sensing lights
over a large area corresponding to the display panel us-
ing a holography technology. The present disclosure pro-
vides a flat panel display having an ultra-thin optical im-
age sensor in which a direction light is provided on the
display surface within a thin thickness. Further, according
to the present disclosure, the protective substrate dis-
posed on the topmost surface is used as the cover sub-
strate of the direction optical substrate. Using a holo-
graphic film, the collimated light is provided as covering
the large area corresponding to the display surface so
that the present disclosure suggests an ultra-thin direc-
tion optical substrate. When joining the optical image
sensor to the display device, the whole thickness of the
display device is not thicker. Especially, joining two cover
glasses and guiding the sensing light for recognizing the
image of the object inside of the lower cover glass, the
light loss can be minimized. Further, the decoration layer
can be inserted between two cover glasses, the interfer-
ences between the decoration layer and any elements
for detecting/recognizing the image would not be oc-
curred.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate aspects of the disclosure and together
with the description serve to explain the principles of the
disclosure.
[0028] In the drawings:

FIG. 1 illustrates a structure of a directional optical
substrate applied for a flat panel display embedding
an optical image sensor according to an aspect of
the present disclosure;
FIG. 2 is a cross-sectional view illustrating light paths
inside the direction optical substrate according to the
FIG. 1;
FIG. 3 illustrates a structure of a flat panel display
embedding an optical image sensor including a di-
rectional optical unit and an optical sensor, according
to an aspect of the present disclosure;
FIG. 4 is a cross-sectional view illustrating a structure
of a liquid crystal display embedding an optical image
sensor including a directional optical unit and an op-
tical sensor according to a first aspect of the present
disclosure;

FIG. 5 is a cross-sectional view illustrating a structure
of an organic light emitting diode display embedding
an optical image sensor including a directional opti-
cal unit and an optical sensor according to a second
aspect of the present disclosure;
FIG. 6 is a cross-sectional view illustrating a structure
of a directional optical unit according to a third aspect
of the present disclosure; and
FIG. 7 is a cross-sectional view illustrating a com-
parison example with the third aspect of the present
disclosure.

DETAILED DESCRIPTION

[0029] Referring to attached figures, we will explain
various aspects of the present disclosure. Like reference
numerals designate like elements throughout the de-
tailed description. However, the present disclosure is not
restricted by these aspects but can be applied to various
changes or modifications without changing the technical
spirit. In the following aspects, the names of the elements
are selected by considering the easiness for explanation
so that they may be different from actual names.
[0030] Hereinafter, referring to FIGs. 1 and 2, an as-
pect of the present disclosure will be described. FIG. 1
is a drawing illustrating a structure of a directional optical
substrate applied for a flat panel display embedding an
optical image sensor according to an aspect of the
present disclosure. The upper part of FIG. 1 is a side
view on the XZ plane and the lower part of FIG. 1 is a
plan view on the XY plane.
[0031] Referring to FIG. 1, a directional optical unit ac-
cording to an aspect includes a directional optical sub-
strate SLS and a light source LS. The directional optical
unit is an optical device for providing the collimated light
expanded as covering a large area corresponding to a
surface of the display. Therefore, the light source LS may
provide collimated light.
[0032] The directional optical substrate SLS includes
a first cover plate CP1, a second cover plate CP2, a deco
layer LO, a light radiating film VHOE, a light incident film
CHOE, a first low refractive layer LR1 and a second low
refractive layer LR2. The first cover plate CP1 and the
second cover plate CP2 may have a rectangular plate
shape having a length, a width and a thickness. In FIG.
1, the length is along to X-axis, the width is along to Y-
axis and the thickness is along Z-axis. The lengths of the
first cover plate CP1 and the second cover plate CP2 are
disposed along X-axis, the widths of the first and the sec-
ond cover plate CP1 and CP2 are disposed along Y-axis,
and the thickness of them are disposed along Z-axis.
[0033] The first cover plate CP1 and the second cover
plate CP2 are joined face to face. At one side and/or at
the opposite side of the bottom surface of the first cover
plate CP1, a decoration layer (or, deco layer) LO may be
disposed. The deco layer LO is the decoration means or
element for representing a logo, a trade mark or an ad-
vertising copy of the product or the manufacturer. The
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deco layer LO may be disposed at the non-display area
including the upper side, the lower side, the left side or
the right side of the display area. Under the first cover
plate CP1 having the deco layer LO, the first low refractive
layer LR1 is disposed. In FIG. 1, two deco layers LO are
disposed at upper side and lower side, respectively and
the first low refractive layer LR1 is disposed between
these two deco layers LO. However, it is not restricted
to FIG. 1. The first low refractive layer LR1 may be dis-
posed as covering all deco layers LO.
[0034] The deco layer LO may include a transparent
or an opaque film on which letters or diagrams are printed
or etched. Otherwise, the deco layer LO may be a layer
directly coated on the bottom surface of the first cover
plate CP1 as representing letters or diagrams. In some
cases, the deco layer LO may be a pattern formed on a
film or on the bottom surface of the first cover plate CP1
directly.
[0035] The second cover plate CP2 is attached on the
first cover plate CP1 with the first low refractive layer LR1
there-between. Between the first cover plate CP1 and
the second cover plate CP2, the deco layer LO and the
first low refractive layer LR1 are inserted. When the deco
layer LO is disposed on the outside surface of the first
cover plate CP1 or the second cover plate CP2, it may
be easily damaged or may be interfered with any other
elements, because the deco layer LO has a thickness.
However, in the aspect of the present disclosure, the
deco layer LO is inserted between the first cover plate
CP1 and the second cover plate CP2 so that it is not
disturbed at the position where other elements are ar-
ranged.
[0036] On the bottom surface of the second cover plate
CP2, the light radiating film VHOE and the light incident
film CHOE are attached. The light radiating film VHOE
is an optical element for providing the radiating lights 300.
The light radiating film VHOE may be disposed as cor-
responding to the area for detecting and/or sensing the
image.
[0037] The light incident film CHOE is an optical ele-
ment for converting the collimated light provided from the
light source into the lights expanded over the area of the
first cover plate CP1 and the second cover plate CP2.
The light incident film CHOE is disposed at outside of the
light radiating film VHOE. Specifically, the light incident
film CHOE is disposed as facing with the light source LS.
[0038] The light radiating film VHOE and the light inci-
dent film CHOE may be disposed on the same plane
level. Considering the manufacturing process, it is further
preferable that the light radiating film VHOE and the light
incident film CHOE are formed as being separated each
other, on a same film. The light radiating film VHOE and
the light incident film CHOE may be the optical elements
having the holographic patterns. In this case, after dis-
posing the master film for the light radiating film VHOE
and the master film for the light incident film CHOE close
each other, these two holographic patterns may be cop-
ied on one holographic recording film, at the same time.

