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(57) ABSTRACT

A backlight driving circuit includes a light emitting diode
(LED) lightbar, a power supply driving the LED lightbar, a
constant current driving chip controlling the power supply
and the LED lightbar, and a control unit monitoring a voltage
of a cathode of the LED lightbar. The constant current driving
chip includes a main control unit that drives the power supply,
and an adjusting unit that adjusts brightness of the LED
lightbar. An 1nput end of the adjusting unit 1s coupled to the
cathode of the LED lightbar, and an output end of the adjust-
ing unit 1s coupled to a load unit, a resistance value of the load
unit may be adjusted. When the voltage of the cathode of the
LED lightbar 1s greater than or equal to a preset threshold, the
control unit controls the load unit to reduce the resistance
value of the load unit.

20 Claims, 3 Drawing Sheets




U.S. Patent

Feb. 23, 2016

Sheet 1 of 3

US 9,271,361 B2

“h.". . ‘.\‘1li‘-““ ‘L“Il.-l‘-“‘h :
: ;\;\\1'U..'Uu.'.\'..1'\.1\\.1\.\H\ll\\.ll\.\\\.\ﬂ.l\\.w\\.\\1\11\11\1\'\.1;\1: B AR AR AR AR AR AL AR LR R R L R R, AR AR LR, ‘h\\.\\‘I.‘L'L‘\.\\.‘\.\‘u\'\."i.\.‘\.\‘n.\\"."\..\.‘k\'\.\\‘L‘L'\..‘k\\."\.\‘n.‘L‘L‘\i‘u‘k\\.\\‘.\t‘k\\.‘h\‘u\tl\\.‘\.\\
P n ) Yy K,
= by . \ 5
T - ) :: ) F‘\- :: :: LSl
LA \ i;aﬂ I o \ \ W
: 3 » e % & "
P ol L LY .3 .
Y N & &
L -
N e
LY -
b T o LY T "
» N g
5 . L ."'
5 N 5 . 5
: R ! v N .
: : v om t . - .
Iy .
., . . N :‘I LM X
1
t\l\‘h'h\"\“““““ : h 3 TR ETETRTLTRRL : t ‘l.
"h""‘ ke b '1""" e 1-\.1' L N -
- o T : : : X
- " " . v
"’ 5 . & 4
l.."l |~ \ |~ L |
l.-l.-l L% W |,‘
. % L %
L) N N
LN W L3
. % Y Y
LY " Y
5 . 5
5 N b
. 3 5 u L,
L ] LY LY k
L. L. BB 1 B ERERELERLEBERBEELEELERLLELENR LN S BN
[ e
L
:-I-I :-L-
“ h 5 'ﬁ
. w m Lo,
TR \ 'Hi \ *
e, y N %
L LY K
y L
N &
L1 )
L] N
. by L
" 3
L &
: N
¥ : .
h"\-
b1
", N o A N
...!..i [ LY
Ty . y
g s b
‘.1“_‘
-,
u e *
F e by 1:". t ‘:
5 LR “1.
LY
1 Wy b
g - Ny L
. LY %
- . N
",
b
- -
1
b
_
W
LY . L) LY -
L] oy L%
.
a, : L : '‘'m
N L% 1,
L] \ : I"l
.. n -
n
- : t o
T *- Y
L LY 'q
b . &
L by - k L
" y -
by TLTLALALLALT LI LATT LA LAL LT LAAARLRLALLRLLE ALLARLLRAY : ‘i.
"‘ e : '\.:a..\.
&
. :
iyt b L :'I. [
1 ?- ': 1._-L N
L3
:'l.. ' "y w ok mm %
% “u - - iy b
", u ' 5
. e - w = ]
h""'\'ﬁh'\"h‘\ﬁ‘q‘h'\"‘n“\‘ﬁ\‘h“\"‘ . \ [ b .q
L T Lt n
'i 'n.., . w & ::
y \ w 5
L] L3 b} iy N
: : W L
m . &
N x " \ \
% '.I-"-"-"-. mta L] L
: ;\1111111\: ot : :
y " " Pl A,
\ > 5 - N \
L] - -y M N “
y " " . . Py
\ W W . m . \
L) b T " "
y " e . \
i 8 Eh.'\.'\.'\.'l EI.\."I.".'I 1 y LY e
] 5, i\ L L . k,
] L] [ L N L] L] " [
L] L » iy N k] L N Wy
" W By 'h. s by L A y
h n 5 "'- h. b . . &
" n -.. » iy A L) ] N
] u 5, L Y L . ‘a k,
N L ) ) Y 5 . ] hy
N oy , y 5 . ~. 1" n
: S I : * : \
N
L] .
: N i \
u F
Rt ER LR R LR LA R A RR AR R R R AR R LR R R R AR R AR R R R R R R R R AR R AR RELRE ] "."I.'\.".'\.\.‘.'\\.'h.".'\.'\.\.\.'\.'\.'h.""."I.“.‘.'\.".‘.\\.'h.".".'\.\.‘.'\.".'h.'\."."I.\.\.'\.\.l"\.\".\.'\.'\.‘.'\."ﬁ.\."‘l‘\.'\‘i h;: L :
L] " L%
N B N
) . "
¥ % 5
L] w iy
: \ :
LY
[ = k,
y N . N
: - \
RN LR ey ¥ Y R t
[} by » Ny N & ] "
" n 5 by & b s &
N y N L N 1 1 ] 5
" " " ) by \ , g ',
" " \ W Py b hy
n " Y " iy " hy
] L] N, W K L] K,
" " 5 " Y h h
" W N y 'y b N
] W . W Yy b h
" W N ' 'y " 5
L] L Y , " L] i iy
' y a Wy, Iy : &
\ N
b Y
%
[ e T T T T T T T T T T R T T T TR T T T T T T T T T T e T T T T e T T T T R R T R TR T e T Y e T ) \\\\h\“h\\\"hh\‘hh\“ﬁ\\\\\'\\"h\\"'-"h'h'\"h'h"h"h\\\\‘h\\‘h"ﬁ"ﬁ\‘hh\"ﬁh\\\\\'\\K e T T e T T e T T T T T T T T R T T R T T T T T T T T T \\\\"hh‘h‘\"h"h'\\h\\‘h\\\"h'ﬁ\\"ﬁ"ﬁ"ﬁ'\"hh\‘
h y
N \
b .
A N
: " N
" e "w.. ::
',: : . 5
N h. M : .
: "o T N : iy
L] }"i - "..| : n
—'q [ _- 5\ : X
", - h o
. o o, R LN
: ?\"'\.\*‘.\"‘l“'\“'\\h -
w W7 -
by -
w
W W L
w w A
: : e
Y W 4."
': o
. o
N
n
N
1
L3
5
\
~
T
h
-
- s
L]
> ‘-.'E:-
l..'l. 9
L
m
Y
L
.3
by &
Yy
5
L
b
ll‘.\‘h\ll‘
|
ML N

