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(54) SOUND-TRANSMITTING DISPLAY DEVICE FOR OUTPUTTING A SOUND CORRESPONDING 
TO THE COORDINATES OF AN OBJECT IN A SCENE

(57) A sound penetrating display apparatus for out-
putting sound having an object-based position coordi-
nate effect is disclosed, which apparatus comprises a
plurality of pixels, a plurality of holes which are distributed
in an OLED (Organic Light Emitting Diode) display panel
in a certain dense in order for sound from a speaker dis-

posed at a back side of the OLED display panel to pen-
etrate, a driving circuit for driving the OLED display panel,
a protecting layer which is attached to a back side of the
OLED display panel or is disposed close to the same and
is formed of holes matching with the holes of the panel,
and a plurality of matrix speakers which are disposed at
a back side of the OLED display panel.
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Description

Technical Field

[0001] The present invention relates to a sound pen-
etrating display apparatus, and in particular to a sound
penetrating display apparatus for outputting the sounds
having object location effect in a scene.

Background Art

[0002] In recent years, as life standard advances, a lot
of people tend to enjoy television programs and movies
with a home theater system. The common display appa-
ratus of a television or a home theater system changes
from a conventional CRT to a LCD and a PDP, and a
new display apparatus such as an OLED (Organic Light
Emitting Diodes) is under development, with the size of
a display screen increasing.
[0003] As shown in Figure 1, in order to develop a com-
mon home theater system, there are needed front left
and right speakers, a subwoofer, surround back speak-
ers, surround left and right speakers and a center speak-
er. Among the above speakers, the center speaker is
positioned at the center between the front left and right
speakers, thus enhancing the propagation of sound,
which leads to output a relatively perfect sound image.
The center speaker is generally installed at a lower side
of a display panel, thus outputting dialogue; however a
display panel is made bigger and bigger, the dimension
of the screen increases. At this time, even when the po-
sitions of an object displayed on the screen are located
at the left side or the right side, since the sound is out-
putted from the center speaker, namely, from the central
portion, the portions where sounds are outputted and the
positions of the objects of the screen do not match, so it
is impossible to hear unmatched sounds.
[0004] In order to overcome the above problems, the
patent application number 10-2008-2526 of the applicant
same as that of the present application (entitled "Display
apparatus having object-based 3D sound coordinate
indications ") is directed to a display apparatus having
matrix speakers, thus generating 3D sounds from the
back of the display panel.

Disclosure of Invention

[0005] Accordingly, it is an object of the present inven-
tion to provide a method of forming a sound pass hole at
a display panel, thus letting sounds with a position coor-
dinate effect from a matrix speaker to penetrate in the
forward direction through the display panel wherein the
matrix speaker is disposed at a backside of the display
panel, and to provide a sound penetrating display panel,
and a display apparatus.
[0006] To achieve the above objects, a sound pene-
trating display panel for outputting sounds having an ob-
ject-based position coordinate effect comprises a panel

with a plurality of pixels, with the panel consisting of a
plurality of holes formed at the whole portions of the panel
to help sound penetrate. The pane might be formed of
an OLED panel in which holes can be easily formed. The
size of each hole formed at the panel is similar with the
size of each pixel.
[0007] The display apparatus for an object-based
sound output according to an embodiment of the present
invention comprises a speaker system formed of a plu-
rality of holes for the penetration of pixels and sound, a
sound penetration display panel with a driving circuit, a
protecting layer for absorbing the sound emitted through
the portions except through the holes of the display panel,
and a plurality of speakers which are attached to the back
side of the sound penetrating display panel or disposed
closer thereto and are arranged in a 2-diension.

ADVANTAGEOUS EFFECTS

[0008] The sound penetrating apparatus according to
the present invention is equipped with sound penetrating
holes between the pixels of the display panel, thus letting
the sounds from the matrix speakers disposed at the back
side of the display panel to penetrate, so it is possible to
hear the sounds from a corresponding speaker depend-
ing on the position of an object of a screen, thus allowing
a user to hear the sounds with a 3D effects having a
sound coordinate effect depending on the positions of
the objects of a screen.

Brief Description of the Drawings

[0009] The present invention will become better un-
derstood with reference to the accompanying drawings
which are given only by way of illustration and thus are
not limitative of the present invention, wherein;

Figure 1 is a view illustrating a construction of a con-
ventional home theater;
Figure 2 is a view illustrating a conventional OLED
display apparatus;
Figure 3 is a view illustrating a construction of a pixel
of Figure 2;
Figure 4 is a view illustrating a different construction
of a pixel;
Figure 5 is a view illustrating a construction of a
sound penetrating display panel according to an em-
bodiment of the present invention;
Figure 6 is a view illustrating an example of a con-
struction of a pixel according to an embodiment of
the present invention;
Figure 7 is a view illustrating a construction of a pixel
according to another embodiment of the present in-
vention;
Figure 8 is a view illustrating a construction of a pixel
according to further another embodiment of the
present invention;
Figure 9 is a schematic view illustrating a construc-
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tion of a display apparatus for outputting an object-
based sound according to an embodiment of the
present invention; and
Figure 10 is a block diagram illustrating a functional
construction of a display apparatus according to an
embodiment of the present invention.