[0039] Under the bottom surface of the light radiating
film VHOE and the light incident film CHOE, a second
low refractive layer LR2 is disposed. The first low refrac-
tive layer LR1 and the second low refractive layer LR2
have the same refractive index. Further, the first low re-
fractive layer LR1 and the second low refractive layer
LR2 may have the refractive index lower than that of the
first cover plate CP1, the second cover plate CP2 and
the light radiating film VHOE.
[0040] For example, the first cover plate CP1 and the
second cover plate CP2 may be formed of a transparent
reinforced glass of which refractive index is 1.5. The light
radiating film VHOE and the light incident film CHOE may
be the transparent holographic recording film and may
have the refractive index same with or slightly larger than
that of the first and the second cover plates CP1 and
CP2. Here, we use the case that the refractive index of
the light radiating film VHOE and the light incident film
CHOE are same with that of the first and the second
cover plates CP1 and CP2. The refractive index of the
first low refractive layer LR1 and the second low refractive
layer LR2 may be similar to or slightly larger than the
refractive index of the scanning objects. For example,
when applying to the fingerprint sensor, the first and the
second low refractive layers LR1 and LR2 may have the
refractive index of 1.4 similar with the refractive index of
human skin, 1.39.
[0041] Then, the second cover plate CP2 and the light
radiating film VHOE having the refractive index of 1.5 are
inserted between the first low refractive layer LR1 and
the second low refractive layer LR2 having the refractive
index of 1.4. As the results, two low refractive layers are
attached at the upper surface and the lower surface of
the high refractive layer. This satisfies the total reflection
condition in which the light can propagate inside of the
high refractive layer. That is, the second cover plate CP2
and the light radiating film VHOE would be the light guid-
ing space in which the lights used for the image sensing
are expanded over the whole surface of the display panel.
[0042] At the space under the light incident film CHOE,
the light source LS is disposed as facing with the light
incident film CHOE. The light source LS may provide a
highly collimated light such as the LASER beams. Spe-
cifically, when applying to the system in which the finger-
print sensor is embedded into a portable display, the light
source LS may provide the infrared laser beam which
cannot be recognized by the human eyes.
[0043] The collimated light from the light source LS, as
an incident light 100, having a predetermined cross sec-
tional area is provided to a light incident point IP defined
on the light incident film CHOE. The incident light 100
may enter onto the normal direction with respect to the
surface of the incident point IP. However, it is not restrict-
ed, in other case, the incident light 100 may enter onto
the incident point IP with an inclined angle with respect
to the normal direction.
[0044] The light incident film CHOE converts the inci-
dent light 100 into a propagating light 200 having an in-
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cident angle and sends it into the second cover plate
CP2. Here, the incident angle may be larger than the
internal total reflection critical angle of the second cover
plate CP2. As the results, as repeating the total reflection,
the propagating light 200 is propagating inside of the sec-
ond cover plate CP2 along to the X-axis, the length di-
rection of the second cover plate CP2.
[0045] The light radiating film VHOE converts some
amount of the propagating light 200 into the radiating
light 300 and refracts the radiating light 300 to upper sur-
face of the first cover plate CP1. Others of the propagat-
ing light 200 would continuously be propagating inside
of the second cover plate CP2. At the upper surface of
the first cover plate CP1, the radiating light 300 is reflect-
ed into the first cover plate CP1, passes through the first
low refractive layer LR1 and then enters into the second
cover plate CP2.
[0046] The radiating light 300 is totally reflected at the
upper surface of the first cover plate CP1. Because the
upper surface of the first cover plate CP1 is contact with
the air of which refractive index is 1.0. However, at the
lower surface of the first cover plate CP1, the radiating
light 300 passes through the first low refractive layer LR1
and then enters into the second cover plate CP2. Further,
the radiating light 300 would transmit the second low re-
fractive layer LR2 disposed at the bottom surface of the
second cover plate CP2 so that the radiating light 300
goes out of the directional optical substrate SLS. In other
words, the radiating light 300 totally reflected at the upper
surface of the first cover plate CP1 would be a sensing
light 400 as passing through the bottom surface of the
second cover plate CP2.
[0047] As the propagating light 200 goes from one side
where the light incident film CHOE is disposed to the
opposite side, a predetermined portion of the propagating
light 200 is extracted as the radiating lights 300 by the
light radiating film VHOE. The amount (or ’brightness’ or
’luminance’) of the radiating light 300 is decided by the
light extraction efficiency of the light radiating film VHOE.
For example, when the light extraction efficiency of the
light radiating film VHOE is 3%, the 3% of the initial light
amount of the propagating light 200 would be extracted
at the first radiating point where the propagating light 200
firstly hits to the light radiating film VHOE. Then, the 97%
of the propagating light 200 would be totally reflected at
the first radiating point and goes on continuously. After
that, at the second radiating point, 3% of the 97%, i.e.,
2.91% of the initial amount of the propagating light 200
would be extracted as the radiating light 300.
[0048] Repeating this operation, a plurality of radiating
lights 300 would be extracted from the first side where
the light incident film CHOE is disposed to the opposite
side of the first and the second cover plate CP1 and CP2.
When the light radiating film VHOE has the light extrac-
tion efficiency same over all areas, the amount of the
propagating light 200 is gradually lowered as propagating
from the first side to opposite side. In order to get an
evenly distributed amount of the lights over the whole

