US008902148B2

a2 United States Patent (10) Patent No.: US 8,902,148 B2
Lee et al. 45) Date of Patent: Dec. 2,2014
(54) BACKLIGHT DRIVER RECEIVING (56) References Cited

SERIALLY PROVIDED OPTICAL DATA VIA A

SERIAL BUS AND LIQUID CRYSTAL U.8. PATENT DOCUMENTS

DISPLAY INCLUDING THE SAME 6,771,281 B2*  $/2004 TaKagi ...oooororoeerrsrine 345/690
6,816,142 B2* 11/2004 Odaetal. ..cooovvvvvrvvnnne. 345/89
(75) Inventors: Ki-chan Lee, Cheonan-si (KR); 7,009,440 B2 3/2006 Nogawa etal.
Dong-won Park, Cheonan-si (KR); 7,023,232 B2 4/2006 Yano et al.
7294970 B2  11/2007 Yang
Hyun-seok Ko, Seoul (KR) 71499016 B2*  3/2009 Ohetal. oo 345/102
7,619,605 B2 11/2009 Shin et al.
(73) Assignee: Samsung Display Co., Ltd., Yongin, 7,800,566 B2 9/2010 Haetal.
Gyeonggi-Do (KR) 7,956,838 B2 6/2011 Mizumaki
7,986,294 B2*  7/2011 Kojima .......ccccoviiiee 345/102
£
(*) Notice:  Subject to any disclaimer, the term of this g:%é:gég g% 2%8}; 53;1‘% """"""""""""""" 345102

patent is extended or adjusted under 35

U.S.C. 154(b) by 921 days. (Continued)

(1) Appl. No.: 12/193,087 FOREIGN PATENT DOCUMENTS
.No.: ,

) EP 0849 720 6/1998
(22) Filed: Aug. 18,2008 EP 1694099 8/2006
(65) Prior Publication Data (Continued)
OTHER PUBLICATIONS

US 2009/0085861 Al Apr. 2, 2009
Search Report issued by the EPO on Feb. 3, 2009 during the exami-

(30) Foreign Application Priority Data nation of the corresponding European Patent Application. (No.
08016534.3).
Sep. 28,2007  (KR) .oovevieireerie 10-2007-0098164 (Continued)

(51) Int.CL Primary Examiner — Kwang-su Yang
G09G 3/36 (2006.01) (74) Attorney, Agent, or Firm — F. Chau & Associates, LLC
G09G 3720 (2006.01)
G09G 3/34 (2006.01) (7) ABSTRACT

(52) US.CL A backlight driver and a liquid crystal display (LCD) includ-
CPC oo GO9G 3/342 (2013.01); G09G 3/3611  ingthe same, in which the backlight driver includes an inter-

(2013.01); GO9IG 3/2088 (2013.01); GO9G face unit enabled in response to a first carry signal, receiving

2320/064 (2013.01); GO9G 2310/024 (2013.01) serially provided optical data, and outputting a second carry
USPC ..o et 345/102 signal; anda plurality of control units controlling one or more

(58) Field of Classification Search light-emitting devices in response to the serially provided

USPC oo 34510 Optical data.
See application file for complete search history. 13 Claims, 15 Drawing Sheets

10
soo 8% //

oot DATA DRIVER ]’\/ 500

Dj|

I
!
i
| l [¢]
! st | GONT2 A
Heyno —b=]  TIMNG ‘ T
t | contRousn | | ; .
Vsyna —— P oven—e D LIQUID CRYSTAL PANEL
i i ]
]
Molk ——~| [ Vet ——t ¥
I | ]
! '
! GONT3 ;
i | A 8002 A 800, 4 900_n
1 700
: 2 L2 Li Ln
]
! | DIC_1 | l Dic_2 | DIC_ | | DIC_n |
!
!
| 2nd L _f |_, . J
E TIMING CA2 CAL-1|| CALi  CAn=1
} CONTROLLER
l >
| 5
i SB




US 8,902,148 B2

Page 2
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS Jp 09-026759 1/1997
P 2004-361794 12/2004

2004/0196049 Al  10/2004 Yano et al. P 2005-135909 5/2005
2004/0239668 Al  12/2004 Morosawa et al. Jp 2005-345552 12/2005
2005/0017778 Al*  1/2005 Nogawaetal. .......... 327/165 Eg | 0102%)000668(1)3322 é A 1;@882
2005/0083294 AL*  4/2005 Kim etal. oo 35102 KR 1020060120663 122006
2006/0022617 Al 2/2006 Liao et al. WO WO 2006/086254 8/2006
2006/0186820 Al 8/2006 Yang WO 2007017795 A3 2/2007
2006/0256099 Al 11/2006 Tashiro
2006/0279516 AL* 12/2006 YUR oo 345/102 OTHER PUBLICATIONS
2006/0279517 Al 12/2006 Shin et al. .
2007/0046485 Al*  3/2007 Grootesetal. ........ 340/815 45 gfé";’;ﬂ Search Report dated Mar. 9. 2012 for Application No. 08
2007/,0132708 Al N 6/200; Pan et al.. English Abstract for Publication No. EP 0 849 720.
20070176884 AL* 82007 Takahashi ..o 345102 Byglish Abstract for Publication No.: WO 2006/080254.
2007/0182698 Al*  §/2007 Haetal. wooovcrn... o 3451102 Byropean Office Action Dated May 24, 2013,
2007/0216638 Al 9/2007 Kojima Furopean Search Report Dated Apr. 10, 2014.
2008/0122762 A1 5/2008 Haung et al. Korean Notice of Allowance Dated Apr. 25, 2014,

2009/0033611 Al 2/2009 Mizumaki
2011/0210674 Al* 9/2011 Melanson ................ 315/185R * cited by examiner



US 8,902,148 B2

Sheet 1 of 15

Dec. 2,2014

U.S. Patent

as m |
]
- S | |
+ |
m HITIOH.LNOD m
L-U"y0 rvo || 1-"vD Z2vo L™v0 _ ONINEL !
*« o » . o @ ! u ]
‘i I S iine I O s I O = B |
uToia oia 2o Loia m |
I
\_ S_ \_ _.__ \_ m.__ \_ 5_ | N |
_ _ B _ Lo 00L _ |
uTo08 4 006 s 27008 5 L7006 4 _ !
I
! £1N0D “
Y | m
19 E | ! ]
A |=—non | ——— oW
| | !
- m _
00E —~_ TNV TY.LSAHO ainon . qQ [=——uon | - A.LI“ ouASA
i OHLNOD
| | ]
551 1 ! ONIWILL -=—— OUASH
v ZINGD | s i
19 3] “ | 1a
fa .o 2za [ia x ! i
oo oov | —— g0y
] HIAIHG Viva i
ﬁzoom n

oL

[ OId




U.S. Patent Dec. 2, 2014 Sheet 2 of 15 US 8,902,148 B2

FIG. 2

/\

DIC_1 : ENABLE

|
|
!
|
|
|
I
[
|

LS:

o
o
>
—
o
o
I
T
b
on
o
>
I



U.S. Patent Dec. 2, 2014 Sheet 3 of 15 US 8,902,148 B2

FIG. 4
Vin e »
L - I
—'I Qs ¢ P
Li ¥ J IL
oK
. Y ]
CAFT CLOCK GENERATOR [~ 930, !
il i
| INTERFACE PWM  |[PWMLi |
LDATi ——= 1
| UNIT GENERATOR (@
l | |
: \ \ |
oo \v AR
CAI | 910_i 920_i |
- ( __________________ d