Modes for carrying out the invention

[0010] The preferred embodiments of the present in-
vention will be described with reference to the accompa-
nying drawings.
[0011] Figure 2 is a view illustrating a conventional
OLED display apparatus.
[0012] The OLED display apparatus comprises a pan-
el 30 formed of a plurality of pixels, and driving circuits
10 and 20 for driving the panel 30. The pixel 31 of the
panel 30 is formed of sub-pixels 32 of three colors R, G
and B. The driving circuits 10 and 20 comprise a scan
driving circuit 10 and a data driving circuit 20. Each pixel
31 is connected with a scan line 11 and a data line 21.
The data riving circuit 20 applies a data signal to each
pixel 31 through the data line 21, and the scan driving
circuit 10 applies a scan signal to the pixel 31 through
the scan line 11.
[0013] As shown in Figure 2, the pixel 31 is formed of
R, G and B sub-pixels having the same sizes. Since the
light emission efficiencies and life spans of the R, G and
B sub-pixels generally have differences, so the pixels
might be constituted with difference surface area ratios
between sub-pixels.
[0014] Figure 5 is a view illustrating a construction of
a sound penetrating display panel according to an em-
bodiment of the present invention. Like the conventional
display apparatus, the sound penetrating display panel
100 comprises a panel 130, and driving circuits 110 and
120 for driving the panel 130. The panel 130 is formed
of a plurality of pixels 131, each pixel being formed of
sub-pixels 132 of three colors for generating colors. Un-
like the conventional display apparatus, the panel 130
according to the present invention comprises holes H for
penetrating sound. As shown in Figure 5, there is provid-
ed a sound penetrating display panel 100 in the panel
130 in uniform dense in a 2D structure. It is preferred that
the size of each hole H of the panel 130 is smaller than
the size of the pixel, and the hole H generally has the
size of the sub-pixel.
[0015] The sound penetrating display panel according
to the present invention is constructed in such a way that
one hole is assigned to each pixel. As shown in Figures
6 through 8, the holes might be formed in various shapes.
As shown in Figure 6, the pixel 131 has square-shaped
R, G and B sub-pixels, and square-shaped holes H. The
sizes of the R, G and B sub-pixels and the holes H are
same.
[0016] As shown in Figure 7, the pixel 140 is formed
of two square-shaped R sub-pixels, and one square-
shaped G sub-pixel, and two square-shaped B sub-pixels

