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(57) ABSTRACT

Provided 1s a display apparatus. The display apparatus may
include a display panel and a backlight provided adjacent the
display panel. The backlight may include an optical sheet
provided adjacent the display panel, a retlector provided a
prescribed distance from the optical sheet, at least one light

emitting device provided adjacent the reflector, and a lens
provided over a corresponding the light emitting device. The
lens may 1nclude a lower recess formed on a bottom surface
of the lens and provided a prescribed distance over the light
emitting device, and an upper recess formed on a top surface
of the lens and provided to vertically overlap the bottom
recess. The lower recess may include an upper surface that
extends from the side surface and having a prescribed shape
and curvature. The upper recess may also include a lower
surface having a prescribed shape and curvature.

10 Claims, 9 Drawing Sheets




US REA48,207 E

Page 2
(51) Imt. CL 2009/0296388 Al* 12/2009 Wu et al. ..ooooovevvevva.., 362/235
GO2F 1/1335 (2006.01) 2010/0079980 Al 4/2010 Sakai
a 2010/0302786 Al* 12/2010 Wilcox et al. .....o.o........ 362/327
ggg: ;ﬁl/‘g” (ggég'gz‘) 2011/0044022 Al1*  2/2011 Ko etal. .ooovvevvereerenn.n., 362/84
( .01) 2011/0127903 Al* 6/2011 Yao etal. .coovvevvennn... 313/498
(52) U.S. CL 2012/0170254 Al*  7/2012 Oleg ...ccccouee..... GO2F 1/1336
CPC ... G02B 19/0028 (2013.01); GO2B 19/0061 362/97.3
(2013.01); GO2B 19/0071 (2013.01); GO2F 2012/0300456 Al* 11/2012 Phillips et al. .............. 362/245
" _ ‘ 2013/0027946 Al* 1/2013 Tseng et al. ................. 362/294
2001/133607 (2013.01);, HOIL 33/58 (2013.01) 2013/0050588 Al* 2/2013 Kamada . .. 348/730
_ 2013/0070165 Al*  3/2013 Shimizu ......ccovvvevvnrn., 348/739
(56) References Cited 2013/0088857 Al 4/2013 Lee et al
| 2013/0286657 Al* 10/2013 Chen ......cocvevve.... F21V 7/0091
U.S. PATENT DOCUMENTS 362/308
2014/0063801 Al 3/2014 Seki et al.
7,322,721 B2* 1/2008 Nohetal. .......ccccocen, 362/327 2016/0025296 Al 1/2016 Bigliatti et al.
7422347 B2*  9/2008 Miyairi et al. ................ 362/335
7,488,089 B2  2/2009 Park et al. - -
7,524,098 B2*  4/2009 Vennetier et al. ............ 362/555 FOREIGN PALENT DOCUMENLS
e
7,582,913 B2$ 9/2009 Huang et al. ...........cc..... 257/98 1P 501-5 17037 21012
7,585,083 B2* 9/2009 Kim et al. .....ooovven.... 362/97.3 |
_ KR 10-2006-0111266 10/2006
7,658,515 B2  2/2010 Park et al. _ _
5 - KR 10-2012-0011185 2/2012
7,787,073 B2*  8/2010 Bang ......ccccevvevevvvverennn, 349/62 - -
N - KR 10-2012-0011185 A 2/2012
7,810,962 B2* 10/2010 Tahmosybayat .............. 362/329 KR 020130081868 9013
2 ; - - 1
7,883,232 B2*  2/2011 Bang ....cccoceevevecenenan.. 362/97.3
5 - . . W 2008-37449 9/2008
7,982,709 B2 7/2011 Sekiguchi et al. ............ 345/102
8.068.288 Bl* 11/2011 Pitou Go2B3/0s WO WO 2012/132872 1072012
VRS PR e 50743 WO WO 2012/132872 Al 10/2012
8,106,859 B2* 1/2012 Ohkawa et al. ................ 345/82
8,622.594 B2* 1/2014 Ishio et al. ......c..cooov..... 362/455 OTHER PUBLICATIONS
8,944.641 B2*  2/2015 Kasai .ocooovvvereerverrennn., 362/297
2005/0001537 A1* 1/2005 Westetal. .................... 313/500 U.S. Office Action dated Aug. 6, 2015 issued in co-pending U.S.
2006/0083003 Al* 4/2006 Kim et al. .ooooovvevnn.... 362/327 Korean Office Action dated Aus. 20. 2010 issued in Anplicat
2006/0238873 Al 10/2006 Park et al. ofedll L7mee ACLon dated Alg. 2, tsstied L Application
2007/0047261 Al* 3/2007 Thompson et al. .......... 362/623  10-2013-0040735. | | o
2007/0109779 Al* 5/2007 Sekiguchi et al. ........... 362/249 European Search Report 1ssued in Application No. 13003645.2
2008/0100773 Al* 5/2008 Hwang ................. GO02B 3/005 dated Oct. 31, 2014.
349/62 | |
2009/0129063 Al 5/2009 Park et al. * cited by examiner




U.S. Patent Sep. 15, 2020 Sheet 1 of 9 US RE48.207 E

10

10
T 14

T R T TE TR NN N N AN
’ /I N/ _ ’

L/

A 1n

/
4
/

ry-# .
N ? s
_ -

) AW,

. / N
E\%hmmmmmm RS
\?b\

o

S SAS SIS NSNS SSNSNANN \x%%;eéxx\\ SN S S SN S SNSNN
2%’ ,2%? YL L Y

I - /
22 21, 2 1(2




U.S. Patent Sep. 15, 2020 Sheet 2 of 9 US RE48.207 E

FI1G.3

223

227



U.S. Patent Sep. 15, 2020 Sheet 3 of 9 US RE48.207 E

FIG.4

205
DoRa DOBh
221a

221

223

2240 224a
024
FIG.5
221
225b
A 4o
f

224

1

f |
224d Z224a 224h 224c¢




U.S. Patent Sep. 15, 2020 Sheet 4 of 9 US RE48.207 E

FI1G.6
00
2 071
225h 2253 czla )
-\

@ 03

224h 2242 224d  224c 222
224

FIG.7

225 221
20ha 225k ) 2z la

223

(\ 222

224d 2242 0o4h Pp4c
204




U.S. Patent Sep. 15, 2020 Sheet 5 of 9 US RE48.207 E

FIG.8
o2 291
Do5a 2250 2zl
S L2273
2244 224c 2248 224b. 00D

204



U.S. Patent Sep. 15, 2020 Sheet 6 of 9 US RE48.207 E

FIG.9

o~

o I A
DAL
“!!!!E%iii" ) ’i:J!ﬁilI-"lv' 227

£
o

004d 2943 224c 224b
D4




U.S. Patent Sep. 15, 2020 Sheet 7 of 9 US RE48.207 E

FIG.11
P25
225b 2253 251
\\\\“\‘\\T \‘K‘émx"\—vil\\itlﬂe
\:.....“,/ VAV A AV AT, / /f\%Z_Z_A/ Ly L LS 15
- A .
[ T—— \ T pm 14
' |
H | N\ ni ne
_ | ?&11_ — i -
i _ A AN 223
/ A
i 1?"* < T T
SIS SIOSSSN S AN A NANANANANANANAN
. ) 7 7 A, N A A A WA, ,
LN “‘\) NN N ] : NN N N N NN