US 8,902,148 B2

Sheet 4 of 15

Dec. 2,2014

U.S. Patent

“l 1111111111111111111111111111 3
a8 | “
q m yITouLNDD [~ +04 “
< " ONINIL m
“ pue !
I-u"yg  vo || 1-Tvo 2vo L™v0 _ m
R K TR A T I !
" ]
uoIg ~oIa z oia L-oI1a | |
. I
\_ ul _ X_ n _ \_ 21 _ \_ b _ m m
e -
U006 s 006 4 27006 s L7006 4 | |
187 £1NOD i
d | m
39 q “ |
A HOA =—— Iow
| | 1
: d _ . | ouk
00E 1ANVd TVISAHD QINOI D] oa f—vwn | HTIOHLNOD [ 2uReA
3 ) |
=51 1L “ ONIWLL [~—— DUASH
v ZINOD | L |
ko] 9 ! e — 30
fa .- za [ia x ! !
I
oov | ——— g'oy
00§ HIAIHA Y1iVa T INGS T |
E—— \w ....... |
L1

$ "DId




US 8,902,148 B2

Sheet 5 0f 15

Dec. 2,2014

U.S. Patent

Frd

T8 o o o

\N\

r AN

T o e 1
{ 1826 i
poAa w !
“ _
i |
) HOLVHINIO
] g a |
i o J} WMd m
m |
_ . "
! 226 - "
“ FaN f * "
] i
| “
i HOLVHIANAD _
1 2a G i
! 0 |} NWMd m
! |
m r126 I"LY6 CLLE m
4 { § ) N
| |
| H3LHIANOD T
N HOLVHINIS 1IN

L0 | —— FTIVHYd :
|

m WMd T wias I0V4UALNI “
1 _ _
f — |
“r roge \/\_ HOLVHINID MDOTO _ L“

e L
yag iy
&
)




US 8,902,148 B2

Sheet 6 of 15

Dec. 2,2014

U.S. Patent

_ HOLVHINIO
1826 1 nMd
_ HOLVHANIO
1"ge6 1 WA
- HOLVHINIO
126 WMd

h

CLy6 -~




US 8,902,148 B2

Sheet 7 of 15

Dec. 2,2014

U.S. Patent

208 —— HITI0HLNGCD ONIWIL
s
u—206 2 206 L 206
u—old c .. 2 a1a 17o1a
Y N R R B
08”81 -~ b | oL g -~ K—kl—e | k¢ ]
i I L_ 0 I | N I [
e i AN B B
.VN.lml_ -7~ ! - N I | i - Nlml—
B B N ora - [ R K¢ |
Ly L | S L | S |
] o R B N B
S I Y e e e e
L 4 L 1_ b S

8 DIA



U.S. Patent Dec. 2, 2014 Sheet 8 of 15 US 8,902,148 B2

[ %///‘/f_//r“""l inbietes N e e e | r___—'—\:"“""777r 777777
it I It [l | i I
LN N §777777/7 X7/ /7 S R L | W | St § T | IS | SO | O
[l 1
U /K777 | R R | R W L IO | N S
......................................................................
[N | !

3rd ROW [ !

lllllllll
______________________________________________________________________
_____________________________________________________________

anrow | |1

IIIIIIIIIIIIII
______________________________________________________________________
————————————————————————————————————————————————————————————————

|||||||||||

s5th Row | |1

__________________________________________________________

1 I T I 2 e
6th ROW l: | ISR N B S5OSO OO [ ENpR N [ NI B WSIpUI U | SRy p———— O E G | EpNpEOnRpIn [ WU

e e N 2 T e I E’A____—l _______
lllllllllll

Tth HOW‘: !

““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““

ath Row [ | |

IIIIIII
| S 1 1 USSP | SRUUQISUpUOION | SOOI | EpUIpIpUpIpIpN PSR — |

“““““““““““““““““““““““““““““““““““““““““““““““““““““““““““
|

T 1 1 A
(LA N N N A AU | DU | N | B

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

2nd Row | |{

IIIIIIIIIIIIIIIIIII
______________________________________________________________________
____________________________________________________________________

i
L N N N N N | DU AU A [

wenl| TR0 7T 0
w2
nvon [| 22150000 0 0 T T
meow | A A T A
weon [ | G0 0 TR A A T

|

FIG. 10B
W
0 e e o

smHOW[W///////////ﬂ////////////////////////%///
swiow [ 4 U T A0 77/ 7747770077
mwwow (| AT 74 70777/ 74 74 27,
s o | 0 AT DA A T A Y7 i

<t=t2>

-




U.S. Patent Dec. 2, 2014 Sheet 9 of 15 US 8,902,148 B2

FIG. 10C

0077 A7 A7 700777772
%///////’////%////////////%//////////*W//

________________________________________________________________

| —

1st ROW

|

2nd ROW

ard Row [ ||

______________________________________________________________________
___________________________________________________________________
IIIIIIIIIIIIIIII

4th ROW[ !

B |
______________________________________________________________________
____________________________________________________________________

LU0 I N NN NN I SN N DN A

////////////%////////////%/////////////
A AT D 70770 T T2/ 727 7274 777
TG0 A A T T T A 1A 70 7

<t=t3>

FIG. 10D

W v iy

SN

3rdﬂ°W%W//////////’%//////////%///////////////
[

6th ROW

| —

Tth ROW

|

8th ROW

1st ROW

——————————————————————————————————————————————————————————————————————
4th ROW

______________________________________________________________________
——————————————————————————————————————————————————————————————————————
SthROW | [0 00 iy e e

“““““““““““““““““““““““““““““““““““““““““““““““““““““““““““

6th HOW[ !

______________________________________________________________________

mow[%//////////////////////w////%///////
won (| AT T DA A iAo

<t=%>

—




US 8,902,148 B2

Sheet 10 of 15

Dec. 2,2014

U.S. Patent

€02 £09
“l llllllll W IIIIIIIIIIIIIIIIIIIIIII W IIIIIII J_
m HITIOHLNOD HITIOHLNOD m
c08 -~ ONIWIL =INGS ONIWIL :
! pug L !
| ]
as L eEEE e —————————————————— —
Q avotl g1
) L-u"yD Zvo A %) ﬁ
ugog uola Tt 201 L"oia _— L"e08
27806 ——

YT [ T B [
BT lkie—w— ! erm e~ | | Li—— | g T
yr 41— — 0 ——— | | R S, | 1 | S L.
T B T [ N [
a1 \-/&_ i m — ,/\__ b m m K4 m(\: F: )|
IO R —— I - | R U, L. ) L e e ——— .
T a A B N B
YRy B ik — | 68 -~ —— 1 g
b 4 b __ | Lo |

