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(54) VIEWING ANGLE SWITCHABLE BACK LIGHT UNIT

(57) The present disclosure relates to a viewing an-
gle switchable back light unit in which the general mode
and the privacy mode in a liquid crystal display can be
selected. The present disclosure suggests a thin film type
back light unit comprising: a light guide film (LGF), a light
radiator (VHOE), a first light source (LS1) and a light col-
limator (WLC). The light guide film (LGF) includes a light
entering part (LIN) defined at one side, a light guiding
part (LWG) extending from the one side to an opposite
side of the one side, and a light radiating part (LOT) de-
fined on one plane surface. The light radiator (VHOE) is
disposed on the light radiating part (LOT). The first light
source (LS1) is disposed as facing the light entering part
(LIN). The light collimator (WLC) is disposed on the light
entering part (LIN) as facing the first light source (LS1).
The light collimator (WLC) receives an expanding light
from the first light source (LS1), converts the expanding
light into a collimated light, and provides the collimated
light to the light entering part (LIN).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present disclosure relates to a viewing an-
gle switchable back light unit in which the general mode
and the privacy mode in a liquid crystal display can be
selected. Especially, the present disclosure relates to a
back light unit in which the display information can be
suggested within a specific viewing angle in a liquid crys-
tal display by using an ultra thin light guide film.

Discussion of the Related Art

[0002] Nowadays, due to the characteristics of light
weight, slim thickness, low consumption electric power,
the liquid crystal display device (or, LCD) is widely applied
more and more. The LCD is applied to the portable com-
puter such as note book PC, the official automation de-
vices, the audio/video devices, the advertizing display
device for indoor or outdoor, and so on. The transmittive
type LCD, the most used type, represents the video im-
ages by modulating the luminescence of the light incident
from the backlight unit by controlling the electric field ap-
plied to the liquid crystal layer.
[0003] Typically, there are two types of back light unit,
the one type is the direct type and the other is the edge
type. The direct type back light unit has a structure in
which a plurality of optical sheets and a diffusion plate
are stacked under the liquid crystal panel and a plurality
of light sources are disposed under the diffusion plate.
FIG. 1 is a cross sectional view illustrating a structure of
the liquid crystal display having the direct type back light
unit including the light emitting diode(or, LED) array as
the light source according to the related art.
[0004] The direct type back light unit DBLU includes a
light source disposed under a liquid crystal panel LCDP
and radiating the back light directly to the liquid crystal
panel LCDP. The light source may be a thin fluorescent
lamp. Otherwise, as shown in FIG. 1, the light source
may be the LED array LEDAR having a lower power con-
sumption and enhanced luminescence. The LED array
LEDAR is disposed in a matrix manner on the bottom
surface of the case CASE. The case CASE may be in-
stalled at the cover bottom CB. In some cases, the case
CASE may be omitted, and the LED array LEDAR may
be disposed at the cover bottom CB directly. On the LED
array LEDAR, a diffusion plate DIFF is disposed. The
diffusion plate DIFF diffuses the back light from the LED
array LEDAR to provide the evenly scattered back light
over the light incident surface of the liquid crystal panel
LCDP.
[0005] Between the diffusion plate DIFF and the liquid
crystal panel LCDP, a plurality of optical sheets OPT may
be disposed. The optical sheets OPT include one or more
prism sheet, one or more diffusion sheet, and/or a dual

brightness enhancement film (or DBEF). The prism sheet
converses the scattered and/or diffused back light by the
diffusion plate DIFF to the liquid crystal panel LCDP for
enhancing the brightness of the back light. The diffusion
sheet diffuses again the conversed back light by the prism
sheet over the liquid crystal panel LCDP to having evenly
distributed luminescence.
[0006] A guide panel GP wraps and/or surrounds the
side surfaces of the liquid crystal panel LCDP and the
direct type back light unit DBLU and supports the liquid
crystal panel LCDP by inserting between the liquid crystal
panel LCDP and the optical sheets OPT. The cover bot-
tom CB wraps and/or surrounds the case CASE and the
bottom surface of the direct type back light unit. On the
bottom surface of the case CASE having the LED array
LEDAR, a reflective sheet REF is disposed to reflect the
back light leaked from the diffusion plate DIFF and/or the
optical sheets OPT to the liquid crystal panel LCDP. The
top case TP surrounds the upper edge of the liquid crystal
panel LCDP and the side surface of the guide panel GP.
[0007] In the interim, the edge type back light unit may
have thinner thickness than the direct type back light unit.
Currently, the liquid crystal display devices have the LED
light source rather than the fluorescent lamp. Especially,
due to the easy installation of the light source, the edge
type back light unit, in which LED light sources are dis-
posed at the side surface of the liquid crystal panel, is
more widely applied.
[0008] Hereinafter, referring to FIG. 2, we will explain
about the edge type back light unit. FIG. 2 is a cross
sectional view illustrating a structure of the liquid crystal
display having the edge type back light unit including the
light emitting diode array as the light source according
to the related art.
[0009] Referring to FIG. 2, the edge type back light unit
comprises a cover bottom CB, a light guide LG disposed
at a bottom surface of the cover bottom CB, and light
source disposed between the side surface of the light
guide LG and the cover bottom CB and providing the
back light to the side surface of the light guide LG. The
light source may be a thin fluorescent lamp. Otherwise,
as shown in FIG. 1, the light source may be the LED array
LEDAR having a lower power consumption and en-
hanced luminescence. The light source may be disposed
at the side surface of the light guide LG using the installing
means like housing. The light guide LG receives the back
light from the LED array LEDAR and refracts the direction
of the back light as being perpendicular to the light inci-
dent surface of the liquid crystal panel LCDP. Between
the light guide LG and the liquid crystal panel LCDP, a
plurality of optical sheets OPT is disposed. The optical
sheets OPT include one or more prism sheet, and one
or more diffusion sheet for scattering and/or diffusing the
back light from the light guide LG. To enhance the bright-
ness and/or luminescence, the optical sheets OPT may
further include a dual brightness enhancement film (or
DBEF).
[0010] The guide panel GP wraps and/or surrounds
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the side surfaces of the liquid crystal panel LCDP and
the edge type back light unit, and supports the liquid crys-
tal panel LCDP by inserting between the liquid crystal
panel LCDP and the optical sheets OPT. Between the
cover bottom CB and the light guide LG, a reflective sheet
REF is disposed to reflect the back light leaked from the
diffusion plate DIFF and/or the optical sheets OPT to the
liquid crystal panel LCDP. The top case TP surrounds
the upper edge of the liquid crystal panel LCDP and the
side surface of the guide panel GP.
[0011] As mentioned above, the liquid crystal display,
one example of non-self luminance display, should have
the back light unit. The back light unit would be configured
to suggest the back light evenly distributed over the whole
surface of the liquid crystal panel. Therefore, various op-
tical devices and/or means for transforming a light from
the point light source or the line light source to a light
from the plane light source. Further, considering the op-
tical characteristics and structures of these optical devic-
es and/or means, the back light unit would have some
thickness. Even though the flat type displays including
the liquid crystal display are remarkably thinned than the
conventional display like CRT (i.e., cathode ray tube),
more advanced technology for developing new back light
unit suitable for much thinner and lower power consump-
tion display device is required.
[0012] The light system according to the related art
mentioned above may be applied in the back light unit in
the non-self luminance display such as the liquid crystal
display. The back light unit is disposed at the rear side
of the liquid crystal display for providing the back light to
the front side where the observer is located. The back
light unit is designed as to radiate the back light to the
front direction with evenly distributed luminance.
[0013] In most cases, the liquid crystal display provides
the video information to all people who can look the front
surface of the display. However, in some cases, the liquid
crystal display may be designed to provide its video in-
formation to specific person positioned in the just front
side of the display. For examples of the television sets
or the outdoor information displays, it is preferable that
the displays are designed to provide good video quality
to the public people as many as possible. In that case,
the back light unit would have the wide viewing angle of
180 degree and even luminance distribution character-
istics over the whole surface of the display. On the con-
trary, for the personal portable display, it is preferable
that the display may be selected as to operate in the
privacy mode in which the display can provide the video
information just to the person who owns the device. The
most back light unit cannot be selectively controlled as
to be the privacy mode (operating in the narrow viewing
angle) and the general mode (operating in the wide view-
ing angle).
[0014] The only way to select between the privacy
mode and the general mode is to attach the privacy op-
tical film on the display surface or detach the privacy op-
tical film from the display surface. More detail, when the

privacy optical film is disposed on the front surface of the
liquid crystal display, the display can be used in the pri-
vacy mode in which the display information can be ob-
served only by the person located just in front of the dis-
play. In that case, if the display has certain additional
device such as the touch panel, the privacy optical film
is added on the additional device so that the additional
device may not operate normally. Further, it is somewhat
annoying or not easy for user to manage the privacy op-
tical film.