U.S. Patent Sep. 15, 2020 Sheet 8 of 9 US RE48.207 E

Ay oy kg, L g e A L] Ly 1L - [ ] [ e = f T o pri=m " 2 Fwr Im P ek L --rr
vy N :Iil,:.!._"] e Al B . B ld v 2t * I cla - S = ..'rh i - lt_‘-r‘:,":"“_-.,.:r.“-.. .l..r.',:'rp _nl'l"'. YL r
QI R e A W T e )L g 4 an-% eamwed g Rl = » - N LR e Jagd b =N ! e

PR ' ! 2
s b x SO LA R Wi TR
S LLL N R n Lyra-hn .'i 3 u—-'-'l"'"'-l:
AU DEETA T e ) S
: r -l"[-“q.f ] f-—'*‘"li:?"-J*'r-‘**‘:
Fa m Ty r
+¢‘|al-'*-'..;'-'l'- -1 L;I'i,"'
o Bl

ey -1 Py oo 1 s
',.F._ﬁ"!“:.’,‘\;::._" L.:-':- H:-qj h.l ".-""- .
ih.f?krﬂ J‘.!i"'r E‘lrh‘;‘ﬁ;— [ Eygr)
i, TATTL TEE L L N
Al bAoA g
: h A M H-Hl:"ﬂ [
h"'.l p o+, 1 ﬂ

o e Hy JLRRRETE ¥ ol o
L R e e
e LT S i -'fj"'" =
P d ey,

-

5‘;‘ E"t -t L

P s o P
[ : e e

¥l
4§

1T
a0

‘n-. l!l"" vl by "k'*t-"

ey
-

' _:1_._1-'

-r-l'

s LN n ¥
o o Y Yy -
'l R et Y Ty I ']
| Lt - 4 a 12
4 it ‘_;i_‘L"il ‘:'.:—:..1-. 1-_- “"L = J 1 .'.
" P P & L i u-L

E e Tt Ve ,Up-' I, A A F t!".-%
" "y . ¥ £
';1 ﬁi'ﬁ‘ﬁ": 'i - -} aft

[
JI'J.

"ok

.= -
P

> L]
-

'y e PO T T

AR ST
.'-"I*'I-.'a‘:__ . ".!"I..H .'_lr‘__ A . = I I.F"""'.-!'I 1-.'1 u‘:i‘_ri-".t" '*."
M : | L LR, SR o et O A - ; T T ey n
R A I Ak iy M T O E o ¥ A ettt D e Bl 3 e B e 2

A .'I:f".:";., :I“J‘I'";‘:- "l:l""*'-h‘:h“:'

| ] ]
L S l::."... gl ¢ o
NS T;I.T-_:ae"-. W Pl e
h:,.}l-:ilu'l AN
}._!'-':'J"! 'f'}":."': L
1 'p.l_l- H"I ‘ph.'_"" !
L ,l: - ':}I':'nl‘

.y
I*-I"L-.‘
[ ] . lI
. ke s Pa I'I: 11 [+ L]

+ "ii‘i L y 'l 1 w
' R e Daeae, PeA Y il
qﬂ"..iwu"-r&:!""l ‘:_.‘ﬂﬁ' .1_--:':n.t_:'!.r h’rl' i
. g v re® g Jap ¥ ¥ ™ . ]
RSN L T G
4 e '-f"ﬁf""n‘- . .H'
ri'h "f;;u ! :: '
& !q-.i iﬂ‘

' - - [ ] L [] !
Ry b g Sy PRl e . RO
iyt 1 Nyt v - el A X T R
L‘*‘- o A e b % T .l-!;'i‘-:; Fiht e o de,

ht

s Pl DL L B
41,

- ™

e S M I SR Wt

W Dpp e L S5,

Er
g A o

i.‘llj‘

TRgal s "aWugn dyry B}

F:'mq'\f' u'r vy h -‘I*:.,;'rint"-*l-'u

a7

:

47
8

a8 agr? '1'11 r LY .:- ‘r.i--" ¥
iy oms el s I w Tt . .ﬁ!l‘ttl:':-. i B ;.';I;I.‘.l'n-'lq"‘l': fro o g el y
- }-l.".,."'"f:r w 'F oy o L } ' ptoa i-'_:_l'_ tu‘u IIll'-‘ *""“:" : ! j.‘-ﬂ"' '_.,'.._"q‘_l_""‘-‘:'i"i' o
AR FEM & A DA : ERTRIVTIRE N pte ot B g€ i T v
T L RCCR AT TR Y W | 4 AT L b, AFH
LR rl_?.iq.‘h;l A | f [t o arat o r 'y o “n‘ -;-"t"" . , o
h.."‘"rﬂ"li s 2 Y » ! . F"pr.'lil. [Ty 1’*::! f. ‘I
-"': . ni;.r' I e S et - - o Y e n, ':h-.,:i;.. {,"*-;“
q.irlﬂ:u.: a't p"- o ,' ’ P! - "‘lql.l t ' T ff{"-‘!l‘ "L";—'IH LS B0 !1"“ y
' ’ 1

ah L t q i 1R L o1 L
" “‘1.. F FIR | _ 1‘ - -. ) J '_J'.‘r.‘;,‘-t ‘i$.

o 4

L)
ah"; nq‘:.j""Jt't




U.S. Patent Sep. 15, 2020 Sheet 9 of 9 US RE48.207 E

& i"l' e ol ‘
L I (L™ [ ] (W) B
s W 0 ATy, nPf rl"ll.-

‘y '.ﬂ. sl TP o e e 1
:" i "y ' & an L] ""I".'
N R N TN Jlf N By "l-l"" N

t|:|-l-":""l-..’1 L 1'11,--1




US RE48,207 E

1
DISPLAY APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a Reissue Application of prior U.S.
Pat. No. 9,297,519 issued Mar. 29, 2016 (U.S. patent

application Ser. No. 14/013,427 filed Aug. 29, 2013, which
claims priority under 35 U.S.C. §119 to Korean Application
No. 10-2013-0040735 filed in Korea on Apr. 15, 2013,
whose entire disclosure 1s hereby incorporated by reference.