area of the light radiating area, the light extraction effi-
ciency of the light radiating film VHOE may be exponen-
tially increased from the first side to the opposite side.
[0049] As observing the propagating light 200 on the
XZ plane (or, ’vertical plane’) having the length axis and
the thickness axis, the collimated condition of the incident
light 100 is maintained. On the contrary, on the XY plane
(or, ’horizontal plane’) having the length axis and the
width axis, the propagating light 200 may be an diverged
(or, expanded) light having an expanding angle, φ. The
reason of expanding the propagating light 200 is that the
image sensing area is set as covering most area of the
first and the second cover plate CP1 and CP2. For ex-
ample, the light radiating film VHOE may have an area
corresponding to the whole area of the light going-out
part LOT. Further, the expanding angle φ may be an in-
side angle between two lines, one line is connecting the
incident point IP and one end point P1 of the opposite
side of the cover plate CP and the other line is connecting
the incident point IP and other end point P2 of the oppo-
site side of the cover plate CP.
[0050] The area where the light incident film CHOE is
disposed would be defined as a light entering part LIN.
The area where the light radiating film VHOE is disposed
would be defined as a light going-out part LOT. The light
going-out part LOT would be the light propagating part
where the light is going through. In FIG. 1, the light inci-
dent film CHOE covers the whole area of the light entering
part LIN, in convenience. Otherwise, it is enough that the
light incident film CHOE has a size slightly larger than
the size of the light incident point IP.
[0051] For example, the cross sectional size of the col-
limated light generated from the light source LS may have
the right circle shape of which radius is 0.5mm. The light
incident film CHOE would have the length corresponding
to the width of the first and the second cover plates CP1
and CP2 and the width of 3mm ∼ 5mm. The light incident
film CHOE may be disposed as crossing the width of the
first and the second cover plates CP1 and CP2.
[0052] Hereinafter, referring to FIG. 2, we will explain
how the collimated infrared light provided from the light
source is converted into a directional infrared light used
for image sensing inside of the directional optical sub-
strate SLS. FIG. 2 is a cross sectional view illustrating
light paths inside of the directional optical substrate ac-
cording to the FIG. 1.
[0053] The incident light 100 provided from the light
source LS enters onto the normal direction with respect
to the surface of the incident point IP of the light incident
film CHOE. The light incident film CHOE converts the
incident light 100 into a propagating light 200 refracted
as having an incident angle θ to the normal direction with
respect to the surface of the incident point IP. And then,
the light incident film CHOE provides the propagating
light 200 to the inside space (or ’the media’) of the second
cover plate CP2.
[0054] The incident angle θ of the propagating light 200
may be larger than the total reflection critical angle
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TVHOE_LR2 at the interface between the light radiating film
VHOE and the second low refractive layer LR2. Further,
it is preferable that the incident angle θ of the propagating
light 200 is larger than the total reflection critical angle
TCP2_LR1 at the interface between the second cover
plate CP2 and the first low refractive layer LR1.
[0055] For example, when the refraction index of the
second cover plate CP2 and the light radiating film VHOE
is 1.5, and the refraction index of the first low refractive
layer LR1 and the second low refractive layer LR2 are
1.4, the total reflection critical angle TVHOE_LR2 at the
interface between the light radiating film VHOE and the
second low refractive layer LR2 and the total reflection
critical angle TCP2_LR1 at the interface between the sec-
ond cover plate CP2 and the first low refractive layer LR1
may be greater than 69°(degree). Therefore, the incident
angel θ may be larger than 69°. For example, the incident
angle θ may be any one of 70° to 75°.
[0056] The light radiating film VHOE converts a prede-
termined amount of the propagating light 200 into a ra-
diating light 300 having a reflection angle α and sends
the radiating light 300 back into the inside space of the
first cover plate CP1. The radiating light 300 is for detect-
ing an image of an object when the object is contacting
on the upper surface of the first cover plate CP1. When
there is no object on the outer surface of the first cover
plate CP1, the radiating light 300 is totally reflected at
the upper surface of the first cover plate CP1 and then
is provided to the photo sensor (or, optical sensor) dis-
posed at the outside of the bottom surface of the direc-
tional optical substrate SLS. That is, after totally reflected
at the upper surface of the first cover plate CP1, the ra-
diating light 300 goes out of the directional optical sub-
strate SLS, as the sensing light 400.
[0057] The sensing light 400 is the light reflected by
the upper surface of the first cover plate CP1 with an
incident angle (or, reflecting angle) of α. The reflecting
angle α of the sensing light 400 is smaller than the inci-
dent angle θ of the propagating light 300. Therefore, the
sensing light 400 passes through the first cover plate
CP1, the first low refractive layer LR1, the second cover
plate CP2, the light radiating film VHOE and the second
low refractive layer LR2 sequentially, and then goes out
of the directional optical substrate SLS.
[0058] Detecting the sensing light 400 radiated out of
the second low refractive layer LR2 disposed under the
bottom surface of the directional optical substrate SLS,
the images of the object contacted on the upper surface
of the first cover plate CP1 would be recognized. Here-
inafter, we will explain about the image sensing device
applying the directional optical unit as shown in FIG. 1.
Specifically, we focus on a flat panel display embedding
a fingerprint recognizing sensor.
[0059] FIG. 3 illustrates a structure of a flat panel dis-
play embedding an optical image sensor including a di-
rectional optical unit and an optical sensor, according to
an aspect of the present disclosure. Referring to FIG. 3,
a flat panel display embedding an optical image sensor

