USOORE47656E
(19) United States
12y Reissued Patent (10) Patent Number: US RE47,656 E
Bae et al. 45) Date of Reissued Patent: Oct. 22, 2019
(54) OPTICAL ASSEMBLY, BACKLIGHT UNIT (51) ?;15; 1911-3/04 2006.01)
AND DISPLAY APPARATUS THEREOF COPF 171335 (2006.01)
| F21V 8/00 (2006.01)
(71) Applicant: LG ELECTRONICS INC., Seoul (52) U.S. CL.
(KR) CPC .. GO2F 1/133603 (2013.01); GO2F 1/133606

(2013.01); GO2B 6/0073 (2013.01)
(72) Inventors: Seung Choon Bae, Pyeongtaek-s1 (KR); (58) Field of Classification Search

S Woo Kim. P Ir-si (KR): CPC ......... GO2F 1/133603; GO2F 1/133605; GO2F
ung Woo Kim, Pyeongtack-si (KK); 1/133606; GO2F 1/133611;
Soon Hyung Kwon, Pycongtack-si (Continued)
(KR); Bup Sung Jung, Pyeongtack-s1
(KR); Sang Tae Park, Pyeongtaek-s1 (56) References Cited
(KR); Bu Wan Seo, Pyeongtaek-s1 .
(KR) U.S. PATENT DOCUMENTS
_ 3,752,974 A 8/1973 Baker et al.
(73) Assignee: LG ELECTRONICS INC., Seoul 5,708,486 A 1/1998 Miyawaki et al.
(KR) (Continued)
(21) Appl. No.: 14/604,466 FOREIGN PATENT DOCUMENTS
1] EP 1992 871 A2 11/2008
(22) Filed: Jan. 23, 2015 p > 063 206 A>  5/2000
Related U.S. Patent Documents (Continued)
Reissue of: Primary Lxaminer — Henry N lran
(64) Patent No.: 8,672,498 (74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch
[ssued: Mar. 18, 2014 & Birch, LLP
Appl. No.: 12/698,886
. ST ABSTRACT
Filed: Feb. 2, 2010 (57) _ _ _
lieations: The present invention relates to an optical assembly, a
U.5. App 1c‘a‘F10ns. o backlight unit, and a display apparatus thereof. According to
(60) Provisional application No. 61/237,587, filed on Aug. an embodiment of the present invention, an optical assembly
27, 20009. includes a first layer, a plurality of light sources disposed
over the first layer, a second layer that 1s disposed above the
(30) Foreign Application Priority Data first layer and covering the plurality of light sources, and a
pattern layer disposed above or 1n the second layer, wherein
Aug. 27, 2009 (KR) woveoooeeeeeeenn, 10-2009-0079700 the pattern layer includes a plurality of patterns disposed at
Aug 275 2009  (KR) 10-2009-0079710 positions substantially corresponding to the light sources.
(Continued) 16 Claims, 24 Drawing Sheets

232

e _L - 260

230
. —— o

- 240

T TTTITTI IO IO I TSI TIIIII I IO TIITIE I OTITITEIIIIETOIITITIIEEOIT 210

1 & 1
i- ‘a . *

| 220 '



US RE47,656 E

Page 2
(30) Foreign Application Priority Data 2007/0058358 Al  3/2007 Chikazawa et al.
2007/0086179 Al  4/2007 Chen et al.
Aug. 28, 2009  (KR) .oooovrverirrinnnns 10-2009-0080249 2007/0147073 AL* 62007 Sakai et al. ................. 362/607
Nov. 24, 2009  (KR) .evveveeeeeeeenn. 10-2009-0114225 2007/0247833 Al 10/2007 Lee et al
Nov. 24, 2009  (KR) wovvoooreereeeann.. 10-2009-0114226 ~ 2VU8/0080180 AL 4/2008  Messina et al.
Nov. 24, 2009  (KR) wovveceeerrrreceenn. 10-2009-0114227 20080291152 Al 112008 " Nakao et al
, 2008/0319715 Al  12/2008 Kim et al.
(58) Field of Classification Search 7009/0003002 Al 1/2000 Sato
CPC ........ GO2F 2001/133601; GO2F 2001/133613; 2009/0115713 Al 5/2009 Kakinuma et al.
HO4J 14/0206; GO2B 6/0021; GO2B 2009/0129058 Al 5/2009 Tokita et al.
6/0036; GO2B 6/0041; GO2B 6/0061; 2009/0160756 Al 6/2009 Van Beek et al.
GO02B 6/0068; G02B 6/0073; GO2B 2009/0180282 Al 7/2009 Aylward et al.
6/0078 2009/0207339 Al 8/2009 Ajichi et al.
USPC ........ 362/97.1, 97.3, 240, 241, 247, 249.02;  2009/0213571 AL* 82009 Jin etal. .o 362971
345/100 2010/0060818 Al  3/2010 Ajichi et al.
. : 2010/0265432 Al 10/2010 Masuda et al.
See application file for complete search history.
(56) References Cited FOREIGN PATENT DOCUMENTS
_ EP 2241800 Al  10/2010
U.S. PATENT DOCUMENTS GR 2 448 564 A 10/2008
JP 6-94920 A 4/1994
6,960,010 B2 11/2005 Matsumoto et al. TP 72235207 A 0/1995
7,467,877 B2  12/2008 Peng et al. P 2006318700 A 11/2006
7,588,364 B2 9/2009 Kitamura et al. TP 2007-011359 A 1/2007
7,641,352 B2 1/2010 Lin et al. P 200827886 A /7008
7,710,016 B2  5/2010 Miki et al. P 2008-140653 A 6/2008
7,784,954 Bl 8/2010 Coleman KR 20-1999-0023724 U 7/1999
8,657,480 B2* 2/2014 Lee ..cccoevcen.n.... G02B 6/0053 kR 10-2005-0045446 A 52005
362/625 KR 10-2005-0070628 A 7/2005
2003/0223217 Al 12/2003 Wright et al. KR 10-2005-0112952 A 12/2005
2004/0105247 Al 6/2004 Calvin et al. KR 10-2006-0031518 A 4/2006
2005/0265029 Al  12/2005 Epstein et al. KR 10-2006-0049253 A 5/2006
2006/0002146 Al  1/2006 Baba KR 10-2006-0074845 A 7/2006
2006/0007103 Al  1/2006 Oh et al. KR 10-2006-0123965 A 12/2006
2006/0028842 Al* 2/2006 Kim et al. ........... G02B 6/0018 KR 10-2007-0048888 A 5/2007
362/612 KR 10-2008-0054177 A 6/2008
2006/0044240 Al  3/2006 Takizawa et al. KR 10-2009-0041797 A 4/2009
2006/0044830 Al  3/2006 Inoue et al. KR 10-2009-0071912 A 7/2009
2006/0083020 Al  4/2006 Tai et al. KR 10-2009-0073452 A 7/2009
2006/0139960 Al  6/2006 Sakai et al. KR 10-2009-0078763 A 7/2009
2006/0164840 Al  7/2006 Song et al. WO WO 2008/139353 Al  11/2008
2006/0256255 Al 11/2006 Minami WO 2009/016950 Al 2/2009
2006/0268567 Al  11/2006 Jang et al. WO 2009/098809 Al  8/2009
2006/0290840 Al  12/2006 Bang et al.
2007/0019394 Al 1/2007 Park etal. ... GO02B 6/0018

362/23.18

* cited by examiner




U.S. Patent Oct. 22, 2019 Sheet 1 of 24 US RE47,656 E

Fig. 1

Kig, 2

| 130

R e e N R s e e N s S N S S s e N NN S S S S s S S s S N S S

JWWWW 10
L S S S 120

NI T TN T OO T TIPS T IIIIII’IIIIIIIIIJIIIIJ)’flflflz 1 40

200~

/

- T L
f



U.S. Patent Oct. 22, 2019 Sheet 2 of 24 US RE47,656 E

Fig. 3

200

-
‘§_ 230

SR S A R I T L.__T-240

? P T T T T T F T I T I I T I T AT AT T ITF T T T Z T FTT I T TTITFITTIZT T I P IITT T 2T 27 210

. 220 ,

Fig. 4

200

, ;

S - 1 ~230

i
1
a —
i L 240

N R o S L S D R i - A e N O S A e

: 220 ;

200

}/f/ 051

! ¥

292

> O o o O] ¢ o © [ _°I 240

W o e e G et i At AR NNCI DL R TSR

f 231 220 .

e L e L A A o T e o L ey




U.S. Patent Oct. 22, 2019 Sheet 3 of 24 US RE47,656 E

Fig. 6

/ 1230
---l-- X e e e i
[ ==

T T T T I TTT I T I I T o

220

Kig. 7
232

230

Ty = =1 20

TN T IS TIITOTTIITIIITOTITIIOIIS DI ITONNTIIII IS ITIIINIIOTIIINNIIN: 2 1 O

, 220 '

Fig. 8
232 |
| _{ |

~

230
s - == - e 240

T RN SRR N VA PTE I AR TR

1 220 !



U.S. Patent Oct. 22, 2019 Sheet 4 of 24 US RE47,656 E

Fig. 9
232
[ 1
, 230
N S -2
| SO S NP RGN R R - ]
777 TP ET YT T IO ITITET OIS ITIN TSI TIIIEIIIIIITI VDI IIITINITY: 510
' 220 |
Fig, 10

. » {

: f230

S | N

— * - ----- * — 2 4 O
Lt e RSN N RN AN AN PTSE R P N N T ] o

, 220 '

Fig. 11

' 232 |

[ N —= 240

FET T TN IO III S TFETIIEGT IO TIIE TR T ITI NI T T TITEIITIITTIITIIENE: 910

| 220 !



U.S. Patent Oct. 22, 2019 Sheet 5 of 24 US RE47,656 E

Fig. 12
230
| ;
e —-—L —— 260
230
1 000 .
Fig. 13




US RE47,656 L

Sheet 6 of 24

Oct. 22, 2019

U.S. Patent

Fig. 14

T
yany
&b
» i
e




US RE47,656 L

Sheet 7 of 24

Oct. 22, 2019

U.S. Patent

Fig. 16

-




U.S. Patent Oct. 22, 2019 Sheet 8 of 24 US RE47,656 E

Fig. 17A

Fig. 17B

232

235

ki g
s *E%h

Lk F 234
k1 : 1 " r..-.Hi I:r.
i }ﬂ:‘d

e

" :!II- il':‘

¥ by ¥ q -
T e S St
e

1, LiH B ey




U.S. Patent

Oct. 22, 2019 Sheet 9 of 24

Fig. 17C

b

SENRERGFANTIADIIAERSN S S B. 8.8
& oA SN SAE SRR & e
RN EE R LRI T CTSFYT UYES R E

Fo 2 XT Y A AN CH B

2098 qnnim;n'ib AW

S EEEELE ¢ 0 L oy s gl g
¥4 05 S el indidkhiaEtn s ¢4 6.8 4

AR T RT R

Fig. 17D

" P H OO RETSPOEFERSE DS EEES

liii*l#t#iiftilfl‘h#
liillilt¥ilﬁfﬁitﬂ¥i#l*

HATEISSTRERBENABANE D Sy .
N ERed BEESNEEEERNE RESN K # ;
o FaETEeE itiiiiiti iutgr B *u
¢tn;1mnt

AN RES

ﬂ-‘“" AV EEEEN LSRN

* =
........

nnnnnn
-------
........

4 va

,i....-.mﬂ..l-ﬂ-l'il -y
e A S L X TR E )

+

dpp b h e

ﬁ!ﬁwﬁ!imiiﬁﬂ
SRS SRRERANSEN

nfing

a}?u

el

S50 SNBSS IR 2'-

[ RP S EABERTENT N &8N
Iiii iR E RN S o3 X i’i‘i’i
FEZEIESFC R L N KR T I
. 5. ¢ & & % %08 6 %90 @

!
{ )
1
q ¥
3
’.
E.
.
3
*é

ﬂﬁlrii"it #u 0114:&;:&1‘:- l
ah 208 KON EH S S ES Y ‘i
diiiiil##f!!iiii!ii

EVBD TS EROF AN EE GRS N &
I’l'ﬁliiil'{l’lri#'.f
FEE X R YR AR EEREERE Y ¥ W

-

Qrt

hd
-
-
» 9
o
32X
r X
re
&

PRI EE SRR SEEE R EY R
FREFVEDBAES LTSGR SO0 G09S
;si#ﬁ%iiﬁﬂiﬂ#ﬁﬁitiiﬁitli1

.Q

NdEEGCA B S S ERB @

»
»
_t
68 G pebsdrilisiaivsdnbu b bn %
» i
W»*
o
i.:

N
o
€O

232

232

fﬁ "“"""‘—"""233

US RE47,656 L



U.S. Patent Oct. 22, 2019 Sheet 10 of 24 US RE47.656 E

Fig. 18

232

930

VO T TTFIEI IO TI O TSI ITIEONE T ITETIIITTIY, T TOINITT IV 21 O

; 220 !

Fig. 19

232

* |

N T 040

, 220 ’



U.S. Patent Oct. 22, 2019 Sheet 11 of 24 US RE47.656 E

Fig. 20A
265 2?6
_—..—.______—-—L——_—_—-————_-______.__..m_——u—_u
0 o O O o O |
00026000000(50 R
0o o S/ o 0 o © o ©./ 0o [-230
240
210
! 220 231 |
¥ig. 208
" 1235
N ”
Q;T“m“ | tha [ —230
""""" T f R BN TS N Yy SN i 240
TOTIN T IIIITTI TIT TTRTTT h oe

220 225



U.S. Patent Oct. 22, 2019 Sheet 12 of 24 US RE47.656 E

Fig. 21

220

240

r
a - - ave .  oay . i = L. =T "o 5 % Pt =" = " y PR ar 40 ]
- - r B +1-‘ - - r . - . .-- i [T Ra— 1_, - ol - F - = : o _.l - - wE ym =
+ a " PO P - . % . *'l' o - -1 [ * Ty - . - - - a + o7 | FE F a = ']
[ ] N = " - % . m - - - - . - m 4= - LS Fo - - -J' L LY ul L] - -k a
o - " (' [ & - x - d at vr omy o '.’ . - . " -a : B s L= e o= S - -
+ ‘.‘-.. 3 - ‘l" -t . L ] - y " - * - H oa - L L] L3
v
A
[ i

Fig. 22

o 1| — 240 | 1
IR 4 —

LN N R R N

TR T T TS

215 210




U.S. Patent Oct. 22, 2019 Sheet 13 of 24 US RE47.656 E

Fig. 23

22l

321 323

w U oy LAY

/
325 324
Fig,. 24
22
/
322
326 327

335 331 323 324
328 329



U.S. Patent

Fig. 25

>

Fig. 26

Oct. 22, 2019 Sheet 14 of 24 US RE47.,656 E

RIREIVER S _ e e et e R T T

220

220

241

230

ﬂ

240

225

241 ;

A - — —-—b-

IR I I TR T T

225



U.S. Patent Oct. 22, 2019 Sheet 15 of 24 US RE47.656 E

Fig. 27

241

.X L ) X
n =

210

220 225

Fig. 28

WS AR A ol e e,

241
o
O O

220

O 0O0000O0
O
o)
(O
=



U.S. Patent Oct. 22, 2019 Sheet 16 of 24 US RE47.656 E

220 225




U.S. Patent Oct. 22, 2019 Sheet 17 of 24 US RE47.656 E

! 29()

— e dieel el el Ses e ek B e sl ek ket b kb bl AR R ERE AN WY YR S mmm e s e e e e e e s bk e e bl bl sl e sl A LA RAF Al S A WM ST WS TR ey e ol m——




US RE47,656 L

Sheet 18 of 24

Oct. 22, 2019

U.S. Patent

Fig. 33

-

dl

auirnl s - —'#ﬂiﬂ“L“

Fig. 34

220

g,

m“w““‘ﬂ““““‘mm——mﬂ‘

"l-._#

.

[

“ll"#

-

“‘L.