BACKGROUND

1. Field

The present disclosure relates to a display apparatus.

2. Background

As an imformation-oriented society develops, needs for
diverse forms of display apparatuses are increasing. Accord-
ingly, research has been carried out on various display
apparatuses such as liquid crystal display devices (LCDs),
plasma display panels (PDPs), electro luminescent displays
(ELDs), vacuum fluorescent displays (VFDs), and the like,
which have been commercialized.

Among these, a liquid crystal panel of a liquid crystal
display (LCD) includes a liquid crystal layer, TFT substrates
tacing each other with the liquid crystal layer therebetween,
and a color filter substrate. The liquid crystal panel may use
light supplied from a backlight unit to display an image
because 1t does not emit light.

A backlight unit using an 1sotropic lens has a structure 1n
which light sources are arranged 1n an orthogonal or hon-
eycomb structure, and the lens disperses light emitted from
the light sources 1n a form of 1sotropic light distribution. In
such a structure, since the pitch between the light sources
increases as the number of light sources 1s reduced, it 1s
dificult to disperse light 1n the form of circular 1sotropic
light distribution using a secondary lens.

The above references are incorporated by reference herein
where appropriate for appropriate teachings of additional or
alternative details, features and/or technical background.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments will be described in detail with refer-
ence to the following drawings in which like reference
numerals refer to like elements wherein:

FIG. 1 1s an exploded perspective view 1illustrating a
structure of a display apparatus according to an embodi-
ment;

FIG. 2 1s a cross-sectional view of the display apparatus;

FIG. 3 1s a perspective view 1illustrating an outer appear-
ance of a lens constituting a light emitting part according to
an embodiment;

FIG. 4 1s a perspective cross-sectional view of the lens
according to an embodiment, taken alone line I'-1 of FIG. 3;

FIG. 5 15 a bottom perspective cross-sectional view of the
lens according to an embodiment, taken along line I'-1 of

FIG. 3;
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2

FIG. 6 1s a cross-sectional view of the lens according to
an embodiment, taken alone line I'-1 of FIG. 3;

FIG. 7 1s a perspective cross-sectional view of the lens
according to an embodiment, taken alone line II-IT' of FIG.
3;

FIG. 8 1s a cross-sectional view of the lens according to
an embodiment, taken alone line II-II' of FIG. 3:

FIG. 9 1s a perspective cross-sectional view of the lens
according to an embodiment, taken alone lines I-I' and II-1I"
of FIG. 3;

FIG. 10 1s a view comparing light reflective index profiles
realized in a lens according to a related art and a lens
according to an embodiment;

FIG. 11 1s a cross-sectional view of a moving path of light
occurring on a top surface portion of a lens according to an
embodiment;

FIG. 12 15 a view 1illustrating light distribution according,
to a ratio of a long axis length to a short axis length 1n a
recess portion defined 1n a central portion of a bottom
surface of a lens according to an embodiment;

FIG. 13 1s a view comparing light distribution occurring,
in a lens 1n which an uneven portion 1s disposed on a central
portion thereof according to an embodiment and a lens 1n
which an uneven portion 1s not provided according to the
related art; and

FIG. 14 1s a simulation 1llustrating light distribution 1n a
backlight unit on which a plurality of light emitting parts
including a lens are mounted according to an embodiment.

DETAILED DESCRIPTION

In the following detailed description of the preferred
embodiments, reference 1s made to the accompanying draw-
ings that form a part hereof, and in which 1s shown by way
of 1llustration specific preferred embodiments 1n which the
disclosure may be practiced. These embodiments are
described 1n suflicient detail to enable those skilled 1n the art
to practice the disclosure, and 1t 1s understood that other
embodiments may be utilized and that logical structural,
mechanical, electrical, and chemical changes may be made
without departing from the spirit or scope of the disclosure.
To avoid detail not necessary to enable those skilled 1n the
art to practice the disclosure, the description may omit
certain information known to those skilled 1n the art. The
following detailed description 1s, therefore, not to be taken
in a limiting sense, and the scope of the present disclosure
1s defined only by the appended claims.

Exemplary embodiments of the present disclosure waill
now be described with reference to the accompanying
drawings. Embodiments may, however, be embodied 1n
different forms and should not be constructed as limited to
the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the present
disclosure to those skilled in the art. In the drawings, the
thicknesses of layers and regions are exaggerated for clarity.

Embodiments provide a display apparatus which may
include an optical assembly which 1s capable of improving
quality of a displayed image. Embodiments also provide a
display apparatus which 1s capable of realizing a surface
light source structure through anisotropic light distribution.

FIG. 1 1s an exploded perspective view illustrating a
structure of a display apparatus according to an embodi-
ment, and FIG. 2 1s a cross-sectional view of the display
apparatus.

Referring to FIGS. 1 and 2, a display apparatus 10
according to an embodiment includes a display panel 16




US RE48,207 E

3

displaying an 1mage, a backlight unit disposed at a rear side
of the display panel 16 to emit light toward the display panel
16, and an optical sheet 15 diflusing or processing the light
emitted from the backlight unait.

In detail, the optical sheet 15 includes a diffusion sheet
and a prism sheet. Also, the backlight unit may include an
LED as a light source. Here, the backlight unit includes a top
view type LED package in which light emitted trom the light
source 1s oriented toward the display panel 16.

The backlight unit includes a board layer 12 placed on the
bottom of a panel case 11, light emitting parts 20 mounted
on the board layer 12, and a reflective layer 13 placed on a
top surface of the board layer 12.

In detail, the light emitting parts 20 may be arranged in a
line at a predetermined distance on a central portion of the
reflective layer 13. Also, a portion of the reflective layer 13
corresponding to both side areas of the retlective layer 13
with respect to the light emitting parts 20 may have an
upwardly inclined surface. Since the portion of the reflective
layer 13 1s inclined, light emitted from the light emitting
parts 20 and then refracted toward the reflective layer 13
may be reflected toward the optical sheet 135 to improve light
elliciency. Also, a reflective pattern or a light extraction
pattern 131 may be disposed on a top surface of the
reflective layer 13. The light emitted from the light emitting,
parts 20 may collide with the pattern and thus be reflected
toward the display panel 16.