according to an aspect of the present disclosure com-
prises a display panel DP, a directional optical substrate
SLS and a light source LS. The display panel DP includes
a display area AA and a non-display area NA. The display
area AA may be disposed at the middle portions of the
display panel DP. The non-display area NA may be sur-
rounding the display area AA. The display area AA may
have a plurality of the display elements for representing
the video images shown on the display panel DP. The
non-display area may have a plurality of the driving ele-
ments for operating the display elements arrayed in the
display area AA.
[0060] In detail, a plurality of pixel area for representing
the video images may be arrayed in a matrix manner in
the display area AA. At least one of the pixel areas, one
photo sensor may be includes for detecting the image of
the object. In some cases, one photo sensor may be dis-
posed at one group of the pixel areas. For example, one
photo sensor would be disposed at every pixel group
including 2x2, 3x3 or 4x4 pixels.
[0061] The directional optical substrate SLS may be a
thin plate having a predetermined length, width and thick-
ness. The length and width of the directional optical sub-
strate SLS may have an enough size corresponding to
the size of the display panel DP. Specifically, the direc-
tional optical substrate SLS may have the size slightly
larger than that of the display panel DP. At least, the
directional optical substrate SLS may have the extended
(or expanded) area over one side of the display panel
DP. At the extended side area over the display panel DP,
the light source LS may be disposed.
[0062] The directional optical substrate SLS may be
joined with the display panel DP as it is attached on the
upper surface of the display panel DP. The directional
optical substrate SLS includes a first cover plate CP1, a
second cover plate CP2, a deco layer LO, a light radiating
film VHOE, a light incident film CHOE, a first low refractive
layer LR1 and a second low refractive layer LR2, as men-
tioned above. The first low refractive layer LR1 is inserted
between the first cover plate CP1 and the second cover
plate CP2 for attaching the first cover plate CP1 and the
second cover plate CP2 in face to face.
[0063] The second low refractive layer LR2 may be
inserted between the second cover plate CP2 and the
display panel DP for attaching the directional optical sub-
strate SLS with the display panel DP. Here, the upper
surface of the display panel DP is the front face providing
the video images from the display panel DP. That is, the
user observes the video image as seeing the upper sur-
face of the display panel DP.
[0064] The directional optical substrate SLS, as men-
tioned above, may provide the image sensing light 400
to the bottom surface facing with the upper surface of the
display panel DP. Therefore, the photo sensor disposed
in the display panel DP located under the directional op-
tical substrate SLS may detect the sensing light 400. As
the results, the images of the object (for example, the
ridge pattern of the fingerprint) contacting on the upper
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surface of the directional optical substrate SLS may be
recognized.
[0065] In detail, the radiating light 300 generated by
the light radiating film VHOE of the directional optical
substrate SLS would reach to the upper surface of the
first cover plate CP1. When an object IM is disposed on
the first cover plate CP1, the radiating light 300 hits the
area where the object IM is not contacting is totally re-
flected and provided to the display panel DP as the sens-
ing light 400. On the contrary, the radiating light 300 hits
the area where the object IM is contacting is refracted
and goes out to the first cover plate CP1. At the point
where the object IM having the refraction index larger
than that of air is contacting, the radiating light 300 is not
totally reflected but it is refracted into the object IM. That
is, at the area where the object IM is contacting, the ra-
diating light 300 would be an absorbed light 500 so that
it is not provided to the photo sensor of the display panel
DP.
[0066] As the results, the photo sensor of the display
panel DP detects only the sensing lights 400 except the
absorbed lights 500 among the radiating lights 300. De-
tecting the reflection patterns of the sensing lights 400
reflected at the top surface of the first cover plate CP1,
the photo sensors of the display panel DP reproduces
the patterns or images of the object IM.
[0067] When applying the directional optical unit to the
fingerprint sensor, the object IM would be the finger of
the human. The ridge R of the fingerprint is contacting
on the top surface of the first cover plate CP1 but the
valley V of the fingerprint is not contacting with the top
surface of the first cover plate CP1. The radiating lights
300 hit the valley V are totally reflected to be the sensing
lights 400. In the interim, the radiating lights 300 hit the
ridge R are refracted so that they would be the absorbed
lights 500 going out of the first cover plate CP1.
[0068] Further referring to FIG. 3B, we will explain
about the process of the image sensing on the XY plane.
The incident light 100 may include a collimated infrared
light having a predetermined cross sectional area. The
light source LS may be an infrared LASER diode (or ’IR
LD’).
[0069] The incident light 100 would be converted to a
propagating light 200 by the light incident film CHOE.
Here, the propagating light 200 would be expanded as
having an expanding angle φ on the XY plane including
the length axis on the X axis and the width axis on the Y
axis. In the interim, on the XZ plane including the length
axis on the X axis and the thickness axis on the Z axis,
the initial collimated condition would be maintained.
[0070] Here, the expanding angle φ may be equal to
or slightly larger than the inside angle of two lines con-
necting from the light incident point IP to the two end
points of the first and the second cover plate CP1 and
CP2 oppositing the light incident film CHOE, respectively.
In this case, the propagating light 200 may be expanded
as having a triangular shape having the expanding angle
φ. As the results, the radiating lights 300 may covers the