Log

I1

‘DIA



US 8,902,148 B2

1
! avol !
Fe06- ]l 826 . 86 "
IS G e S |
_ i
| i
I
| vog]| HOLVHINIO NA LIND |
I WMd T8MS ONIOTOH !
_ M
| - - . E
" 226 . . I"256 . m
- e S P |
St ! I
) ! I
— . 5] HOLYHINIO NA LN "
= “ _ WMd —2MS. ONIATOH m
[-P) t H
& | !
m 126 196 L6 L6 ' o
P e T w S
! ! »
i
; HI1HIANOD ]
E
= | o] HOLVHINIO ”\/ m LINN ATVl LINN v
& i _ WMd LM ONIAIOH ~ V43S JOVAHALNI i
- ! i
~ ' " _
. _ —
S " I"0E6 )\_ HOLVHINID MOOTO ._“ L-I"YD
a Oy s
7587 « -« K21 AN
e o w .
)
1
a
1
L K L AAA UIA

U.S. Patent




US 8,902,148 B2

Sheet 12 of 15

Dec. 2,2014

U.S. Patent

0. 109
I G C o
1 |
m HITIOWLNOD HITIOHLNOD m
_ ONINILL ONIWIL i
e €1NOD |
vos ! puz 181 !
1 ]
mm e e e e e e e e e —————— —— —— —— o — — e f— — — —— -
Q avo'i 81
I e T T o | ! %) ;
uTpos u~oia co 2 oia L™oa 08
27068 —

-1
]
1
]
|
|
|
1
|
|
|
|
T

v A
08787 -~ - gTE
L o

- g o B R B

vl a1 \|/(\_" _Q _Q L m oLal \l/l\m Ill_A—.ll—A_rll.: m m II.—ATTTL- "v(\\ll N.Iml_
ey - __ _____% — - - - L. 1 - |}
o : A B . u

S o e TR L B e B B B R e i i B
LT | I I L J

¢l "DId



US 8,902,148 B2

Sheet 13 of 15

Dec. 2,2014

U.S. Patent

coL S09

I S S
m HI3TIOHLNOD HITIOHLNOD m
Gog -- /\“ ONINLL E1N0O ONINILL “
! puz sL !
mm “|. llllllll L e ———————— e — I.“

w 81

:I — o * & ® — gy
VO g fr-uvo 2™ | ! L7v0 S
u"Gog —— uToia o 2o L7010 ~—— 1~ G086
27506 ——

o 7 T IR . B
T La—w—  om-~— || bk || ba——g T T
Ll - — — L Ll e e — L L o L. .
T B T T B
e B e S e B e e s e R R et B A
Lbhinrrrre———— ¢ 1 L e — — | -y 1
o R 7 N BN S 7
R B e B R B S S e I S e e
e — ||" b e e e - b .I“

Log

71 "DId



US 8,902,148 B2

Sheet 14 of 15

Dec. 2,2014

U.S. Patent

908 —~—  HITIOHLNOO ONINIL
as
Q avol
VA AV / ﬁ
uTgoE —— uTola T Z2-oa 17010 L — 17906
27908 ——
Tyt B T B T B

o8 m.d--/l\_" ! m oL \/\m K —k—4 m m K—k—e “_(\\/ 8 1
-y d———— e —— | [ T |- g —_————— L
Ty B TN i Ty [

Sl el e = <= SN IS S S B
WU S S S — - - ———— Y 1 e = -
] O R e B

L L g 6 -~ L ) SN I By L
b L_ Lo L L_

L0E

Gl "DIA



US 8,902,148 B2

Sheet 15 of 15

Dec. 2,2014

U.S. Patent

\\\

g _ HO1vHINIO NA o LINN

IR ]

)

1
|
|
4
I
|
|
| WMd "8MS ONITTOH
|
| - .
! 226 - ) ege  «
e L S
|
|
b HOLVHINIO & 1IND
| aa o—
! o]l WMd I"zms ONITI0H
|
_" I"126 g6
a0 . )
i
| = o] HOLVHINIO NA o 1IN
m WMd TLMS ONICIOH
{
I —
" _omm\/\_ HOLYHINIO MOO010 _
L
0
A8 - .- N2 XN
o w o5
1
a
1
Y Kl ¢ AAA U

HI1H3ANOD
“HIVHvYd
=-1Vid3s

LiNn
FOVHHILNI




US 8,902,148 B2

1
BACKLIGHT DRIVER RECEIVING
SERIALLY PROVIDED OPTICAL DATA VIA A
SERIAL BUS AND LIQUID CRYSTAL
DISPLAY INCLUDING THE SAME

This application claims priority from Korean Patent Appli-
cation No. 10-2007-0098164 filed on Sep. 28, 2007 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The present disclosure relates to a backlight driver and a
liquid crystal display (LCD) including the same.

2. Discussion of Related Art

A conventional liquid crystal display (LCD) includes a first
display substrate having a plurality of pixel electrodes, a
second display substrate having a plurality of common elec-
trodes, and a liquid crystal panel having a dielectrically aniso-
tropic liquid crystal layer injected between the first and sec-
ond display substrates. The LCD displays a desired image by
forming an electric field between the pixel electrodes and the
common electrodes that have a liquid crystal layer therebe-
tween, adjusting the intensity of the electric field that aligns
the liquid crystals, and thus controlling the amount of light
being transmitted through the liquid crystal panel.

Because the LCD is not a self light-emitting display, it
includes a plurality of light-emitting devices. As the number
of light-emitting devices used in the LCD increases, the num-
ber of wires connected to the light-emitting devices is also
increased.

SUMMARY OF THE INVENTION

Exemplary embodiments ofthe present invention provide a
backlight driver that can reduce the number of wires utilized
therein.

Exemplary embodiments of the present invention also pro-
vide a liquid crystal display (LCD) that can reduce the num-
ber of wires utilized therein.

The exemplary embodiments of the present invention are
not restricted to the one set forth herein, however. The above
and other exemplary embodiments of the present invention
will become more apparent to one of ordinary skill in the art
to which the present invention pertains by referencing the
detailed description of the exemplary embodiments of the
present invention given below.

According to an exemplary embodiment of the present
invention, there is provided a backlight driver including an
interface unit enabled in response to a first carry signal,
receiving optical data serially provided, and outputting a sec-
ond carry signal; and a plurality of control units controlling
one or more light-emitting devices in response to the optical
data.

According to an exemplary embodiment of the present
invention, there is provided an LCD including a timing con-
troller serially providing optical data; first through n-th back-
light drivers enabled sequentially, receiving the optical data,
and connected to each other in a cascade; a plurality of light-
emitting devices connected to each of the first through n-th
backlight drivers and emitting light in response to the optical
data; and a liquid crystal panel receiving the light and dis-
playing an image.