A aan dme dmm mma immas eem ween theay Hebbb mishl ol ARRY WP MM ARV AR SRRR A LA deper bl dema G aRRRe R Wl R WA RS el R bR W W R e e L I R I S I e B R e ]
-~

1
1
1

;

At Pl RAAE ekl bR hpkh JHHH mhick  dcigeh  fgce kb e ek iy HHE A YR el riee R bl e W i oy el ofairk el e Sricde Ahic ddde ddccd ShhE

221

AL

LZ

"H‘.‘

f
~ e
i

[

M
h_‘#
U s g SO SIS URNE R S Y [ S A p———— S R H¥ R

e

[

*‘h—_‘#
e e m-

o

Hoier

[/

"!‘h

— o o Ear e e e ey vk el feh S pes ey e s e Sl okl mmlkh TRAF NS I SRR T . mmy age e b ke el SR AT B P s sy s gy iy siple el R e dee e _-—-—r---—‘

r

1

;

IU
e e —



U.S. Patent Oct. 22, 2019 Sheet 19 of 24 US RE47.656 E

et el e R ke e AR R Al W WM VR AN EmE e el L L L BAL LS LA AL SN LU DY TEEE PR EE v whde S Foli ALSR NEL Sy mmp m Seme R NN TR NN W ey el PP b ol e il JRE R o




US RE47,656 L

Sheet 20 of 24

Oct. 22, 2019

Fig. 36

U.S. Patent

L] " = [ Y
-l I-. '.-.w
P S
L Ty o ata -i._-if.
- W
. o e -.._.__:_._‘____l._ A T Y

PR L
'

]
- f...k- -_-l. - l.-_ L .-.- .-..-. -_.-l___-.
& 1y 4k iy
_____..__.n _...rh I n.__ -.q.__

Y

gt 0 =W
*

w el
4 3 - ) " r
Y I " u - L g . ¥ I % % ywr'” ., - i -
WARR ameE P — -ﬂ.--._ v s e -1.-... . _—.....- rar .“u.-__ ._....-.u wat N,y b 1t l_...."_. ", Vo, 1 . -nﬂ- h.ﬂ. » .__...__...1“.
L I ] ] [ ] f.-_ __. r - ' b a L] - 1] ¥ | ] -.-_ H- II * -. '] Hﬂ‘ ] 1, M
4 LY n W L] ¥y b - n o, [ ] - L | ] EC L 4 r v 5 0w - ¥ 4 .
G * ol " . " T LA TR e, e ptTE o . ) - ooyt
O r R AR ¥ - . g ! - oA LI N u.____..___..__ﬂ_____.u.ﬁ_-.._ FE " n___w.—- SR ALY u_. ... -t - " —._-"__J_..-._.__.__ -._..I“. . %,
.....__.r..-_...n-. ry ' . .-:__ PR B I .y LI— L =t Ty FProA4 o H.r ' ..v__.._. ‘._._._-_m Wt . Yy 4,
r * 1 L] at 1" rm ", . g gt N q-.# . ea " rka " ] - " :
2 T . - " 1 e T L - T I A T " R P T I R o e e
.-..__."u._.._.t L . -t - - ' bt LY L e e L Y Mo
p b1 -4 r = ] pox v & -“ . -# o iu .-.IJ.;._- u-n . T R
4 H [ I ] | 1 -"-.1 cas +, f-.-- N - = . ..l
[ * * ] .._.-. 4+ = = A - L]
. -l.._- sw e mE" ] LI | "y a - " "
LT R O A I Tl PR PR L L R
L N A R S
g ks AT, vt L T v, % LR k
n L] [ ] [ ]
", 2% E] d L f At o 1 - 1, -
ol - ' af + l—l ql—-.I‘ .-- . I.I_-._._ ._._. 4 .
r r
[N P "
l i |
S
*a a"" LT L [ . - - [ r =
. irp s n ¥ r r - 1 [l wvh g r L] B - L] 4 L] i
-lIl.._..f.-."f- .T- b __-.__ :-1 o .- i = * ik -- L] .-J_-.__.‘ Lﬂii“ " ."I.III l‘__ﬂ.._ =t b el * 3! -.-.- -.i_- Al .--.__
(i P ’ =1 L7 ¥ [ " ! - " e b L I e T LI v
14F 1 L] . 1 gy ot t b r % "u »a o 4 " e
e, My ettt U, e L ke PR PR T I Ly a, Tw_ W et a0 - 3
¥ . n~ h#._. . ar P . .__.__ 1] ¥ . ' I . W L [ l__. IR
1 i - 2 L] .-h.
: >

222

-
L]
- 4 | ] » . - L 1 T ¥ [
._.-_r.r .-... ’ ..__-. -.._'..:...p -_.__..I...__._.\-.__. LI T .} k] |._.__..- PRIEL T Tt _... W e .-!.f......._r.f-_-. -.-.J-.- - -
. Lr L T .J- a L -Iiln-il . M . v R ._.ﬁ_- LI | L] i, ¥ 1 -
Lt oM W o L LI | LI .1—-._____...._: - L ' L ot ....u._.___-..__ ) 1 ey, o, .
4 LK | [ )
. l.-.._.-. .:.-u-_.-i __.l..- “ﬂ._." .“_..I.-l ".._H-l . -i- : _-.-...- ﬂ-ﬂ -h.- ”.._.--_-.f-_.. St .-.-- .-_-II r-__..- _J_-.-. .-ll..-!i.—_-lﬂ-.. l.-_._._. - Jﬂ_._.- .
L] -, EE w g - ] ..._l M . .- . H.- flt _H.- T o - "I - n L I PR -Jr-_.l - . - .-__.-. I » . -“
.

Y

y
Fig. 37

!

Yy

243

221 242



US RE47,656 L

1 Y a B FTY o e "W L 11! A= L w o L] b .-._- ni o .-... - + LI
» » ] - ' .m F L] LN r
T em SR L L - .._.__u_ LI P ..-.n. N B LR I A n L. o ._._”__. ".J__._”_- .___.__._.'h . .
- n g 1 m, L - F 14 T N ¥ ] N " L] ] ur * L | L L L
ot _fh ..__.._-_..--, » __.-_...._.._.- .-..4__.___._-._..__ Ta ot -.- nd ......_-.___._-__....u-.._.r L T W LAY N vl vt
s . '-._- .ﬂ_.i.ﬁ- a™y g M=, l-... -.-___ e o T, -.-m-.-r.-_.l-..._ L [ Y. w " "ar ll._l ot I._.._-.i -ht-r...l -_.h.-_ LT ey
- Y e o -l.._ - . P ] - o = 4 L -_.ﬂ
LI a1 1 LI L ' L LY 1 . L L ]
P I S t." ...r.." ) u__q o u.__" .._..__” - u'._. ) ...___ . . a -_.r - . -_....._.M-. ..._____.._._..q ._“.- . _.-._n Pt o ard Cthaar o
'l_..' " wAE Ham o M .-.I.....-! ‘l“ [ -.__. . ____.I.!. ﬁ.n.--_ L t % At F....- » l_f.\ LA - l.- .—r- el ll.- w by
. L 1
i .-.-_-_.i;-.-.l.-...... e P -..___.- . ..q."- oM, .-.f._..r.. e v? .~ N IRUNCE __.__".-.. N .._h et | o .-_.._H-.-.-_
L] o - a L ]
I L B N T Sl SR L. T T AT T LT et G RAJENERH
. .

243
243

L ] -
-...-_ ird .\___--.___._ ' l...v_..

a4 - ¥
rf ek E

ar . lﬂ_
L |
Soatere e tt Ty
vt " “aa ot r o
- W o .-ll-. ', n
H._._-_ F. -'i.-l._-_-.- Fi-i!
1, rh

Sheet 21 of 24

221 242

222

Oct. 22, 2019

_-._.______._..- T "oy

< T

an *a 4% A

e --.-ﬂr.l TR

Fig. 38
!
y
Fig. 39
f
y

U.S. Patent



US RE47,656 L

243

Sheet 22 of 24

242

Oct. 22, 2019

Fig. 40

U.S. Patent

L T = - - —
IR o Wl X ..._-_ -_l#_. - I.¥ T Ao _-__WH_
T Nt YT H__.-... el S B AT P
- T e T2 ot e T
et m o - - r % ol L l;,l_ . ok g A ER -
- o i » " - " - - ili*
[ ] l_lil ...l ' .- - o l.l.. - S L aT L ] *ea
' L “_I - ' R . ¢ - - - -
- o +3 F L n Sl g, = _ -, _ﬁ._.___-r_-_.-_ _ﬂ_.!ul - J-_l_ ot
- - ) - - - » -’ - e
"y oum ¥ - F . "u - - = o Fe=
. T " oag . "o T" ]
o e 2 __mn L e - T . =,
L - -t = » - L L f < " am
" * e .
- .-_.H - n et - a I " - - - .III -l * am
- ] - - L .I ] L r
* » - r - e n - l._.. v = ll.l - o . ]
- v ] - ] | L ] s & . ] - %
. Yo 1, . " - wn - ™ a ~ - * vy PRl
t_l_ - - ¥ = - o N ] . - - L ]
o - e ¥ — — e g -
- - - = L . * __.r..u a1
- o . I.. - - [ ] = . 111_-_._._-..-. R oy T, AL, (] _-i...l.c-___.- 'L ) T 4
- *Tan = - * - ol v M - 3 ote Yo . e T L M R
- . ', - v : ! * bl t.._u . .__..”_.. -.-.... " -....-.”.-_ vy, o Y
- - - - " o - ....n..- T % " 1 .. o .ﬂ.... .-v- n F
- . - - ] _" - - g ”i ! -1- L L .-.-l.--i.- .-1_-..-._. e ey At ae T in '
' * ) =» ¥ .If - * % - l._l. " ._.._-” i _u....__“.._ "ea b __-.f -......--.-_.-... h
* . - - - | ] I_| v =
., -
] R T L o
-l L »a ** . . . " . .
- LI ll ] L - L L -
) . . o . b ot
- - . - - "o —r TV - —
& - » LA I ] s
- - - Il - '.I -
" * .
» - . [ ] - - - , , - o

221
221

Fig. 41
Y
Y



U.S. Patent Oct. 22, 2019 Sheet 23 of 24 US RE47.656 E

Fig. 42
{ - X
¢ 242 245 244 246
o1
] e
043
Fig. 43

]

i
i
]
1
[}
I

1
0yt o g
i
U LU
i
RS0
0 00 000000
i
1
i

3

- .
Cl () 83 3] L3 ]

- - -
(] ] i I - ]

[ ] -
[ 3| . - - (]

- - ]
[ 3] (3| 3 O L3 C

- - [ ]

- 3} C3 i — . I —

1




U.S. Patent Oct. 22, 2019 Sheet 24 of 24 US RE47.656 E

Fig. 44
130
A O S S SN N S SO RN N RO BN SRR N AN G N S S N S S N S \\\.\\\\\\\\\‘\\\\‘\\\\\\‘t
W 7 A1
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 120
230

S e = el S T o e TR N LT R TN,
[ VoD IO T I T OO TTETIIINII I T OITII NI TETIIEOTTI TN I IO IIIIIITIES:

240
210

270

40



US RE47,656 E

1

OPTICAL ASSEMBLY, BACKLIGHT UNIT
AND DISPLAY APPARATUS THEREOF

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
APPLICATIONS

[Pursuant to] This application is a reissue application of
US. Pat. No. 8,672,498 issued on Mar. 18, 2014, which
claims the benefit and rvight of priority under 35 U.S.C.
§119(a) or §119(e)[, this application claims the benefit of
earlier filing date and right of priority] to Korean Applica-
tion Nos. 10-2009-0079700, filed on Aug. 27, 20009,
10-2009-0079710 filed on Aug. 27, 2009, 10-2009-0080249
filed on Aug. 28, 2009, 10-2009-0114226 filed on Nov. 24,
2009, 10-2009-0114227 filed on Nov. 24, 2009, and
10-2009-0114225 filed on Nov. 24, 2009 and U.S. Provi-
sional Application No. 61/237,587 filed on Aug. 277, 2009.
[Each of these applications are hereby incorporated by
reference herein in their entirety.]

FIELD OF THE INVENTION

The present invention relates to an optical assembly, a
backlight umt, and a display apparatus thereof.

DISCUSSION OF THE RELATED ART

With development of an information society, a require-
ment for a display apparatus 1s also being increased in
various forms. Various display apparatuses such as a liquid
crystal display (LCD) apparatus, a plasma display panel
(PDP), an electro luminescent display (ELD), a vacuum
fluorescent display (VFD), etc. have been recently
researched and used by complying with the requirement.

Among various display apparatuses, a liquid crystal panel
of the LCD includes a liquid crystal layer, and a TFT
substrate and a color filter substrate that are opposed to each
other with the liquid crystal layer interposed therebetween.
Since the liquid crystal panel has no self-luminous 1ntensity,
the liquid crystal panel can display an image by using light
provided from a backlight unit. As the backlight unit, a
florescent lamp disposed along one side of the LCD can be
used. However, such a backlight unit has a limitation of
producing an LCD device that may not be slim.

SUMMARY OF THE

INVENTION

An object of the present invention 1s to provide a back-
light unit capable of improving an image quality of a display
picture and a backlight unit and a display apparatus thereof.

Another object of the present imnvention 1s to provide a
backlight unit, an optical assembly, and a display apparatus,
which address the limitations and disadvantages associated
with the related art.

According to an aspect of the present invention, a back-
light unit can reduce the thickness of a display apparatus and
improve an exterior while simplifying a manufacturing
process ol the display apparatus by closely contacting the
backlight unit to a display panel.
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Further, 1t 1s possible to provide light having uniform
luminance to the display panel by disposing the backlight
unmit so that a plurality of light sources emit in different
directions. Accordingly, 1t 1s possible to improve the 1image
quality of the display picture.

According to another aspect, the present invention pro-
vides an optical assembly, comprising: a {irst layer; a plu-
rality of light sources disposed over the first layer; a second
layer that 1s disposed above the first layer and covering the
plurality of light sources; and a pattern layer disposed above
or 1n the second layer, wherein the pattern layer includes a
plurality of patterns disposed at positions substantially cor-
responding to the light sources.

According to another aspect, the present invention pro-
vides an optical assembly, comprising: a first layer; a plu-
rality of light sources disposed over the first layer; and a
second layer disposed above the first layer and covering the
plurality of light sources, the second layer including a
plurality of patterns for selectively reflecting light emitted
from the plurality of light sources, wherein the plurality of
patterns are disposed at positions corresponding substan-
tially to the plurality of light sources.

According to another aspect, the present mvention pro-
vides a backlight unit, comprising at least one optical
assembly 1ncluding: a first layer; a plurality of light sources
disposed over the first layer; a second layer that 1s disposed
above the first layer and covering the plurality of light
sources; and a pattern layer disposed above or in the second
layer, wherein the pattern layer includes a plurality of
patterns disposed at positions substantially corresponding to
the light sources.

According to another aspect, the present mvention pro-
vides a display apparatus, comprising: a backlight umit
including at least one optical assembly; and a display panel
positioned above the backlight unit, wherein the backlight
umt 1s divided into a plurality of blocks and 1s selectively
drivable for the divided blocks. The optical assembly
includes a first layer; a plurality of light sources disposed
over the first layer; a second layer that 1s disposed above the
first layer and covering the plurality of light sources; and a
pattern layer disposed above or 1n the second layer, wherein
the pattern layer includes a plurality of patterns disposed at
positions substantially corresponding to the light sources.

BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other aspects, features, and advantages of
the present nvention will become more apparent upon
consideration of the following description of preferred
embodiments, taken in conjunction with the accompanying
drawing figures.

FIG. 1 1s an exploded perspective view illustrating a
configuration of a display apparatus according to an embodi-
ment of the present mnvention.

FIG. 2 1s a cross-sectional view 1illustrating a schematic
configuration of a display module according to an embodi-
ment of the present invention.

FIGS. 3 and 4 are cross-sectional views illustrating con-
figurations of a backlight unit according to a first embodi-
ment of the present invention.

FIG. 5 15 a cross-sectional view 1llustrating a configura-
tion of a backlight unit according to a second embodiment
of the present invention.

FIG. 6 1s a cross-sectional view 1llustrating a configura-
tion ol a backlight unit according to a third embodiment of
the present invention.
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FIGS. 7 to 12 are cross-sectional views 1illustrating con-
figurations of a backlight unit according to a fourth embodi-

ment of the present invention.

FIGS. 13 to 16 are plan views 1llustrating embodiments of
placement of a pattern formed 1n a backlight unit according,
to the present 1nvention.

FIGS. 17A to 17D are diagrams illustrating embodiments
of a shape of a pattern 1n a backlight unit according to the
present mvention.

FIGS. 18 and 19 are cross-sectional views illustrating a
configuration of a backlight unit according to a fifth embodi-
ment of the present invention.

FIGS. 20A and 20B are cross-sectional views 1llustrating,
two examples of a configuration of a backlight unit accord-
ing to a sixth embodiment of the present invention.

FIGS. 21 and 22 are cross-sectional views for explaining
a positional relationship between a light source and a
reflection layer that are provided 1n a backlight unit accord-
ing to an embodiment of the present invention.

FIGS. 23 and 24 are cross-sectional views illustrating
examples of a structure of a light source according to an
embodiment of the present invention.

FIGS. 25 to 27 are cross-sectional views and

FIGS. 28 and 29 are plan views, illustrating configura-
tions of a backlight umit according to a seventh embodiment
of the present invention.

FIG. 30 1s a cross-sectional view 1llustrating one embodi-
ment of structures of a plurality of light sources that are
provided 1n a backlight unit according to the present inven-
tion.

FIGS. 31 to 35 are plan views 1llustrating embodiments of
a structure 1n which a plurality of light sources are disposed
in a backlight unit according to the present invention.

FIGS. 36 to 39 are plan views illustrating first examples
of a structure of a reflection layer that 1s provided 1 a
backlight umt according to the present invention.

FIG. 40 1s a plan view 1illustrating a second example of a
structure of a reflection layer that 1s provided 1n a backlight
unit according to the present invention.

FIG. 41 1s a plan view 1llustrating a third example of a
structure of a retlection layer that 1s provided 1n a backlight
unit according to the present ivention.

FIG. 42 1s a plan view illustrating a forth example of a
structure of a retlection layer that i1s provided 1n a backlight
unit according to the present invention.

FIG. 43 1s a plan view 1llustrating one embodiment of a
configuration of a backlight unit with a plurality of optical
assemblies according to the present invention.