same area covered as the propagating light 200 is ex-
panded. That is, the image sensing area would be defined
inside of the triangular shape. When applying with the
fingerprint sensor, the fingerprint sensing area SA may
be defined as the circle area hatched in FIG. 3.
[0071] When setting the sensing area SA on the center
portion or on upside-shifted portion away from the light
incident film CHOE, the amount (or luminance or bright-
ness) of the radiating lights 300 may have the maximum
value in the sensing area SA. To do so, the light radiating
film VHOE may be designed as having varying light ex-
traction efficiency according to the functional relationship
with the position, such that the amount of the radiating
lights 300 may have the maximum value at the area cor-
responding to the sensing area SA and have the mini-
mum value or the zero at the other areas.

< First Aspect >

[0072] Until now, we explain about the features of the
present disclosure based on the directional optical unit
for providing the directional lights in the flat panel display
embedding an optical image sensor. Hereinafter, we will
explain about the application aspect for the whole struc-
ture of the flat panel display embedding an optical image
sensor formed by joining the flat display panel with a di-
rectional optical unit according to the present disclosure.
[0073] Referring to FIG. 4, we will explain about a flat
panel display embedding an optical image sensor ac-
cording to the first application example. FIG. 4 is a cross
sectional view illustrating a structure of a liquid crystal
display embedding an optical image sensor including a
directional optical unit and an optical sensor according
to the first application example.
[0074] The liquid crystal display embedding an optical
image sensor according to the first application example
comprises a liquid crystal display panel LCP, a directional
optical substrate SLS and a light source LS. The liquid
crystal display panel LCP includes a lower substrate SL
and an upper substrate SU joining each other and a liquid
crystal layer LC disposed between two substrates SL and
SU. On the lower substrate SL, a plurality of the pixel
areas are disposed in a matrix manner. At the upper sub-
strate SU, a plurality of color filters is disposed as each
color filter is corresponding to each pixel area. Otherwise,
the upper substrate SU may have any important ele-
ments. Here, the liquid crystal display panel LCP shown
in figure is one of a horizontal electric field type. However,
it is not restricted this type of liquid crystal display panel,
but various type liquid crystal display panels may be
used.
[0075] Within each pixel area, the pixel electrode PXL
and the common electrode COM are disposed for repre-
senting video images. Further, the thin film transistor T
would be disposed for selectively supplying the video sig-
nal to the pixel electrode PXL. The photo sensor TS may
be disposed near the thin film transistor T. At least one
photo sensor TS may be disposed at each of the pixel
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area. Otherwise, one photo sensor TS may be disposed
at set of the pixel areas.
[0076] On the top surface of the upper substrate SU
of the liquid crystal display panel LCP, the directional
optical substrate SLS according to the aspects of the
present disclosure is attached in a face-to-face manner.
The directional optical substrate SLS includes a first cov-
er plate CP1, a second cover plate CP2, a deco layer
LO, a light radiating film VHOE, a light incident film
CHOE, a first low refractive layer LR1 and a second low
refractive layer LR2. The second low refractive layer LR2
of the directional optical substrate SLS is attached with
the top surface of the upper substrate SU.
[0077] The liquid crystal display panel LCP is one of
the non-self-emission display panels which cannot radi-
ate the light. Therefore, a back light unit BLU may be
required under the bottom surface of the low substrate
SL. At one lateral side, the light source LS may be dis-
posed as facing with the light incident film CHOE. The
light source LS may be configured with the back light unit
BLU as the one-body system. Otherwise, the light source
LS may be disposed near the back light unit BLU as being
apart from the back light unit BLU.
[0078] The liquid crystal display panel LCP includes a
display area AA and a non-display area NA. The light
radiating film VHOE of the directional optical substrate
SLS may be disposed as corresponding to the display
area AA. The light source LS may be disposed in the
non-display area NA as facing with the light incident film
CHOE. The deco layer LO may be disposed as corre-
sponding to the non-display area NA.

< Second Aspect >

[0079] Referring to FIG. 5, we will explain about a flat
panel display embedding an optical image sensor ac-
cording to the second application example. FIG. 5 is a
cross sectional view illustrating a structure of an organic
light emitting diode display embedding an optical image
sensor including a directional optical unit and an optical
sensor according to the second application example.
[0080] The organic light emitting diode display embed-
ding an optical image sensor according to the second
application example comprises an organic light emitting
diode display panel OLP, a directional optical substrate
SLS and a light source LS. The organic light emitting
diode display panel OLP includes a substrate SUB hav-
ing the display elements and an en-cap ENC, as attach-
ing each other in a face-to-face manner. On the substrate
SUB, a plurality of pixel areas is disposed in a matrix
manner. At the en-cap ENC, a plurality of color filters may
be disposed as each color filter is corresponding to each
pixel area. Otherwise, the en-cap ENC may be a trans-
parent substrate without any specific elements. Here, the
organic light emitting diode display panel OLP shown in
figure is one of top emission type. However, it is not re-
stricted the top emission type, but various type including
bottom emission type or both side emission type may be