According to an exemplary embodiment of the present
invention, there is provided an LCD including a timing con-
troller; first through n-th backlight drivers serially interfacing
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with the timing controller; a plurality of light-emitting blocks
corresponding to each of the first through n-th backlight driv-
ers, each light-emitting block including one or more light-
emitting devices; and a liquid crystal panel receiving light
from the light-emitting blocks and displaying an image,
wherein each of the first through n-th backlight drivers con-
trols the luminances of the corresponding light-emitting
blocks.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
understood in more detail from the following descriptions
taken in conjunction with the attached drawings, in which:

FIG. 1 is a block diagram of a liquid crystal display (LCD)
according to an exemplary embodiment of the present inven-
tion,;

FIG. 2 is an equivalent circuit diagram of a pixel included
in the LCD of FIG. 1;

FIG. 3 is a conceptual diagram useful for explaining the
operations of first through n*backlight drivers illustrated in
FIG. 1,

FIG. 4 is a block diagram of an i backlight driver illus-
trated in FI1G. 1,

FIG. 5 is a block diagram of an LCD according to an
exemplary embodiment of the present invention;

FIG. 6 is a block diagram of an LCD including an i”
backlight driver according to an exemplary embodiment of
the present invention;

FIG. 7 is a conceptual diagram useful for explaining the
operation of a serial-parallel converter illustrated in FIG. 6;

FIG. 8 is a block diagram of an L.CD including first through
n™ backlight drivers according to an exemplary embodiment
of the present invention;

FIGS. 9 through 10D are conceptual diagrams useful for
explaining the operations of first through eightieth light-emit-
ting blocks illustrated in FIG. 8;

FIG. 11 is a block diagram of an LCD including first
through n? backlight drivers according to an exemplary
embodiment of the present invention;

FIG. 12 is a block diagram of an i backlight driver illus-
trated in FIG. 11

FIG. 13 is a block diagram of an LCD including first
through n” backlight drivers according to an exemplary
embodiment of the present invention;

FIG. 14 is a block diagram of an LCD including first
through n” backlight drivers according to an exemplary
embodiment of the present invention;

FIG. 15 is a block diagram of an LCD including first
through n” backlight drivers according to an exemplary
embodiment of the present invention; and

FIG. 16 is a block diagram of an i backlight driver illus-
trated in F1G. 15.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments of the present invention will now
be described more fully with reference to the accompanying
drawings, in which exemplary embodiments of the invention
are shown. The invention may, however, be embodied in
many different forms and should not be construed as being
limited to the exemplary embodiments set forth herein; rather,
these exemplary embodiments are provided so that this dis-
closure will be thorough and complete, and will fully convey
the concept of the invention to those of ordinary skill in the
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art. Like reference numerals in the drawings denote like ele-
ments, and thus their duplicate description will be omitted.

Hereinafter, a backlight driver and a liquid crystal display
(LCD) including the same according to an exemplary
embodiment of the present invention will be described with
reference to FIGS. 1 through 4. FIG. 1 is a block diagram of
an LCD 10 according to an exemplary embodiment of the
present invention. FIG. 2 is an equivalent circuit diagram of a
pixel PX included in the LCD 10 of FIG. 1. FIG. 3 is a
conceptual diagram for explaining the operations of first
through n backlight drivers 900_1 through 900_n illustrated
in FIG. 1. FIG. 4 is a block diagram of an i” backlight driver
900 i illustrated in FIG. 1.

Referring to FIG. 1, the LCD 10 includes a liquid crystal
panel 300, a gate driver 400, a data driver 500, a timing
controller 800, the first through n” backlight drivers 900_1
through 900_n, and a plurality of light-emitting devices 1.1
through Ln connected to the first through n™”backlight drivers
900_1 through 900_n, respectively. The timing controller 800
may functionally be divided into a first timing controller 600
and a second timing controller 700. The first timing controller
600 may control an image displayed on the liquid crystal
panel 300, and the second timing controller 700 may control
the first through n” backlight drivers 900_1 through 900_n.
The first timing controller 600 and the second timing control-
ler 700 need not be physically separated from each other as
shown in FIG. 1.

An equivalent circuit of the liquid crystal panel 300
includes a plurality of display signal lines and a plurality of
pixels (not shown) connected to the display signal lines,
respectively. The signal lines include a plurality of gate lines
G1 through Gk and a plurality of data lines D1 through Dj.

As described above, the liquid crystal panel 300 includes a
plurality of pixels, and an equivalent circuit of one of the
pixels included in the liquid crystal panel 300 is illustrated in
FIG. 2. Referring to FIG. 2, a pixel PX connected to, for
example, an f*(f=1~i) gate line Gfand a g” (z=1~j) data line
Dg includes a switching device Qp connected to the f” gate
line Gf and the g™ data line Dg and a liquid crystal capacitor
Clc and a storage capacitor Cst connected to the switching
device Qp. The liquid crystal capacitor Clc includes a pixel
electrode PE of a first display substrate 100 and a common
electrode CE of a second display substrate 200. In addition, a
color filter CF is formed on a portion of the common electrode
CE.

The data driver 500 of FIG. 1 receives a data control signal
CONT1 from the first timing controller 600 and applies an
image data voltage to the data lines D1 through Dj. The data
control signal CONT1 includes image signals corresponding
to red (R), green (G) and blue (B) signals R, G, and B and
signals for controlling the operation of the data driver 500.
The signals for controlling the operation ofthe data driver 500
may include a horizontal start signal for initiating the opera-
tion of the data driver 500 and an output command signal for
instructing the output of the image data voltage.

The gate driver 400 receives a gate control signal CONT2
from the first timing controller 600 and transmits a gate signal
to the gate lines G1 through Gk. The gate signal includes a
gate-on voltage Von and a gate-off voltage Voff provided by a
gate-on/off voltage generator (not shown). The gate control
signal CONT?2 is used to control the operation of the gate
driver 400 and may include a vertical start signal for initiating
the operation of the gate driver 400, a gate clock signal for
determining an output time of the gate-on voltage Von, and an
output enable signal for determining a pulse width of the
gate-on voltage Von.
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The gate driver 400 or the data driver 500 may be mounted
directly on the liquid crystal panel 300 in the form of a
plurality of driving integrated circuit chips. Alternatively, the
gate driver 400 or the data driver 500 may be mounted on a
flexible printed circuit film (not shown) and then attached to
the liquid crystal panel 300 in the form of a tape carrier
package. Alternatively, the gate driver 400 or the data driver
500 may be integrated into the liquid crystal panel 300,
together with the display signal lines, that is, the gate lines G1
through Gk and the data lines D1 through Dj, and the switch-
ing device Qp.

The first timing controller 600 receives the R, G, and B
signals and a plurality of control signals for controlling the
display of the R, G, and B signals from an external graphic
controller (not shown). Then, the first timing controller 600
generates the data control signal CONT1 and the gate control
signal CONT2 based on the R, G, and B signals and the
control signals. The control signals include a vertical syn-
chronization signal Vsync, a horizontal synchronization sig-
nal Hsync, a main clock Mclk, and a data enable signal DE.
The first timing controller 600 transmits a backlight control
signal CONT3 to the second timing controller 700. The back-
light control signal CONT3 may include optical data. The
optical data is used to control the luminance of each of the
light-emitting devices L1 through Ln.

The second timing controller 700 receives the backlight
control signal CON'T3 from the first timing controller 600 and
serially provides the optical data to the first through n™ back-
light drivers 900_1 through 900_n. In this exemplary embodi-
ment, the optical data may be provided through a serial bus
SB. In addition, the second timing controller 700 transmits a
start signal LS to the first backlight driver 900_1.