The board layer 12 may be a printed circuit board (PCB)
formed of one of polyethylene terephthalate, glass, polycar-
bonate, or silicon. Alternatively, the board layer 12 may be
provided 1n a film type.

Each of the light emitting parts 20 may include a light
emitting device 21 including an LED and a lens 22 coupled
to an upper portion of the light emitting device 21. The light
emitting device 21 may be the top view type LED package
in which a light emitting surface faces an upper side. Thus,
light may be emitted upward at a viewing angle of about 120
degrees. Also, most of light emitted from the light emitting
device 21 may be totally reflected 1n a lateral direction by the
lens 22. Thus, since the lens 22 1s disposed above the light
emitting device 21, the backlight unit may decrease in
thickness and improve light efliciency and luminance uni-
formuity.

Also, a light guide layer 14 i1s disposed between the
reflective layer 13 and the optical sheet 15. The light guide
layer 14 may be {filled with air or maintained in a vacuum
state.

Hereinafter, a structure of the light emitting part accord-
ing to embodiments will be described 1n detail.

FIG. 3 1s a perspective view 1illustrating an outer appear-
ance of a lens constituting a light emitting part according to
an embodiment, FIG. 4 1s a perspective cross-sectional view
of the lens according to an embodiment, taken alone line I'-1
of FIG. 3, FIG. 5 1s a bottom perspective view of the lens
according to an embodiment, taken along line I'-I of FIG. 3,
FIG. 6 1s a cross-sectional view of the lens according to an
embodiment, taken alone line I'-1 of FIG. 3, FIG. 7 1s a
perspective cross-sectional view of the lens according to an
embodiment, taken alone line II-II" of FIG. 3, FIG. 8 15 a
cross-sectional view of the lens according to an embodi-
ment, taken alone line II-II" of FIG. 3, and FIG. 9 1s a
perspective cross-sectional view of the lens according to an
embodiment, taken alone lines I'-1 and II-II' of FIG. 3.

Referring to FIGS. 3 to 9, the light emitting part 20
according to an embodiment includes the light emitting
device 21 and the lens 22 disposed above the light emitting
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device 21. The lens 22 may be a secondary lens disposed
above a primary lens disposed on a top surface of the light
emitting device 21.

In detail, the lens 22 may have a concentric shape 1n
cross-section. Also, the lens 22 may have a cylindrical shape
having a predetermined height. In more detail, the lens 22
includes a bottom surface portion 222 covering the light
emitting device 21, seated on the board layer 12, and having
a concentric shape, a side surface portion 223 extending
upward from the bottom surface portion 222 by a predeter-
mined length and having a cylindrical shape, and a top
surface portion 221 having an aspheric curvature having a
parabolic shape on an upper end of the side portion 223 and
gradually recessed toward a central direction of the lens 22.
The top surface portion 221 may be divided 1n a plurality of
sections 1n a circumierential direction. A boundary portion
between the adjacent sections may be stepped upward or
downward. Light emitted upward from the light emitting
device 21 may collide with the top surface portion 221 and
thus be totally reflected 1n a lateral direction. Also, one
portion of the totally reflected light may advance in the
lateral direction, and the other portion of the light may
collide with the reflective layer 13 and thus be re-retlected.
Here, the more a distance between the light emitting device
21 and the top surface portion 221 decreases, the more a
distance between the light emitting device 21 and a point at
which light collides with the reflective layer 13 decrease
because a total reflection angle decreases. Thus, when the
stepped portion 1s provided to cause a height difference of
the top surface portion 221, the light emitted onto the top
surface portion 221 and then totally reflected may be re-
reflected on several points of the reflective layer 13. That 1s,
the totally retlected light may collide with any point of the
reflective layer 13 corresponding to a short-distance from
the light emitting device 21 and any point of the reflective
layer 13 corresponding to a long-distance from the light
emitting device 21 and then be re-reflected. Thus, the light
re-reflected toward the optical sheet 15 may be uniformly
distributed onto the entire backlight unit to maintain uniform
brightness.

The top surface portion 221 may have an aspheric shape
gradually recessed from an outer edge portion in the central
direction and rounded upward 1n a convex shape.

Also, a top surface center portion 225 1s defined on a
central area of the top surface portion 221. The top surface
center portion 225 includes a recess portion 225a having a
general oval shape with a continuous curve or a track-shaped
oval shape in which a straight-line section and a curved-line
section are connected to each other when viewed from an
upper side and recessed downward by a predetermined depth
and an uneven portion 2235b defining the bottom of the recess
portion 225a and having a cross-section with a spread book
shape. The uneven portion 225b includes a pair of ridge
portions extending from an edge of the recess portion 225 to
a central portion and a valley portion disposed on a boundary
portion of the pair of ridge portions. Also, a curvature of the
ridge portion may be set in a shape in which the valley
portion 1s lower than an outer edge of the nidge portion.
Thus, as shown 1n FIG. 11, a depth H of a central portion of
a top surface of the lens 22 may be defined as a vertical
length from an upper end of the lens 22 to the valley portion.
Also, a pitch P (or a radius) of the top surface of the lens 22
may be defined as a horizontal distance from the valley
portion to an edge of the lens 22, 1.¢., a radius of the lens 22.

Also, as shown 1n FIGS. 4 to 6, the top surface portion 221
of the lens 22 that 1s cut by a vertical surface passing through
a short axis of the oval defining the recess portion 223a has
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a shape continuously connected to the ridge portion of the
uneven portion 225b. Also, the top surface portion 221 of the
lens 22 and the ridge portion constituting the uneven portion
225b may have rounded with the same curvature, or the
ridge portion may have a curvature less than that of the top
surface portion 221.

A bottom surface center portion 224 recessed upward by
a predetermined height 1s disposed on a bottom surface of
the lens 22.

In detail, the bottom surface center portion 224 includes
a bottom portion 224a having a general oval shape with a
continuous curve or a track-shaped oval shape 1n which a
straight-line section and a curved-line section are connected
to each other, a vertical extension portion 224b vertically
extending upward from the bottom portion 224a, and a first
rool portion 224¢ roundly extending upward from an end of
the vertical extension portion 224b. The first roof portion
224c may extend 1n a shape of which a transverse width 1s
gradually narrowed toward an upper side. That 1s, the first
rool portion 224c¢ has a prism shape or a lying triangular
pillar shape and a smoothly rounded edge. An inclined
surface constituting the first roof portion 224¢ may extend 1n
a curved shape 1n a direction in which an mner space of the
bottom surface center portion 1s gradually narrowed. For
example, the inclined surface may have a convex curvature.