FIG. 44 1s a cross-sectional view illustrating a configu-
ration of a display apparatus according to an embodiment of
the present mnvention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
M

ERRED

In the following detailed description, reference 1s made to
the accompanying drawing figures which form a part hereof,
and which show by way of illustration embodiments of the
invention. It 1s to be understood by those of ordinary skill 1n
this technological field that other embodiments and
examples may be utilized, and structural, electrical, as well
as procedural changes may be made without departing from
the scope of the present imvention. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or similar parts.

FIG. 1 1s an exploded perspective view illustrating a
configuration of a display apparatus according to an embodi-
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ment of the invention. The display apparatus here 1s prei-
erably an LCD type, but can be of another display type.

Referring to FIG. 1, the display apparatus 1 can include a
display module 20, a front cover 30 and a back cover 40
covering the display module 20, a fixation member 50 for
fixing the display module 20 to the front cover 30 and/or the
back cover 40.

Meanwhile, the front cover 30 can include a front panel
made of a transparent material, which transmits light. The
front panel 1s disposed in the display module 20, more
particularly, 1n the front of a display panel included 1n the
display module 20 to protect the display module 20 from an
external shock and to show a picture displayed 1n the display
module 20 by transmitting the light emitted from the display
module 20 to the outside.

One side of the fixation member 50 1s fixed to the front
cover 30 by a fastening member such as a screw, for example
and the other side supports the display module 20 to the front
cover 30 to fix the display module 20 to the front cover 30.

In the embodiment, the fixation member 50 has a plate
shape that extends lengthily 1n one direction, for example,
but the additional fixation member 50 may not be provided
and the display module 20 can be configured to be fixed to
the front cover 30 or the back cover 40 by the fastening
member.

FIG. 2 1s a cross-sectional view 1llustrating a schematic
configuration of a display apparatus according to an embodi-
ment of the present invention. The display module 20
provided 1n the display apparatus of FIG. 1 can be config-
ured to 1include a display panel 100 and a backlight unit 200
as shown in FIG. 2. Particularly, the display module 20
includes the backlight unit 200 preferably extending with the
display panel 100 so that the backlight unit 200 1s disposed
below and corresponds to the image displaying region of the
display panel 100. For example, the size of the backlight unit
200 may be the same as or similar to the size of the display
panel 100. The display apparatus of FIG. 2 1s preferably an
LCD type, but may be of another display type.

Referring to FIG. 2, the display panel 100 for displaying
images thereon includes a color filter substrate 110 and a thin
film transistor (TFT) substrate 120 that are opposed to each
other and attached to have a uniform cell gap. A liquid
crystal layer can be interposed between the two substrates
110 and 120.

The color filter substrate 110 includes a color filter
including red (R), green (G), and blue (B) color filter
portions and can generate an 1image corresponding to a red,
green, or blue color when the light 1s applied.

Meanwhile, the pixels can be composed of the red, green,
and blue sub-pixels, but i1s not limited thereto like one
example in which red, green, blue, and white (W) sub-pixels
configure one pixel and the pixel can be configured by
various combinations.

The TFT substrate 120 includes a plurality of TFTs
arranged preferably 1n a matrix configuration, and each of
the TFTs can selectively switch a pixel electrode as a
switching device. For example, a common electrode and the
pixel electrode can transform the array of molecules of the
liguid crystal layer depending on a predetermined voltage
applied from the outside.

The liqud crystal layer 1s composed of a plurality of
liguid crystal molecules. The liqmd crystal molecules
change the array in accordance with a voltage diflerence
generated between the pixel electrode and the common
clectrode. As a result, light provided from the backlight unit
200 can be mputted into the color filter substrate 110 1n
accordance with the change of the array of the molecules of




US RE47,656 E

S

the liguid crystal layer. Further, an upper polarizer 130 and
a lower polarizer 140 can be disposed on the top and the
bottom of the display panel 100, respectively, and more
particularly, the upper polarizer 130 can be formed on the
top of the color filter substrate 110 and the lower polarizer
140 can be formed on the bottom of the TFT substrate 120.

Meanwhile, a gate drive and a data driver that generate
driving signals for driving the panel 100 can be provided on
the side of the display panel 100.

The structure and configuration of the display panel 100
are just one example and modification, addition, and dele-
tion the embodiment can be made within the scope without
departing from the spirit of the present invention. That 1s, the
display panel 100 can be any known display panel that can
be used with the backlight unit 200.

As shown 1n FIG. 2, the display apparatus according to the
embodiment of the present invention can be configured by
closely disposing the backlight unit 200 to the back of the
entire surface of the display panel 100.

For example, the backlight unit 200 can be bonded and
fixed onto the bottom surface of the display panel 100, more
particularly, the lower polarizer 140. For this, an adhesive
layer can be interposed between the lower polarizer 140 and
the backlight umt 200.

As described above, it 1s possible to reduce the entire
thickness of the display apparatus by closely contacting the
backlight umt 200 to the back surface of the display panel
100, thereby improving the exterior of the display apparatus
and 1t 1s possible to simplify the structure and manufacturing
process of the display apparatus by removing a structure for
fixing the backlight unit 200.

Further, by removing a gap between the backlight unit 200
and the display panel 100, 1t 1s possible to prevent malfunc-
tion of the display apparatus or deterioration in an 1mage
quality of a display picture that 1s caused due to the insertion
of foreign substances, etc. into the gap.

According to the embodiment of the present invention,
the backlight unit 200 can be configured by laminating a
plurality of function layers, and at least one layer of the
plurality of function layers can be provided with a plurality
ol light sources.

Further, as described above, it 1s preferable that the
backlight unit 200, more particularly, a plurality of layers
configuring the backlight unit 200 are made of flexible
materials, respectively, so as to closely fix the backlight unit
200 onto the bottom surface of the display panel 100.

In addition, a bottom cover on which the backlight unit
200 1s seated can be provided on the bottom of the backlight
unit 200.

According to the embodiment of the present invention,
the display panel 100 can be divided mnto a plurality of
regions. The brightness of light emitted from a correspond-
ing region of the backlight unit 200, that is, the brightness of
the corresponding light source 1s adjusted in accordance
with a gray peak value or a color coordinate signal of each
of the divided regions, such that the luminance of the display
panel 100 can be adjusted.

For this, the backlight unit 200 can operate by being
divided into a plurality of division driving regions corre-
sponding to the divided regions of the display panel 100,
respectively.

FIG. 3 1s a cross-sectional view illustrating a configura-
tion of a backlight unit according to a first embodiment of
the present invention. The 1llustrated backlight unit 200 can
include a first layer 210, light sources 220, a second layer
230, and a retlection layer 240. The light sources 220 in the
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backlight unit 200 are formed below the display panel 100
for providing light throughout the display panel 100 as
shown i FIGS. 1 and 2.

Referring to FIG. 3, the plurality of light sources 220 are
formed on the first layer 210 and the second layer 230 is
disposed on the top of the first layer 210 to cover the
plurality of light sources 220. Preferably the second layer
230 completely encapsulates the light sources 220 formed
on the first layer 210, but 1n another example, thes second
layer 230 can cover only certain portions/sides of the light
sources 220 formed on the first layer 210.

The first layer 210 may be a substrate on which the
plurality of light sources 220 are mounted. An electrode
pattern for connecting the light source 220 with an adapter
for supplying power may be formed on the first layer 210.
For example, a carbon nanotube electrode pattern for con-
necting the adapter with the light source 220 can be formed
on the top of the substrate.

Meanwhile, the first layer 210 1s formed by using poly-
cthyleneterephthalate, glass, polycarbonate, silicon, etc. and
may be a printed circuit board (PCB) substrate on which the
plurality of light sources 220 are mounted and may have a
film shape.

Each light source 220 may be a light emitting diode
(LED) chip or one of light emitting diode packages with at
least one light emitting diode chip. In the embodiment, one
example 1n which the light emitting diode package 1s pro-
vided as the light source 220 will be described.

Meanwhile, the LED packages configuring the light
sources 220 can be classified into a top view scheme and a
side view scheme 1n accordance with a direction in which a
light emitting surface faces. Each light source 220 according
to the embodiment of the present mnvention can be config-
ured by using at least one of the top view-type LED package
in which the light emitting surface of the LED package 1s the
top surface of the LED package (e.g., the light 1s emitted
upwardly or in a vertical direction) and the side view-type
LED package 1n which the light emitting surface of the LED
package 1s a side surface of the LED package (e.g., the light
1s emitted to the side of the LED package or in a horizontal
direction).

Further, each light source 220 can be configured by a
colored LED or a white LED emitting at least one color
among colors such as red, blue, and green colors, etc. In
addition, the colored LED can include at least one of a red
LED, a blue LED, and a green LED. The disposition and
emitting light of the light emitting diode can be changed
within a technical scope of the embodiments.

Meanwhile, the second layer 230 formed to be disposed
on the top of the first layer 210 to cover the plurality of light
sources 220 can uniformly provide the light emitted from the
light sources 220 to the display panel 100 by transmitting
and diffusing the light emaitted from the light sources 220.

The retlection layer 240 that reflects the light emitted
from the light sources 220 can be formed between the first
layer 210 and the second layer 230, e.g., on the top of the
first layer 210 but below the second layer 230. The reflection
layer 240 can more widely difluse the light emitted from the
light sources 220 by reflecting the light full-reflected from a
boundary of the second layer 230 again.

The reflection layer 240 can use a sheet to which a white
pigment such as titanium oxide 1s dispersed to a sheet made
ol a synthetic resin, a sheet laminated with a metal deposi-
tion film onto the surface thereot, a sheet 1n which a bubble
1s dispersed so as to difluse the light to a sheet made of the
synthetic resin, etc. The surface of the reflection layer 240
may be coated with silver (Ag) so as to increase the
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reflectance. Meanwhile, the reflection layer 240 may be
coated on the top of the first layer 210 which 1s the substrate.

The second layer 230 can be formed with a light trans-
missive material, e.g., silicon or an acrylic resin. However,
the second layer 230 1s not limited to the above-mentioned
material and can be formed with various resins 1n addition
to the above-mentioned matenal.

Further, the second layer 230 can be made of a resin
having a refractive index of approximately 1.4 to 1.6 so that
the backlight unit 200 can have uniform luminance by
diffusing the light emitted from the light sources 220.

For example, the second layer 230 can be made of any one
material selected from a group consisting of polyethylene-
terephthalate, polycarbonate, polypropylene, polyethylene,
polystyrene and polyepoxy, silicon, acryl, eftc.

The second layer 230 can include a polymer resin having,
predetermined adhesion so as to be tightly and closely
adhere to the light sources 220 and the reflection layer 240.
For example, the second layer 230 can be configured to
include an acrylic resin such as unsaturated polyester, meth-
ylmethacrylate, ethylmethacrylate, i1sobutylmethacrylate,
normal butylmethacrylate, normal butylmethylmethacrylate,
acrylic acid, methacrylic acid, hydroxy ethylmethacrylate,
droxy propylmethacrylate, hydroxy ethylacrylate, acrylam-
ide, methylol acrylamide, glycidyl methacrylate, ethylacry-
late, 1sobutylacrniate, normal butylacrylate, 2-ethylhexyl
acrylate polymer, or copolymer, or terpolymer, etc., an
urethane resin, an epoxy resin, a melamine resin, etc.

The second layer 230 may be formed by applying and
curing a liquid or gel-type resin onto the top of the first layer
210 where the plurality of light sources 220 and the retlec-
tion layer 240 are formed or the second layer 230 may be
formed by adhering onto the top of the first layer 210 by
being separately fabricated.

Meanwhile, as the thickness ‘a’ of the second layer 230
increases, the light emitted from the light sources 200 1is
more widely diflused, such that the light having uniform
luminance can be provided to the display panel 100 from the
backlight unit 200. In contrast, as the thickness ‘a’ of the
second layer 230 increases, the quantity of light which 1s
absorbed 1n the second layer 230 can increase. Therefore, the
luminance of the light provided to the display panel 100
from the backlight unit 200 can umiformly decrease.

Accordingly, 1n order to provide the light having uniform
luminance while not largely decreasing the luminance of the
light provided to the display panel 100 from the backlight
unit 200, 1t 1s preferable that the thickness ‘a’ of the second
layer 230 1s 1n the range o1 0.1 to 4.5 mm or approximately
0.1 to 4.5 mm.

FI1G. 4 15 a cross-sectional view of a region of a backlight
unit 200, where light sources 220 are not disposed (e.g., a
region between the light sources 220). A description of the
same components of the illustrated backlight unit 200 as
those explained by referring to FIGS. 2 to 3 will now be
omitted.

By using the backlight unit 200 shown i FIG. 31 as an
example, the cross-sectional view shown 1n FIG. 3 shows a
cross-sectional configuration of a region where the light
sources 220 are positioned 1n the backlight unit 200 taken
along line A-A' and the cross-sectional view shown in FIG.
4 shows a cross-sectional configuration of a region where
the light sources 200 are not positioned taken along line
B-B'.

Referring to FIG. 4, the region where the light sources 220
are not positioned may have a structure i which the
reflection layer 240 covers the top of the first layer 210. In
this region, for example, the retlection layer 240 1s formed
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on the first layer 210 without the holes 1nto which the light
sources 220 can be inserted. Instead, such holes are formed
in regions ol the reflection layer 240 corresponding to the
positions of the light sources 220, and the light sources 220
are protruded upward through the holes of the reflection
layer 240 to be covered by the second layer 230 as shown 1n
FIG. 3.

Hereinatter, the configuration of the backlight unit 200
according to the embodiment(s) of the present invention will

be described 1n detail by using a case in which the first layer
210 provided 1n the backlight unit 100 1s a substrate where
the plurality of light sources 200 are formed and the second
layer 230 1s a resin layer made of a predetermined resin as
one example.

FIG. 5 1s a cross-sectional view 1illustrating a configura-
tion of a backlight unit according to a second embodiment
of the present mvention. Description of the same compo-
nents of the backlight unit 200 shown i FIG. 5 as those
explained by referring to FIGS. 2 and 3 will now be omatted.

Referring to FIG. §, the plurality of light sources 220 can
be mounted on the substrate 210 and the resin layer 230 can
be disposed on the top of the substrate 210 to cover the light
sources 230 entirely or partially. Meanwhile, the reflection
layer 240 can be formed between the substrate 210 and the
resin layer 230, e.g., on the top of the substrate 210.

Further, as shown in FIG. 5, the resin layer 230 can
include a plurality of scattering particles 231 and the scat-
tering particles 231 can more widely diffuse the light emitted
from the light sources 220 by scattering or refracting the
incident light.

The scattering particles 231 can be made of a material
having a refractive index different from the material forming,
the resin layer 230, e.g., a material having a refractive index
higher than that of the silicon-type or acrylic resin forming,
the resin layer 230 so as to scatter or refract the light emitted
from the light sources 220.

For example, the scattering particles 231 can be config-
ured by polymethylmethacrylate/styrene copolymer (MS),
polymethylmethacrylate (PMMA), polystyrene (PS), sili-
con, titantum dioxide (T10,), silicon dioxide (S10,), etc. and
can be configured by combining the matenals.

Meanwhile, the scattering particles 231 can be configured
even by a material having a refractive index lower than that
of the material forming the resin layer 230 and for example,
can be configured by forming the bubbles 1n the resin layer
230.

Further, the material for forming the scattering particle
231 i1s not limited to the above-mentioned materials and the
scattering particle 231 can be configured by using various
polymer materials or inorganic particles other than the
above-mentioned materials.

According to the embodiment(s) of the present invention,
the resin layer 230 can be formed by mixing the scattering
particles 231 with the lhiquid-type or gel-type resin, and
applying them onto the top of the first layer 210 where the
plurality of light sources 220 and the retlection layer 240 are
formed.

Referring to FIG. 5, an optical sheet 250 can be disposed
on the top of the resin layer 230 and for example, the optical
sheet 250 can 1nclude one or more prism sheets 251 and/or
one or more diffusion sheets 2352.

In this case, a plurality of sheets included 1n the optical
sheet 250 are provided by being closely contacting each
other without being separated from each other, such that 1t
1s possible to minimize or reduce the thickness of the optical

sheet 250 or the backlight unit 200.
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Meanwhile, the bottom of the optical sheet 250 can be
closely contacted to the resin layer 230 and the top of the
optical sheet 250 can be closely contacted onto the bottom
of the display panel 100, e.g., on the lower polarizer 140.

The diffusion sheet 252 prevents light emitted from the
resin layer 230 from being partially focused by diffusing the
incident light to thereby making the luminance of the light
more uniform. Further, the prism sheet 251 allows the light
to be vertically mputted into the display panel 100 by
focusing the light emitted from the diffusion sheet 2352.

According to another embodiment of the present mnven-
tion, the optical sheet 250, for example, at least one of the
prism sheet 251 and the diffusion sheet 252 can be removed
or the optical sheet 250 can be configured by including
various function layers 1n addition to the prism sheet 251 and
the diflusion sheet 252.

Further, a plurality of holes or indentations may be formed
at positions of the reflection layers 240 corresponding to the
plurality of light sources 220 so that the plurality of light
sources 220 to be disposed on the lower substrate 210 may
be mserted into the holes or indentations.

In this case, the light sources 220 are inserted 1n a lower
part through the holes formed in the reflection layer 240 and
at least some of the light sources 220 may protrude on the
top of the retlection layer 240.

As such, 1t 1s possible to further improve the fixation force
between the substrate 210 mounted with the light sources
220 and the reflection layer 240 by configuring the backlight
unit 200 by using the structure 1n which the light sources 220
are 1nserted into the holes of the reflection layer 240.