SUMMARY OF THE INVENTION

[0015] In order to overcome the above mentioned
drawbacks, the purpose of the present disclosure is to
suggest an ultra thin film type back light unit applied to a
flat panel display. Another purpose of the present disclo-
sure is to suggest an ultra thin film type back light unit
for the flat panel display in which the user can select the
narrow viewing angle mode and the wide viewing angle
mode. Still another purpose of the present disclosure is
to suggest an ultra thin film type back light unit which can
be applied to the multipurpose light system in which the
narrow radiating angle (for the search light system) and
the wide radiating angle (for the general light system)
can be freely selected.
[0016] In order to accomplish the above purpose, the
present disclosure suggests a back light unit (e.g., thin
film type back light unit) comprising: a light guide film, a
light radiator, a first light source and a light collimator.
The light guide film includes a light entering part defined
at one side, a light guiding part extending from the one
side to an opposite side of the one side, and a light radi-
ating part defined on one plane surface. The light radiator
is disposed on the light radiating part. The first light
source is disposed near to (e.g., facing) the light entering
part. The light collimator is disposed on the light entering
part as facing the first light source. The light collimator
receives an expanding light from the first light source,
converts the expanding light into a collimated light, and
provides the collimated light to the light entering part.
[0017] In one embodiment, the light guide film has a
refractive index equal to or less than a refractive index
of the light collimator.
[0018] In one embodiment, the light collimator includes
a horizontal taper part and a vertical wedge part. The
horizontal taper part is disposed near to the first light
source. The horizontal taper part collimates an incident
light (e.g, the expanding light) from the first light source
on a horizontal plane. The vertical wedge part is extend-
ing from the horizontal taper part. The vertical wedge part
collimates the incident light (e.g, the expanding light) from
the first light source on a vertical plane. In one embodi-
ment, the horizontal taper part includes a light incident
surface, a top surface and a bottom surface and two side
surfaces. The light incident surface is facing the first light
source, and has a height and a width corresponding to
a size of the first light source. The top surface and the
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bottom surface are extended to one direction from the
light incident surface with a predetermined distance and
with a predetermined expanding angle. The two side sur-
faces are defined as the height is extended from the light
incident surface with the predetermined distance. The
vertical wedge part includes an inclined surface extended
along the one direction from the horizontal taper part in
which the height is linearly decreased as converging from
the top surface to the bottom surface along a length of
the vertical wedge part.
[0019] In one embodiment, the back light unit further
comprises: a light absorber disposed on a bottom surface
of the light guide film as facing the light collimator, where-
in the horizontal taper part and the vertical wedge part
are attached on the light entering part of the light guide
film by an adhesive layer having a lower refractive index
than the refractive index of the light collimator.
[0020] In one embodiment, only the vertical wedge part
of the light collimator is attached on the light entering part
of the light guide film by an adhesive layer having a lower
refractive index than the refractive index of the light col-
limator, wherein the horizontal taper part is disposed out-
side of the light guide film.
[0021] In one embodiment, a plurality of the horizontal
taper part are disposed along a side of the vertical wedge
part in a series, the side is perpendicular to the one di-
rection, wherein each of a plurality of the first light source
is disposed at each of the light incident surface of the
horizontal taper part.
[0022] In one embodiment, the light collimator is con-
figured to control an incident angle of the collimated light
as to be larger than a total internal reflection critical angle
at an interface between the light guide film and air and
to be smaller than a total internal reflection critical angle
at an interface between the light guide film and the light
radiator.
[0023] In one embodiment, the light guiding part is con-
figured to propagate the collimated light from the one
side to the opposite side. When propagating the collimat-
ed light, the light guiding part totally reflects the collimated
light at an opposite plane surface facing the one plane
surface. The light guiding part, at the one plane surface,
refracts a portion of the collimated light to the light radiator
so as to output the portion of the collimated light from the
light guide film, and reflects another portion of the colli-
mated light to the opposite plane surface.
[0024] In one embodiment, the back light unit further
comprises: a light coupler disposed laterally near to the
light collimator; and a second light source disposed as
facing the light coupler and laterally near to the first light
source.
[0025] In one embodiment, the back light unit further
comprises: a second light source disposed as facing an
empty space between each of the horizontal taper part;
and a reflector disposed on at least one of a top surface
and a bottom surface
[0026] In one embodiment, the back light unit further
comprises a second light source. The second light source

is disposed as facing an empty space between each of
the horizontal taper part. In one case, the back light unit
further comprises a light coupler disposed laterally near
to the light collimators in the empty space, wherein the
second light source is disposed as facing to the light cou-
pler. In another case, the back light unit further comprises
a reflector disposed on at least one of a top surface and
a bottom surface.
[0027] The present disclosure suggests an ultra thin
film type back light unit which can be easily applied to a
non-self luminance flat panel display such as liquid crys-
tal display. Further, the present disclosure suggests a
back light unit which can be selectively operated in the
general mode having the wide viewing angle and the pri-
vacy mode having the narrow viewing angle. The back
light unit according to the present disclosure can be se-
lectively used in the privacy mode without any additional
optical film on the liquid crystal display. Therefore, in the
liquid crystal display having the touch panel function, the
privacy mode and the general mode can be selected with-
out any obstacles for usage of the touch panel function.
In addition, the present disclosure suggests the light sys-
tem which can be selectively operated in the general light
mode and the search light mode according to the usage
environment or purpose.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.
[0029] In the drawings:

FIG. 1 is a cross sectional view illustrating a structure
of the liquid crystal display having the direct type
back light unit including the light emitting diode array
as the light source according to the related art.
FIG. 2 is a cross sectional view illustrating a structure
of the liquid crystal display having the edge type back
light unit including the light emitting diode array as
the light source according to the related art.
FIG. 3 is a diagram illustrating a structure of an ultra
thin film type back light unit according to the first em-
bodiment of the present disclosure.
FIG. 4 is a perspective view illustrating the relation-
ship between a light collimator and a light source
according to the first embodiment of the present dis-
closure.
FIG. 5 is a plane view illustrating the structure of the
light collimator according to the first embodiment of
the present disclosure.
FIG. 6 is a side view illustrating the structure of the
light collimator according to the first embodiment of
the present disclosure.
FIG. 7 is a horizontal plane view, on the XY plane,
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illustrating a light path in the horizontal taper part of
the light collimator according to the first embodiment
of the present disclosure.
FIG. 8 is a vertical plane view, on the XZ plane, il-
lustrating a light path in the vertical wedge part of
the light collimator according to the first embodiment
of the present disclosure.
FIG. 9 is a vertical side view, on the XZ plane, illus-
trating a light path in the back light unit according to
the first embodiment of the present disclosure.
FIG. 10 is a horizontal side view, on XY plane, illus-
trating a light path in the back light unit according to
the first embodiment of the present disclosure.
FIG. 11 is a plane view, on XY plane, illustrating the
changes of the light paths at a light incident part, a
light guiding part and a light radiating part according
to the first embodiment of the present disclosure.
FIG. 12 is a side view illustrating a structure of an
ultra thin film type back light unit according to the
second embodiment of the present disclosure.
FIG. 13 is a plane view illustrating a structure of an
ultra thin film type back light unit according to the
third embodiment of the present disclosure.
FIG. 14A and 14B are views illustrating the structure
of an ultra thin film type back light unit according to
the fourth embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS

[0030] Referring to attached figures, we will explain
preferred embodiments of the present disclosure. Like
reference numerals designate like elements throughout
the detailed description. However, the present disclosure
is not restricted by these embodiments but can be applied
to various changes or modifications without changing the
technical spirit. In the following embodiments, the names
of the elements are selected by considering the easiness
for explanation so that they may be different from actual
names.