Also, as shown 1n FIG. 9, a tip of the first roof portion
224c¢ may be spaced a predetermined distance d from the
lowest point of the top surface center portion 225, 1.e., a
valley portion of the uneven portion 225b. When the first
roof portion 224c communicates with the valley portion, a
hole connecting the top surface center portion 225 of the lens
22 to the bottom surface center portion of the lens 22 is
defined. Light emitted through the hole may be emitted onto
the optical sheet 15 to cause a hot-spot having luminance
significantly greater than that of surrounding luminance.
Thus, the recess portions respectively defined 1n the top
surface center portion 225 and the bottom surface center
portion of the lens 22 may not communicate with each other.

Also, a second roof portion 224d may be further defined
inside the recess portion defined by the vertical extension
portion 224b and the {first roof portion 224c.

In detail, the second roof portion 224d may extend from
any point corresponding between the bottom portion 224a of
the bottom surface center portion 224 and the upper end of
the vertical extension portion 224b to the tip of the first roof
portion 224c¢. Also, the second roof portion 224d may be
roundly extends at a predetermine curvature. Particularly,
the second roof portion 224d may extend upward 1 a
rounded shape that 1s convex 1n a central direction of a
recess space defined by the first roof portion 224¢ and the
vertical extension portion 224b. Thus, the second roof
portion 224d may be the other roof portion additionally
provided within the first roof portion 224c.

Also, a transverse width (or length) of the second roof
portion 224d may be less than a long axis of the oval
defining the bottom portion 224a.

A reference symbol X illustrated 1in FIG. 9 may be defined
as a center point of the lens 22. The center point of the lens
22 may also be the center of the recess. That 1s, the recess
on the top and bottom of the lens 22 may be provided at the
center of the lens.

FIG. 10 1s a view comparing light reflective index profiles
realized 1n a lens according to a related art and a lens
according to an embodiment.

Referring to FIG. 10, as shown 1n FIG. 10A, 1in a case of
a lens according to a related art, which has a concentric
structure in cross-section of the recess portion defined by the
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bottom surface center portion, it may be confirmed that light
horizontally emitted from the light emitting device i1s not
refracted while passing through the lens, but advances
straightly. Also, 1t may be confirmed that light horizontally
emitted from the light emitting device 1s uniformly diffused
in a circumierential direction of the lens 22. That 1s, 1sotro-
pic light distribution 1n which light emitted from the light
emitting device 1s uniformly diffused in the circumierential
direction may be realized.

On the other hand, as shown in FIG. 10B, 1n a case where
a cross-section of the recess portion defined by the bottom
surface center portion has a substantially oval shape, 1t may
be confirmed that anisotropic light distribution in which
light emitted from the light emitting device 1s refracted by a
boundary surface between the recess portion and the lens
and then concentrated 1n a specific direction. Here, the
substantially oval shape may represent that the oval shape
includes the general oval shape connected 1n a curved shape
and the tracks shaped oval shape having a straight-line
section and a curved section.

In detail, in a case of a lens having the bottom surface
center portion with an oval shape, 1t may be confirmed that
light 1s refracted and concentrated in an extension direction
of a short axis of the oval. Particularly, 1t may be confirmed
that anisotropic light distribution in which light emitted from
the light emitting device 21 1s refracted by a boundary
surface between the recess portion defined 1n the bottom
surface center portion 224 and the lens 22, and then the light
1s concentrated into a fan-shaped area that i1s spread by a
predetermined angle 0 1 left and right directions with
respect to a short axis passing through a center point of the
lens 22 1s realized. As described above, since the lens has an
anisotropic side surface shape, the anisotropic light distri-
bution 1n which light emitted from the light emitting device
21 1s concentrated 1n a specific direction may be realized,
and thus, the light may be diflused far away in a single axis
direction. Also, a ratio of a short-axis length to a long-axis
length of the oval may be adjusted to adjust an amount of
light refracted in the short axis direction and an angle ©
spread 1n the left and right directions with respect to the
short axis.

FIG. 11 1s a cross-sectional view of a moving path of light
occurring on the top surface portion of a lens according to
an embodiment.

Referring to FIG. 11, light emitted from the light emitting
device 21 i1s primarily refracted by the boundary surface
between the lens 22 and the bottom surface center portion
224 In detail, light emitted from the light emitting device 21
may be refracted 1n a direction 1 which the light 1s con-
centrated in the short axis direction of the recess portion
having the oval shape while passing through the bottom
surface center portion 224 of the lens 22.

Also, light passing through the bottom surface center
portion 224 to collide with the top surface portion 221 of the
lens 22 and a surface of the ridge portion constituting the
uneven portion 225b of the top surface center portion 225
may be totally reflected due to a refractive index difference
between the lens and air. Also, one portion of the totally
reflected light may be horizontally diffused into the light
guide layer 14, and the other portion of the light may collide
with the reflective layer 13 and then be re-reflected upward.

Here, an angle at which the light colliding with the ridge
portion 1s totally reflected may be different from that at
which the light colliding with the top surface portion 221 1s
totally reflected. Thus, points at which the light totally
reflected by the top surface portion 221 of the lens 22 and the
uneven portion 225b of the top surface center portion 225 1s
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re-reflected may be uniformly distributed over a short-
distance area and a long-distance area from the center of the
lens 22. Thus, the brightness of the light may be uniformly
maintained.

A totally reflected angle 0 _ of the light colliding with the
top surface portion 221 of the lens 22 may be defined by
Snell’s law as follows:

sin 0 =(n2/nl) (where, nl 1s a refractive index of a lens,
and n2 1s a refractive index of air)

When the lens 22 1s formed of polycarbonate, since the
polycarbonate has a refractive index of about 1.358, a critical
angle 0 _ for total retlection may be about 42 degrees. Thus,
the top surface portion 221 may have a curvature so that an
angle of 1incidence of the light incident 1nto the top surface
portion 221 may be about 42 degrees or more. Thus, most of
light 1incident into the top surface portion 221 of the lens 22
may be totally reflected and then diffused nto the light guide
layer. Also, only a portion of the light may pass through the
lens 22 to move toward the display panel 15. Here, a light
shield pattern layer may be disposed on the top surface of the
lens 22 to re-reflect a portion of the light advancing toward
the display panel 135 onto the light guide layer.