The first through n?” backlight drivers 900_1 through
900_n are connected to each other in cascade and, thus, are
sequentially enabled. In addition, the first through n” back-
light drivers 900_1 through 900_n receive the serially pro-
vided optical data. Referring to FIGS. 1 and 3, the second
timing controller 700 serially transmits optical data LDAT1
through LDAT1 and, at the same time, transmits the start
signal LS in a high level. Accordingly, the first backlight
driver 900_1 is enabled inresponse to the start signal LS in the
high level and receives the serially provided optical data
LDAT1. In this exemplary embodiment, the second through
n* backlight drivers 900_2 through 900_n do not receive the
optical data LDAT1. After receiving the optical data LDAT1
corresponding to the first backlight driver 900_1, the first
backlight driver 900_1 outputs a first carry signal CA_1ina
high level. At this time, the start signal LS may transitto alow
level. If the start signal LS transits to a low level, the first
backlight driver 900_1 does not receive the optical data
LDAT?2 through LDATi. Next, the second backlight driver
900_2 is enabled in response to the first carry signal CA_11in
the high level, receives the optical data LDAT2 corresponding
to the second backlight driver 900_2, and outputs a second
carry signal CA_2 in a high level. The i” backlight driver
900_iis enabled in response to a (i-1)" carry signal CA_i-1
in ahighlevel, receives the optical data LDATi corresponding
to the i” backlight driver 900_i, and outputs an i carry signal
CA_iin a high level.

The first through n” backlight drivers 900_1 through
900_n control the luminances of the light-emitting devices L1
through Ln in response to the optical data LDAT1 through
LDATi, respectively. The first through n” backlight drivers
900_1 through 900_n will now be described in more detail
using the i” backlight driver 900_i as an example and with
reference to FIGS. 3 and 4. In this exemplary embodiment, a
case where a boost converter provides a power supply voltage
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required to drive the light-emitting devices L1 through Ln
will be described as an example. The present invention, how-
ever, is not limited thereto.

Referring to FIG. 4, the i” backlight driver 900_i includes
an interface unit 910_i and a control unit that may include a
pulse width modulation (PWM) generator 920_i and a
switching device Q.

The interface unit 910_i that is enabled in response to the
(i-1)* carry signal CA_i-1, receives the optical data LDATi
corresponding to the i backlight driver 900_i, and outputs
thei” carry signal CA_i. For example, the interface unit910_i
is enabled in response to the (i-1)" carry signal CA_i-1ina
high level and is disabled after outputting the i” carry signal
CA_iin ahigh level.

As described above, the control unit includes the PWM
generator 920_iand the switching device Q. The control unit
controls the luminance of the light-emitting device Li in
response to the optical data LDATI corresponding to the i”
backlight driver 900_i.

The PWM generator 920_i outputs a PWM signal PWM_i
whose duty ratio is adjusted in response to the optical data
LDATi. The switching device Qp, is turned on or off in
response to the PWM signal PWM_i, thereby connecting or
disconnecting the light-emitting device Li to/from a ground
node. For example, the switching device Qp, is turned onin a
section in which the PWM signal PWM_i is in a high level
and connects the light-emitting device Li to the ground node.
In this exemplary embodiment, a current I, flows through the
light-emitting device Li, and thus the light-emitting device Li
emits light. In addition, the switching device Q, is turned off
in a section in which the PWM signal PWM_iisina low level
and disconnects the light-emitting device Li from the ground
node. In this exemplary embodiment, the current [, does not
flow through the light-emitting device Li, and thus the light-
emitting device Liis turned off. A period of time during which
the light-emitting device Li is turned on is determined by the
section in which the PWM signal PWM_i is in a high level
and the section in which the PWM signal PWM_iis ina low
level. If the period of time during which the light-emitting
device L1 is turned on increases, the luminance of the light-
emitting device Li is increased. In summary, the duty ratio of
the PWM signal PWM_i is adjusted according to the optical
data LDAT], and the luminance of the light-emitting device Li
is adjusted according to the duty ratio of the PWM signal
PWM_i. The control unit may control the luminance of the
light-emitting device Li by adjusting the amount of current
that flows through the light-emitting device Li, as well as by
turning on or off the light-emitting device Li as described
above.

The boost converter includes an inductor L, a diode D, a
capacitor C, a switching device Q, and a clock generator
930_i. The boost converter boosts an input voltage Vin in
response to a clock signal CK and provides a power supply
voltage required to operate the light-emitting device Li. The
clock generator 930_i may be implemented within the i”
backlight driver 900_i. The boost converter is a well-known
boosting circuit, and thus a detailed description thereof will
be omitted for the sake of simplicity.

In the first through n” backlight drivers 900_1 through
900_n and the LCD 10 including the same, the timing con-
troller 800 serially transmits the optical data LDAT1 through
LDATi to the first through n backlight drivers 900_1 through
900_n through the serial bus SB. Therefore, the number of
wires between the timing controller 800 and the first through
n” backlight drivers 900_1 through 900_n can be reduced. If
the number of wires is reduced, manufacturing costs can be
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reduced, and problems caused by short circuits and discon-
nections of wires can be reduced.

Hereinafter, an LCD according to an exemplary embodi-
ment of the present invention will be described with reference
to FIG. 5. FIG. 5 is a block diagram of an LCD 11 according
to an exemplary embodiment of the present invention. Ele-
ments having the same functions as those illustrated in FIG. 1
are indicated by like reference numerals, and thus their
description will be omitted.

Referring to FIG. §, unlike what is described in relation to
the initially described exemplary embodiment, in the present
exemplary embodiment, a first timing controller 601 of the
LCD 11 transmits a start signal LS to a first backlight driver
900_1. In this case, the start signal LS may be one of a data
control signal CONT1 and a gate control signal CONT2. For
example, the start signal LS may be any one of a vertical start
signal for initiating the operation of the gate driver 400 of
FIG. 1, a gate clock signal for determining an output time of
agate-on voltage Von, an output enable signal for determining
a pulse width of the gate-on voltage Von, a horizontal start
signal for initiating the operation of the data driver 500 as
shown in FIG. 1 and an output command signal forinstructing
the output of an image data voltage. Alternatively, the start
signal LS may be a signal synchronized with any one of the
above-described signals or may be a combination of these
signals. Alternatively, the start signal LS may be any one of a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, a main clock Mclk and a data enable
signal DE, may be a signal synchronized with any one of the
same, or may be a combination of the same.

A backlight driver and an LCD including the same accord-
ing to an exemplary embodiment of the present invention will
now be described with reference to FIGS. 6 and 7. FIG. 6 is a
block diagram of an LCD including an i backlight driver
901_i according to an exemplary embodiment of the present
invention. FIG. 7 is a conceptual diagram for explaining the
operation of a serial-parallel converter 941_1 illustrated in
FIG. 6. Elements having the same functions as those illus-
trated in FIG. 4 are indicated by like reference numerals, and
thus their description will be omitted.

Referring to FIG. 6, unlike what is described in relation to
the previous exemplary embodiment, in the present exem-
plary embodiment, each backlight driver, for example, the i”
backlight driver 901_i, controls a plurality of, for example,
eight light-emitting devices Li_1 through Li_8. In order to
control the light-emitting devices Li_1 through Li_8, the i*
backlight driver 901_i includes the serial-parallel converter
941_i and a plurality of control units. The control units
include a plurality of PWM generators 921_i through 928_i
and a plurality of switching devices Qj, , through Q ,
respectively.