<First Embodiment>

[0031] FIG. 3 is a diagram illustrating a structure of an
ultra thin film type back light unit according to the first
embodiment of the present disclosure. In FIG. 3, the
above part is a plane view, as seeing from upside of the
thin film type back light unit, and the below part is a side
view, as seeing from lateral side. In convenience, the
coordinate diagram is noticed at one corner of the figures.
[0032] Referring to the FIG. 3, the ultra thin film type
back light unit according to the first embodiment of the
present disclosure comprises a light guide film LGF, a
light source array LSA, a light collimator WLC, an adhe-
sive layer AH and a light radiator VHOE. The light guide
film LGF includes a light entering part LIN, a light guiding
part LWG and a light radiating part LOT. The light entering
part LIN defined at one side of the light guide film sends

lights provided from the light source to the light guide film
LGF. The light guiding part LWG distributes and propa-
gates the incident lights from the light entering part LIN
over most of all areas of the light guide film LGF. That is,
the light guiding part LWG extends from the one side of
the light guide film LGF to the opposite side to the light
entering part LIN. The light radiating part LOT defined on
one plane surface, i.e., the top surface. The light radiating
part LOT outputs the back light through the top surface
of the light guide film LGF with even distribution over the
top surface area.
[0033] The light source array LSA is disposed near to
the light entering part LIN of the light guide film LGF.
Especially, the light source array LSA is disposed as fac-
ing to the light collimator WLC for providing the lights to
the light collimator WLC. The light source array LSA in-
cludes a plurality of light sources LS and a light source
board LB having the plurality of the light sources LS in
certain array manner and a circuit for providing the elec-
tric power to the light sources LS.
[0034] We will explain about the light source array LSA
in detail. The back light unit according to the first embod-
iment of the present disclosure is an ultra thin film type
device for providing a directional lights in which the col-
limated lights are radiated from a surface light source. It
may be preferable that the light source LS is a light source
for providing a collimated light. For example, the light
source LS includes a laser diode. However, the laser
diode is very expensive to apply to the general purpose
devices and it may generate the extreme heat. Further,
it is very hard that the laser diode is applied to the general
purpose back light unit. Therefore, in the first embodi-
ment of the present disclosure, it is preferable that that
the general light emitting diode may be used for the light
source LS which is inexpensive and generates relatively
lower heat. Further, it is required that the lights from the
light source LS would be configured to be collimated.
[0035] The normal light emitting diode may not provide
the collimated light but the expanding (or "diverging") light
having the 60 ∼ 150 degree of expanding angle. When
using the expanding lights, the light losses may be high.
Even though various methods for reducing the loss of
the expanding lights can be applied, the loss of lights
would be inevitable. For the large area liquid crystal dis-
play or the outdoor liquid crystal display, much higher
luminance should be ensured. To do so, it is preferable
that a plurality of light sources LS is included.
[0036] Considering the above mentioned situations,
the light source array LSA may include a plurality of light
sources LS disposed in an arraying manner. For exam-
ple, the light source array LSA may include a light source
board LSB and a plurality of light sources LS arrayed on
the surface of the light source board LSB along one hor-
izontal line with certain gap. Even though not shown in
figures, the light source board LSB may include the wiring
lines and/or the driving circuits for supplying the electric
power and signals to the light sources LS. There are
many types for the circuit boards or the driving circuits
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so that the detailed explanation would not be mentioned
in this specification.
[0037] The arraying manner for the light sources LS in
the light source array LSA may be various. The most
important things are those; the light amounts for enough
luminance are ensured and the expanded lights are con-
verted and changed into the collimated lights. Therefore,
it is preferable that the arraying manner is decided by the
structure or the optical function and/or characteristics of
the light guide film LGF. The arraying manner of the light
source LS may be variously applied by the designer ac-
cording to the physical structure and the optical charac-
teristics of the light guide film LGF explained in below.
[0038] The light entering part LIN of the light guide film
LGF receives a light from the light source LS disposed
on the light source array LSA. The light from the light
source LS is radiated and/or expanded as the corn type
of which central axis is on the direction of the lights. For
example, the light radiated from the light source LS may
enter into the light guide film LGF having the expanded
angle of 60-120 degree in one side direction from the
axis of the light direction. In order to change or convert
the expanding light provided from the light source LS into
a collimated light, a light collimator WLC is presented in
the present disclosure.
[0039] At the light entering part LIN of the light guide
film LGF, a light collimator WLC is disposed. In detail,
the light collimator WLC may be attached on the upper
surface of the light guide film LGF by an adhesive layer
AH, at the light entering part LIN. The light collimator
WLC is an optical element for converting and/or changing
the light supplied from the light source LS into a collimat-
ed light both on the horizontal plane (XY plane) and on
the vertical plane (XZ plane). In detail, the light collimator
WLC receives the expanding lights from the light source
LS, converts the expanding lights into a collimated light,
and provides the collimated light to the light entering part
LIN. The horizontal taper part HWD and the vertical
wedge part VWD are attached on the light entering part
LIN of the light guide film LGF by an adhesive layer AH
having a lower refractive index than the refractive index
of the light collimator WLC. In some cases, a light ab-
sorber LA may be further attached under the bottom sur-
face of the light guide film LGF, as facing with the light
collimator WLC. The light absorber LA is an optical ele-
ment for absorbing or eliminating any lights leaked out
from the light collimator WLC. The leaked lights may be
the diffused reflection lights by which the collimated prop-
erty of the light may be hindered.
[0040] The collimated light by the light collimator WLC
enters into the light guiding part LWG of the light guide
film LGF having an incident angle. The light guiding part
LWG is the element for receiving the collimated light from
the light entering part LIN and for sending it to the oppo-
site side of the light entering part LIN without any loss of
the collimated light. The light guiding part LWG is the
most of all portions of the light guide film LGF. On the
upper surface of the light guiding part LWG, a light radi-

ator VHOE is disposed. It is preferable that the light ra-
diator VHOE has a refractive index lower than that of the
light guiding part LWG. In detail, the light in the light guide
film LGF would be propagated by the total internal reflec-
tion, at the bottom surface of the light guide film LGF. At
the upper surface of the light guide film LGF, as propa-
gating the light, most of light would be reflected by the
total reflection condition, and some portions of the light
would be refracted and go out of the light guide film LGF.
Therefore, it is preferable that the refractive index of the
light radiator VHOE is higher than that of the air and lower
than that of the light guide film LGF.
[0041] As the light is propagated through the light guide
film LGF, the light radiator VHOE extracts and radiates
some portions of the light out of the light guide film LGF.
By attached on the upper surface of the light guide film
LGF, the light radiator VHOE provides a back light sub-
stantially perpendicular to the surface of the light guide
film LGF. Further, it is preferable that the light radiator
VHOE provides the back light having even luminescence
distribution over the whole surface of the light guide film
LGF. To do so, it is preferable that the light radiator VHOE
would be configured to have the variable light extraction
efficiency which is exponentially increasing from the side
where the light entering part LIN is disposed to the op-
posite side.
[0042] Until now, referring to FIG. 3, we explained
about the whole structure and the operation of the ultra
thin film type back light unit according to the first embod-
iment of the present disclosure. Hereinafter, referring to
FIGs 4 to 11, we will explain about each element of the
ultra thin film type back light unit according to the first
embodiment, in detail.
[0043] Referring to FIGs. 4 to 6, we will explain about
the structure of the light collimator WLC included into the
ultra thin film type back light unit according to the first
embodiment of the present disclosure. FIG. 4 is a per-
spective view illustrating the relationship between a light
collimator and a light source according to the first em-
bodiment of the present disclosure. FIG. 5 is a plane view
illustrating the structure of the light collimator according
to the first embodiment of the present disclosure. FIG. 6
is a side view illustrating the structure of the light colli-
mator according to the first embodiment of the present
disclosure.
[0044] The light collimator WLC of the ultra thin film
type back light unit according to the first embodiment of
the present disclosure comprises a light incident surface
LIS, a horizontal taper part HWD and a vertical wedge
part VWD. The light incident surface LIS is facing with
the light source LS. The horizontal taper part HWD col-
limates the incident light passing the light incident surface
LIS on the horizontal plane (XY plane). The vertical
wedge part VWD collimates the incident light on the ver-
tical plane (XZ plane). The incident light means the ex-
panding lights provided from the light source LS.
[0045] It is preferable that the light incident surface LIS
has the size corresponding to the surface of the light ra-
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diating surface of the light source LS. For example, con-
sidering the size of the light source LS, the light incident
surface LIS may have a square shape of which height
and the width may be 0.4mm. Otherwise, it has a rectan-
gular shape of which height may be 0.9mm and the width
may be 0.6mm. Hereinafter, we will explain about the
square (0.4mm x 0.4mm) shape case.
[0046] The horizontal taper part HWD has a V shape,
a wedge shape or a funnel shape which side surfaces
are expanded in certain expanding angle with a first dis-
tance from the light incident surface LIS, on the horizontal
plane (XY plane). In the interim, on the vertical plane (XZ
plane), it has thin sheet type extended (not expanded)
along the first distance with the same height. The hori-
zontal expanding angle (2φ) of the horizontal taper part
HWD may be variously decided by the designer. Consid-
ering the size of the most manufactured liquid crystal
display, the horizontal expanding angle (2φ) may prefer-
ably be 12 ∼ 15 degree. For example, the horizontal taper
part HWD may have a rectangular truncated pyramid
from the light incident surface LIS of 0.4mm x 0.4mm
(height x width) to the rectangular surface of 0.4mm x
2.8mm (height x width) along the 10mm distance (or
length). That is, the horizontal expanding angle (2φ) of
the horizontal taper part HWD may be about 13.7 degree.
[0047] The vertical wedge part VWD is extended from
and/or linked to the horizontal taper part HWD. On the
horizontal plane (XY plane), the vertical wedge part VWD
may be extended with a second distance having the same
width. In the interim, on the horizontal plane (XZ plane),
the upper (or "top") surface is converged (slanted down)
from the upper surface of the light incident surface LIS
to the lower (or "bottom") surface along the second dis-
tance (or length). The vertical inclined angle (θ) may var-
iously be decided by the designer. Considering the re-
fractive index of the light guide film LGF and the total
internal reflection angle at the bottom surface of the light
guide film LGF, the vertical inclined angle (θ) may pref-
erably be 3 ∼ 6 degree.
[0048] For example, the cross sectional shape of the
vertical wedge part VWD is a right-angled triangle shape
of which the height is 0.4mm and the base is 6mm. The
vertical wedge part VWD may have a wedge shape which
starts from the end of the horizontal taper part HWD and
the vertical inclined angel (θ) is about 3.8 degree. Oth-
erwise, the vertical wedge part VWD may have a right-
angled triangle shape of which the height is 0.4mm and
the base is 4.0mm. In that case, the vertical wedge part
VWD may have a wedge shape which starts from the
end of the horizontal taper part HWD and the vertical
inclined angel (θ) is about 5.7 degree. Hereinafter, in con-
venience, we explain about the case in which the cross
sectional view of the vertical wedge part VWD has the
right-angled triangle shape of which the height is 0.4mm
and the base is 5.0mm. In this case, the vertical inclined
angel (θ) may be 4.5 degree or less.
[0049] As the vertical inclined angel (θ) is getting small-
er, the collimation property on the vertical plane is getting