A degree 1n which the light incident into the lens 22 1s
spread 1n the short axis direction of the bottom surface center
portion 224 may be decided by the depth H of the top surface
center portion 225/a pitch P of the top surface portion 221
of the lens 22. The pitch P of the top surface portion 221 of
the lens 22 may represent a distance from the top surface
center portion 225 of the lens 22 to an edge of the top surface
portion of the lens 22. Heremafter, the H/P value that
represents the spread degree of the light incident into the
lens 22 may be defined as luminous intensity distribution of
the lens. A value of the luminous intensity distribution may
increase to allow light to be uniformly spread up to a far
distance.

According to the result of experiment, 1t may be con-
firmed that the more the value of the luminous intensity
distribution increases, the more the hot-spot decreases to
decrease light losses, whereas the more the value of the
luminous intensity distribution decreases, the more the hot-
spot 1increases to increase light losses. Also, i1t the value of
the luminous itensity distribution 1s about 0.3 or less, the
light losses may significantly increase. Thus, the value of the
luminous intensity distribution may be about 0.3 or more,
particularly, about 0.3.

FIG. 12 1s a view 1illustrating light distribution according
to a ratio of the long axis length to the short axis length in
the recess part defined in the central portion of the bottom
surface of the lens according to an embodiment.

Referring to FI1G. 12, FIG. 12A illustrates light distribu-
tion 1n a case where a ratio of the long axis/short axis (L/S)
of the bottom surface portion of the lens illustrated 1n FIG.
10A 1s about 1, 1.e., 1n a case of the recess portion having the
concentric shape. Also, FIG. 12B 1illustrates light distribu-
tion when a ratio of the long axis/short axis 1s about 2, and
FIG. 12C 1illustrates light distribution when a ratio of the
long axis/short axis 1s about 3.

According to the light distribution, 1t may be confirmed
that the more a ratio of the long axis/short axis, light 1s
concentrated mto a single axis direction (the short axis
direction) and moves up to a far distance. That 1s to say, 1t
may be confirmed that the more a ratio of the long axis/short
axis 1ncreases, a diffusion angle 0 of light spread in the
circumierential direction decreases, and the light 1s horizon-
tally spread up to a far distance. According to the above-
described results, to achieve the anmisotropic light distribu-
tion that 1s intended to be realized through the lens according,
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to an embodiment, the lens may be designed so that the ratio
of the long axis/short axis of the oval defining the recess
portion of the bottom surface center portion 1s at least 2 or
more.

FIG. 13 1s a view comparing light distribution occurring
in a lens 1n which the uneven part 1s disposed on the central
portion thereof according to an embodiment and a lens in

which an uneven part 1s not provided according to the related
art.

Referring to FIG. 13, FIG. 13A illustrates light distribu-
tion 1n a case where the uneven portion 225b 1s not provided
on the top surface portion, and FIG. 13B illustrates light
distribution i a case where the uneven portion 225b 1is
provided on the top surface portion.

In detail, 1n the case where the uneven portion 225b
having a specific shape 1s provided on the top surface of the
lens 22, 1t may be confirmed that an amount of totally
reflected and horizontally spread light increases when com-
pared to the case in which the uneven portion 225b 1s not
provided. This represents that the light colliding with the
uneven portion 225b 1s totally retlected to reduce an amount
of light straightly advancing toward the optical sheet 15,
thereby minimizing generation of the hot-spot. That 1s to say,
a large amount of light emitted from the light emitting
device 21 may not be concentrated just above the light
emitting device 21, but be spread 1n the horizontal direction
to reduce intensity of the hot-spot.

Also, since the uneven portion 225b has the cross-section
with the spread book shape, extends 1n a long axis direction
of the oval constituting the bottom portion 224a of the
bottom surface center portion 224, and 1s disposed within the
recess portion 225a having the oval shape, a refraction
direction of the light emitted from the light emitting device
21 may be concentrated into a short axis direction of the
oval. Thus, when compared to the lens 1n which the uneven
portion 225b 1s not provided on the top surface portion
thereol, the lens 20 according to the current embodiment
may have an eflect in which the light 1s spread up to far
distance 1n the short axis direction.

FIG. 14 1s a simulation illustrating light distribution 1n a
backlight unit on which a plurality of light emitting parts
including the lens are mounted according to an embodiment.

Retferring to FIG. 14, the simulation illustrates light
distribution 1n a backlight unit in which three light emitting
parts 20 each including the lens according to an embodiment
are disposed at a distance of about 60 mm 1n a length
direction of the display panel 16, and an optical gap that
represents a thickness of the light guide layer 1s about 25
mm.

In detail, the length direction of the display panel 16 may
represent an arrangement direction of the light emitting parts
20 of FIG. 1. That 1s, 1n the display apparatus of FIG. 1, a
long side may be defined as a length direction, and a short
side may be defined as a width direction. Also, the light
emitting parts 20 may be arranged so that the long axis of the
oval on the bottom surface center portion of the lens 1is
parallel to the length direction of the display panel 16, and
the short axis 1s parallel to the width direction.

According to the above-described structure, the single
light emitting part 20 may have the light distribution 1llus-
trated i FI1G. 13B, 1.¢., the light distribution in which a pair
of fan shapes 1s disposed symmetrical to each other. Thus, a
plurality of light distribution having the above-described
shape may overlap each other on the edge portion to
uniformly spread light over an entire surface of the backlight
unmit. Thus, the brightness of the backlight unit may be
uniformly maintained, as well as, the number of mounted
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light emitting device may be reduced when compared to that
ol a backlight unit according to the related art to reduce the
manufacturing costs. Also, when compared to the backlight
unit according to the related art, since the optical gap may
be reduced, the backlight unit may be reduced in thickness.
Theretfore, the display apparatus may be slimmer.

According to the embodiments, the backlight unit may be
reduced in thickness, and thus, the display apparatus includ-
ing the backlight unit may be improved in outer appearance.

Also, the lens structure 1n which the light emaitted from the
light emitting device 1s totally reflected in the downward
direction of the side surface may be adopted to the light
source provided in the backlight unit to improve the light
ciliciency and the luminance uniformity. Therefore, the
quality of an 1image displayed on the display apparatus may
be 1mproved.

Also, the lens having the anisotropic light distribution
structure may be adopted to the top view-type LED package
to maximally horizontally total-reflect the light emitted from
the light source 1n the short axis direction, thereby spreading
the light up to a far distance. Thus, even though the number
of light sources i1s reduced, the light efficiency and the
luminance uniformity may be uniformly maintained.

Also, since a portion of the reflective layer provided on
the bottom of the backlight unit 1s inclinedly designed, the
light emitted from the light source may be maximally
reflected toward the display panel to improve the light
eiliciency.

Also, since 1t 1s unnecessary to provide a separate member
corresponding to the light guide layer, the backlight unit may
be reduced in weight, and thus, the display apparatus may be
lightweight.