used.
[0081] Within each pixel area, the organic light emitting
diode OLE for representing the video image and the thin
film transistor T for selectively supplying the video data
to the organic light emitting diode OLE are disposed. The
organic light emitting diode OLE includes an anode elec-
trode ANO, an organic light emitting layer OL and a cath-
ode electrode CAT. The photo sensor TS may be dis-
posed near the thin film transistor T. At least one photo
sensor TS may be disposed at each of the pixel area.
Otherwise, one photo sensor TS may be disposed at set
of the pixel areas.
[0082] On the top surface of the en-cap ENC of the
organic light emitting diode display panel OLP, the direc-
tional optical substrate SLS according to the aspects of
the present disclosure is attached in a face-to-face man-
ner. The directional optical substrate SLS includes a first
cover plate CP1, a second cover plate CP2, a deco layer
LO, a light radiating film VHOE, a light incident film
CHOE, a first low refractive layer LR1 and a second low
refractive layer LR2. The second low refractive layer LR2
of the directional optical substrate SLS is attached with
the top surface of the en-cap ENC.
[0083] The organic light emitting diode display panel
OLP is one of the self-emission display panel which can
radiate the light. Therefore, it does not require the back
light unit BLU. Therefore, the light source LS may be
disposed at one lateral side of the organic light emitting
diode display panel OLP as facing with the light incident
film CHOE.
[0084] In detail, the organic light emitting diode display
panel OLP includes a display area AA and a non-display
area NA. The directional optical substrate SLS may have
slightly larger size than the organic light emitting diode
display panel OLP. The light radiating film VHOE of the
directional optical substrate SLS may be disposed as cor-
responding to the display area AA. The light incident film
CHOE may be disposed as covering an exterior space
extended from one lateral side of the organic light emitting
diode display panel OLP. The light source LS may be
disposed under the exterior space as facing with the light
incident film CHOE. The deco layer LO may be disposed
within the non-display area NA.
[0085] As mentioned above, the display embedding an
optical image sensor includes a cover plate disposed at
the outermost surface and an ultra-thin film type holo-
graphic film having at most some hundreds mm of thick-
ness and attached at one side of the cover plate. There-
fore, the optical image sensor according to the present
disclosure can be configured with the display panel in
which the total thickness is not too being thicker. Further,
evenly distributing the highly collimated sensing lights
over the most surface of the display panel, the ultra-high
resolution for image sensing would be acquired. There-
fore, it is very efficient to detect tiny image pattern such
as fingerprint or palm print one the large area, exactly.
[0086] The display embedding an optical image sensor
according to the present disclosure has a feature in which
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the cover glass is used as a means that provides the
lights for sensing the image of the object. Specifically,
using thinner two attached cover glasses of which thick-
ness is reduced in half, and inserting the holographic
elements and the deco layer between the two cover
glasses, these elements can be disposed without any
interferences from each other. As each of two cover
glasses has the thickness reduced in half, the display
panel embedding the image sensor can be acquired with-
out increasing of the total thickness and/or weight of the
display.

< Third Aspect >

[0087] Hereinafter, referring to FIG. 6, we will explain
about the structure of a directional optical unit according
to the third application example of present disclosure,
more detail. FIG. 6 is a cross sectional view illustrating
a structure of a directional optical unit according to the
third application example of the present disclosure. The
directional optical unit according to the third application
example may be applied to the liquid crystal display
and/or the organic light emitting diode display mentioned
in the first application example and the second applica-
tion example.
[0088] The directional optical unit according to the third
application example has a similar structure shown in FIG.
1, basically. The main features of the third application
example are that the detail stacking structure and the
thickness relationships. Hereinafter, the descriptions
having no extra meanings will not be duplicated.
[0089] Referring to FIG. 6, the directional optical unit
according to the third application example comprises a
directional optical substrate SLS and a light source LS.
The directional optical substrate SLS includes a first cov-
er plate CP1, a second cover plate CP2, a deco layer
LO, a light radiating film VHOE, a light incident film
CHOE, a first low refractive layer LR1 and a second low
refractive layer LR2.
[0090] The first cover plate CP1 and the second cover
plate CP2 are joined face to face. At one side and/or at
the opposite side of the bottom surface of the first cover
plate CP1, a decoration layer (or, deco layer) LO may be
disposed. The deco layer LO is the decoration means or
element for representing a logo, a trade mark or an ad-
vertising copy of the product or the manufacturer. Under
the first cover plate CP1 having the deco layer LO, the
first low refractive layer LR1 is disposed. In FIG. 6, the
deco layer LO and the first low refractive layer LR1 are
disposed on the same layer. The first low refractive layer
LR1 may be disposed as covering the deco layers LO.
[0091] The deco layer LO may include a transparent
or an opaque film on which letters or diagrams are printed
or etched. Otherwise, the deco layer LO may be a layer
directly coated on the bottom surface of the first cover
plate CP1 as representing letters or diagrams. In some
cases, the deco layer LO may be a pattern formed on a
film or on the bottom surface of the first cover plate CP1