better. Considering the physical shape of the vertical
wedge part VWD, it is preferable that the vertical inclined
angel (θ) is about 4 degree. Therefore, we will explain
the embodiments, with 4 degree of the vertical inclined
angel (θ), in convenience.
[0050] A plurality of the horizontal taper parts HWD
may be arrayed along the Y axis with certain gap. In other
words, a plurality of the horizontal taper part HWD are
disposed along a side of the vertical wedge part VWD in
a series. The direction (Y axis) of the side is perpendicular
to the direction of the X axis. Therefore, the horizontal
taper part HWD may have a saw tooth shape in which a
series of a plurality of the triangles are branched out from
one side of the vertical wedge part VWD.
[0051] Next, referring to FIGS. 7 and 8, we will explain
about the optical function of the light collimator WLC of
the ultra thin film type black light unit according to the
first embodiment of the present disclosure. FIG. 7 is a
horizontal plane view, in the XY plane, illustrating a light
path in the horizontal taper part of the light collimator
according to the first embodiment of the present disclo-
sure. FIG. 8 is a vertical plane view, in the XZ plane,
illustrating a light path in the vertical wedge part of the
light collimator according to the first embodiment of the
present disclosure.
[0052] Here, by adopting the light source LS providing
expanding lights, we generate the collimated lights using
an optical element including the horizontal taper part
HWD and the vertical wedge part VWD. This optical el-
ement is considered as the "light collimator WLC". Even
though the collimated lights configured by the present
disclosure are not perfectly collimated, the collimated
lights have very narrow expanding range enough to have
very similar optical property with the perfectly collimated
lights, such as LASER. Therefore, we consider the lights
configured by the present disclosure as the "collimated
light".
[0053] Referring to FIG. 7, we will explain about the
changes of the light path by the horizontal taper parts
HWD. The (incident) light 10 from the light source LS
enters into the horizontal taper parts HWD. The incident
light 10 is the expanded light having certain expanding
angle from axis of the light direction, on the horizontal
plane (XY plane). The horizontal taper parts HWD has
two side surfaces SL extending along the horizontal ex-
panding angle (2φ). That is, each of two side surfaces
SL has the horizontal inclined angle (φ) from the horizon-
tal line HL. The incident light 10 having the incident angle
α degree to the side surface SL having the horizontal
inclined angle (φ) is reflected by the side surface SL so
that the incident angle may be changed into (α+2φ) by
the horizontal inclined angle (φ). The incident angle α of
the incident light 10 is the angle with the vertical line VHL
to the horizontal line HL. The incident light 10 meets the
side surface SL having the inclined angle φ and then it is
changed to reflected light 20. The reflected angle of the
reflected light 20 to the side surface SL would be α+φ,
the angle with the vertical angle VSL to the side surface
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SL. In the interim, incident angle of the reflected light 20
with the vertical line VHL to the horizontal line HL would
be (α+2φ). Consequently, the incident angle of the inci-
dent light 10 is changed as being converged to the hor-
izontal line HL (it means "collimated") after reflected by
the side surface SL.
[0054] Among the incident lights 10, all of the lights
having the incident angle less than the total reflection
condition at the side surface SL of the horizontal taper
parts HWD are reflected by the side surface SL so that
go to the light direction (X axis). Some of the lights having
the incident angle larger than the total reflection condition
are reflected and others may be leaked out of the hori-
zontal taper parts HWD. As the two side surfaces have
the horizontal expanding angle (2φ) of 20 degree or less
and the horizontal tape parts HWD has higher refractive
ration than air, the amount of leaked lights may be min-
imized. As mentioned above, the incident angle of the
reflected lights 20 by the side surface SL is getting low-
ered as many as being reflected. As the results, the in-
cident light 10 has the horizontal radiation angle
(Hrad_ang) is less than 15 degree on the horizontal plane
(XY plane). That is, the reflected light 20 would be a hor-
izontal collimated light satisfying: the horizontal radiation
angle (Hrad_ang) < 15 degree.
[0055] Next, referring to FIG. 8, we will explain about
the changes of the light path by the vertical wedge part
VWD. The horizontal collimated light 20 of which hori-
zontal radiation angle (Hrad_ang) is controlled as being
less than 15 degree by the horizontal taper parts HWD
enters into the vertical wedge part VWD. The vertical
wedge part VWD comprises a horizontal surface HS and
an inclined surface CS. On the vertical plane (XZ plane),
the horizontal collimated light 20 is not collimated or its
expanding angle is not controlled in narrow range, yet.
However, by the inclined surface CS, the horizontal col-
limated light 20 may be a vertical collimated light 100 on
the vertical plane (XZ plane).
[0056] FIG. 8 shows how the horizontal collimated light
20 is converted into the vertical collimated light 100. For
example of that the inclined angle of the inclined surface
CS is about 4 degree, the horizontal light £ among the
horizontal collimated light 20 may be reflected three times
by the inclined surface CS and then goes out of the light
collimator WLC with having the incident angle (or refrac-
tive angle) of 74 degree or less. In the interim, the ex-
panded lights b among the horizontal collimated light 20
may be reflected one time or two times by the inclined
surface CS and then go out of the light collimator WLC
with having the incident angle (or refractive angle) of 66
degree or more.
[0057] Consequently, the incident light 10 from the light
source LS is converted into the horizontal collimated light
20 having the expanding angle of 15 degree or less on
the horizontal plane (XY plane) by the horizontal taper
part HWD of the light collimator WLC. After that, the hor-
izontal collimated light 20 is converted into the vertical
collimated light 100 which having the collimated angle