As broadly described and embodied herein, a display
apparatus may include a display panel, and a backlight
provided adjacent the display panel. The backlight may
include an optical sheet provided adjacent the display panel,
a reflector provided a prescribed distance from the optical
sheet, at least one light emitting device provided adjacent the
reflector, and a lens provided over a corresponding the light
emitting device. Here, the lens may include a lower recess
formed on a bottom surface of the lens and provided a
prescribed distance over the light emitting device, and an
upper recess formed on a top surface of the lens and
provided to vertically overlap the bottom recess.

The lower recess may have an oval shape and may include
a side surface that extends vertically from the bottom
surface, and a first upper surface that extends from the side
surface at a first prescribed angle relative to the side surface,
the first upper surface having a convex curvature. The first
upper surface extends from the side surface to form a vertex
a prescribed distance above the bottom surface. The lower
recess may include a second upper surface that extends from
the side surface at a second prescribed angle relative to the
side surface, and a third upper surtace symmetrical to the
second upper surface and extending to the second upper
surface from an opposite side of the lower recess. Moreover,
the second upper surface and the third upper surface may
have a concave curvature.

The second upper surface and the third upper surface
intersect at a prescribed angle relative to each other parallel
to a long axis of the lower recess. The vertex of the first
upper surface may be adjacent to the first and second upper
surfaces where the first and second surfaces intersect. The
first upper surface may extend from the side surface at a first
prescribed distance from the bottom surface and the second
upper surface may extend from the side surface at a second
prescribed distance from the bottom surface. The second
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prescribed distance may be less than or equal to the first
prescribed distance. Moreover, the oval shape of the lower
recess may include a rectangular portion and round portions
provided at short ends of the rectangular portion, and the
first upper surface may extend from the side surface at the
round portion and the second and third surfaces may extend
from the side surface at the rectangular portion.

A length of the lower recess may be at least twice a width
of the lower recess. The top surface of the lens may have a
prescribed shape that 1s convex from an outer circumieren-
tial edge to a center of the lens. The top surface may include
a plurality of sections corresponding to circular sectors of
the lens. Here, adjacent sections of the top surface may have
different heights relative to each other. Moreover, the cur-
vature of the top surface may be such that an angle of
incidence of light incident on the top surface of the lens from
a corresponding light emitting device 1s greater than or equal
to 42°.

The upper recess may have an oval shape and may include
a side surface that extends vertically from the top surface of
the lens, a first lower surface having a prescribed curvature
and extending from the side surface, and a second lower
surface which 1s symmetrical to the first lower surface and
extending toward the first lower surface from an opposite
side of the upper recess.

The first lower surface and the second lower surface may
have concave curvatures. The first and second lower sur-
faces may 1ntersect at a prescribed angle relative to each
other parallel to a long axis of the upper recess. A depth of
the upper recess may be greatest where the first and second
lower surfaces intersect. A long axis of the lower recess may
be parallel to a long axis of the upper recess and provided to
vertically overlap each other. Moreover, a ratio of a depth of
the upper recess to a radius of the lens may satisfy the
condition: 0.3=H/P=0.5, wherein H 1s a height from a top of
the lens to a lowermost point 1n the upper recess, and P 1s the
radius of the lens.

In one embodiment, a display apparatus may include a
display panel, a light emitting device, a reflector provided
adjacent to the light emitting device, and a lens provided a
prescribed distance over the light emitting device and con-
figured to distribute light to 1lluminate the display panel. The
lens may include a recess having an oval shape provided on
a bottom surface of the lens. The recess may include a side
surface that extends vertically a prescribed distance from the
bottom surface, and an upper surface that extends from the
side surface and having a convex curvature, wherein a width
of the upper surface gradually decreases 1nto the recess.

In one embodiment, a display apparatus may include a
board, a light emitting part comprising a light emitting
device mounted on the board and a lens disposed above the
light emitting device, a retlective layer disposed on a top
surface of the board, an optical sheet disposed above the
reflective layer at a height spaced apart from the light
emitting part, and a display panel disposed on a top surface
of the optical sheet. Here, the lens may include a bottom
portion having a cross-section with an oval shape, a vertical
extension portion recessed and extending by a predeter-
mined length upward from the bottom portion, and a bottom
surface center portion comprising a {irst roof portion
inclinedly received 1n a shape that 1s gradually narrowed
upward from an end of the vertical extension portion.

The display apparatus may include an edge of the first
roof portion 1s smoothly rounded. An inclined surface may
include the first roof portion extends 1n a curved shape 1n a
direction 1 which an 1mner space of the bottom surface
center portion 1s gradually narrowed. The display apparatus
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may further include a second roof portion protruding to an
inner space defined by the vertical extension portion and the
first roof portion, the second roof portion connecting a tip of
the first roof portion at any point of the vertical extension
portion. The display apparatus may include an inclined
surface constituting the second roof portion 1s curved 1n a
direction 1n which the second roof portion protrudes to the
iner space. The tip of the first roof portion may have a
length (or a width) less than a long axis length of the bottom
portion. Moreover, a ratio of a long axis/short axis of the
bottom portion may be about 2 or more.

The lens may include a top surface portion having an
aspherical surface with a parabola shape that 1s gradually
higher outward from a center thereof and having an outer
line with a concentric shape. The top surface portion may be
partitioned into a plurality of sections 1n a circumierential
direction, and the adjacent sections may have stepped with
respect to each other so that the adjacent sections a height
difference therebetween.

The lens may include a recess portion recessed by a
predetermined depth with a cross-section having an oval
shape 1n a central area of the top surface portion and a top
surface center portion comprising an uneven portion dis-
posed on a bottom of the recess portion. The uneven portion
may include a pair of ridge portions curved upward and a
valley portion disposed between the pair of ridge portions.
The valley portion may extend in a long axis direction of the
oval constituting the recess portion. The uneven portion may
have a cross-section with a spread book shape, and the
valley passing through a center of the uneven portion may
extend 1n a long axis direction of the oval constituting the
recess portion.

The center of the uneven portion may be recessed by a
predetermined depth from a tip of the first roof part. A long
axis of the oval constituting the bottom portion and the long
axis ol the oval constituting the recess portion of the top
surface center portion may extend in parallel to each other.

A ratio of a depth of the top surface center portion of the
lens to a radius of the lens may satisty a following condition
0.3<H/P=0.5 (where, H 1s the depth of the top surface center
portion of the lens, and P 1s the radius of the lens). The top
surface portion of the lens may be rounded 1n a convex shape
with a curvature so that incident light has an incident angle
of about 42 degrees or more.