directly.
[0092] The second cover plate CP2 is attached on the
first cover plate CP1 with the first low refractive layer LR1
there-between. Between the first cover plate CP1 and
the second cover plate CP2, the deco layer LO and the
first low refractive layer LR1 are inserted. Here, the first
cover plate CP1 and the second cover plate CP2 may
be attached in a face-to-face manner each other with a
first optical adhesive OCA1. For example, the first optical
adhesive OCA1 is coated on the whole bottom surface
of the deco layer LO and the first low refractive layer LR1.
The second cover plate CP2 is attached to the first optical
adhesive OCA1.
[0093] On the bottom surface of the second cover plate
CP2, the light radiating film VHOE and the light incident
film CHOE are attached. The light radiating film VHOE
and the light incident film CHOE are disposed on the
same layer. The light radiating film VHOE and the light
incident film CHOE may be attached to the second cover
plate CP2 by a second optical adhesive OCA2 in a face-
to-face manner. The light radiating film VHOE may be
disposed as corresponding to the area for detecting
and/or sensing the image.
[0094] Under the bottom surface of the light radiating
film VHOE and the light incident film CHOE, a second
low refractive layer LR2 is disposed. The first low refrac-
tive layer LR1 and the second low refractive layer LR2
may have the same refractive index. Further, the first low
refractive layer LR1 and the second low refractive layer
LR2 may have the refractive index lower than that of the
first cover plate CP1, the second cover plate CP2 and
the light radiating film VHOE.
[0095] The light source LS provides the incident light
100 to the light incident film CHOE. The light source LS
may be disposed as the incident light 100 hits on the
center of the light incident film CHOE. The light incident
film CHOE converts the incident light 100 into a propa-
gating light 200 and sends it into the second cover plate
CP2. Here, the propagating light 200 may have an inci-
dent angle (or reflecting angle) θ of which range may be
70° to 75° as propagating into the second cover plate
CP2. In the third application example, the propagating
light 200 may have the incident angle of 72°.
[0096] Under these conditions, the position where the
propagating light 200 hits the first low refractive layer LR1
at first is decided by the incident angle θ and a first thick-
ness T1. Here, the first thickness T1 is corresponding to
the distance between the light incident film CHOE and
the deco layer LO or to the distance between the light
incident film CHOE and the first low refractive layer LR1.
[0097] For example, considering the manufacturing
process, the light incident film CHOE may have a width
of 5 mm. In that case, the deco layer LO may have the
similar size with the light incident film CHOE. That is, the
deco layer LO may have a width of 5 mm.
[0098] Further, with the above conditions, the first
thickness T1 may be 1.0 mm. Considering the incident
angle of 72°, the first length <1 from the center point of
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the light incident film CHOE to the first hit point of the
propagating light 200 to the first low refraction layer LR1
would be 3.1 mm. Therefore, it is preferable that the deco
layer LO has a width WLO less than 6.2 mm.
[0099] More detail, the thicknesses of the first optical
adhesive OCA1 and the second optical adhesive OCA2
are selected one of 0.10 ∼ 0.15 mm. Therefore, the thick-
ness of the second cover plate CP2 may be 0.70 mm
(700 mm) at least.
[0100] Ensuring that the thickness of the second cover
plate CP2 is 0.70 mm at least, the first thickness T1 may
be 1.0 mm at least. These values are not just designing
variation. The present disclosure has a feature in which
the lights from the light source LS is changed into the
propagating light 200 satisfying the internal total reflec-
tion conditions within the second cover plate CP2 using
the light incident film CHOE one of holographic elements.
[0101] That is, the propagating light 200 which is dif-
fracted from the incident light 100 by the light incident
film CHOE is the first diffraction light. Therefore, the 0th
diffraction light 1000 which is not diffracted from the in-
cident light 100 by the light incident film CHOE would be
provided. When the 0th diffraction light 1000 is directly
radiated out, it give any unexpected hindrance to the us-
er. Therefore, the 0th diffraction light 1000 may be
blocked by the deco layer LO. In order to increase the
blocking property to the 0th diffraction light 1000, the deco
layer LO may have a black background on which the
decoration pattern is printed.
[0102] However, when the second cover plate CP2
does not have enough thickness, the deco layer LO can-
not block the 0th diffraction light 1000 perfectly, even
though the deco layer LO includes a black light absorbing
material. Hereinafter, referring to FIG. 7 illustrating a
comparison example, the reason will be explained.

<Comparison Example>

[0103] FIG. 7 is a cross sectional view illustrating a
comparison example with the third aspect of the present
disclosure. The directional optical unit according to the
comparison example has a structure in which single cov-
er plate CP is included only. Referring to FIG. 7, the di-
rectional optical unit according to the comparison exam-
ple includes a directional optical substrate SLS and a
light source LS.
[0104] The directional optical substrate SLS includes
one cover plate CP, a deco layer LO, an optical adhesive
OCA, a light radiating film VHOE, a light incident film
CHOE and a low refractive layer LR. At one side of the
bottom surface of the cover plate CP, the deco layer LO
is disposed. Under the bottom surface of the cover plate
CP having the deco layer LO, the light radiating film
VHOE and the light incident film CHOE are disposed.
Here, between the bottom surface of the cover plate CP
having the deco layer LO and the light radiating film
VHOE (and the light incident film CHOE), the optical ad-
hesive OCA is inserted. Under the light radiating film