Vcoll around 70 degree on the vertical plane (XZ plane)
by the vertical wedge part VWD. Here, the vertical colli-
mated light 100 is collimated in the vertical plane as well
as in the horizontal plane. That is, by the light collimator
WLC, the diverging lights from the general LED light
sources can be changed or converted into a horizontal-
vertical collimated light 100. The horizontal-vertical col-
limated light enters into the light entering part LIN of the
light guide film LGF.
[0058] Here, as the expanding angle range on the hor-
izontal plane is less than 13 degree and the expanding
angle range on the vertical plane is less than 10 degree,
it can be decided that the light is collimated both on hor-
izontal plane and on the vertical plane. Even though it is
not perfectly collimated as the LASER, we certified or
ascertained that the horizontal-vertical collimated light of
the present disclosure has the substantially same prop-
erty with the LASER according to various optical exper-
iments. Consequently, when the expanding angle of a
light is controlled within 15 degree on the horizontal plane
and the vertical plane, we can say that the light is colli-
mated.
[0059] Hereinafter, referring to FIGs. 9 and 10, we will
explain about the profile and/or the procedure of the light
from the light entering part to the light radiating part
through the light guiding part in the light guide film ac-
cording to the first embodiment of the present disclosure.
FIG. 9 is a vertical side view, in the XZ plane, illustrating
a light path in the back light unit according to the first
embodiment of the present disclosure. FIG. 10 is a hor-
izontal side view, in XY plane, illustrating a light path in
the back light unit according to the first embodiment of
the present disclosure.
[0060] Referring to FIG. 9, the horizontal-vertical col-
limated light 100 (or "collimated light") by the light colli-
mator WLC enters into the light guide film LGF through
the light entering part LIN. Here, the incident angle Vcol
of the collimated light 100 is about 70 degree. It is pref-
erable that the incident angle Vcol of the collimated light
100 is larger than the total internal reflection angle
TLGF-AIR at the bottom surface of the light guide film LGF.
To keep this condition when the collimated light 100 is
entering into the light guide film LGF, it is preferable that
the light guide film LGF has the refractive index equal to
or less than the refractive index of the light collimator
WLC.
[0061] For example, when the light collimator WLC and
the light guide film LGF have the similar refractive index,
the collimated light 100 is not refracted as entering into
the light guide film LGF from the light collimator WLC.
That is, the incident angle Vcol of the collimated light 100
is maintained or changed not so much as passing the
top (or "upper") surface of the light guide film LGF. Then,
in the light guide film LGF, the collimated light 100 goes
to the bottom surface of the light guide film LGF with the
same incident angle Vcol. As the incident angle Vcol of
the collimated light 100 is larger than the total internal
reflection angle TLGF-AIR at the bottom surface of the light
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guide film LGF, all portions of the collimated light 100 are
reflected. The reflected light 200 goes to the upper sur-
face of the light guide film LGF.
[0062] When the refractive index of the light collimator
WLC is larger than that of the light guide film LGF, the
collimated light 100 is refracted at the top surface of the
light guide film LGF as the incident light Vcol of the col-
limated light 100 to be larger. That is, the incident angle
Vcol of the collimated light 100 has the larger value than
the total internal reflection angle TLGF-AIR at the bottom
surface of the light guide film LGF. Therefore, at the bot-
tom surface of the light guide film LGF, all portions of the
collimated light 100 are totally reflected. The reflected
light 200 goes to the upper surface of the light guide film
LGF. Preferably, the reflected light 200 is propagated,
without any losses, to the top surface of the light guide
film LGF where the light radiator VHOE is disposed.
[0063] In order to make the incident angle Vcol of the
collimated light 100 be larger than the total internal re-
flection angle TLGF-AIR at the bottom surface of the light
guide film LGF, it is preferable to adjust or select the
refractive index of the adhesive layer AH between the
light collimator WLC and the light guide film LGF, prop-
erly. For example, the adhesive layer AH may have a
refractive index lower than that of the light collimator
WLC. In this case, the collimated light 100 is refracted
as passing the adhesive layer AH, and it is refracted again
as entering into the light guide film LGF. The final incident
angle of the collimated light 100 decided by the differ-
ences of the refractive indexes of the light collimator
WLC, the adhesive layer AH and the light guide film LGF
may be somewhat larger than 70 degree of the incident
angle Vcol of the collimated light 100.
[0064] The reflected light 200 reaches to the top sur-
face of the light guide film LGF. On the top surface of the
light guide film LGF, the light radiator VHOE is attached.
The light radiator VHOE is one of the optical films having
larger refractive index of the air. Therefore, at the inter-
face between the light guide film LGF and the light radi-
ator VHOE, some of the reflected light 200 are refracted
and then enter into to light radiator VHOE as a refracted
light 300. Other portions of the reflected light 200 are
reflected into the light guide film LGF. Here, when the
refractive index of the light radiator VHOE is lower than
that of the light guide film LGF, most of all reflected light
200 are reflected into the light guide film LGF and little
amount of the reflected light 200 may be refracted into
the light radiator VHOE as the refracted light 300. There-
fore, it is preferable that the incident angle Vcol of the
collimated light 100 is lower than the total internal reflec-
tion angle TLGF_VHOE between the light guide film LGF
and the light radiator VHOE.
[0065] The refracted light 300 into the light radiator
VHOE may be further refracted by the light radiator VHOE
so as to be a back light 400 which is almost perpendicular
to the top surface of the light guide film LGF and goes
out to the air. Over all surfaces of the light radiator VHOE,
the summation of the back light 400 is provided from the

back light unit according to the present disclosure.
[0066] The reflected light 200 reflected at the interface
between the light guide film LGF and the light radiator
VHOE is totally reflected again at the bottom surface of
the light guide film LGF. The light path explained above
is done over again. So that, some of the reflected light
200 extracted out through the light radiator VHOE and
others are reflected into the light guide film LGF. Conse-
quently, as the reflected light 200 propagates into the
light guide film LGF from one side where the light entering
part LIN is disposed to the opposite side, some portions
of the reflected light 200 are extracted as the back light
400.
[0067] In order to fully satisfy the light path explained
above, the optical properties of each element are very
important. For example, it is preferable that the light guide
film LGF is made of a transparent film of which refractive
index is one of 1.40 to 1.55. The light collimator WLC is
preferably made of a transparent film of which refractive
index is one of 1.41 to 1.57, and somewhat higher than
that of the light guide film LGF. Further, it is preferable
that the adhesive layer AH used for attaching the light
collimator WLC on the light guide film LGF includes an
adhesive material of which refractive index is one of 1.35
to 1.42. Especially, the refractive index of the adhesive
layer AH is preferably somewhat lower than that of the
light collimator WLC. In the interim, the refractive index
of the adhesive layer AH may be equal or lower than that
of the light guide film LGF. However, it is required to make
the incident angle of the collimated light 100 be larger. It
is preferable that the refractive index of the adhesive layer
AH is higher than that of the light guide film LGF. Further,
it is preferable that the refractive index of the light radiator
VHOE is one of 1.35 to 1.50. The refractive index of the
light radiator VHOE is preferably lower than that of the
light guide film LGF.
[0068] Referring to FIG. 10, the most of lights provided
from the light source LS enter into the horizontal taper
part HWD so as to be horizontally collimated. Here, some
portions of the lights may be leaked out of the horizontal
taper part HWD as a leaked light 211. The leaked light
211 is out of the horizontal collimation range. Entering
into the light guide film LGF, the leaked light 211 may be
reflected to the top surface of the light guide film LGF
and then it may be one of key element hindering the for-
mation of the back light 400 which has certain directivity.
To eliminate the leaked light 211, it is preferable that a
light absorber LA is disposed under the bottom surface
of the light guide film LGF as corresponding to the hori-
zontal taper part HWD, as shown in FIG. 9.
[0069] Next, referring to FIG. 11, we will explain about
how the back light unit provides the back light, in the
plane view, according to the first embodiment. FIG. 11
is a plane view, on XY plane, illustrating the changes of
the light paths at a light incident part, a light guiding part
and a light radiating part according to the first embodi-
ment of the present disclosure.
[0070] Referring to FIG. 11, the light from the light
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source LS is converted into the collimated light 100 by
the light collimator WLC and then the collimated light 100
enters into the light guide film LGF. The light collimator
WLC is configured to control the collimated light 100 have
an incident angle satisfying the total internal reflection
condition at the interface between the light guide film LGF
and the air. The collimated light 100 may propagate within
the light guide film LGF as repeating the total reflection
from one side of the light guide film LGF where the light
entering part LIN is disposed to the opposite side.
[0071] As the reflected light 200 propagates within the
light guide film LGF, some amount of the reflected light
200 are gradually extracted and provided as the back
light 400 by the light radiator VHOE. The light radiator
VHOE may be a transparent film including a volume grat-
ing pattern or a holography pattern. For example, the
light radiator VHOE may have a volume grating pattern
or a holography pattern having the light radiating efficien-
cy evenly distributed over all surface of the light radiator
VHOE. In detail, when the light radiating efficiency of the
light radiator VHOE is 3%, at the nearest portion to the
light entering part LIN of the light radiator VHOE, the 3%
of the reflected light 200 is extracted as the back light
400 and 97% is reflected into the light guide film LGF as
the reflected light 200. Next, 97% of the reflected light
200 is totally reflected from the bottom surface of the light
guide film LGF. Then, 3% of the 97%, that is 2.9% of
original light (the collimated light 100), is extracted as the
back light 400.
[0072] With this manner, the brightness of the back
light 400 may gradually darken as going to the opposite
side of the light entering part LIN. However, as shown in
FIG. 11, each reflected light 200 of the collimated light
100 from the light source LS are overlapped each other.
Further, the overlapped area is getting larger as going to
the opposite side from the light entering part LIN. There-
fore, the darkened (or "reduced") light amount as the re-
flected lights 200 are propagating by the total reflection
can be compensated by the overlapping of each reflected
light 200. As the result, the brightness (or "luminance")
of the back light 400 may be evenly distributed over all
surface area of the light radiator VHOE.
[0073] In the case that, with the overlapping of the re-
flected lights 200, the brightness of the back light 400
cannot be configured to be evenly distributed, it is pref-
erable that the light extraction efficiency of the light radi-
ator VHOE is gradually increased as going from the side
where the light entering part LIN is disposed to the op-
posite side. For example, in the case that the volume
grating pattern is included into the light radiator VHOE,
the density of the volume grating pattern may be gradu-
ally higher from the light entering part LIN side to the
opposite side. In that case, the gradual increasing profile
may be a linearly increased profile or an exponentially
increased profile.
[0074] For another example, in the case that the light
radiator VHOE includes a holography pattern, the holog-
raphy pattern is recorded as having the variable extrac-