More specifically, referring to FIGS. 6 and 7, an interface
unit 911_i is enabled in response to a (i-1)" carry signal
CA_i-1 and receives optical data LDATi that is serially pro-
vided. Then, the interface unit 911_i outputs an i”” carry signal
CA_i.Theserial-parallel converter 941_i converts the serially
input optical data LDATi into parallel optical data. For
example, if the i” backlight driver 900_i controls the eight
light-emitting devices Li_1 through Li_8 individually, the
optical data LDATi corresponding to the i backlight driver
900_1 includes eight pieces of sub optical data LDATi_1
through LDATi_8. The serial-parallel converter 941 _i pro-
vides the sub optical data LDATi_1 through LDATi_8 in
parallel to the PWM generators 921_i through 928_i, respec-
tively.

As described above, the control units include the PWM
generators 921_i through 928_i and the respective switching
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devices Q,, , through Q,, ¢ and control the respective lumi-
nances of the light-emitting devices Li_1 through Li_8,
respectively, in response to the parallel optical data.

A backlight driver and an LCD including the same accord-
ing to an exemplary embodiment of the present invention will
now be described with reference to FIGS. 8 through 10D.
FIG. 8 isa block diagram of an LCD 12 including first through
n” backlight drivers 902_1 through 902_n according to an
exemplary embodiment of the present invention. FIGS. 9
through 10D are conceptual diagrams for explaining the
operations of first through eightieth light-emitting blocks
LB_1 through LB_80 illustrated in FIG. 8. Elements having
the same functions as those illustrated in FIG. 1 are indicated
by like reference numerals, and thus their description will be
omitted.

Referring to FIG. 8, the LCD 12 includes a timing control-
ler 802, the first through n” backlight drivers 902_1 through
902_n, and a plurality of, for example, the first through eighti-
eth, light-emitting blocks L.B_1 through LB_80. Each of the
first through eightieth light-emitting blocks LB_1 through
LB_80 includes at least one light-emitting device.

The timing controller 802 serially interfaces with each of
the first through n® backlight drivers 902_1 through 902_n. In
this case, the timing controller 802 may serially interface with
each of the first through n™ backlight drivers 902_1 through
902_n using a serial bus SB.

If the timing controller 802 serially provides optical data to
the first through n™ backlight drivers 902_1 through 902_n
through the serial bus SB, each of the first through n™ back-
light drivers 902_1 through 902_n may be enabled in
response to a carry signal and receive its corresponding opti-
cal data as described above. Alternatively, if each of the first
through n” backlight drivers 902_1 through 902_n has a
unique address, the timing controller 802 may serially pro-
vide an address signal and optical data corresponding to each
of the first through n” backlight drivers 902_1 through 902_n
to each of the first throughn™ backlight drivers 902_1 through
902_n through the serial bus SB. Then, each of the first
through n” backlight drivers 902_1 through 902_n may be
enabled in response to the address signal and can receive the
optical data. In this case, the timing controller 802 can use
various methods other than the above methods in order to
provide the optical data to each of the first through n™ back-
light drivers 902_1 through 902_n through the serial bus SB.

Eight of the first through eightieth light-emitting blocks
LB_1 through LB_80 correspond to each of the first through
n” backlight drivers 902_1 through 902_n. For exaniple, the
first through eighth light-emitting blocks LB_1 through.B_8
correspond to the first backlight driver 900_1, and the ninth
through sixteenth light-emitting blocks LB_9 through LB_16
correspond to the second backlight driver 900_2. That is, the
first backlight driver 900_1 controls the first through eighth
light-emitting blocks LB_1 through LB_80, and the second
backlight driver 900_2 controls the ninth through sixteenth
light-emitting blocks L.B_9 through LL.B_16. The first through
eightieth light-emitting blocks LB_1 through LB_80 may be
arranged in a matrix. For example, the first through eightieth
light-emitting blocks LB_1 through L.B_80 may be arranged
in a matrix with eight rows and ten columns (n=10). The first
through eightieth light-emitting blocks LB_1 through LB_80
may be implemented in a region 301 facing the liquid crystal
panel 300 illustrated in FIG. 1 and emit light to the liquid
crystal panel 300.

Each of the first through n” backlight drivers 902_1
through 902_n controls the luminances of eight correspond-
ing ones of the first through eightieth light-emitting blocks
LB_1through L.B_80. More specifically, referring to FIGS. 8
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and 9, the first backlight driver as shown at 900_1 in FIG. 1
may reduce the luminances of the first and second light-
emitting blocks LB_1 and LB_2 in first and second rows 1st
ROW and 2nd ROW of a first column of an 8x10 matrix
shown in FIG. 9 and increase the luminances of the third
through eighth light-emitting blocks LB_3 through LB_8 in
third through eighth rows 3rd ROW through 8th ROW in the
first column. The second backlight driver 900_2 may reduce
the luminances of the ninth and tenth light-emitting blocks
LB 9 and LB _10 in the first and second rows 1st ROW and
2nd ROW of a second column of the 8x10 matrix and increase
the luminances of the eleventh through sixteenth light-emit-
ting blocks L.B_11 through LB_16 in the third through eighth
rows 3rd ROW through 8th ROW in the second column. The
third through n™ backlight drivers 902_3 through 902_n may
increase the luminances of the seventeenth through eightieth
light-emitting blocks LB_1 through LB_80 in the first
through eighth rows 1st ROW through 8th ROW of third
through tenth columns, respectively. That is, each of the first
through n” backlight drivers 902_1 through 902_n can con-
trol the luminances of eight corresponding ones of the first
through eightieth light-emitting blocks LB_1 through LB_80
according to an image displayed on a liquid crystal panel 300.
If the luminance of each of the first through eightieth light-
emitting blocks LB_1 through LB_801is controlled according
to an image displayed on the liquid crystal panel 300, power
consumption can be reduced.

Alternatively, the first through n” backlight drivers 902_1
through 902_n may control the first through eightieth light-
emitting blocks LB_1 through L. B_80 to be turned on or off in
units of rows. More specifically, referring to FIGS. 8 and 10A
through 10D, at a time t1, light-emitting blocks in the first
through third rows 1st ROW through 3rd ROW of the 8x10
matrix may be turned on, and those in the fourth through
eighth rows 4th ROW through 8th ROW may be turned off. At
a time t2, light-emitting blocks in the second through fourth
rows 2nd ROW through 4th ROW may be turned on, and those
in the first row 1st ROW and the fifth through eighth rows 5th
ROW through 8th ROW may be turned off. At a time t3,
light-emitting blocks in the third through fifth rows 3rd ROW
through 5th ROW may be turned on, and those in the first row
1st ROW, the second row 2nd ROW and the sixth through
eighth rows 6th ROW through 8th ROW may be turned off. At
a time t4, light-emitting blocks in the fourth through sixth
rows 4th ROW through 6th ROW may be turned on, and those
in the first through third rows 1st ROW through 3rd ROW, the
seventh row 7th ROW and the eighth row 8th ROW may be
turned off. In this way, the first through eightieth light-emit-
ting blocks LB_1 through LB_80 may be sequentially turned
or off in units of rows. If each of the first through eightieth
light-emitting blocks LB_1 through LB_80 is turned off
according to time, the effect of inserting a black image
betweenimages displayed on the liquid crystal panel 300 may
be produced. Therefore, when a moving image is displayed,
superior display quality, like that which can be experienced in
cathode ray tubes (CRTs), can be obtained.