FIG. 6 1s a cross-sectional view illustrating a configura-
tion of a backlight unit according to a third embodiment of
the present invention, and depicts an example of the light
sources 220 mserted within the indentations/holes defined
through the retlections layer 240. Description of the same
components of the backlight unit 200 shown 1 FIG. 6 as
those explained by referring to FIGS. 2 to 5 will now be
omitted.

Referring to FIG. 6, each of the plurality of light sources
220 provided 1n the backlight unit 200 has the light emitting
surface on the side surface thereof and can emait light 1n a
lateral direction, e.g., a direction in which the substrate 210
or the retlection layer 240 extends above the substrate 210.

For example the plurality of light sources 220 can be
configured by using the side view-type LED packages. As a
result, 1t 1s possible to reduce a limitation that the light
source 220 1s observed as a hot spot on a screen, and 1t 1s
possible to produce a slim backlight unit 200 and thus a slim
display apparatus by reducing the thickness ‘a’ of the resin
layer 230.

In this case, each light source 220 can emit light having
an orientation angle o of, for example, 90 to 150 degrees
centering on a first direction X (indicated by an arrow).
Hereinatter, light emitted from the light source 220 1is
represented as being emitted 1n the first direction X (indi-
cated by the arrow).

According to an embodiment of the present invention, a
reflection pattern 1s formed on the top of the resin layer 230
to retlect and diffuse the light upwards from the light sources
220, thereby emitting the light having more uniform lumi-
nance Ifrom the backlight unit 200. These features are
described 1n more detail referring to FIGS. 7 to 10.

FIGS. 7 to 12 are cross-sectional views illustrating con-
figurations of a backlight unit of a display apparatus accord-
ing to a fourth embodiment of the present invention. A
description of the same components of the backlight unit
200 shown 1n FIGS. 7 to 12 as the components explained by
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referring to FIGS. 1 to 6 will now be omitted. Each of the
light sources 220 1n FIGS. 7 to 12 preferably emits light to
the side from a side surface of the light source, e.g., as shown
in FIG. 6, but as a variation, may emit light from the top
surface of the light source.

Referring to FIG. 7, a pattern layer including a plurality
of patterns 232 may be formed on the top of the resin layer
230 of the backlight unit 200 including the light sources 220.
More specifically, the plurality of patterns 232 included 1n
the pattern layer may be formed on the resin layer 230 to
correspond respectively to the positions where each of the
light sources 220 1s disposed.

For example, the patterns 232 formed on the top of the
resin layer 230 may be a reflection pattern that reflects at
least a part of the light emitted from the light source 220. As
shown 1 FIG. 7, 1t 1s possible to reduce the luminance of
light emitted from an area adjacent to each light source 220
by forming the reflection patterns 232 on the resin layer 230,
thereby causing the backlight unit 200 to emit light having
a uniform luminance.

That 1s, each reflection pattern 232 1s formed on the resin
layer 230 to correspond to a position where each of the
plurality of light sources 220 1s formed to reduce or control
selectively the luminance of the light emitted from the area
directly above each light source 220 and the area adjacent to
cach light source 220 by selectively reﬂecting the light
emitted from an area above the top surface of each light
source. The reflected light may be diffused to a lateral
direction.

More specifically, the light emitted upwardly from each
light source 220 1s retlected selectively downwards while
being diffused in the lateral direction by the reflection
pattern 232, and the light reflected by the reflection pattern
232 may be reflected upwards while being diffused 1n the
lateral direction by the reflection layer 240 again. That 1s, the
reflection patterns 232 may reflect 100% of the light imping-
ing thereon, or may retlect a portion of the light impinging
thereon while transmitting a portion of the same light. As
such, the characteristics of the retlection patterns 232 can be
modified to control the light propagation through the resin
layer 230 and the patterns 232.

As a result, the light emitted from the light sources 220
can be widely diffused 1n the lateral direction and 1n other
directions without concentrating on the upper direction so as
to allow the backlight unit 200 to emit the light having a
more uniform luminance.

The reflection patterns 232 include a retlection material
such as metal, etc. For example, the reflection pattern 232
may include metal such as aluminum, silver, gold, or the like
having a reflectance of 90% or more. For example, the
reflection patterns 232 may be formed with a maternial such
that about 10% or less of the total light impinging thereon
would be transmitted therethrough while the remaiming %
(or less) of the total light would be reflected by the reflection
patterns 232.

In this case, the retlection patterns 232 may be formed by
depositing or coating the metal. As another method, the
reflection patterns 232 may be formed by performing a
printing operation using reflection ink including the metal,
for example, silver ink 1n accordance with a predetermined
pattern.

Further, 1n order to improve a reflective effect of the
reflection pattern 232, a color of the retlection pattern 232
may have a color close to a color having a high brightness,
for example, a white color. For example, the reflection
pattern 232 may have a color having a higher brightness than
that of the resin layer 230.




US RE47,656 E

11

Meanwhile, the reflection patterns 232 may include metal
oxide. For example, the reflection patterns 232 may include
titanium dioxide (110,). More specifically, the reflection
patterns 232 may be formed by performing the printing
operation using reflection ink including titanium dioxide
(T10,).

FIGS. 8 through 12 illustrate other examples of forming
a plurality of patterns 232 to correspond to the positions of
light sources 220 according to the invention. A description
of the same components of the backlight unit 200 shown 1n
FIGS. 8 to 12 as the components explained by referring to
FIGS. 1 to 7 will now be omitted.

Referring to FIGS. 8 to 10, the case where the plurality of
reflection patterns 232 are formed to correspond to the
positions of the light sources 220 may include a case where
the center of each reflection pattern 232 1s formed to
comncide with (or substantially coincide with) the center of
the corresponding light source 220 (e.g., FIG. 7) and a case
where the center of each reflection pattern 232 1s spaced
from the center of the corresponding light source 220 by a
predetermined gap (e.g., FIG. 8, 9 or 10).

According to one example of the present imnvention, as
shown 1 FIG. 8, the center of each retflection pattern 232
may not coincide with the center of the corresponding light
source 220.

For example, when the light emitting surface of the light
source 220 faces not the upper direction but the lateral
direction and therefore, the light 1s emitted from the light
source 220 1n the lateral direction, then the luminance level
of the light emitted from the side surface of each light source
220 may decrease as the light travels through the resin layer
in a direction indicated by an arrow 1n FIG. 8. As a resullt,
a first arca immediately adjacent to the light emitting surface
of the light source 220 may have a higher luminance than
adjacent areas. Therefore, the reflection patterns 232 may be
formed by extending ofl center from the corresponding light
source 220 1n the direction indicated by the arrow of light
emitted from the light source 220.

For example, the center of the reflection pattern 232 may
be formed at a position slightly deviated from the center of
the corresponding light source 220 in the light emitting
direction.

According to another example, referring to FIG. 9, the
reflection pattern 232 may be formed at a position further
moved 1n a light emission direction than the reflection
pattern 232 shown 1n FIG. 8.

For example, the gap between the center of the reflection
pattern 232 and the center of the light source 220 corre-
sponding thereto may further increase than the gap shown 1n
FIG. 8. For example, as shown in FIG. 9, the light emission
surface of the light source 220 may be superimposed on a
left end portion of the reflection pattern 232, or the end of
the reflection pattern 232 may correspond to the light
emission surface of the light source 220.

In another example, referring to FIG. 10, the reflection
pattern 232 may be formed at a position further moved 1n the
light emission direction (indicated by an arrow) than the
reflection pattern 232 shown i FIG. 9.

For example, as shown in FIG. 10, the region where the
reflection pattern 232 1s formed may not be superimposed on
the region where the corresponding light source 220. There-
fore, the left end portion of the reflection pattern 232 may be
spaced from the light emission surface of the light source
220 by a predetermined gap.

According to yet another embodiment of the present
invention, as shown in FIG. 11, the reflection patterns 232
may be formed within the resin layer 230. In another
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variation, the reflections patterns 232 which are off centered
from the light sources 220 (e.g., as shown 1n FIGS. 8 to 10)
may formed within the resin layer 230.

Referring to FIG. 12, the reflection patterns 232 may be
manufactured 1n a sheet form. In this case, the pattern layer
including the plurality of reflection patterns 232 may be
formed on the resin layer 230.

For example, after the pattern layer 1s configured by
forming the plurality of reflection patterns 232 on one
surface of a transparent {ilm 260 through printing, etc., the
pattern layer including the transparent film 260 may be
formed on the resin layer 230. More specifically, the retlec-
tion patterns 232 may be formed by printing the transparent
film with a plurality of dots.

Meanwhile, as a ratio of an area where the reflection
pattern 232 1s formed 1n or on the resin layer 230 increases,
an opening ratio decreases, such that the overall luminance
of light provided from the backlight unit 200 to the display
panel 100 may decrease. The opening ratio here indicates an
amount ol area where portions of the reflection pattern 232
1s not formed within the reflection pattern 232, and through
this area, the light may be transmitted. Therefore, 1n order to
prevent the 1mage quality of the pictures displayed by the
display panel 100 from being deteriorated due to a rapid
decrease 1n the luminance of the light provided to the display
panel 100, the opening ratio of the pattern layer on which the
reflection pattern 232 1s formed 1s preferably at 70% or
more. That 1s, the area where the reflection pattern 1s formed
in the resin layer 230 preferably occupies 30% or less of the
entire area.

FIG. 13 to are plan views 1llustrating various examples of
placement of a pattern formed 1 a backlight unit for a
display apparatus according to an embodiment of the inven-
tion. As described above, each reflection pattern 232 may be
formed for the corresponding light source 220. Here, the
reflection pattern 232 may be formed in or on the corre-
sponding light source 220, e.g., as shown 1 FIGS. 7 to 12.

For example, as shown 1n FIG. 13, each reflection pattern
232 may have a circular shape or an oval shape centering on
(or off-centered from) the position where the corresponding,
light source 220 1s formed. However, each reflection pattern
232 can have a different shape and/or size.

In another example, referring to FIG. 14, the reflection
pattern 232 may be positioned by being moved from the
center position of FIG. 13 to the left or right (depending on
the location of the corresponding light source 220) in or
towards the light emission direction (indicated by the
arrows), that 1s, along an x-axis direction. Therefore, the
center of the reflection pattern 232 may be spaced from the
position where the center of the light source 220 correspond-
ing thereto 1s formed in the light emission direction by a
predetermined gap.

In still another example, referring to FIG. 15, the reflec-
tion pattern 232 may be positioned by further being moved
in the light emission direction than the reflection pattern 232
shown 1n FIG. 14. Therelfore, only a partial region of the
region where the light source 220 1s formed may be super-
imposed on the region where the reflection pattern 232 is
formed.

In still another example, referring to FIG. 16, the reflec-
tion pattern 232 may be positioned outside of the region
where the light source 220 1s formed by further being moved
in the light emission direction than the reflection pattern 232
shown 1 FIG. 15. Therefore, the region where the light
source 220 1s formed may not be superimposed (or overlap)
on the region where the reflection pattern 232 1s formed.
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FIGS. 17A to 17D are top plan views of a reflection
pattern 232 for i1llustrating different examples of the shape of
one retlection pattern 232 corresponding preferably to a light
source 220 according to the imvention. Each reflection
pattern 232 of FIGS. 17A-17D can be used as the reflection
pattern 232 of FIGS. 7 to 16. For example, each reflection
pattern 232 may be composed of a plurality of dots or
portions, each dot or portion including a reflection material,
for example, metal or metal oxide.

Referring to FIG. 17A, 1n this example, each reflection
pattern 232 may have a circle or cylinder shape (or other
shape, e.g., diamond shape, etc.) centering on (or ofl-
centered from) the area where the light source 220 1s formed
and the reflectance of the reflection pattern 232 may
decrease outwards from a center 234 of the retlection pattern
232. The reflectance of the reflection pattern 232 may
decrease gradually from the center 234 to 1ts outer areas by
having a less number of dots as one moves from the center
234 to the outer areas as shown and/or by decreasing the
reflectance characteristics of the material 1n the pattern 232
as one moves from the center 234 to the outer areas. Further,
the light transmittance or opening ratio of the reflection
pattern 232 may increase outwards from the center 234 to
the outer areas.

As a result, the position where the light source 220 1s
formed, more specifically, the center 234 of the reflection
pattern 232 corresponding to the center of the light source
220 may have the highest reflectance (e.g., no or little light
1s transmitted therethrough), and the lowest transmittance or
opening ratio. Therefore, 1t 1s possible to more eflectively
prevent the hot spot from being generated due to the
concentration of light on the area where the light source 220
1s formed.

In one example, 1 order to prevent the hot spot from
being generated, according to an embodiment of the inven-
tion, an opening ratio of each retlection pattern 232 which 1s
tormed above the light source 220 may be preferably 5% or
less.

If the plurality of dots 233 constituting the reflection
pattern 232 are provided, gaps between adjacent dots 233
may increase outwards from the center 234 to the outer areas
and as a result, the transmittance or the opening ratio of the
reflection pattern 232 increases while the reflectance of the
same retlection pattern 232 decreases outwardly from the
center 234 of the retlection pattern 232 to 1ts outer areas as
described above.

In another example, referring to FIG. 17B, each reflection
pattern 232 may have an oval shape. The center 234 of this
reflection pattern 232 may coincide with the center of the
corresponding light source 220. As a varnation, however, as
shown 1n FIG. 17B, the center 234 of the retlection pattern
232 may not coincide with the center of the light source 220,
and the center 234 may be ofl-centered from the center of the
light source 220.

That 1s, as described by referring to FIGS. 8 to 10, the
center 234 of the reflection pattern 232 may be formed at a
position slightly deviated from the center of the correspond-
ing light source 220 in one direction, for example, the
direction of the light being emitted from the light source
220. For example, the portion 235 may coincide with the
center of the corresponding light source 220. In this case, the
reflectance of the retlection pattern 232 may decrease or the
transmittance thereof may increase outwardly from a portion
235 of the retlection pattern 232 corresponding to the center
of the light source 220.

In FIG. 17B, the portion 235 of the reflection pattern 232
corresponding to the center of the light source 220 may be
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positioned deviated from the center 234. The portion 235 of
the retlection 234 corresponding to the center of the light
source 220 may have the highest reflectance or the lowest
transmittance.

Referring to FIGS. 17C and 17D, each reflection pattern
232 may have a rectangle, a square, or a diamond shape
centering on the area where the corresponding light source
220 1s formed, and may have a reflectance that decreases as
one moves from the center of the reflection pattern 232 to 1ts
outer areas, and an opening ratio that increases outwardly
from the center thereot to its outer areas. Features pertaining
to the retlection pattern 232 of FIGS. 17A and 17B can be
equally applicable to the reflection pattern 232 of FIGS. 17C
and 17D.

Even 1n this case, 1 order to prevent the hot spot from
being generated, a central area of the reflection pattern 232
which superimposes or disposed over the corresponding
light source 220 preferably has an opening ratio of 5% or
less.

Meanwhile, as shown 1n FIGS. 17C and 17D, 1n case of
the plurality of dots 233 constituting the reflection pattern
232, the size of each gap between adjacent dots 233 may
increase outwardly from the center of the reflection pattern
232 to 1ts outer areas.

As shown 1in FIGS. 17A to 17D, when the reflection
pattern 232 according to the present mvention 1s used, the
hot spot phenomenon 1n which the light density concentrates
on the area adjacent to the light source 220 i1s reduced
significantly. For example, the light itensity 1s distributed
out more throughout the light source area and adjacent areas.

In the above description, although the cases 1n which the
reflection pattern 232 includes the plurality of dots by
referring to FIGS. 17A to 17D are discussed, the present
invention 1s not limited thereto and the retlection pattern 232
may have various structures 1n which the retlectance of the
reflection pattern 232 decreases and the transmittance or the
opening ratio of the reflection pattern 232 increases out-
wardly from the center thereof to 1ts outer areas.

For example, the concentration of the reflection material,
for example, the metal or metal oxide 1n the reflection
pattern 232 may decrease outwards from the center of the
reflection pattern 232 to its outer areas. As a result, by using
the backlight unit of the present invention, it 1s possible to
prevent the light density from concentrating on the area
adjacent to the light source due to the decrease of the
reflectance and the increase of the transmittance or the
opening ratio.

FIGS. 18 and 19 are cross-sectional views illustrating a
configuration of a backlight unit for a display apparatus
according to a fifth embodiment of the present invention.
The backlight unit of FIGS. 18 and 19 may have the same
components as the components of the backlight unit of
FIGS. 1-17D, which may have been, but not necessarily,
referenced by using certain same reference numerals. A
description of the same components of the backlight unit
200 shown 1n FIGS. 18 to 19 as the components explained
by referring to FIGS. 1 to 17D will now be omitted.

Retferring to FIG. 18, each retlection pattern 232 of the
backlight unit in thus example may have a convex shape
toward the corresponding light source 220. For example, the
reflection pattern 232 may have a shape similar to a semi-
circle.

For example, a cross-sectional shape of the reflection
pattern 232 may have a semicircle shape or an oval shape
convexed toward the light source 220 as shown 1n FIG. 18.

The retlection pattern having the convex shape can reflect
an incident light at various angles. Therefore, by using the
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reflection pattern 232, 1t 1s possible to make the luminance
of light to be emitted upwards from the resin layer 230 more
uniformly by diffusing the light emitted from the light
source 220 more widely.