VHOE and the light incident film CHOE, the low refractive
layer LR is disposed.
[0105] The incident light 100 provided from the light
source LS hits on the center of the light incident film
CHOE. The incident light 100 is converted into a propa-
gating light 200. The propagating light 200 enters into
the cover plate CP. Here, the propagating light 200 has
an incident angle of 72°.
[0106] The optical adhesive OCA has a thickness 0.10
∼ 0.15 mm, corresponding to the second thickness T2.
Here, the second thickness T2 is corresponding to the
distance between the light incident film CHOE and the
deco layer LO. Under this condition, considering the in-
cident angle of 72°, the second length <2 from the center
point of the light incident film CHOE to the first hit point
of the propagating light 200 to the bottom surface of the
cover plate CP would be 0.31mm. Therefore, the deco
layer LO has a width WLO less than 0.62 mm.
[0107] When the incident light 100 provided from the
light source LS has a diameter of 0.5mm, the deco layer
LO would have a larger size than the diameter of the
incident light 100. In that case, the 0th diffraction light
1000 is not be blocked perfectly, but some of the 0th
diffraction light 1000 may be leaked out at the side edge
of the deco layer LO. If enlarging the size of the deco
layer LO to perfectly block the 0th diffraction light 1000,
the propagating light 200 which is the first diffraction light
of the incident light 100 is blocked, so that the propagating
light 200 does not enter into the cover plate CP. Accord-
ing to the comparison example, the 0th diffraction light
1000 from the light incident film CHOE is leaked out and
it may cause the bad affections to the user.
[0108] Considering the comparison example, the di-
rectional optical unit may include two cover plates and
the second cover plate CP2 disposed at lower layer has
the thickness of 0.70 mm at least, as explained in the
third application example. Further, the distance between
the light incident film CHOE and the deco layer LO may
be 1.0 mm at least.
[0109] With the distance of 1.0 mm at least between
the light incident film CHOE and the deco layer LO, the
0th diffraction light 1000 is perfectly blocked as well as
the deco layer LO can be freely designed without any
restriction to its size. By ensuring the distance between
the light incident film CHOE and the deco layer LO, the
first hit position, along to X-axis, of the propagating light
200 onto the first low refractive layer LR1 have enough
long distance to block the 0th diffraction light 1000 per-
fectly. Therefore, the deco layer LO can have a size
enough to block the 0th diffraction light 1000 perfectly.
[0110] Here, we provide that the minimum thickness
between the light incident film CHOE and the deco layer
LO is 1.0 mm, in order to block the 0th diffraction light at
first. However, the thickness is not to be restricted to the
1.0 mm or more. Considering other conditions such as
the wavelength of the incident light provided from the
light source LS, this minimum thickness may be less than
1.0 mm. For example, when the thickness between the
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light incident film CHOE and the deco layer LO is 0.5
mm, the 0th diffraction light may be blocked with modify-
ing other conditions. However, considering the manufac-
turing conditions and other conditions, it is more prefer-
able that the thickness between the light incident film
CHOE and the deco layer LO is 1.0 mm.
[0111] While the aspect of the present disclosure has
been described in detail with reference to the drawings,
it will be understood by those skilled in the art that the
disclosure can be implemented in other specific forms
without changing the essential features of the disclosure.
Therefore, it should be noted that the forgoing aspects
are merely illustrative in all aspects and are not to be
construed as limiting the disclosure. The scope of the
disclosure is defined by the appended claims rather than
the detailed description of the disclosure. All changes or
modifications made within the scope of the claims should
be construed as falling within the scope of the disclosure.

Claims

1. A flat panel display embedding an image sensor
comprising:

a display panel (DP) including a display area
(AA) and a non-display area (NA); and
a directional optical unit attached to the display
panel (DP), comprising:

a first cover plate (CP1) and a second cover
plate (CP2) facing each other;
a first low refractive layer (LR1) disposed
between the first and second cover plates
(CP1, CP2);
a light radiating film (VHOE) disposed under
the second cover plate (CP2) and having a
length corresponding to the display area
(AA);
a light incident film (CHOE) disposed under
the second cover plate (CP2) and outside
the display area (AA) at one lateral side of
the light radiating film (VHOE);

a second low refractive layer (LR2) disposed un-
der the light radiating film (VHOE) and the light
incident film (CHOE) and attached on the display
panel (DP); and
a light source (LS) disposed at the lateral side
of the display panel (DP) and facing the light
incident film (CHOE).

2. The device according to the claim 1, wherein the light
source (LS) is configured to provide an incident light
to an incident point (IP) defined on a surface of the
light incident film (CHOE);
wherein the light incident film (CHOE) includes a first
holographic pattern configured to convert the inci-

dent light to a propagating light having an incident
angle (θ) satisfying an internal total reflection condi-
tion of the second cover plate (CP2), and send the
propagating light into the second cover plate (CP2);
and
wherein the light radiating film (VHOE) includes a
second holographic pattern configured to convert
some of the propagating light into the sensing light
having a reflection angle (α) which satisfies a total
reflection condition at a top surface of the first cover
plate (CP1) and a transmitting condition through the
first low refractive layer (LR1) and the second low
refractive layer (LR2).

3. The device according to the claim 2, wherein the
incident angle (θ) is larger than a first internal total
reflection critical angle between the light radiating
film (VHOE) and the second low refractive layer
(LR2), and larger than a second internal total reflec-
tion critical angle between the second cover plate
(CP2) and the first low refractive layer (LR1).

4. The device according to the claim 2 or 3, wherein
the reflection angle (α) is larger than a first total re-
flection critical angle between the first cover plate
(CP1) and an air layer, and smaller than a second
total reflection critical angle between the light radi-
ating film (VHOE) and the second low refractive layer
(LR2).

5. The device according to any one of the claims 2 to
4, wherein the propagating light has an expanding
angle (φ) on a horizontal plane including a length
axis and a width axis, and maintains a collimated
state on a vertical plane including the length axis and
a thickness axis.

6. The device according to the claim 5, wherein the
expanding angle (φ) is at least equal to an inner angle
between a first line and a second line, the first line
is connecting the incident point (IP) and one end
point (PI) of an opposite side of the second cover
plate (CP2), and the second line is connecting the
incident point (IP) and other end point (P2) of the
opposite side of the second cover plate (CP2).

7. The device according to any one of the claims 1 to
6, further comprising:

a decoration layer (LO) disposed at least any
one of one side and an opposite side corre-
sponding to the non-display area (NA), under
the first cover plate (CP1).

8. The device according to the claim 7, wherein the light
incident film (CHOE) and the light source (LS) are
disposed under the decoration layer (LO).
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9. The device according to the claim 7 or 8, wherein
the first low refractive layer (LR1) and the decoration
layer (LO) are formed of a film, a coating layer and
a pattern disposed between the first cover plate
(CP1) and the second cover plate (CP2).

10. The device according to any one of the claims 7 to
9, wherein a thickness between the decoration layer
(LO) and the light incident film (CHOE) is at least 1.0
mm.

11. The device according to any one of the claims 1 to
10, wherein the second cover (CP2) plate has a thick-
ness of at least 0.70 mm.
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