Backlight drivers controlling the operations of light-emit-
ting blocks and an LCD including the same will further be
described below in each exemplary embodiment of the
present invention.

A backlight driver and an LCD including the same accord-
ing to an exemplary embodiment of the present invention will
be described with reference to FIGS. 11 and 12. FIG. 11 is a
block diagram of an LCD 13 including first through n back-
light drivers 903_1 through 903_n according to an exemplary
embodiment of the present invention. FIG. 12 is a block
diagram of an i” backlight driver 903_i illustrated in FIG. 11.
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Elements having the same functions as those illustrated in
FIGS. 6 and 8 are indicated by like reference numerals, and
thus their description will be omitted.

Referring to FIG. 11, unlike what is shown in the previ-
ously described exemplary embodiments, in the present
exemplary embodiment, a second timing controller 703 of the
L.CD 13 transmits a load signal LOAD to the first through n”
backlight drivers 903_1 through 903_n. The first through n”
backlight drivers 903_1 through 903_n receive the load signal
LOAD and control the luminances of first through eightieth
light-emitting blocks LB_1 through L.B_80 corresponding to
the first through n” backlight drivers 903_1 through 903_n,
respectively, in response to input optical data. By receiving
the load signal LOAD, the first through n™ backlight drivers
903_1 through 903_n can simultaneously control the lumi-
nances of the first through eightieth light-emitting blocks
LB_1 through LB_80 in response to the optical data. There-
fore, the first through n” backlight drivers 903_1 through
903_n can control the luminances of the first through eighti-
eth light-emitting blocks LB_1 through LB_80 at each time
tl, t2, t3 or t4 as illustrated in FIGS. 10A through 10D,
respectively.

More specifically, referring to FIGS. 11 and 12, each of the
first through n” backlight drivers 903_1 through 903_n
includes an interface unit 911_i, a serial-parallel converter
941_i. a plurality of holding units 951_i through 958_i, a
plurality of switching units SW1_i through SW8_i, and a
plurality of control units. The control units include a plurality
of PWM generators 921_i through 928_i and a plurality of
switching devices Q,, through Q, 4, respectively. For
example, if the first through eightieth light-emitting blocks
LB_1 through LB_80 are arranged in a 8x10 matrix, there
may be ten first through n” backlight drivers 903_1 through
903_n, and there may be eight holding units 951_i through
958 1 and light switching units SW1_i through SW8_i.

As described above, the serial-parallel converter 941_i
converts optical data LDATi serially provided into parallel
optical data. Then, each of the holding units 951_i through
958 i stores the parallel optical data. The switching units
SW1_ithrough SW8_i transmit the parallel optical datato the
control units, respectively, in response to the load signal
LOAD. Accordingly, the control units control the luminances
of the first through eightieth light-emitting blocks LB_1
through L.B_80, respectively, in response to the parallel opti-
cal data.

Because each of the first through n” backlight drivers
903_1 through 903_n includes the holding units 951_i
through 958_i, the switching units SW1_i through SW8_i
and the control units, they can control the luminances of each
of the first through eightieth light-emitting blocks LB_1
through LB_80, as illustrated in FIG. 9.

In addition, because the second timing controller 703 trans-
mits the load signal LOAD to each of the first through n”
backlight drivers 903_1 through 903_n, the luminances of the
first through eightieth light-emitting blocks LB_1 through
LB_80 can be controlled in units of rows at a specified time.

In the first through n™ backlight drivers 903_1 through
903_n and the LCD 13 including the same according to the
exemplary embodiment shown in FIG. 11, the luminances of
the first through eightieth light-emitting blocks LB_1 through
LB_80 canbe controlled in units of blocks or in units of rows.
Furthermore, because a timing controller 803 serially pro-
vides the optical data LDATI to the first through n? backlight
drivers 903_1 through 903_n through the serial bus SB, the
number of wires between the timing controller 803 and the
first through n” backlight drivers 903_1 through903_ncan be
reduced.
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A backlight driver and an LCD including the same accord-
ing to an exemplary embodiment ofthe present invention will
be described with reference to FIG. 13. FIG. 13 is a block
diagram of an LCD 14 including first through n” backlight
drivers 904_1 through 904_n according to an exemplary
embodiment of the present invention. Elements having the
same functions as those illustrated in FIG. 11 are indicated by
like reference numerals, and thus their description will be
omitted.

Referring to FIG. 13, unlike what is shown in the previ-
ously described exemplary embodiments, in the present
exemplary embodiment, a first timing controller 604 of the
LCD 14 transmits a start signal LS and a load signal LOAD to
the first through n” backlight drivers 904_1 through 904_n. In
this case, the load signal LOAD may be one of a data control
signal CONT1 and a gate control signal CONT2. For
example, the start signal LS may be any one of a vertical start
signal for initiating the operation of the gate driver 400 of
FIG. 1, a gate clock signal for determining an output time of
agate-on voltage Von, an output enable signal for determining
a pulse width of the gate-on voltage Von, a horizontal start
signal for initiating the operation of the data driver 500 of
FIG. 1 and an output command signal for instructing the
output of an image data voltage. Alternatively, the load signal
LOAD may be a signal synchronized with any one of the
above signals or may be a combination of the above signals.
Alternatively, the load signal LOAD may be any one of a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, a main clock Mclk and a data enable
signal DE, may be a signal synchronized with any one of the
same, or may be a combination of the same.

A backlight driver and an LCD including the same accord-
ing to an exemplary embodiment of the present invention will
be described with reference to FIG. 14. FIG. 14 is a block
diagram of an LCD 15 including first through n” backlight
drivers 905_1 through 905_n according to an exemplary
embodiment of the present invention. Elements having the
same functions as those illustrated in FIG. 11 are indicated by
like reference numerals, and thus their description will be
omitted.

Referring to FIG. 14, unlike what is shown in the previ-
ously described exemplary embodiments, in the present
exemplary embodiment, a load signal LOAD may be an n™
carry signal CA_n of the n” backlight driver 905_n. More
specifically, the first through n” backlight drivers 905_1
through 905_n are sequentially enabled and thus receive opti-
cal data. When the n” backlight driver 905_n is enabled and
thus receives optical data, it outputs the n carry signal CA_n.
When the n” carry signal CA_n is provided to the first
through n” backlight drivers 905_1 through 905_n as the load
signal LOAD, the first through n” backlight drivers 905_1
through 905_n control the luminances of first through eighti-
eth light-emitting blocks LB_1 through LB_80 in response to
input optical data.

A backlight driver and an LCD including the same accord-
ing to an exemplary embodiment of the present invention will
be described with reference to FIGS. 15 and 16. FIG. 15is a
block diagram of an LCD 16 including first through n back-
light drivers 906_1 through 906_n according to an exemplary
embodiment of the present invention. FIG. 16 is a block
diagram of an i” backlight driver 906_i illustrated in FIG. 15.
Elements having the same functions as those illustrated in
FIG. 11 are indicated by like reference numerals, and thus
their description will be omitted.