The reflection pattern 232 may include the reflection
material such as metal, metal oxide, or the like as described
above. For example, the reflection pattern 232 may be
formed by forming a pattern on the top of the resin layer 230
by an intaglio method and filling the ntaglio pattern with
reflection matenial.

Alternatively, by printing a film-shaped sheet with the
reflection material or attaching beads or metallic particles to
the ﬁlm-shaped sheet and thereaiter, pressing the film onto
the resin layer 230, the reflection pattern 232 shown 1n FIG.
18 may be formed on the top of the resin layer 230.

Meanwhile, a cross-sectional shape of the reflection pat-
tern 232 may have various shapes convexed toward the light
source 220 1n addition to a shape similar to the semicircle
shape shown in FIG. 18.

For example, as shown i FIG. 19, the cross-sectional
shape of the reflection pattern 232 may have a triangle shape
convexed toward the light source 220. In this case, the
reflection pattern 232 may have a pyramid shape or a prism
shape.

Further, as shown 1 FIG. 18 or 19, the reflection pattern
232 having the shape convexed toward the light source 220
may be disposed to have the top plane view 1n the pattern
shown 1n FIGS. 12A to 14.

That 1s, the reflection pattern 232 may be disposed to have
the circular shape or rectangular shape centering on (or
ofl-centered from) the position where the corresponding
light source 220 1s formed 1n the backlight unit. The retflec-
tion pattern 232 may be disposed to have the retlectance
decreased and the ftransmittance or the opening ratio
increased outwards from the center thereof to 1ts outer areas.

For example, 1n case that the plurality of reflection
patterns 232 having the shape convexed toward the corre-
sponding light source 220 shown in FIG. 18 or 19 are used,
a gap between adjacent convexed portions of each reflection
pattern 232 may increase outwardly from the center of the
reflection pattern 232 to its outer areas, thereby preventing
the hot spot from being generated due to the concentration
of light on the area adjacent to the light source 220.

Further, although the center of the reflection pattern 232
coincides with (or substantlally coincides with) the center of
the light source 220 in FIGS. 18 and 19, the center of the
reflection pattern 232 may be spaced from the center of the
light source 220 in the light emission direction by a prede-
termined gap as described by referring to FIGS. 8 to 10.

FIGS. 20A and 20B are cross-sectional views 1llustrating,
two different examples of a configuration of a backlight unit
for a display apparatus according to a sixth embodiment of
the present invention. The illustrated backlight unit 200 of
FIGS. 20A and 20B can be configured to include a plurality
of resin layers 230 and 23S5.

Referring to FIG. 20A, light emitted laterally from the
light source 220 may be emitted upwards by being diffused
by the resin layer 230. Further, the resin layer 230 includes
the plurality of scattering particles 231 explained by refer-
ring to FI1G. 4 to scatter or refract the light upwardly, thereby
making the luminance of the light to travel upwards more
uniformly.

According to the embodiment of the present invention, a
second resin layer 235 may be disposed on the top of the
(first) resin layer 230. The second resin layer 235 can be
made of a material similar to or different from the first resin
layer 230 and can improve the uniformity of the luminance
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of the light of the backlight unit 200 by diffusing the light
emitted upward from the first resin ,ayer 230.

The second resin layer 235 can be made of a material
having the same refractive index as the material configuring
the first resin layer 230 or of a material having a refractive
index different therefrom.

For example, when the second resin layer 235 1s made of
a material having a refractive index higher than that of the
first resin layer 230, the second resin layer 235 can more
widely diffuse the light emitted from the first resin layer 230.

In contrast, when the second resin layer 235 1s made of a
material having a refractive index lower than that of the first
resin layer 230, 1t 1s possible to improve reflectivity in which
the light emitted from the first resin layer 230 1s reflected on
the bottom of the second resin layer 235, thereby allowing
the light emitted from the light source 220 to easily advance
along the first resin layer 230.

Meanwhile, the second resin layer 235 may also include
a plurality of scattering particles 236. In this case, the
density of the scattering particles 236 included 1n the second
layer 235 may be higher than the density of scattering
particles 231 included 1n the first resin layer 230.

As described above, it 1s possible to more widely diffuse
the light emitted upward from the first resin layer 230 by
including the scattering particles 236 i1n the second resin
layer 235 with a higher density, thereby making the lumi-
nance of the light emitted from the backlight unit 200 more
unmiformly.

According to the embodiments of the present invention,
the reflection pattern 232 explained by referring to FIGS. 7
to 19 above may be formed between the first resin layer 230
and the second resin layer 235, and or within at least one of
the first and second resin layers 230 and 235.

Further, as shown 1n FIG. 20A, another pattern layer (e.g.,
pattern 2635) may be formed on the top of the second resin
layer 235 and the pattern layer formed on the second resin
layer 235 may also include a plurality of patterns.

The pattern 2635 on the top of the second resin layer 235
may be a reflection pattern that retlects at least part of the
light emitted from the first resin layer 230. Therefore, 1t 1s
possible to make the luminance of light emitted from the
second resin layer 235 more uniformly.

For example, when the light traveling upwardly through
the second resin layer 235 1s focused on a predetermined part
on top of the second resin layer 235 and 1s thus observed on
the screen with a high luminance, the pattern 265 may be
formed 1n one or more regions corresponding to the prede-
termined part(s) of the top of the second resin layer 235.
Therefore, according to the invention, 1t 1s possible to make
the luminance of the light emitted from the backlight unit
200 uniformly by reducing and evenly distributing the
luminance of the light in the predetermined part.

The pattern 265 may be made of titanium dioxide (T10,,).
In this case, a part of the light emitted from the second resin
layer 235 may be reflected downwardly and the rest part of
the light emitted from the second resin layer 235 can be
transmitted 1n the pattern 265. The pattern 265 can be a light
shielding layer/pattern, or another reflection pattern 232.

In another example, referring to FIG. 20B, the height of
the light sources 220, 225 may be greater than the thickness
of the first resin layer 230. For instance, a thickness ‘hl’ of
the first resin layer 230 1s smaller than a height ‘h3’ of the
light sources 220, 225. As a result, the first resin layer 230
may cover a lower part of the light sources 220, 225 and the

second resin layer 235 may cover an upper part of the light
sources 220, 223.
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The first resin layer 230 may be composed of a resin
having high adhesive strength. For example, the adhesive
strength of the first resin layer 230 may be higher than that
of the second resin layer 235. As a result, a light emitting
surface of the light sources 220, 225 may adhere to the first
resin layer 230 more strongly, and a space between the light
emitting surface of the light source 220 (or 225) and the {first
resin layer 230 may not exist or may be minimized.

In one example, the first resin layer 230 may be composed
of a silicon resin (or the like) having high adhesive strength,
and the second resin layer 235 may be composed of an
acrylic resin or the like.

Further, a refractive index of the first resin layer 230 may
be higher than that of the second resin layer 235. And, the
refractive index of the first resin layer 230 and the refractive
index of the second resin layer 235 may be within 1.4 to 1.6.

Also, a thickness ‘h2’ of the second resin layer 233 1s
preferably smaller than the height ‘h3” of the light sources
220, 225. Further, the features 1n the example of FIG. 20A
can be provided to the backlight unit of FIG. 20B. For

instance, the particles 231 and/or 236 can be provided 1n the
first and/or second resin layer 230, 235, the pattern 2635 can
be provided on the second resin layer 235, etc.

FIGS. 21 and 22 are diagrams for explaining a positional
relationship of a light source 220 and a retlection layer 240
that are provided i a backlight unit 200 for a display
apparatus according to the present invention. A description
of the same components of the 1llustrated backlight unit 200

of FIGS. 21 and 22 as those explained by referring to FIGS.
2 to 20B will now be omitted.

Referring to FIG. 21, as the reflection layer 240 1s
disposed on the side of the light source 220, a part of light
emitted to the side from the light source 220 1s inputted into
the reflection layer 240 to be lost.

The loss of the light emitted from the light source 220
decreases the amount of the light that advances by being
inputted nto the resin layer 230. As a result, the amount of
light provided from the backlight unit 200 to the display
panel 100 1s decreased, such that the luminance of the
display picture can be decreased.

According to the embodiment of the present invention, as
shown 1n FIG. 22, 1t 1s preferable that the light source 220
1s positioned above the reflection layer 240. As a result, the
light emitted from the light source 220 advances along the
resin layer 230 and can be emitted upward without being lost
by the reflection layer 240.

That 1s, 1t 15 possible to improve the optical efliciency of
the backlight unit 200 by positioning the light emission
surface of the light source 220 above the reflection layer
240.

For example, a support member 215 can be formed
between the light source 220 and the substrate 210 and the
light source 220 can be supported and fixed onto the
substrate 210 by the support member 2185.

The support member 215 may be made of the same
material as any one of the substrate 210, the light source 220,
and the retflection layer 240. For example, the support
member 215 may be formed by extending the substrate 210
or by extending a body part of the light source 220 or by
extending the retlection layer 240.

The support member 215 can be configured by metal
having electric conductivity and for example, can be con-
figured by a metallic material including plumbum (Pb).
More specifically, the support member 215 can be a solder
pad for soldering the light source 220 onto the substrate 210.
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The thickness (b) of the reflection layer 240 can be equal
to or smaller than the thickness (¢) of the support member
215. Therefore, the light source 220 can be positioned above
the reflection layer 240.

Meanwhile, as the thickness (¢) of the support member
215, 1.e., the solder pad increases, resistance increases, such
that since power supplied to the light source 220 can be lost,
the thickness (c¢) of the support member 215 1s preferably
equal to or less than 0.14 mm. Theretfore, the thickness (b)
of the reflection layer 240 can also be equal to or less than
0.14 mm which 1s the maximum value of the thickness (c)
of the support member 215.

Further, as the thickness of (b) of the reflection layer 240
decreases, the light reflectance of the reflection layer 240 can
decrease, that 1s, a part of the light inputted from the light
source 220 may be transmitted downward without being
reflected at a predetermined thickness or less.

Therefore, the reflection layer 240 1s positioned above the
light source 220, such that the thickness (b) of the reflection
layer 240 can be formed with 0.03 to 0.14 mm 1n order to
reflect most of the light inputted from the light source 220
while improving the incident efliciency of the light.

Further, as shown 1n FIG. 22, a part of the reflection layer
240 can be inserted below the light source 220, more
specifically, between the light source 220 and the substrate
210, thereby more certainly prevent the light emitted from
the light source 220 from being lost by the reflection layer
240. For this, the support member 215 can be nserted from
the end of the light source 220 by a predetermined distance
(d).

Meanwhile, as the insertion distance (d) of the support
member 215 decreases, the size of a part of the reflection
layer 240 inserted into the bottom of the light source
decreases to cause the stability of a structure in which the
reflection layer 240 1s inserted from deteriorating. Further, as
the insertion distance (d) of the support member 2135
increases, the light source 220 may unstably be support to
the support member 215.

Accordingly, in order to improve the stability of the
insertion structure of the reflection layer 240 and the support
structure of the light source 220, the insertion distance (d) of
the support member 215 1s preferably 1n the range o1 0.05 to
0.2 mm.

According to vet another embodiment of the present
invention, the light source 220 can include a head part 22
emitting light in a lateral direction and a body part having an
attaching surface for allowing the light source 220 to be
mounted on the substrate 210, etc. Further, the head part 22
of the light source 220 can include a light emitting surface
which actually emits light and a non-emitting surface that
does not emit light on the outer periphery of the light
emitting surface.

In this case, the light emitting surface of the head part of
the light source 220 1s preferable positioned above the
reflection layer 240. Therefore, it 1s possible to improve the
incident efliciency of the light by disabling the light emaitted
from the light source 220 to be lost by the retlection layer
240.

According to the embodiments of the invention, the head
part 22 and/or the support member 215 discussed above 1n
connection with FIG. 22 can be provided in any light source
220 and/or backlight unit 200 according to various examples
and embodiments of the invention discussed above and
below.

FIGS. 23 and 24 are diagrams 1illustrating one embodi-
ment for a structure of a light source 200 provided in a
backlight unit 200 according to the present mvention. FIG.
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23 illustrates the structure of the light source 220 seen from
the side and FIG. 24 1llustrates of a structure of the head part

22 of the light source 220 seen from the front. Any light

source 220 discussed above and below according to the
present invention can have the structure of the light source

220 of FIGS. 23 and 24.

Referring to FIG. 23, the light source 220 can be config-
ured to include a light emitting device 321, a mold part 322
having a cavity 323, and a plurality of lead frames 324 and
325. According to the embodiment of the present invention,
the light emitting device 321 may be or include a light
emitting diode (LED) chip and the LED chip may be
configured by a blue LED chip or an infrared ray LED chip
or by at least one package type combining one or more chips
of a red LED chip, a green LED chip, a blue LED chip, a

yellow green LED chip, and a white LED chip.

Hereinafter, the embodiment of the present invention waill
be described by using a case 1 which the light source 220
1s configured to include the LED chip 321 as the light
emitting device for emitting light as an example.

The LED chip 321 1s packaged to the mold part 322
configuring a body of the light source 220. For this, the
cavity 323 can be formed at one side of the center of the
mold part 322. Meanwhile, the mold part 322 can be
injection-molded with a resin matenial such as polyphtal-
amide (PPA), etc. to a press (Cu/N1/Ag substrate) and the
cavity 323 of the mold part 322 can serve as a reflection cup.
The shape or structure of the mold part 322 shown 1n FIG.
23 may be changed and 1s not limited thereto.

The plurality of lead frames 324 and 325 penetrate in a
long axis direction of the mold part 322. Ends 326 and 327
of the lead frames can be exposed to the outside. Herein, a
long-direction symmetrical axis of the mold part 322 is
referred to as a long axis and a short-direction symmetrical
axis of the mold part 322 1s referred to as a short axis as
viewed from the bottom of the cavity 323 where the LED
chip 321 1s disposed.

Semiconductor devices such as a light recerving device, a
protection device, etc. may selectively be mounted on the
lead frames 324 and 325 1n the cavity 323 1n addition to the
LED chip 321. For example, the protection device such as a
zener diode, etc. for protecting the LED chip 321 from static
clectricity, etc. (e.g., ESD: electro static discharge) may be
mounted on the lead frames 324 and 325 1n addition to the
LED chip 321.

The LED chip 321 adheres to any one lead frame 325
positioned on the bottom of the cavity 323 and thereafter, the
LED chip 321 can be connected by wire bonding or tlip chip
bonding.

Further, after the LED chip 321 1s connected, a resin
material 1s molded to the mounting region 1n the cavity 323.
The resin material here includes a silicon or epoxy material.
Pﬁlosphor may selectively be added to this resin material.
The resin maternal can be formed 1n any one shape of a tlat
shape 1n which the surface of the resin material 1s molded
with the same height as the top of the cavity 323, a concave
lens shape concaved to the top of the cavity 232, and a
convex lens shape convexed to the top of the cavity 323.

At least one side of the cavity 323 1s inclined and this side
may serve as a retlection surface for selectively reflecting an
impinging light or a reflection layer. The cavity 323 may
have a polygonal exterior shape and may have shapes other
than the polygonal shape.

Referring to FIG. 24, the head part 22 of the light source
220 which 1s a part emitting the light can mnclude a light
emitting surface (displayed by an oblique line) actually
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emitting the light and a non-emitting surface not emitting the
light, which 1s a part other than the light emitting surface.

More specifically, the light emitting surface of the head
part 22 of the light source 220, which emits the light 1s
formed by the mold part 322 and can be defined by the cavity
323 disposed 1n the LED chip 321. For example, the LED
chip 321 i1s disposed 1n the cavity 323 of the mold part 322,
such that the light emitted from the LED chip 321 can be
emitted through the light emitting surface surrounded by the
mold part 322. Further, the non-emitting surface of the head
part 22 of the light source 220 may be a part (not displayed
by the oblique line) where the mold part 322 1s formed and
the light 1s not emitted.

Further, as shown in FIG. 24, the light emitting surface of
the head part 22 of the light source 220 has a shape 1n which
a horizontal length 1s longer than a vertical length. However,
the shape of the light emitting surface of the head part 22 1s
not limited to the shape shown in FIG. 24. For example, the
light emitting surface of the light source 220 may have a
rectangular shape.

In addition, the non-emitting surface of the head part 22
that does not emit the light may be positioned at upper,
lower, lett, or right side of the light emitting surface of the
head part 22 of the light source 220.

Meanwhile, the ends of 326 and 327 of the lead frames
324 and 3235 extend to the outer frame of the mold part 322
to be firstly formed and secondly formed 1n one groove of
the mold part 322 to be disposed in first and second lead
electrodes 328 and 329. Herein, the number of fabrication
times may be changed and is not limited thereto.

The first and second lead electrodes 328 and 329 of the
lead frames 324 and 325 can be formed to be received 1n
grooves Tormed at both sides of the bottom of the mold part
322. Further, the first and second lead electrodes 328 and
329 are formed with a plate structure having a predeter-
mined shape and may be formed with a shape in which
solder bonding 1s easy in surface mounting.

FIG. 25 1s a cross-sectional view illustrating a configu-
ration of a backlight unit according to a seventh embodiment
of the present mvention. Description of the same compo-
nents of the backlight unit 200 shown 1n FIG. 25 as those
explained by referring to FIGS. 1 to 24 will now be omatted.