tion efficiency according to the distance from the light
entering part LIN. In detail, the holography pattern may
be recorded as having the linearly increasing light ex-
traction efficiency or the exponentially increasing light
extraction efficiency, as being apart from the light enter-
ing part LIN.
[0075] In the case that light radiator VHOE is made of
the transparent film having the holography pattern, the
’light extraction function’, ’the light deflection function’
and/or ’the light diffusing function’ may be selectively
combined so as to ensure any wanted function according
to the purposes of the back light unit. Therefore, using
the holography pattern is easier method for ensuring the
high degree of the freedom for design the back light unit
according to the present disclosure.

<Second Embodiment>

[0076] Hereinafter, referring to FIG. 12, we will explain
about the ultra thin film type back light unit according to
the second embodiment of the present disclosure. FIG.
12 is a side view illustrating a structure of an ultra thin
film type back light unit according to the second embod-
iment of the present disclosure.
[0077] The basic structure of the elements of the ultra
thin film type back light unit according to the second em-
bodiment is very similar with that of the first embodiment.
The main difference may be on the position of the light
collimator WLC.
[0078] Referring to FIG. 12, the ultra thin film type back
light unit according to the second embodiment of the
present disclosure comprises a light guide film LGF, a
light source array LSA, a light collimator WLC, an adhe-
sive layer AH and a light radiator VHOE. The light guide
film LGF includes a light entering part LIN, a light guiding
part LWG, and a light radiating part LOT. The light en-
tering part LIN sends lights provided from the light source
to the light guide film LGF. The light guiding part LWG
distributes and propagates the incident lights from the
light entering part LIN over most of all areas of the light
guide film LGF. The light radiating part LOT outputs the
back light through the upper surface of the light guide
film LGF with even distribution over the surface area.
[0079] The light source array LSA is disposed near the
light entering part LIN of the light guide film LGF. Espe-
cially, the light source array LSA is disposed as providing
the lights to the light collimator WLC. The light source
array LSA includes a plurality of light sources LS and a
light source board LB having the plurality of the light
sources LS in certain array manner and a circuit for pro-
viding the electric power to the light sources LS.
[0080] At the light entering part LIN of the light guide
film LGF, a light collimator WLC is disposed. In detail,
the light collimator WLC may be attached on the upper
surface of the light guide film LGF by an adhesive layer
AH, at the light entering part LIN. The light collimator
WLC is an optical element for converting and/or changing
the light supplied from the light source LS into a collimat-
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ed light both on the horizontal plane (XY plane) and on
the vertical plane (XZ plane).
[0081] The light collimator WLC of the ultra thin film
type back light unit according to the second embodiment
of the present disclosure comprises a light incident sur-
face LIS (like the first embodiment), a horizontal taper
part HWD and a vertical wedge part VWD. The light in-
cident surface is facing with the light source LS. The hor-
izontal taper part HWD collimates the incident light pass-
ing the light incident surface LIS on the horizontal plane
(XY plane). The vertical wedge part VWD collimates the
incident light on the vertical plane (XZ plane). When the
incident lights enters into the horizontal taper part HWD
of the light collimator WLC, some of the incident lights
may be leaked out of the horizontal taper part HWD. In
order to prevent these leaked lights from entering into
the light guide film LGF, only the vertical wedge part VWD
of the light collimator WLC is attached on the end portions
of the light guide film LGF. In other words, the horizontal
taper part HWD is not attached on the light guide film
LGF, but disposed outside of the light guide film LGF.
[0082] The collimated light by the light collimator WLC
enters into the light guiding part LWG of the light guide
film LGF having narrow incident angle range. The light
guiding part LWG is the element for receiving the colli-
mated light from the light entering part LIN and for send-
ing it to the opposite side of the light entering part LIN
without any loss of the collimated light. The light guiding
part LWG is the most of all portions of the light guide film
LGF. On the upper surface of the light guiding part LWG,
a light radiator VHOE is disposed. It is preferable that the
light radiator VHOE has a refractive index lower than that
of the light guiding part LWG. In detail, the light in the
light guide film LGF would be propagated by the total
internal reflection, at the bottom surface of the light guide
film LGF. At the upper surface of the light guide film LGF,
as propagating the light, most of light would be reflected
by the total reflection condition, and some portions of the
light would be refracted and go out of the light guide film
LGF. Therefore, it is preferable that the refractive index
of the light radiator VHOE is higher than that of the air
and lower than that of the light guide film LGF.
[0083] As the light is propagated through the light guide
film LGF, the light radiator VHOE extracts and radiates
some portions of the light out of the light guide film LGF.
By attached on the upper surface of the light guide film
LGF, the light radiator VHOE provides a back light sub-
stantially perpendicular to the surface of the light guide
film LGF. Further, it is preferable that the light radiator
VHOE provides the back light having even luminescence
distribution over the whole surface of the light guide film
LGF. To do so, it is preferable that the light radiator VHOE
would be configured to have the variable light extraction
efficiency which is exponentially increasing from the side
where the light entering part LIN is disposed to the op-
posite side.

<Third Embodiment>

[0084] In the first and second embodiments, we ex-
plained, especially focusing on the ultra thin film type
back light unit providing the back light of which viewing
angle is controlled (we call it "controlled viewing angle
back light"). According to the first and second embodi-
ments, the back light unit changes the expanding light
into the collimated light so that it can provide the back
light of which viewing angle is controlled. For example,
the back light unit can provide the back light within spe-
cific area for the certain user only. In the case that this
back light unit is applied to the liquid crystal display, the
liquid crystal display is used in the privacy mode in which
the video information can be recognized by the user only.
[0085] For the generally purposes, the liquid crystal
display may further include a normal back light unit for
general mode. In the present disclosure, we suggest one
back light unit by which the general mode and the privacy
mode can be selected by the user.
[0086] Hereinafter, referring to FIG. 13, we will explain
about the third embodiment of the present disclosure.
The ultra thin film type back light unit according to the
third embodiment of the present disclosure has the char-
acteristics of selecting the wide viewing angle mode (or
"general mode") and the narrow viewing angle mode (or
"privacy mode"). We call it the "viewing angle switchable
back light unit". FIG. 13 is a plane view illustrating a struc-
ture of an ultra thin film type back light unit according to
the third embodiment of the present disclosure.
[0087] Referring to FIG. 13, the ultra thin film type back
light unit according to the third embodiment of the present
disclosure comprises a light guide film LGF, a light source
array LSA, a light collimator WLC, a light coupler LC, an
adhesive layer AH and a light radiator VHOE. The light
guide film LGF includes a light entering part LIN, a light
guiding part LWG, and a light radiating part LOT. The
light entering part LIN sends lights provided from the light
source to the light guide film LGF. The light guiding part
LWG distributes and propagates the incident lights from
the light entering part LIN over most of all areas of the
light guide film LGF. The light radiating part LOT outputs
the back light through the upper surface of the light guide
film LGF with even distribution over the surface area.
[0088] The light source array LSA is disposed near the
light entering part LIN of the light guide film LGF. Espe-
cially, the light source array LSA includes a first light
source LS1, a second light source LS2 and a light source
board LB. The first light source LS1 provides the lights
to the light collimator WLC. The second light source LS2
provides the lights to the light coupler LC. On the light
source board LB, the first and second light sources LS1
and LS2 are mounted in certain array manner. Further,
the light source board LB includes a circuit for providing
the electric power to the first and second light sources
LS1 and LS2.
[0089] At the light entering part LIN of the light guide
film LGF, a light collimator WLC is disposed. In detail,
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the light collimator WLC may be attached on the upper
surface of the light guide film LGF by an adhesive layer
AH, at the light entering part LIN. The light collimator
WLC is an optical element for converting and/or changing
the light supplied from the first light source LS1 into a
collimated light both on the horizontal plane (XY plane)
and on the vertical plane (XZ plane).
[0090] The light collimator WLC of the ultra thin film
type back light unit according to the second embodiment
of the present disclosure comprises a light incident sur-
face LIS, a horizontal taper part HWD and a vertical
wedge part VWD, like the first and second embodiments.
The light incident surface LIS is facing with the first light
source LS1. Each of the first light sources LS1 is disposed
at each of the light incident surface LIS of the horizontal
taper part HWD. The horizontal taper part HWD colli-
mates the incident light passing the light incident surface
LIS on the horizontal plane (XY plane). The vertical
wedge part VWD collimates the incident light on the ver-
tical plane (XZ plane).
[0091] The light coupler LC gathers and provides the
lights from the second light source LS2 to the light guide
film LGF. The light coupler LC, unlike the light collimator
WLC, does not collimate the lights but gathering the ex-
panded lights and provides them to the light entering part
LIN of the light guide film LGF.
[0092] The light coupler LC may have a triangle plate
shape occupying the empty space between each hori-
zontal taper part HWD of the light collimator WLC. The
second light source LS2 may be same kind of the light
emitting diode with the first light source LS 1. The lights
from the first light source LS1 are converted into the col-
limated lights by the light collimator. The lights from the
second light source LS2, even though have the same
property with the lights from the first light source LS1, are
not collimated by the light coupler LC, but merely trans-
ferred into the light entering part LIN of the light guide
film LGF.
[0093] The collimated light by the light collimator WLC
enters into the light guiding part LWG of the light guide
film LGF having narrow incident angle range. The light
guiding part LWG is the element for receiving the colli-
mated light from the light entering part LIN and for send-
ing it to the opposite side of the light entering part LIN
without any loss of the collimated light. The light guiding
part LWG is the most of all portions of the light guide film
LGF. On the upper surface of the light guiding part LWG,
a light radiator VHOE is disposed. It is preferable that the
light radiator VHOE has a refractive index lower than that
of the light guiding part LWG. In detail, the light in the
light guide film LGF would be propagated by the total
internal reflection, at the bottom surface of the light guide
film LGF. At the upper surface of the light guide film LGF,
as propagating the light, most of light would be reflected
by the total reflection condition, and some portions of the
light would be refracted and go out of the light guide film
LGF. Therefore, it is preferable that the refractive index
of the light radiator VHOE is higher than that of the air