and holes H. The sizes of the R, G and B sub-pixels and
the holes H are same. As shown in Figure 8, the pixels
150 have rectangular shaped R, G and B sub-pixels, and
holes, and the sizes of the R, G and B sub-pixels are
same. The sizes of the holes H might be different from
the sizes of the R, G and B sub-pixels.
[0017] The constructions of the pixels of Figures 6
through 8 are provided for illustrative purposes, and the
pixels might be implemented in various shapes.
[0018] As shown in Figure 5, the driving circuits 110
and 120 comprise a scan driving circuit 110 and a data
driving circuit 120 like the conventional display appara-
tus. Each pixel 131 is connected with the scan line 111
and the data line 121. The data driving circuit 120 applies
a data signal to each pixel through the data line 121, and
the scan diving circuit 110 applies a scan signal to the
pixel 131 though the scan line 111.
[0019] The sound penetrating display panel 100 hav-
ing the above holes might be implemented in various
display methods; however it is most preferred that the
sound penetrating display panel is implemented in the
OLED method. In the future, various advanced methods
might be utilized as technology advances.
[0020] Figure 9 is a schematic view illustrating a sound
penetrating display apparatus for outputting an object-
based position coordinate effect according to an embod-
iment of the present invention.
[0021] The display apparatus according to the present
invention comprises a sound penetrating display panel
300 formed of a plurality of pixels, a plurality of holes for
penetrating sound, and a driving circuit, and a speaker
system 400 formed of a protecting layer engaged at a
rear side of the display panel and a plurality of matrix
speakers which are attached to a back side of the sound
penetrating display panel or arranged in a 2D close to
the sound penetrating display panel.
[0022] The protecting layer 301 serves to protect the
panel from vibrations generating when the speaker 401
outputs sound. The protecting layer 301 is attached to a
back side of the panel or is disposed close to the same
and is equipped with the holes matching with the holes
of the panel.
[0023] The protecting layer 301 comprises a sound ab-
sorption layer for protecting the panel. In other words,
the sound outputted in the direction of the holes of the
panel among the sound generated from the speaker sys-
tem 400 is outputted in the direction of the front side of
the sound penetrating display panel 300 through the
holes of the protecting layer and the holes of the panel;
however the sound outputted in the direction except for
the holes of the panel is absorbed by the sound absorp-
tion layer contained in the panel of the protecting layer
301 before the sound reaches the panel. The protecting
layer 301 might further comprise a reflection layer for
enhancing a sound absorption efficiency in addition to
the sound absorption layer. At this time, the sound ab-
sorption layer faces in the direction of the panel, and the
reflection layer faces in the opposite direction of the panel
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(speaker system). The sound outputted in the direction
of the holes of the panel among the sound generated
from the speaker system 400 passes through the sound
penetrating display panel 300 via the holes of the pro-
tecting layer and the holes of the panel. The sound out-
putted in the direction except for the holes of the panel
is reflected toward the speaker system 400 by means of
the reflection layer, and the reflected sound collides with
the speaker system 400 and outputs toward the protect-
ing layer 301. Part of the sound headed to the protecting
layer 301 is outputted toward the front side of the sound
penetrating display panel 300 via the holes of the pro-
tecting layer 301 and the holes of the panel. The sound
absorption layer absorbs the vibrations so that the vibra-
tions occurring when the sound is reflected by the reflect-
ing layer are not transferred to the panel side.
[0024] Like the embodiment of Figure 9, the speaker
system 400 is attached to a back side of the sound pen-
etrating display panel 300 or is disposed close to the
same. Since the protecting layer 301 is positioned at the
backward most portion of the sound penetrating display
panel 300, the sound from the speaker system 400 pass-
es through the protecting layer 301.
[0025] Like the embodiment of the present invention
of Figure 9, the sound of the speaker system passes
through the small holes, and the final sound that a user
listens to might be distorted as compared to original
sounds. It is possible for a user to listen to sound similar
with the original sound in such a way to distort the dis-
tortions of the sounds in advance.
[0026] As shown in Figure 10, the display apparatus
500 for outputting an object-based sound comprises a
panel formed of a plurality of pixel and a plurality of holes
for the penetration of sound, a sound penetrating display
panel 520 formed of a driving circuit for receiving a video
signal and driving the panel, and a speaker system 510
formed of a plurality of speakers, and a pre-distortion part
530.
[0027] The speaker system 510 comprises a plurality
of speakers which are attached to a back side of the
sound penetrating display panel 520 or are disposed
close to the same and are arranged in a 2D structure
(arranged in a matrix shape), and an audio output circuit
corresponds to one or a plurality of speakers determined
depending on the position information of the sound, thus
outputting audio signals.
[0028] The pre-distortion part 530 serves to previously
distort the audio signal and provide to the audio output
circuit in an attempt to prevent the sound outputted from
the speakers from being distorted while the sound passes
through the sound penetrating display panel 520.
[0029] The sound distortion phenomenon when the
sound passes through the sound penetrating display
panel 52 might change depending on the sizes of the
holes of the panel and the density and arrangement. The
sound before and after the distortion might be modeled
as in the formula 1. 

[0030] In the formula 1, S1(s) means the sound before
distortion, and S2(s) means the sound after distortion,
and H(s) means transfer function.
[0031] When it is assumed that the audio signal first
inputted into the pre-input part is S0(s), and the transfer
function of the pre-distorter 530 is H’(s), S1(s) might be
expressed in the following formula 2.

[0032] The formula 1 and the formula 2 might be rear-
ranged, thus defining the sound S2(s), which has passed
through the panel, in the following formula 3. 

[0033] In other words, when the transfer function H’(s)
of the pre-distortion part 530 is designed to be closest to
1/H(s), it is possible to minimize the distortion of the
sound generated while passing through the sound pen-
etrating display panel 520.
[0034] The above-described embodiments of the
present invention are provided for illustrative purposes,
and it is obvious that the technical range of the present
invention should be interpreted by means of the following
accompanying claims.

Claims

1. A sound penetrating display apparatus of a display
apparatus for displaying images, comprising:

a plurality of pixels;
a plurality of holes which are distributed in the
display panel in a certain dense in order for
sound from a speaker disposed at a back side
of the display panel to penetrate;
a driving circuit for driving the display panel;
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a protecting layer which is attached to a back
side of the display panel or is disposed close to
the same and is formed of holes matching with
the holes of the panel; and
a plurality of matrix speakers which are disposed
at a back side of the display panel.

2. The apparatus of claim 1, wherein the sizes of the
holes of the display apparatus are same as the sizes
of the sub-pixels.

3. The apparatus of claim 1, wherein said protecting
layer comprises a sound absorption layer.

4. The apparatus of claim 3, wherein said protecting
layer further comprises a reflection layer, and said
sound absorption layer is positioned in the direction
of the panel, and said reflection layer is positioned
in the opposite direction of the panel.

5. The apparatus according to claims 1 to 4, wherein
said display panel is the OLED panel.
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