At least one portion of the reflective layer may be inclined
in a direction in which the reflective layer 1s higher toward
an edge thereol. A space between the reflective layer and the
optical sheet may be an air layer or a vacuum layer.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that
a particular feature, structure, or characteristic described 1n
connection with the embodiment 1s 1ncluded 1n at least one
embodiment of the mnvention. The appearances of such
phrases 1n various places in the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic 1s described in
connection with any embodiment, 1t 1s submitted that 1t 1s
within the purview of one skilled in the art to effect such
feature, structure, or characteristic 1n connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
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ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What 1s claimed 1s:

1. A display apparatus comprising:

a display panel; and

a backlight provided adjacent the display panel, wherein

the backlight includes:

an optical sheet provided adjacent the display panel,

a reflector provided a prescribed distance from the
optical sheet,

at least one light emitting device provided adjacent the
reflector, and

a lens provided over a corresponding the light emitting,
device,

wherein the lens includes:

a lower recess formed on a bottom surface of the lens
and provided a prescribed distance over the light
emitting device, and

an upper recess formed on a top surface of the lens and
provided to vertically overlap the bottom recess,

whevrein the upper recess has a convex surface;

wherein the lower recess has an oval shape and
includes:

a side surface that extends vertically from the bottom
surface, and

a first upper surtace that extends from the side surface
at a first prescribed angle relative to the side surface,
the first upper surface having a convex curvature and
a vertex formed in a vegion of the first upper surface
away from the side surface,

wherein the first upper surface is convex to extend
toward the light emitting device, and

whevrein the vertex is formed on the first upper surface
at a highest point of the lower recess,

whevrein the lower vecess further includes:

a second upper surface that extends from the side
surface, and

a third upper surface symmetrical to the second upper
surface and extending to the second upper surface
from an opposite side of the lower recess.

[2. The display apparatus of claim 1, wherein the first
upper surface extends from the side surface to form a vertex
a prescribed distance above the bottom surface.]

[3. The display apparatus of claim 2, wherein the lower
recess mncludes

a second upper surface that extends from the side surface

at a second prescribed angle relative to the side surface,

and

a third upper surface symmetrical to the second upper

surface and extending to the second upper surface from

an opposite side of the lower recess.]

4. The display apparatus of claim [3] /, wherein the
second upper surface and the third upper surface have a
concave curvature.

5. The display apparatus of claim 4, wherein the second
upper surface and the third upper surface intersect at a
prescribed angle relative to each other parallel to a long axis
of the lower recess.

6. The display apparatus of claim 5, wherein the vertex of
the first upper surface 1s adjacent to the first and second
upper surfaces where the first and second surfaces intersect.

7. The display apparatus of claim [3] /, wherein the first
upper surface extends from the side surface at a first pre-
scribed distance from the bottom surface and the second
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upper surface extends from the side surface at a second
prescribed distance from the bottom surface, the second
prescribed distance being less than or equal to the first
prescribed distance.

8. The display apparatus of claim 4, wherein [the oval
shape of] the lower recess includes a rectangular portion and
round portions provided at short ends of the rectangular
portion, and

wherein the first upper surface extends from the side

surface at the round portion and the second and third
surfaces extend from the side surface at the rectangular
portion.

9. The display apparatus of claim 1, wherein a length of
the lower recess 1s at least twice a width of the lower recess.

10. The display apparatus of claim 1, wherein the top
surface of the lens has a prescribed shape that 1s convex from
an outer circumierential edge to a center of the lens.

11. The display apparatus of claim 10, wherein the top
surface 1ncludes a plurality of sections corresponding to
circular sectors of the lens, and wherein adjacent sections
have different heights relative to each other.

12. The display apparatus according to claim 10, wherein
the curvature of the top surface 1s such that an angle of
incidence of light incident on the top surface of the lens from
a corresponding light emitting device 1s greater than or equal
to 42°.

[13. A display apparatus comprising:

a display panel; and

a backlight provided adjacent the display panel, wherein

the backlight includes
an optical sheet provided adjacent the display panel,
a reflector provided a prescribed distance from the
optical sheet,
at least one light emitting device provided adjacent the
reflector, and
a lens provided over a corresponding the light emitting
device,
wherein the lens includes
a lower recess formed on a bottom surface of the lens
and provided a prescribed distance over the light
emitting device, and
an upper recess formed on a top surface of the lens
and provided to vertically overlap the bottom
recess, wherein the upper recess has an oval shape
and 1ncludes
a side surface that extends vertically from the top
surface of the lens,
a first lower surface having a prescribed curvature
and extending from the side surface, and
a second lower surface which 1s symmetrical to
the first lower surface and extending toward the
first lower surface from an opposite side of the
upper recess.}
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[14. The display apparatus of claim 13, wherein the first
lower surface and the second lower surface have concave
curvatures.]

[15. The display apparatus of claim 13, wherein the first
and second lower surfaces intersect at a prescribed angle
relative to each other parallel to a long axis of the upper
recess. ]

[16. The display apparatus according to claim 15, wherein
a depth of the upper recess 1s greatest where the first and
second lower surfaces intersect.}

[17. The display apparatus according to claim 13, wherein
a long axis of the lower recess 1s parallel to a long axis of
the upper recess and provided to vertically overlap each

other.]
[18. A display apparatus comprising:
a display panel; and
a backlight provided adjacent the display panel, wherein
the backlight includes
an optical sheet provided adjacent the display panel,
a reflector provided a prescribed distance from the
optical sheet,
at least one light emitting device provided adjacent the
reflector, and
a lens provided over a corresponding the light emitting
device,
wherein the lens includes
a lower recess formed on a bottom surface of the lens
and provided a prescribed distance over the light
emitting device, and
an upper recess formed on a top surface of the lens
and provided to vertically overlap the bottom
recess, wherein a ratio of a depth of the upper
recess to a radius of the lens satisfies a following
condition:
0.3<H/P=0.5, wherein H 1s a height from a top of the lens
to a lowermost point 1n the upper recess, and P i1s the
radius of the lens.}
[19. A display apparatus comprising:
a display panel;
a light emitting device;
a reflector provided adjacent to the light emitting device;
and
a lens provided a prescribed distance over the light
emitting device and configured to distribute light to
illuminate the display panel,
wherein the lens includes a recess having an oval shape
provided on a bottom surface of the lens, the recess
including
a side surface that extends vertically a prescribed distance
from the bottom surface, and
an upper surface that extends from the side surface and
having a convex curvature, wherein a width of the
upper surface gradually decreases into the recess.]
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