Referring to FIG. 15, unlike what is shown in the previ-
ously described exemplary embodiments, a timing controller
806 does not transmit a start signal LS to the first backlight
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driver 906_1. Instead, the timing controller 806 provide an
address signal and optical data to the first backlight driver
906_1 through a serial bus SB. That is, the first through n”
backlight drivers 906_1 through 906_n are not enabled in
response to the start signal LS or first through (n-1)” carry
signals CA_1 through CA_n-1, respectively. Instead, the first
through n” backlight drivers 906_1 through 906_n are
enabled in response to corresponding address signals and
receive corresponding optical data. After providing optical
data to each of the first through n” backlight drivers 906_1
through 906_n, the timing controller 806 can transmit the
load signal LOAD to the first through n® backlight drivers
906_1 through 906_n at the same time. An address signal and
optical data may be provided through a single serial bus or
different serial buses. Ifthe address signal and the optical data
are provided through a single serial bus, the serial bus may be
an inter-integrated circuit (12C) bus.

Referring to FIG. 16, each backlight driver, for example,
the i? backlight driver 906_i, serially interfaces with the
timing controller 806 using an 12C interface method. That is,
the serial bus SB includes a clock line SCL and a data line
SDA, and an address signal and optical data corresponding to
the i” backlight driver 906_i are provided to the i” backlight
driver 906_i through the datra line SDA. In addition, the
address signal and the optical data are synchronized with a
clock signal of the clock line SCL and transmitted accord-
ingly. Since the 12C interface method is a well-know serial
interface method, a detailed description thereof will be omit-
ted.

The i* backlight driver 906_i includes an interface unit
916_i interfacing with the timing controller 806 using the [2C
interface method. That is, when receiving an address signal
corresponding to the i* backlight driver 906_i, the interface
unit 916_i receives optical data that is serially transmitted. In
order to perceive the address signal corresponding to the i”
backlight driver 906_i, the i backlight driver 906_i may
further include an address unit 960_i. That is, the address unit
960_i provides a unique address of the i backlight driver
906_1 to the interface unit 916_i. The interface unit 916 i
receives the unique address of the i backlight driver 906_i.
In addition, when receiving the address signal corresponding
to the i* backlight driver 906_i through the serial bus SB, the
interface unit 916_i receives corresponding optical data.

The address unit 960_i may include a plurality of switching
devices connected to a digital voltage Vdd. For example, the
address unit 960_i may provide the unique 4-bit address of the
i backlight driver 906_i using four switching devices con-
nected respectively to address pins PA through PA4 of the
interface unit 916_i. The interface unit 960_i according to
exemplary embodiments of the present invention, however, is
not limited to the above example. That is, the address unit
960_i may also be a memory providing the unique address of
the i”" backlight driver 906_i.

As described above, in a backlight driver and an LCD
including the same according to exemplary embodiments of
the present invention, the number of wires connecting back-
light drivers and a timing controller and the number of wires
connecting the backlight drivers and light-emitting devices
can be reduced. Accordingly, manufacturing costs ofthe LCD
can be reduced. In addition, since problems caused by short
circuits and disconnections of wires can be reduced, reliabil-
ity of the LCD can be improved.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
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present invention as defined by the following claims. The
exemplary embodiments should be considered in a descrip-
tive sense only and not for purposes of limitation.

What is claimed is:

1. A liquid crystal display comprising;

a timing controller serially providing optical data;

first through n-th backlight drivers enabled sequentially,
receiving the optical data, and connected to each other in
cascade, wherein n is an integer greater than one;

aplurality of light-emitting devices respectively connected
to each of the first through n-th backlight drivers and
emitting light in response to the optical data;

a liquid crystal panel receiving the light and displaying an
image in response to signals from a data driver and a
gate; and

each of boost converters providing a power supply voltage
required to drive each of the light-emitting devices,

wherein each of the first through n-th backlight drivers
includes an interface unit which is enabled in response to
a first carry signal and which is disabled after outputting
a second carry signal, and

wherein the first carry signal applied to the first backlight
driver is a vertical start signal for initiating an operation
of the gate driver.

2. The liquid crystal display of claim 1, wherein the first
backlight driver is enabled in response to a start signal trans-
mitted from the timing controller, receives the optical data,
and outputs a first carry signal to the second backlight driver.

3. The liquid crystal display of claim 2, wherein an i-th
backlight driver (1<i<n) is enabled in response to an (i-1)-th
carry signal transmitted from an (i-1)-th backlight driver,
receives the optical data, and outputs an i-th carry signal to an
(i+1)-th backlight driver.

4. The liquid crystal display of claim 1, wherein an i-th
backlight driver (1<i<n) comprises:

an interface unit enabled in response to an (i-1)-th carry
signal transmitted from the (i-1)-th backlight driver,
receiving the optical data, and outputting the i-th carry
signal,

a serial-parallel converter converting the optical data seri-
ally input thereto into parallel optical data; and

a plurality of control units controlling the light-emitting
devices, respectively, in response to the parallel optical
data.

5. The liquid crystal display of claim 4, wherein the i-th

backlight driver further comprises:

a plurality of holding units receiving the parallel optical
data from the serial-parallel converter and storing the
parallel optical data; and

a plurality of switching units enabled in response to a load
signal and transmitting the parallel optical data to the
plurality of control units, respectively.

6. The liquid crystal display of claim 1, further comprising

a serial bus serially transmitting the optical data output from
the timing controller, wherein each of the first through n-th
backlight drivers is connected to the serial bus, and wherein
the serial bus contains a line and each of the first through nth
backlight drivers is connected to the line.

7. The liquid crystal display of claim 1, wherein the inter-
face unitis disabled after outputting the second carry signal in
a high level.

8. A backlight driver comprising:

aninterface unit which is enabled inresponse to a first carry
signal, receiving serially provided optical data, and out-
putting a second carry signal, wherein the interface unit
is disabled to receive the optical data after outputting the
second carry signal;
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a plurality of control units controlling one or more light-
emitting devices in response to the optical data received
by the interface unit; and

each of boost converters providing a power supply voltage
required to drive each of the light-emitting devices, 5

wherein the first carry signal is a vertical start signal for
initiating an operation of the gate driver.

9. The backlight driver of claim 8, further comprising a

serial-parallel converter converting the serially provided opti-

cal data into parallel optical data, wherein the plurality of 10
control units control the one or more light-emitting devices,
respectively, in response to the parallel optical data.

10. The backlight driver of claim 9, further comprising:

a plurality of holding units receiving the parallel optical
data from the serial-parallel converter and storing the 15
parallel optical data; and

a plurality of switching units enabled in response to a load
signal and transmitting the parallel optical data to the
plurality of control units, respectively.

11. The backlight driver of claim 8, wherein each of the 20
plurality of control units outputs a pulse width modulation
(PWM) signal having a duty ratio adjusted in response to the
optical data and controls the luminance of a corresponding
one of the light-emitting devices using the PWM signal.

12. The backlight driver of claim 8, wherein the optical data 25
is received via a serial bus comprising a line connected to a
timing controller, and the first carry signal and the second
carry signal do not contain the optical data.

13. The backlight driver of claim 8, wherein the interface
unit is disabled after outputting the second carry signal in a 30
high level.
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