and lower than that of the light guide film LGF.
[0094] As the light is propagated through the light guide
film LGF, the light radiator VHOE extracts and radiates
some portions of the light out of the light guide film LGF.
By attached on the upper surface of the light guide film
LGF, the light radiator VHOE provides a back light sub-
stantially perpendicular to the surface of the light guide
film LGF. Further, it is preferable that the light radiator
VHOE provides the back light having even luminescence
distribution over the whole surface of the light guide film
LGF. To do so, it is preferable that the light radiator VHOE
would be configured to have the variable light extraction
efficiency which is exponentially increasing from the side
where the light entering part LIN is disposed to the op-
posite side.
[0095] The third embodiment of the present disclosure
suggests a viewing angle switchable back light unit. In
other words, the third embodiment suggests an ultra thin
film type back light unit which can freely select between
the narrow viewing angle and the wide viewing angle. It
is preferable that the light radiator VHOE have various
optical function and superior optical properties. For ex-
ample, the light radiator VHOE may be a transparent film
having a volume grating pattern or a holography pattern.
[0096] The back light unit according to the third em-
bodiment of the present disclosure comprises a first light
source LS1 and a light collimator WLC for providing the
back light of which viewing angle is controlled. Further,
it comprises a second light source LS2 and a light coupler
LC for providing the back light having wide viewing angle.
When turning of the first light source LS1 only, the light
collimator WLC converts the light from the first light
source LS1 into the collimated light 100. As the collimated
light 100 is propagated within the light guide film LGF,
the back light 400 having certain directivity is output
through the light radiator 400 so as to be provided within
certain area.
[0097] When turning on the second light source LS2,
the light from the second light source LS2 is transferred
to the light guide film LGF through the light coupler LC.
The light transferred by the light coupler LC is not colli-
mated but has the original optical property of the light.
As passing through the light guide film LGF, the back
light which does not have any directivity is output through-
out the light guide film LGF and light radiator VHOE.
When the back light unit is used for general purpose, only
the second light source LS2 may be turn on. In some
cases, both of the second light source LS2 and the first
light source LS1 may be turn on simultaneously.

<Fourth Embodiment>

[0098] Hereinafter, referring to FIGs. 14A and 14B, we
will explain about the fourth embodiment of the present
disclosure. The ultra thin film type back light unit accord-
ing to the fourth embodiment of the present disclosure
has the characteristics of selecting the wide viewing an-
gle mode (or "general mode") and the narrow viewing
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angle mode (or "privacy mode"). FIG. 14A is a plane view
illustrating the structure of an ultra thin film type back light
unit according to the fourth embodiment of the present
disclosure. FIG. 14B is a side view illustrating the struc-
ture of an ultra thin film type back light unit according to
the fourth embodiment of the present disclosure.
[0099] Referring to FIGs. 14A and 14B, the ultra thin
film type back light unit according to the fourth embodi-
ment of the present disclosure comprises a light guide
film LGF, a light source array LSA, a light collimator WLC,
a reflector REF, an adhesive layer AH and a light radiator
VHOE. The light guide film LGF includes a light entering
part LIN, a light guiding part LWG, and a light radiating
part LOT. The light entering part LIN sends lights provid-
ed from the light source to the light guide film LGF. The
light guiding part LWG distributes and propagates the
incident lights from the light entering part LIN over most
of all areas of the light guide film LGF. The light radiating
part LOT outputs the back light through the upper surface
of the light guide film LGF with even distribution over the
surface area.
[0100] The light source array LSA is disposed near the
light entering part LIN of the light guide film LGF. Espe-
cially, the light source array LSA includes a first light
source LS1, a second light source LS2 and a light source
board LB. The first light source LS1 provides the lights
to the light collimator WLC. The second light source LS2
is disposed facing the empty space between each of the
horizontal taper parts HWD and provides the lights to the
empty space. On the light source board LB, the first and
second light sources LS1 and LS2 are mounted in certain
array manner. Further, the light source board LB includes
a circuit for providing the electric power to the first and
second light sources LS 1 and LS2.
[0101] At the light entering part LIN of the light guide
film LGF, a light collimator WLC is disposed. In detail,
the light collimator WLC may be attached on the upper
surface of the light guide film LGF by an adhesive layer
AH, at the light entering part LIN. The light collimator
WLC is an optical element for converting and/or changing
the light supplied from the light source LS into a collimat-
ed light both on the horizontal plane (XY plane) and on
the vertical plane (XZ plane).
[0102] The light collimator WLC of the ultra thin film
type back light unit according to the second embodiment
of the present disclosure comprises a light incident sur-
face LIS, a horizontal taper part HWD and a vertical
wedge part VWD, like the first and second embodiments.
The light incident surface is facing with the first light
source LS1. The horizontal taper part HWD collimates
the incident light passing the light incident surface LIS
on the horizontal plane (XY plane). The vertical wedge
part VWD collimates the incident light on the vertical
plane (XZ plane).
[0103] The second light sources LS2 are disposed as
facing the empty space between each of the horizontal
taper parts HWD. In the third embodiment, the light cou-
pler LC is occupying the empty space between each of