A pattern 241 for allowing the light emitted from the light
source 220 to easily advance to the adjacent light source 225
may be formed 1n the retlection layer 240. For example,
referring to FIG. 25, the pattern 241 formed on the top of the
reflection layer 240 may include a plurality of protrusions,
and the light emitted from the light source 220 and inputted
into the plurality of protrusions of the pattern 241 may be
scattered or refracted in the advance direction.

Meanwhile, as shown in FIG. 25, the density of the
protrusions (241) formed in the reflection layer 240 may
increase outwardly as the protrusions (241) are separated
from the light source 220, that 1s, close to the adjacent light
source 225 (which 1s also the light source 220). For example,
more protrusions may be formed between two adjacent light
sources 220 and 225 as you move from the left to the right
direction 1in FIG. 25. Accordingly, it 1s possible to prevent
the luminance of the light emitted upwardly from a region
remotely separated from the light source 220, ¢.g., a region
close to the adjacent light source 225 from being reduced,
thereby maintaining the luminance of the light provided
from the backlight umit 200 more uniformly.

Further, the protrusions of the pattern 241 may be made
of the same material as the retlection layer 240. In this case,
the protrusion of the pattern 241 can be formed by process-
ing the top of the retlection layer 240.
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As a variation, the protrusions of the pattern 241 may be
made of a maternial different from the reflection layer 240, for
example, the protrusions of the pattern 241 may be formed
on the top of the reflection layer 240 by printing the pattern
shown 1n FIG. 25.

Meanwhile, the shape of the protrusions of the pattern 241
1s not limited to the shape shown 1n FI1G. 25 and for example,
may have various shapes such as a prism shape, efc.

For example, as shown 1n FIG. 26, a pattern 241 may be
tformed on the reflection layer 240 and may have an engrav-
ing shape.

FI1G. 27 1s a cross-sectional view of another embodiment
of a shape of a pattern 241 formed on the reflection layer 240
and the pattern 241 may be formed on only a partial region
of the reflection layer 240.

Referring to FIG. 27, the reflection layer 240 may include
a first regional where the engraving or embossing pattern
241 1s not formed and a second region a2 where the pattern
241 1s formed as described above.

Meanwhile, the first regional where the pattern 241 1s not
formed may be disposed more adjacent to the light source
220 that emits the light between the first and second regions
al and a2.

As described above, the first regional where the pattern
241 1s not formed 1s disposed adjacent to the light source
220, and the second region a2 where the pattern 241 1is
formed 1s disposed away from the light source 220 so as to
ciiciently transmit the light emitted from the light source
220 to a region far away from the light source 220.

Further, in the region far away from the light source, for
example, the second region a2 where the pattern 241 1is
formed, the light emitted from the light source 220 is
scattered by the pattern 241 and 1s thereby emitted upward,
thereby preventing the luminance of the light from being
reduced in the second region a2.

Further, as described above and shown 1in FIG. 27, in the
second region a2 of the reflection layer 240, the density of
the pattern 241 may increase in the light emission direction
(e.g., the arrows shown in FIGS. 25-27) of the correspond-
ing light source 220, e.g., the density of the pattern 241
increases as one moves farther away from the corresponding
light source 220.

FIG. 28 illustrates an embodiment of an arrangement of
patterns formed on the reflection layer and schematically
illustrates the arrangement of a plurality of patterns 241
formed on the reflection layer 240 on the basis of the
position of the light source 220.

Referring to FI1G. 28, the width w of the region where the
plurality of patterns 241 are formed may increase 1n the light
emission direction, as one moves farther away from the light
source 220 emitting the light to the reflection layer 240.

That 1s, the light emitted from the light source 220 may
propagate while gradually being dispersed at a predeter-
mined orientation angle, e.g., approximately 120 degrees
primarily 1n a first direction (indicated by an arrow). There-
tore, the width w of the region where the plurality of patterns
241 are formed may also increase in the light emission
direction of the light source 220.

FI1G. 29 illustrates another embodiment of arrangement of
the patterns 241 formed on the reflection layer 240.

Referring to FIG. 29, the backlight unit 200 includes two
or more light sources 220 and 221 that emit the light 1n
different directions, and the patterns 241 arranged as shown
in FIG. 29 may be formed on the reflection layer 240 to
correspond to the positions of the light sources 220 and 221.

That 1s, the patterns 241 are not formed 1n the first region
of the light source 220 immediately adjacent to the light
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source 220 1n respect to the plurality of light sources 220 and
221 while the plurality of patterns 241 may be formed in the
second region farther away from the corresponding light
source 220. Here the first region 1s between the second
region and the corresponding light source 220.

Meanwhile, for each light source 220, 221, the density
and/or width W of the corresponding patterns 241 increases
in the light emission direction of the corresponding light
source.

According to another embodiment of the present inven-
tion, the backlight unit 200 can include two or more light
sources that emit light 1n different directions. For example,
FIG. 30 1s a cross-sectional view 1llustrating an embodiment
for a structure of a plurality of light sources provided 1n a
backlight unit 200 according to the invention. As shown in
FIG. 30, the first light source 220 and the second light source
225 of the plurality of light sources provided 1n the backlight
unit 200 may emit light 1n different directions.

For example, the first light source 220 emuits the light 1n
a lateral direction. For this, the first light source 220 can be
configured by using the side view-type LED package. Mean-
while, the second light source 225 emits the light 1n an
upward direction. For this, the second light source 2235 can
be configured by using the top view-type LED package. In
the backlight unit 220, the plurality of light sources 220 can
be alternatively the side view-type LED package and side
view-type LED package.

As described above, according to the invention it 1s
possible to prevent light from being focused on a predeter-
mined region or being weakened, by configuring the back-
light unit 200 by combining two or more light sources that
emit the light in different directions. As a result, the back-
light unit 200 can provide light having uniform luminance to
the display panel 100.

Meanwhile, 1n FIG. 30, the embodiment of the present
invention 1s described by using a case in which the first light
source 220 emitting the light in the lateral direction and the
second light source 225 emitting the light in the upward
direction are disposed adjacent to each other as an example,
but the present invention 1s not limited thereto. For example,
within the backlight unit 200, two or more side view-type
light sources may be disposed adjacent to each other, two or
more top view-type light sources may be disposed adjacent
to each other, or any combination thereol or any arrange-
ment of thereof.

Hereinaftter, various arrangements of the light sources 220
and 221 will be described 1n detail with reference to FIGS.
31 to 35.

FIG. 31 1s a plan view illustrating a front shape of a
backlight unit according to an embodiment of the present
invention, and 1llustrates an embodiment for a layout struc-
ture of a plurality of light sources provided 1n the backlight
unit 200 according to the ivention. Any light source 220
discussed above 1n connection with FIGS. 1 to 30 can be the
light source (e.g., 220, 221, 222, 224, e¢tc.) of FIGS. 31 to 35.
The various arrangements of the light sources 220 of FIGS.
31 to 35 can be used in the display module 20 or the like.

Reterring to FIG. 31, the plurality of light sources 220 and
221 included 1n the backlight unit 200 may be disposed by
being divided into a plurality of arrays, for example, a first
light source array Al and a second light source array A2.

Each of the first light source array Al and the second light
source array A2 includes a plurality of light source lines
constituting light sources. For example, the first light source
array Al 1s composed of multiples lines L1, L1, . . . of the
light sources 220, and the second light source array A2 is
composed of multiple lines L2, L2, . . . of the light sources
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220. The light source lines included 1n the first light source
array Al and the light source lines included 1n the second
light source array A2 may be alternately disposed each other,
to correspond to the displaying region of the display panel
100.

According to one embodiment of the present invention,
the first light source array A1 may include odd number-th
light source lines from the top among the plurality of light
source lines, and the second light source array A2 may
include even number-th light source lines from the top.

For example, as shown 1n FIG. 31, a first light source line
L1 included in the first light source array Al and a second
light source line L2 included in the second light source array
A2 are disposed adjacent to each other, and the first light
source line L1 and the second light source line L2 are
alternately disposed each other to configure the backlight
unit 200. As such, the light sources of the backlight unit 200
are disposed 1n a matrix configuration.

Further, the light sources 220 included in the first light
source array Al and the light sources 221 included 1n the
second light source array A2 may emit light in the same
direction or in diflerent directions. For example, referring to
FIG. 32, the backlight unit 200 may include two or more
light sources that emit light 1n different directions. That 1is,
the light sources 220 included 1n the first light source array
Al and the light sources 221 included 1n the second light
source array A2 may emit light 1n different directions from
cach other. For this, a direction which the light emitting
surfaces of the light sources 220 included in the first light
source array Al face may be different from a direction which
light emitting surfaces of the light sources 221 included 1n
the second light source array A2 face.

More specifically, the light emitting surface of each first
light source 220 included in the first light source array Al
and the light emitting surface of each second light source
221 included 1n the second light source array A2 may face
in different directions. Therefore, as shown in FIG. 32, the
first light sources 220 included 1n the first light source array
Al and the second light sources 221 included 1n the second
light source array A2 may emit light 1n different directions,
¢.g., 1n opposite directions. In this case, the light sources
provided in the backlight unit 200 can emit the light 1n the
lateral direction. For this, the light sources can be configured
by using the side view-type LED packages.

Meanwhile, as shown i FIG. 32, the plurality of light
sources provided 1n the backlight unit 200 can be disposed
while forming two or more lines, and two or more light
sources disposed on the same line can emait the light 1n the
same direction.

For example, light sources right/left adjacent to the first
light source 220 can also emit the light 1n the same direction
as the first light source 220, e.g., 1n the direction opposite to
the x-axis direction, and light sources right/leit adjacent to
the second light source 221 can also emit the light in the
same direction as the second light source 221, e.g., in the
x-ax1s direction.

As described above, by providing the light emitting
directions of the light sources disposed adjacent to each
other 1n the y-axis direction, for example, the first light
source 220 and the second light source 221 to be opposite to
cach other, the present invention makes 1t possible to prevent
the luminance of the light from being focused or being
weakened 1n a predetermined region of the backlight unit
200.

For example, as the light emitted from the first light
source 220 travels towards the adjacent light source, the
light may be weakened. As a result, as the light 1s remotely
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separated from the first light source 220, the luminance of
the light emitted in the direction of the display panel 100
may be weakened.

Accordingly, as shown m FIG. 32, by making the light
emitting directions of the first light source 220 and the
second light source 221 opposite to each other, the first light
source 220 and the second light source 221 can comple-
mentarily prevent the luminance of the light from being
focused 1n the region adjacent to the light source and the
luminance of the light from being weakened 1n the region
remotely separated from the light source, thereby maintain-
ing the luminance of the light emitted from the backlight unit
200 uniformly.

Further, 1n the first light source lines L1 included in the
first light source array Al and the second light source lines
[.2 included 1n the second light source array A2, right and
left positions of the light sources do not coincide with each
other but cross each other. As a result, 1t 1s possible to
improve further the uniformity of the light emitted from the
backlight umt 200. For example, as shown in FIG. 32, the
second light sources 221 included 1n the second light source
array A2 may be disposed adjacent to the first light sources
220 1ncluded 1n the first light source array Al 1n a diagonal
direction.

Referring to F1G. 33, the light sources 1n two or more light
source lines in the first light source array A1 may line up
vertically or substantially vertically, the light sources 1n two
more light sources in the second light source array A2 may
line up vertically or substantially. Further, the first light
source line L1 and the adjacent second light source line 1.2
may be separated from each other by a predetermined
distance d1.

That 1s, the first light sources 220 included in the first light
source array Al and the second light sources 221 included
in the second light source array A2 may be separated from
cach other by the predetermined distance d1 on the basis of
a y-axis direction vertical to an x-axis in which the light 1s
emitted.

As the distance d1 between the first light and second light
source lines L1 and L2 increases, a region which the light
emitted from the first light source 220 or the second light
source 221 cannot reach may be generated and thus, the
luminance of the light in the region may be weakened.

Meanwhile, as the distance d1 between the first light and
second light source lines L1 and L2 decreases, the light
emitted from the first light sources 220 and the light emaitted
from the second light sources 221 may interfere with each
other. In this case, the division driving efliciency of the light
sources may be deteriorated.

Accordingly, in order to make the luminance of the light
emitted from the backlight unit 200 uniform while reducing
the interference of the light resources, the distance d1 of the
light source lines, for example, the first and second light
source lines L1 and L.2 (220 and 221), which are adjacent 1n
the same direction crossing the direction 1n which the light
1s emitted may be, e.g., 5 to 22 mm.

Further, the third light source 222 1s included in the first
light source line of the first light source array Al and
disposed adjacent to the first light source 220 in the x-axis
direction, and the first light source 220 and the third light
source 222 can be spaced from each other by a predeter-
mined distance d2.

Further, a light orientation angle 0 from the light source
and a light orientation angle 0' in the resin layer 230 can
have a relationship shown in Equation 1 by the Snell’s law.
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nl sind [Equation 1]

n2 - sin &

Meanwhile, when a part that emits the light from the light
source 1s an air layer (refractive mndex nl 1s ‘1’) and an
orientation angle 0 of the light emitted from the light source
1s generally 60 degrees, the light orientation angle 0' 1n the
resin layer 230 can have a value shown in Equation 2 in
accordance with Equation 1.

s1n 60°

J, |Equation 2]
n2

sinf =

Further, when the resin layer 230 1s made of an acrylic
resin type such as polymethyl methacrylate (PMMA), the
resin layer 230 has a refractive index of approximately 1.5.
Theretore, the light orientation angle 0' in the resin layer 230
can be approximately 35.5 degrees in accordance with
Equation 2.

As described by referring to Equations 1 and 2, the light
orientation angle 0' of the light emitted from the light source
in the resin layer 230 can be less than 45 degrees. As a resullt,
a range 1 which the light emitted from the light source
advances 1n the y-axis direction can be smaller than a range
in which the light advances 1n the x-axis direction.

Accordingly, the distance d1 between two light sources
adjacent to each other in the direction crossing the light
emitting direction, e.g., the first light source 220 and the
second light source 221 can be smaller than the distance d2
between two light sources adjacent to each other 1n the light
emitting direction, e.g., the first light source 220 and the
third light source 222, thereby maintaining the luminance of
the light emitted from the backlight unit 200 uniformly.

Meanwhile, by considering the distance d1 between the
light source lines adjacent to each other, which has the
above-mentioned range, the distance d2 between two light
sources adjacent to each other in the light emitting direction,
¢.g., the first light source 220 and the third light source 222,
can be 9 to 27 mm 1n order to maintain the luminance of the
light emitted from the backlight unit 200 uniformly while
reducing an interference between the light sources.

Referring to FI1G. 33, the second light source 221 included
in the second light source array A2 may be disposed to
correspond to a position between the first light source 220
and the third light source 222 adjacent to each other, which
are mcluded in the first light source array Al 1n a diagonal
direction.

That 1s, the second light source 221 1s disposed adjacent
to the first light source 220 and the third light source 222 in
the y-axis direction and can be disposed on a straight line 1
passing between the first light source 220 and the third light
source 222.

In this case, a distance d3 between the straight line 1 on
which the second light source 221 1s disposed and the first
light source 220 can be larger than a distance d4 between the
straight line 1 and the thuird light source 222.

The light emitted from the second light source 221
advances 1n a direction opposite to the light emitting direc-
tion of the third light source 222 to thereby weakening or
distributing the luminance of the light emitted 1n the direc-
tion of the display panel 100 1n a region adjacent to the third
light source 222.

Theretfore, by disposing the second light source 221 closer
to the third light source 222 than to the first light source 220,
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it 1s possible to compensate the decrease 1n the luminance of
the light 1n the region adjacent to the third light source 222
by using the luminance of the light focused on the region
adjacent to the second light source 221.

Meanwhile, at least one of the plurality of light sources
220 provided in the backlight unit 200 may emait the light
more towards a horizontal direction, that 1s, 1n a direction
slanted from the x-axis direction.

For example, referring to FI1G. 34, directions 1n which the
light emission surfaces of the light sources 220 and 221 face
may be formed obliquely upwards or downwards at a
predetermined angle on the basis of the x-axis direction.

In another vanation as shown in FIG. 35, the light sources
in the light source lines can be staggered with respect to each
other for the backlight unit 200. For example, the light
sources 1n the lines L1, L3 and L2 of the first light source
array Al can be staggered with respect to the light sources

in the lines 1.2, L1 and L3 of the second light source array
A2.

Therefore, the lines L1, .3, and 1.2 included in the first
light source array Al and the lines 1.2, L1, and L3 included
in the second light source array A2 may be alternatively
disposed.

As such, the light sources 220, 221 and 224 may form a
diagonal or slant line while the light sources 1n the lines L1
and L1 may correspond to each other. Other variations are
possible. Preferably the light sources 220, 221, 224, 222, eftc.
are all basically the same light sources, but may have
different light emitting directions; however, these light
sources may have other varying characteristics 11 desired and
may be of different type, size, orientation, efc.

FIGS. 36 to 39 are plan views illustrating various first
examples of a structure of a retlection layer that 1s provided
in a backlight unit according to an embodiment of the
present 1nvention.

Referring to FI1G. 36, the retlection layer 240 provided 1n
the backlight unit 200 according to the embodiments of the
present invention can have two or more different portions
having respectively different reflectances. For example, the
reflection layer 240 can be configured to have different
reflectances depending on a position where the reflection
layer 240 1s formed. The reflection layer 240 of FIG. 36 can
be used as the retlection layer 240 discussed above and
below 1n any other embodiment or example.