the horizontal taper parts HWD. In the fourth embodi-
ment, the empty spaces are remained as the empty state.
The empty space has the reversed tapered triangular
shape, the reversed shape to the shape of the horizontal
taper part HWD. Therefore, the lights provided from the
second light sources LS2 enter into the light entering part
LIN of the light guiding part LIN as not being collimated
but having the expanding property.
[0104] The second light source LS2 may be same kind
of the light emitting diode with the first light source LS1.
The lights from the first light source LS1 are converted
into the collimated lights by the light collimator. The lights
from the second light source LS2, even though have the
same property with the lights from the first light source
LS1, are not collimated by the light coupler LC, but merely
transferred into the light entering part LIN of the light
guide film LGF.
[0105] The lights out from the second light source LS2
to the air do not meet any optical element when just leav-
ing from the second light source LS2. Therefore, the lights
from the second light source LS2 are the expanding
lights. That is, these lights expand to the all directions
including the right, the left, the upper and the lower sides.
The lights going to the right and left sides meet the hor-
izontal taper part HWD. As the both sides of the horizontal
taper part HWD in the view of the empty space have the
reversed tapered triangular shape, the expanding prop-
erty of the lights going to the right and left sides would
be expanded wider when entering into the light guide film
LGF. In the interim, the light going to the upper and lower
sides may be leaked or be the noise lights.
[0106] In order to prevent the lights going to the upper
and lower sides from being leaked or causing the noise
lights, it is preferable that a reflector REF is disposed at
each of the upper side and the lower side, respectively.
For easiness of attaching the reflector REF, it is prefer-
able that the reflector REF is attached on the top surface
and the bottom surface of the horizontal taper part HWD
of the light collimator WLC. The reflector REF is prefer-
ably selected any one of the reflecting film or the reflecting
sheet on which a reflecting layer is coated.
[0107] The collimated light by the light collimator WLC
enters into the light guiding part LWG of the light guide
film LGF having narrow incident angle range. The light
guiding part LWG is the element for receiving the colli-
mated light from the light entering part LIN and for send-
ing it to the opposite side of the light entering part LIN
without any loss of the collimated light. The light guiding
part LWG is the most of all portions of the light guide film
LGF. On the upper surface of the light guiding part LWG,
a light radiator VHOE is disposed. It is preferable that the
light radiator VHOE has a refractive index lower than that
of the light guiding part LWG. In detail, the light in the
light guide film LGF would be propagated by the total
internal reflection, at the bottom surface of the light guide
film LGF. At the upper surface of the light guide film LGF,
as propagating the light, most of light would be reflected
by the total reflection condition, and some portions of the
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light would be refracted and go out of the light guide film
LGF. Therefore, it is preferable that the refractive index
of the light radiator VHOE is higher than that of the air
and lower than that of the light guide film LGF.
[0108] As the light is propagated through the light guide
film LGF, the light radiator VHOE extracts and radiates
some portions of the light out of the light guide film LGF.
By attached on the upper surface of the light guide film
LGF, the light radiator VHOE provides a back light sub-
stantially perpendicular to the surface of the light guide
film LGF. Further, it is preferable that the light radiator
VHOE provides the back light having even luminescence
distribution over the whole surface of the light guide film
LGF. To do so, it is preferable that the light radiator VHOE
would be configured to have the variable light extraction
efficiency which is exponentially increasing from the side
where the light entering part LIN is disposed to the op-
posite side.
[0109] The back light unit according to the fourth em-
bodiment of the present disclosure comprises a first light
source LS1 and a light collimator WLC for providing the
back light of which viewing angle is controlled. Further,
it comprises a second light source LS2 and a reflector
REF for providing the back light having wide viewing an-
gle. When turning of the first light source LS1 only, the
light collimator WLC converts the light from the first light
source LS1 into the collimated light 100. As the collimated
light 100 is propagated within the light guide film LGF,
the back light 400 having certain directivity is output
through the light radiator 400 so as to be provided within
certain area.
[0110] When turning on the second light source LS2,
the light from the second light source LS2 is transferred
to the light guide film LGF through the horizontal taper
part HWD of the light collimator WLC as the expanding
property is increased. As passing through the light guide
film LGF, the back light which does not have any direc-
tivity is output throughout the light guide film LGF and
light radiator VHOE. When the back light unit is used for
general purpose, only the second light source LS2 may
be turn on. In some cases, both of the second light source
LS2 and the first light source LS1 may be turn on simul-
taneously.
[0111] By applying the back light unit according to the
embodiments of the present disclosure to the liquid crys-
tal display, ultra thin film type liquid crystal display can
be designed in which the total thickness is very thin sim-
ilar with the thickness of the organic light emitting diode
display. As the ultra thin film type back light unit suggests
either the wide viewing angle or the narrow viewing angle,
selectively, the ultra thin film type liquid crystal display
can be applied to much more various appliances. Further,
applying to the liquid crystal display embedding touch
input device such as the in-cell touch panel or the on-cell
touch panel type, the liquid crystal display can be oper-
ated either in the privacy mode or in the general mode
selectively, without any obstruction and/or hindrance for
the touch operation.

Claims

1. A back light unit comprising:

a light guide film (LGF) including a light entering
part (LIN) defined at one side, a light guiding
part (LWG) extending from the one side to an
opposite side of the one side, and a light radiat-
ing part (LOT) defined on one plane surface;
a light radiator (VHOE) disposed on the light ra-
diating part (LOT);
a first light source (LS1) disposed near to the
light entering part (LIN); and
a light collimator (WLC) disposed on the light
entering part (LIN) as facing the first light source
(LS1),

wherein the light collimator (WLC) receives an ex-
panding light from the first light source (LS1), con-
verts the expanding light into a collimated light, and
provides the collimated light to the light entering part
(LIN).

2. The back light unit according to the claim 1,
wherein the light guide film (LGF) has a refractive
index equal to or less than a refractive index of the
light collimator (WLC).

3. The back light unit according to the claim 1 or 2,
wherein the light collimator (WLC) includes:

a horizontal taper part (HWD) disposed near to
the first light source (LS1), wherein the horizon-
tal taper part (HWD) collimates the expanding
light from the first light source (LS1) on a hori-
zontal plane; and
a vertical wedge part (VWD) extending from the
horizontal taper part (HWD), wherein the vertical
wedge part (VWD) collimates the expanding
light from the first light source (LS1) on a vertical
plane.

4. The back light unit according to the claim 3, further
comprising:

a light absorber (LA) disposed on a bottom sur-
face of the light guide film (LGF) as facing the
light collimator (WLC),

wherein the horizontal taper part (HWD) and the ver-
tical wedge part (VWD) are attached on the light en-
tering part (LIN) of the light guide film (LGF) by an
adhesive layer (AH) having a lower refractive index
than the refractive index of the light collimator (WLC).

5. The back light unit according to the claim 3, wherein
only the vertical wedge part (VWD) of the light colli-
mator (WLC) is attached on the light entering part

25 26 



EP 3 187 922 A1

15

5

10

15

20

25

30

35

40

45

50

55

(LIN) of the light guide film (LGF) by an adhesive
layer (AH) having a lower refractive index than the
refractive index of the light collimator (WLC), and
wherein the horizontal taper part (HWD) is disposed
outside of the light guide film (LGF).

6. The back light unit according to any one of the claims
3 to 5, wherein the horizontal taper part (HWD) in-
cludes:

a light incident surface (LIS) facing the first light
source (LS1), and having a height and a width
corresponding to a size of the first light source
(LS1);
a top surface and a bottom surface extended to
one direction from the light incident surface (LIS)
with a predetermined distance and with a pre-
determined expanding angle; and

two side surfaces defined as the height is extended
from the light incident surface (LIS) with the prede-
termined distance, and
wherein the vertical wedge part (VWD) includes an
inclined surface extended along the one direction
from the horizontal taper part (HWD) in which the
height is linearly decreased as converging from the
top surface to the bottom surface along a length of
the vertical wedge part (VWD).

7. The back light unit according to the claim 6, wherein
a plurality of the horizontal taper part (HWD) are dis-
posed along a side of the vertical wedge part (VWD)
in a series, the side is perpendicular to the one
direction , and
wherein each of a plurality of the first light source
(LS1) is disposed at each of the light incident surface
of the horizontal taper part (HWD).

8. The back light unit according to any one of the claims
1 to 7, wherein the light collimator (WLC) is config-
ured to control an incident angle of the collimated
light as to be larger than a total internal reflection
critical angle at an interface between the light guide
film (LGF) and air and to be smaller than a total in-
ternal reflection critical angle at an interface between
the light guide film (LGF) and the light radiator
(VHOE).

9. The back light unit according to any one of the claims
1 to 8, wherein the light guiding part (LWG) is con-
figured to propagate the collimated light from the one
side to the opposite side,
wherein, when propagating the collimated light, the
light guiding part (LWG) totally reflects the collimated
light at an opposite plane surface facing the one
plane surface, and
the light guiding part (LWG), at the one plane surface,
refracts a portion of the collimated light to the light

radiator (VHOE) so as to output the portion of the
collimated light from the light guide film (LGF), and
reflects another portion of the collimated light to the
opposite plane surface.

10. The back light unit according to any one of the claims
1 to 9, further comprising:

a light coupler (LC) disposed laterally near to
the light collimator (WLC); and
a second light source (LS2) disposed as facing
the light coupler (LC) and laterally near to the
first light source (LS1).

11. The back light unit according to any one of the claims
1 to 9, further comprising:

a second light source (LS2) disposed as facing
an empty space between each of the horizontal
taper part (HWD); and
a reflector (REF) disposed on at least one of a
top surface and a bottom surface.
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