For example, the reflection layer 240 can include a first
reflection layer (or portion) 242 and a second reflection layer
(or portion) 243 that have different reflectances. The reflec-
tion layer 240 can be configured by alternatively disposing
the first and second reflection layers 242 and 243 having
different reflectances as shown.

For example, the reflectances of the first and second
reflection layers 242 and 243 can be implemented to be
different by forming the first and second retlection layers
242 and 243 by reflection sheets made of different matenials
or by adding a predetermined material to any one of the first
and second reflection layers 242 and 243 formed by the same
reflection sheet or processing the surface.

According to another example of the present invention,
the first and second reflection layers 242 and 243 may be
configured by one retflection sheet which 1s not physically
separated. In this case, the first and second reflection layers
242 and 243 having diflerent reflectances may be formed by
forming a pattern for selectively adjusting the reflectance 1n
at least a part of the reflection sheet.

As a result, 1t 1s possible to adjust the reflectance by
forming the pattern in at least one area of an area of the
reflection layer 240 corresponding to the first reflection layer
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242 and an area of the retlection layer 240 corresponding to
the second reflection layer 243. For example, by forming the
pattern 1n an area of the reflection layer 240 configured by
one sheet corresponding to the second reflection layer 243
shown 1n FIG. 36, 1t 1s possible to adjust the retlectance of
the corresponding area.

More specifically, protruded patterns for diflusing light
may be formed on the top of the area of the reflection layer
240 corresponding to the second retflection layer 243,
thereby reducing the retlectance of the area corresponding to
the second reflection layer 243. In this case, a light diflusion
cllect can be improved 1n the area of the retlection layer 240
corresponding to the second reflection layer 243. As a result,
light emitted from the light source 220 can be more uni-
formly diffused to an area disposed in the adjacent light
source 222.

A surface roughness of the first reflection layer 242 1s
different from a surface roughness of the second reflection
layer 243. For example, the surface roughness of the first
reflection layer 242 1s higher than the surface roughness of
the second retlection layer 243. As a result, a retlectance of
the second reflection layer 243 1s lower than a reflectance of
the first reflection layer 242.

Meanwhile, the first reflection layer 242 of the first and
second reflection layers 242 and 243 adjacent to the light
sources 220, 221, and 222 ran be configured by a specular
reflection sheet on the basis of the light emitting direction
and the second retlection layer 243 can be configured by a
diffuse reflection sheet. Incident light 1s retlected on the
smooth surface of the specular reflection sheet, such that an
incident angle and a reflection angle can be the same.
Therefore, the first reflection layer 242 allows light
obliquely 1mnputted from the light sources 220, 221, and 222
to advance 1n a direction orienting the adjacent light source
by reflecting the light at the reflection angle equal to the
incident angle.

Meanwhile, 1n the diffuse reflection sheet, the incident
light can be observed as retlected and diffused at various
angles due to the diffused reflection generated on a rough
surface with unevenness. Therefore, the second reflection
layer 243 can propagate the light upwards by diflusing the
light advancing from the light sources 220, 221, and 222.

According to one embodiment of the present invention,
the second reflection layer 243 configured by, e.g., the
diffuse reflection sheet can be formed by forming uneven-
ness thereon by processing the surface of the reflection sheet
or by applying or adding a diffuse reflection material, e.g.,
titanium dioxide (T102) with a predetermined density.

In this case, the reflectance of the first reflection layer 242
1s set to be higher than the reflectance of the second
reflection layer 243. Therefore, as described above, the light
inputted from the light sources 220, 221, and 222 1s specu-
larly reflected at the same reflection angle 1n the first
reflection layer 242 and the diffuse reflection 1s generated,
such that the light can be emitted upward in the second
reflection layer 243.

As described above, the light emitted from the light
sources 220, 221, and 222 can effectively advance towards
the adjacent light source by configuring the first reflection
layer 242 adjacent to the light sources 220, 221, and 222 by
the specular reflection sheet having a high reflectance on the
basis of the light emitting direction. Therefore, 1t 1s possible
to prevent the luminance of the light from being focused in
the region immediately adjacent to the light sources 220,
221, and 222 and to prevent the luminance of the light from
decreasing in the region remotely spaced from the light

sources 220, 221, and 222.
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As described above, the advancing light can effectively be
emitted to the display panel 100 by configuring the second
reflection layer 243 more remotely spaced from the light
sources 220, 221, and 222 with the difluse reflection sheet
having a comparatively low reflectance on the basis of the
light emitting direction. Therefore, according to the mnven-
tion, it 1s possible to prevent the luminance of the light from
decreasing in the region remotely spaced from the light
sources 220, 221, and 222 by compensating for the lumi-
nance reduced as the light propagates once 1t 1s emitted from
the light sources 220, 221, and 222.

Meanwhile, a specular reflection sheet constituting the
first reflection layer 242 specularly reflects the light emitted
from the light sources 220, 221, and 222 and propagates the
light 1n the direction of the adjacent light source, and emits
part of the incident light 1n the direction of the display panel
100 by reflecting or scattering the part of the incident light
upwards.

The diffusion reflection sheet constituting the second
reflection layer 243 may be manufactured by processing the
surface of a sheet made of the same matenal as the specular
reflection sheet or by forming the plurality of patterns that
are protruded on the surface thereof.

According to the embodiment of the present invention,
the luminance of the light in the region adjacent to the light
sources 220, 221, and 222 and the luminance of the light 1n
the region remotely spaced from the light sources 220, 221,
and 222 can similarly be adjusted. Therefore, 1t possible to
provide the uniform light luminance to the display panel 100
throughout the entire region of the backlight unit 200.

Preferably the width wl of the first reflection layer 242
adjacent to the light sources 220, 221, and 222 can be larger
than the width w2 of the second retlection layer 243 on the
basis of the light emitting direction 1n order to allow the light
emitted from the light sources 220, 221, and 222 to propa-
gate properly towards the region where the adjacent light
source 1s disposed. However, the width w1l may be the same
as or less than the width W2 but the reflectances of the first
and second reflection layers 242 and 243 may then vary as
needed to achieve the desired eflect.

Meanwhile, as the width w1 of the first reflection layer
242 decreases, the progressiveness of the light emitted from
the light sources 220, 221, and 222 can be deteriorated. As
a result, the luminance of the light 1n the region remotely
spaced from the light sources 220, 221, and 222 can be
decreased.

Further, when the width w1 of the first reflection layer 242
1s st1ll larger than the width w2 of the second reflection layer
243, the light can be focused 1n the region remotely spaced
from the light sources 220, 221, and 222. For example, the
luminance of the light 1n the middle region between the two
adjacent light sources 220 and 222 can be lower than that 1n
the region remotely spaced from the light sources 220, 221,
and 222.

Accordingly, the light emitted from the light sources 220,
221, and 222 effectively advances towards the region where
the adjacent light source 1s disposed and 1s emitted upwardly
so as to provide the light having a uniform luminance to the
display panel 100 throughout the entire region of the back-
light unit 200. For this, the width w1l of the first reflection
layer 242 can be 1.1 times to 1.6 times larger than the width
w2 of the second reflection layer 243.

Referring to FIG. 36, the first light source 220 and the
second light source 221 that are disposed adjacent to each
other 1n the y-axis direction can be disposed at a position not
overlapped with the first reflection layer 242, that 1s, outside
of the region where the first retlection layer 242 1s formed.




US RE47,656 E

29

Further, the third light source 222 and the second light
source 221 that are adjacent to the first light source 220 1n
the x-axis direction can be disposed 1n the region where the
second reflection layer 243 1s formed.

For example, holes or indentations (not shown) into
which the second light source 221 and the third light source
222 can be imserted can be formed 1n the second reflection
layer 243. As a result, the second and third light sources 221
and 222 mounted on the substrate 210 disposed below the
second retlection layer 243 protrude upwardly through the
hole of the second reflection layer 243 to thereby emait the
light 1n the lateral direction.

Meanwhile, since the positions of the light sources 220,
221, and 222 shown in FIG. 36 are just one embodiment of
the present invention, the positional relationship between the
light sources 220, 221, and 222, and the first and second
reflection layers 242 and 243 may vary.

For example, referring to FIG. 37, each of the light
sources 220 and 221, and 222 may be formed along a
boundary between the first retlection layer 242 and the
second retlection layer 243.

In another example, as shown 1n FIG. 38, the light sources
220, 221, and 222 may be positioned all within the region
where the first retlection layer 242 1s formed. And these light
sources can be touching the boundary between the first and
second reflection layer 242 and 243.

In still another example, referring to FIG. 39, the light
sources 220 and 221, and 222 may be formed all within the
region where the first reflection layer 242 1s formed while
being spaced from the boundary between the first reflection
layer 242 and the second reflection layer 243.

According to the embodiment of the present invention, a
gradation areca where the light reflectance gradually

increases or decreases may be formed at a boundary between
the first and second retlection layers 242 and 243 that have
different reflectances

For example, the light reflectance may gradually decrease
from one side of the gradation area adjacent to the first
reflection layer 242 to the other side adjacent to the second
reflection layer 243.

Meanwhile, the pattern 241 formed on the retlection layer
240 explained by referring to FIGS. 25 to 29 may be formed
on both the first reflection layer 242 and the second retlec-
tion layer 243 or any one layer of them.

For example, the pattern 241 may be formed on the
second reflection layer 243 further separated from the light
source 220 on the basis of the direction (indicated by the
arrow 1n FI1G. 36) 1n which the light travels between the first
and second reflection layers 242 and 243. Therefore, 1t 1s
possible to prevent the luminance of the light source from
being reduced 1n an area far away from the light source 220.

FIG. 40 1s a plan view 1llustrating a second example for
a structure of a reflection layer provided 1n a backlight unit
according to the present invention. Description of the same
components of the illustrated reflection layer 240 as those
explained by referring to FIGS. 36 to 39 will now be
omitted.

Referring to FIG. 40, the retlectance of the second reflec-
tion layer 243 can gradually increase or decrease depending
on the position of the second reflection layer 243.

According to the embodiment of the present invention,
the reflectance of the second reflection layer 243 can gradu-
ally decrease 1n the direction (x-axis direction) in which the
light 1s emitted from the light source 221.

For example, the reflectance of the second reflection layer
243 has the highest reflectance, 1.e., the reflectance similar to
the retlectance of the first reflection layer 242 at or around
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the boundary between the second reflection layer 243 and
the first reflection layer 242. The reflectance of the second
reflection layer 243 can gradually decrease in the x-axis
direction as one moves away from the first reflection layer
242,

As described above, the reflectance at or around the
boundary between the first reflection 242 and the second
reflection layer 243 can gently be changed by configuring
the reflectance of the second reflection layer 243 and as a
result, 1t 1s possible to reduce or avoid a difference of the
light luminance generated due to a rapid change in the
reflectance at the boundary.

The second reflection layer 243 can be configured by the
diffuse reflection sheet as described above. In this case, a
diffuse reflection material may be formed in the second
reflection layer 243. Therelfore, 1t 1s possible to gradually
decrease or increase the reflectance of the second retlection
layer 243 depending on the position by gradually increasing
or decreasing the concentration of the diffuse reflection
material formed 1n the second retlection layer 243.

For example, as shown in FIG. 40, the concentration of
titanium dioxide (1T10,) which 1s one example of the diffuse
reflection material formed 1n the second retlection layer 243
can gradually be increased in the direction (e.g., x-axis
direction) 1n which the light 1s emitted from the light source
221. Therefore, the reflectance of the second reflection layer
243 can gradually be decreased eflectively.

FIG. 41 1s a plan view 1illustrating a third example for a
structure of a reflection layer that 1s provided in a backlight
unit according to the present invention. This example may
be 1dentical to that shown 1n FIG. 40, except that the second
reflection layer 243 1s now composed of differently divided
portions having different retlectances.

Referring to FIG. 41, the second reflection layer 243 can
include a plurality of first reflection units 244 and a plurality
of second reflection units 248 having diflerent a reflectance
from that of the first reflection unit 244, which are alterna-
tively and repetitively disposed (not shown). In another
example as shown 1n FIG. 41, the second retlection layer 243
can be composed of a plurality of first reflection units 244,
245, 246, and 247 and a plurality of second reflection units
248 alternatively disposed.

In this case, widths g1, g2, g3, and g4 of the first reflection
units 244, 245, 246, and 247 included 1n the second reflec-
tion layer 243 can gradually increase on the basis of the
direction (e.g., x-axis direction) 1n which the light 1s ematted
from the light source 221.

Meanwhile, the reflectance of the first reflection units 244,
245, 246, and 247 can be smaller than the reflectance of the
second reflection unit 248 and the reflectance of the second
reflection unit 248 can be equal to the reflectance of the first
reflection layer 242. That 1s, the second reflection unit 248
can be included 1n the first reflection layer 242.

For example, the second reflection unit 248 included 1n
the first reflection layer 242 and the second retlection layer
243 can be configured by the above-mentioned specular
reflection sheet, and the first reflection units 244, 245, 246,
and 247 included 1n the second retlection layer 243 can be
configured by the diffuse reflection sheet.

Therefore, the average retlectance of the second reflection
layer 243 can be lower than the reflectance of the first
reflection layer 242 to thereby provide a more uniform
luminance of the light throughout the entire region of the
backlight unit 200.

Meanwhile, as shown 1n FIG. 41, as the widths g1, g2, g3,
and g4 of the first reflection units 244, 245, 246, and 247 are

increased 1n the X-axis direction as the first reflection units
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are positioned farther from the light source 221, the retlec-
tance of the second reflection layer 243 can be gradually
decreased like the example shown 1n FIG. 40.

Therelore, the reflection at or near the boundary between
the first retlection layer 242 and the second reflection layer
243 can be gently changed, such that 1t 1s possible to reduce
the difference in the luminance of the light generated due to
the rapid change in the reflectance at the boundary.

In the above description, the embodiments of the present
invention have been described by using a case in which the
reflectance of the second reflection layer 243 1s changed
depending on its position while the first reflection layer 242
has a uniform reflectance with reference to FIGS. 40 and 41,
but the present invention 1s not limited thereto.

That 1s, 1n another example, while the second reflection
layer 243 has the umiform reflectance, the reflectance of the
first retlection layer 242 may be changed depending on 1ts
position, such that the reflectance at the boundary between
the first and second reflection layers 242 and 243 can be
gently changed. In still another example, the reflectance of
cach of the first and second retlection layers 242 and 243
may be changed depending on their positions.

FI1G. 42 15 a plan view 1llustrating a fourth embodiment of
the structure of a reflection layer provided 1n a backlight unait
according to the present invention. A description of the same
components of the illustrated reflection layer 240 shown 1n
FIG. 42 as those explained by referring to FIGS. 36 to 41
will now be omitted.

Referring to FI1G. 42, a plurality of reflection portions 244,
245, and 246 may be formed in a part of the region Where
the first reflection layer 242 1s formed, which 1s adjacent to
the second reflection layer 243.

The plurality of reflection portions 244, 245, and 246 may
extend 1n the direction 1n which the light 1s emitted from the
light source 221, that 1s, the x-axis direction 1n this example.
The plurality of retlection portions 244, 245, and 246 may
have different sizes, shapes, and/or reflectances and may be
made of different matenals.

The retlectances of the reflection portions 244, 245, and
246 may be smaller than the reflectance of the first reflection
layer 242 and may be equal to the reflectance of the second
reflection layer 243.

For example, the reflection portions 244, 245, and 246 and
the second reflection layer 243 may be constituted by the
diffusion reflection sheets.

The positions of the light sources 221 and 226 shown in
FIGS. 40 to 42 are just one example of the present invention.
As such, the positions of the light sources 221 and 226 may
vary as described by referring to FIGS. 36 to 39.

FIG. 43 1s a cross-sectional view illustrating a configu-
ration ol a backlight unit according to yet another embodi-
ment of the present invention.

Referring to FIG. 43, the first layer 210, the plurality of
light sources 220 formed on the first layer 210, the second
layer 230 covering the plurality of light sources 220, and the
reflection layer 240 that are described with reference to
FIGS. 3 to 42 can configure one optical assembly 10, and
one backlight unit 200 can be configured by disposing a
plurality of such optical assemblies 10 adjacent to each
other.

Meanwhile, 1n the case of the plurality of optical assem-
blies 10 provided in the backlight unit 200, N and M (N or
M represents a natural number of 1 or more) optical assem-
blies can be disposed as a matrix type in the x-axis direction
and the y-axis direction, respectively.

As shown 1n FIG. 43, 1n the backlight unit 200, twenty-
one (21) optical assemblies 10 can be disposed i 7x3
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matrix. However, since the configuration shown in FIG. 43
1s just one example for describing the backlight unit accord-
ing to the present invention, the present invention 1s not
limited thereto and can be changed depending on a screen
size of the display apparatus, efc.

For example, 1n the case of a display apparatus having a
4’7-1nch size, the backlight unit 200 can be configured by
disposing 240 optical assemblies 10 1 24x10 matrix.

Each of the optical assemblies 10 can be fabricated as an
independent assembly and the optical assemblies 10 are
adjacent to each other to form a module-type backlight unait.
The module-type backlight unit as a backlight means can
provide the light to the display panel 100.

As described above, the backlight unit 200 can be driven
by a full driving scheme or a partial driving scheme such as
local dimming, impulsive, etc. The driving scheme of the
backlight unit 200 can be variously changed depending on
the circuit design and 1s not limited thereto. As a result, in
the embodiment, a color contrast ratio i1s increased and
images for a bright part and a dark part can be clearly
expressed, such that an 1mage quality 1s improved.

For example, the backlight unit 200 operates by being
divided into a plurality of division driving regions, and the
luminance of the dark part 1s increased and the luminance of
the bright part 1s decreased by linking the luminance of the
division driving region with the luminance of a picture
signal, thereby improving a contrast ratio and definition of
the display apparatuses.

For example, it 1s possible to emit the light upwardly by
independently driving only some of the plurality of optical
assemblies 10 shown 1n FIG. 43. For this, the light sources
220 included 1n each of the optical assemblies 10 can be
independently controlled.

Meanwhile, a region of the display panel 100 correspond-
ing to one optical assembly 10 can be divided into two or
more blocks. The display panel 100 and the backlight unit
200 may be separately driven by the unit of a block.

According to the embodiment of the present invention,
the backlight unit 200 1s divided 1nto a plurality of blocks to
be driven for each of the divided blocks, and decreases the
luminance of a black/dark part of an image and increases the
luminance of a bright part of the image by linking the
luminance of each of the divided blocks with the luminance
of the video signals so as to improve a contrast ratio and
sharpness of the image.

For example, when the backlight unit 200 1s driven 1n a
local dimming scheme, the display panel 100 may have a
plurality of division regions to correspond to the blocks of
the backlight unit, respectively. The brightness of the light
emitted from each of the blocks of the backlight unit 200
may be adjusted depending on a luminance level of each of
the division regions of the display panel 100, e.g., a peak
value of a gray level or a color coordinate signal.

That 1s, the plurality of light sources included in the
backlight unit 200 may be divided into the plurality of
blocks and may be driven for each of the divided blocks.

The block 1s a basic unit to which a specific driving power
for driving the corresponding light sources 1n that block 1s
applied. That 1s, the light sources included 1n one block are
turned on or turned off at the same time and when the light
sources 1n one block are turned on, these light sources 1n one
block may emit light having the same luminance Further, the
light sources included 1n different blocks in the backlight
umit 200 may emit lights having different luminances by
being supplied with different driving powers.

By configuring the backlight unit 200 by assembling the
plurality of optical assemblies 10 according to the invention,
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it 1s possible to simplify a manufacturing process of the
backlight unit 200 and improve productivity by minimizing
a loss which can be generated 1n the manufacturing process.
Further, the backlight unit 200 has an advantage applicable
to backlight units having various sizes through mass pro-
duction by standardizing the optical assembly 10.

Meanwhile, when any one of the plurality of optical
assemblies 10 provided in the backlight unit 200 has a
tailure, only the optical assembly having the failure has to be
replaced without replacing the entire backlight unit 200.
Therefore, a replacing work 1s easy and a part replacement
cost 15 saved.

FIG. 44 1s a cross-sectional view illustrating a configu-
ration of a display apparatus according to an embodiment of
the present invention. Description of the same components
of the illustrated display apparatus as those explained by
referring to FIGS. 1 to 43 will now be omitted. The display
apparatus of FIG. 44 can be the display apparatus having the
backlight unit(s) and other features discussed 1n connection
with FIGS. 1 to 43.

Referring to FIG. 44, the display panel 100 including the
color filter substrate 110, the TF'T substrate 120, the upper
polarizer 130, and the lower polarizer 140, and the backlight
unit 200 including the substrate 210, the plurality of light
sources 220, and the resin layer 230 can closely adhere to
cach other.

For example, an adhesive layer 150 1s formed between the
backlight unit 200 and the display panel 100, such that the
backlight unit 200 can be adhesively fixed to the bottom of
the display panel 100. More specifically, the top of the
backlight unit 200 can adhere to the bottom of the lower
polarizer 140 by using the adhesive layer 150.

The backlight umit 200 can further include a diffuse sheet
(not shown) and the difluse sheet (not shown) can closely
adhere to the top of the resin layer 230. In this case, the
adhesive layer 150 can be formed between the difluse sheet
(not shown) of the backlight unit 200 and the lower polarizer
140 of the display panel 100.

Further, a bottom cover 270 can be disposed 1n a lower
part of the backlight unit 200 and for example, as shown 1n
FIG. 44, the bottom cover 270 can closely adhere to the
bottom of the substrate 210. The bottom cover 270 may be
configured by a protection film for protecting the backlight
unit 200.

Meanwhile, the display apparatus can include a power
supply unit 400 for supplying driving voltages to the display
module 20, e.g., the display panel 100 and the backlight unit
200. For example, the plurality of light sources 220 provided
in the backlight umt 200 are driven by using the voltages
supplied from the power supply unit 400 to emit the light.

As shown 1n FIG. 44, the power supply unit 400 can be
disposed and fixed onto the back cover 40 covering a back
surtface of the display module 20, such that the power supply
unit 400 can be stably supported and fixed.

According to the embodiment of the present invention, a
first connector 410 can be formed on the substrate 210. For
this, a hole or indentation for inserting the first connector
410 therein can be formed 1n the bottom cover 270.

The first connector 410 electrically connects the power
supply unit 400 with the light source 220 to allow the driving
voltage to be supplied from the power supply unit 400 to the
light source 220. For example, the first connector 410 1s
tformed on the bottom of the substrate 210 and 1s connected
to the power supply unit 400 through a first cable 420 to
allow the drniving voltage supplied from the power supply
unit 400 to be transmitted to the light source 220 through the
first cable 420.
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An electrode pattern (not shown), e.g., a carbon nanotube
clectrode pattern can be formed on the top of the substrate
210. The electrode formed on the top of the substrate 210 1s
in contact with the electrode formed 1n the light source 212
to electrically connect the light source 220 with the first
connector 410.

Further, the display apparatus can include a control unit
500 for controlling the driving of the display panel 100 and
the backlight unit 200. For example, the control unit 500 can
be a timing controller. The timing controller controls a
driving timing of the display panel 100. More specifically,
the timing controller generates a signal for controlling the
driving timings of a data drniver unit, a gamma voltage
generator, and a gate driver that are provided 1n the display
panel 100 to supply the generated signal to the display panel
100.

Meanwhile, the timing controller synchronizes with the
driving of the display panel 100 and can supply a signal for
controlling the driving timing of the light sources 220 to the
backlight unit 200, such that the backlight unit 200, more
specifically, the light sources 220 operate.

As shown 1n FIG. 44, the control unit 500 can be disposed
and fixed onto the back cover 40 covering a back surface of
the display module 20, such that the control unit 500 can be
stably supported and fixed.

According to the embodiment of the present invention, a
second connector 510 can be formed on the substrate 210.
For this, a hole or indentation for inserting the second
connector therein 510 can be formed 1n the bottom cover
270. The second connector 510 electrically connects the
control unit 500 with the substrate 210 to allow a control
signal outputted from the control unit 500 to be supplied to
the substrate 210. For example, the second connector 510 1s
formed on the bottom of the substrate 210 and 1s connected
to the control unit 500 through a second cable 520 to allow
the control signal supplied from the control unit 300 through
the second cable 520 to be transmitted to the substrate 210.

Meanwhile, a light source driving unit can be formed 1n
the substrate 210. The light source driving unit can drive the
light sources 220 by using the control signals supplied from
the control unit 200 through the second connector 510.

The configuration of the display apparatus shown 1n FIG.
44 1s just one example of the present invention. Therelore,
the positions or numbers of the power supply unit 400, the
control unit 500, the first and second connector 410 and 420,
and the first and second cables 420 and 520 can be changed
as necessary. For example, the first and second connector
410 and 420 can be provided in each of the plurality of
optical assemblies 10 configuring the backlight unit 200 as
shown 1n FIG. 43. The power supply unit 400 or the control
unit 500 can be disposed on the bottom of the bottom cover
270.

The present invention encompasses various modifications
to each of the examples and embodiments discussed herein.
According to the invention, one or more features described
above 1n one embodiment or example can be equally applied
to another embodiment or example described above. The
features of one or more embodiments or examples described
above can be combined into each of the embodiments or
examples described above. Any full or partial combination
of one or more embodiments or examples of the invention 1s
also part of the invention.

While the present imnvention has been described 1n con-
nection with certain exemplary embodiments, 1t 1s to be
understood that the mvention 1s not limited to the disclosed
embodiments, but, on the contrary, 1s mtended to cover
various modifications and equivalent arrangements included
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within the spirit and scope of the appended claims, and
equivalents thereof. For example, components specifically
described 1n each of the embodiments and examples of the
present invention can be modified. In addition, i1t should be
appreciated that differences related to the modification and
application fall within the scope of the present invention,
which 1s prescribed 1n the appended claims.

What 1s claimed 1s:

[1. An optical assembly, comprising:

a first layer;

a plurality of light sources disposed over the first layer;

a second layer that 1s disposed above the first layer and

covering the plurality of light sources; and

a pattern layer disposed above or 1n the second layer,

wherein the pattern layer includes a plurality of patterns,

which are respectively corresponding to the plurality of
light sources and are formed with a different material
from the second layer by depositing, printing, or coat-
ng,

cach of the plurality of patterns corresponds to one of the

plurality of light sources that 1s located closest to said
cach of the plurality of patterns,

at least one of the light sources has a light emitting surface

that faces a lateral direction and emaits light to the side,

a center ol at least one of the patterns 1s disposed a

predetermined distance from a center of the corre-
sponding closest light source in the lateral direction,
and

a width of each of the plurality of patterns in the lateral

direction 1s greater than a width of the corresponding
closest light source in the lateral direction.]

[2. The optical assembly according to claim 1, wherein at
least one of the light sources emits the light to the side at a
predetermined orientation angle.]

[3. The optical assembly according to claim 1, wherein at
least one of the patterns included in the pattern layer retlects
at least part of light emitted from the plurality of light
sources. }

[4. The optical assembly according to claim 1, wherein at
least one of the patterns 1s formed on a transparent film and
includes a plurality of dots.]

[5. The optical assembly according to claim 4, wherein a
density of the plurality of dots for the at least one of the
patterns decreases outwardly from a portion of the at least
one of the patterns.}

[6. The optical assembly according to claim 5, wherein the
portion of the at least one of the patterns corresponds to a
center portion of the corresponding light source.]

[7. The optical assembly according to claim 1, wherein at
least one of the patterns has a retlectance that decreases
outwardly from a portion of the at least one of the patterns
corresponding to a center portion of the corresponding light
source.}

[8. The optical assembly according to claim 1, wherein at
least one of the patterns has a portion that transmits at least
part of a light emitted from the corresponding light source.]

[9. The optical assembly according to claim 1, wherein an
outer edge portion of the at least one of the patterns is
aligned with a light emitting surface of said corresponding
light source.]

[10. The optical assembly according to claim 1, wherein
the at least one of the patterns in its entirety 1s disposed a
predetermined distance from a light emitting surface of said
corresponding light source in the first direction.]

[11. The optical assembly according to claim 1, wherein
an opening ratio of the pattern layer is at least 70%.]
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[12. The optical assembly according to claim 1, wherein
at least one of the patterns has one of a circle shape, a
cylinder shape, an oval shape and a rectangle shape.]

[13. The optical assembly according to claim 1, wherein
at least one of the patterns includes at least one of metal and
metal oxide.}

[14. The optical assembly according to claim 1, wherein
at least one of the patterns includes titanium dioxide (T10,).}

[15. The optical assembly according to claim 1, wherein
at least one of the patterns 1s formed with pattern portions
disposed above the corresponding light source, the pattern
portions having a convex shape, a concave shape, a semi-
circle shape, or a triangle shape.]

[16. The optical assembly according to claim 1, wherein
the second layer includes a plurality of particles.}

[17. The optical assembly according to claim 1, further
comprising;

a third layer disposed above the second layer and the

pattern layer,

wherein the third layer includes a plurality of particles.]

[18. The optical assembly according to claim 1, wherein
a thickness of the second layer 1s approximately 0.1 to 4.5

[19. The optical assembly according to claim 1, wherein
the second layer encapsulates the plurality of light sources
on the first layer.]

[20. A backlight unit, comprising:

at least one optical assembly of claim 1.]

[21. A display apparatus, comprising:

a backlight unit including at least one optical assembly of

claim 1; and

a display panel positioned above the backlight unait,

wherein the backlight unit 1s divided 1nto a plurality of

blocks and 1s selectively dnivable for the divided
blocks.}

[22. The display apparatus according to claim 21, wherein
the light sources of the backlight unit are disposed to
correspond to a display region of the display panel.]

[23. The display apparatus according to claim 21, wherein
the display panel 1s divided into a plurality of areas, and a
luminance of light emitted from one of the blocks of the
backlight unit corresponding to one of the areas 1s adjusted
depending on a gray level peak value or a color coordinate
signal of the areas.}

[24. An optical assembly, comprising:

a first layer;

a plurality of light sources disposed over the first layer;

and

a second layer disposed above the first layer and covering,

the plurality of light sources, the second layer including
a plurality of patterns respectively corresponding to the
plurality of light sources for selectively reflecting light
emitted from the plurality of light sources,

wherein each of the plurality of patterns corresponds to

one of the plurality of light sources that 1s located
closest to said each of the plurality of patterns,

the plurality of patterns are formed by depositing, print-

ing, or coating,

at least one of the light sources has a light emitting surface

that faces a lateral direction and emaits light to the side,

a center ol at least one of the patterns 1s disposed a

predetermined distance from a center of the corre-
sponding closest light source in the lateral direction,
and

a width of each of the plurality of patterns 1n the lateral

direction 1s greater than a width of the corresponding
closest light source in the lateral direction.]
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[25. The optical assembly according to claim 24, wherein
the plurality of patterns are formed on the second layer or in
the second layer.]

[26. The optical assembly according to claim 24, wherein
a thickness of the second layer 1s approximately 0.1 to 4.5

27. A backlight unit, comprising.

a substrate;

a plurality of light sources mounted on the substrate;

a reflection laver disposed on the substrate through the

plurality of light sources;

a transpavent film disposed above the reflection layer,

a resin layer formed between the rveflection laver and the

transparent film; and

a plurality of reflection patterns formed on the transpar-
ent film to correspond to a position of each light source,

wherein each reflection pattern is formed with a different
material from the resin and by printing the transpavent
film with a plurality of dots,

wherein a center of at least one veflection pattern is

disposed a predetermined distance from a center of a
corresponding closest light source in a lateral divec-
tion, and

wherein a width of each of the plurality of reflection

patterns in the lateral divection is greater than a width
of the corresponding closest light source in the lateral
direction.

28. The backlight unit according to claim 27, wherein a
density of the plurality of dots is gradually smaller from a
center of each rveflection pattern to its outer area.

29. The backlight unit according to claim 27, wherein
each reflection pattern is an embossed pattern.

30. The backlight unit according to claim 27, wherein
each reflection pattern has a circle shape centering on an
area of a corresponding light source.

31. The backlight unit according to claim 27, wherein
each reflection pattern has a civcle shape off-centered from
an area of a corresponding light source.

32. The backlight unit according to claim 27, wherein
each reflection pattern has a rectangle shape centering on
an area of a corresponding light source.

33. The backlight unit according to claim 27, wherein a
gap between outer rows of each veflection pattern and
adjacent vows increases from a center of each reflection
pattern to its outer area.

34. The backlight unit according to claim 27, wherein
each light source comprises.

a LED chip;
a mold part packaging the LED chip; and
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a concave lens formed at a center of the mold part and
enclosing the LED chip.

35. A display apparatus, comprising:

a display panel positioned above a backlight unit,

wherein the backlight unit includes:

a substrate;

a plurality of light sources mounted on the substrate;

a reflection layer disposed on the substrate through the

plurality of light sources;

a transpavent film disposed above the veflection layer,

a vesin layer formed between the rveflection layer and the

transparent film; and
a plurality of reflection patterns formed on the transpar-
ent film to correspond to a position of each light source,

wherein each reflection pattern is formed with a different
material from the vesin and by printing the transparent
film with a plurality of dots,

wherein a center of at least one reflection pattern is

disposed a predetermined distance from a center of a
corresponding closest light source in a lateral divec-
tion, and

wherein a width of each of the plurality of reflection

patterns in the lateral divection is greater than a width
of the corresponding closest light source in the lateral
direction.

36. The display apparatus according to claim 35, wherein
a density of the plurality of dots is gradually smaller from a
center of each reflection pattern to its outer area.

37. The display apparatus according to claim 35, wherein
each reflection pattern is an embossed pattern.

38. The display apparatus according to claim 35, wherein
each reflection pattern has a circle shape centering on an
area of a corresponding light source.

39. The display apparatus according to claim 35, wherein
each reflection pattern has a circle shape off-centered from
an area of a corresponding light source.

40. The display apparatus according to claim 35, wherein
each reflection pattern has a rectangle shape centering on
an area of a corresponding light source.

41. The display apparatus according to claim 35, wherein
a gap between outer vows of each veflection pattern and
adjacent vows increases from a center of each reflection
pattern to its outer area.

42. The display apparatus according to claim 35, wherein
each light source comprises.

a LED chip;

a mold part packaging the LED chip; and

a concave lens formed at a center of the mold part and

enclosing the LED chip.
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