Fils 1§

™

{ Frior at)



US 9,271,361 B2

Sheet 2 of 3

Feb. 23, 2016

U.S. Patent

1

-

-.r.rlll.rrnnhhbbbbbbbbrrhhhbl

Fo-

1 1 FFFFFEFEFEFEFEE-

1 1 + F

‘-‘-‘\‘\"\"‘\‘fh‘-‘h'ﬁ‘i‘i‘-‘\‘\‘\‘h*\‘fh‘-"-

'I.'I.."I'I.'I.'I.'I.'I.'I.I.-

l.-l-..ll._ .-q..-..-.-.-..-
S

7 r
P .__....__...____.......

FFFr k-
-

Mua

Ak h h kb b i JJ hh sk ks bk aJd I ek s s Py bk aJ) s Ess s s kb sl aslss

FYFENRFEeEg

—_1lﬂ-_-
-‘ll.—..‘-
"
Wi
A .
-
. il
.-l H.
v
e >
LLI..-.—.I1 m
-
r
’
i
] s
‘
; % o
1. ] et
wpr' i b st ol
. r nv uﬂhmn .ﬁu fv il
-
. - r
S i~ S S
I -
i i h N g “
r 1 + # = ! .-
N F 1-. ‘
4 A uwx o,
” . -
s, ..__.- ¢ L
.- r\l 1“[ F [ ] ."-.
.- .l_. .-il L a -‘_-_.-
- . e R L I
-, u
" 1
- L
e \TH
L}
-
- - r
v
el e w 44
i r rror 1 ..-I.
.. 'd | G
AARRERAERERE SRR . ‘.
" [’ " .rhd_.
;”....- “‘ mﬁ.m o ol
- |“ .
Tn Ealal
’
"“ n_._“
.l -t
o r
| |
o
| |
o .
. . M " \“I“
‘w .-ﬂ”l‘ v -RW ) . o “._..-u&. "y '
.—---L 4 4 + FfF P42 4 FFFFEEEEP i‘.l‘iil#-‘h 11.—.‘ LI B B o 41 ¥ i‘-‘l1LIl”i1.1.‘.‘-‘iii11;.—.—.‘.‘-‘.‘.‘.‘1.‘11;.—.-‘ .l‘.‘-‘iiil-—.—ii.‘.‘-‘iii“n.—‘
|
.__....“ N ) a’ ____“
: : :
- . !
W
: . :
2 : :
o - . ) ¥
5 L, AN o A N :
e v rrrrrr ==+ . ‘.1‘1I~I.-F T T - ‘-.1.1.1 .-.1‘ 11111111 T T 1.-- 11111 r
.ll e .l * ] A E -
[}
7 “. u
-l.‘ 1|._—.—.—.—.—.—.—.—.—.—..._—.—.—.—..—.—..‘—.—.—..._-—.—.—.—.—.—.—.—.—.—..__—.—..l.—.—.—.—.—.—.—..__—.—.—.—.—.—.—.—.—.—.._-—.—.—.—.1.1¥r
1 L]
.-...-“ f - o
.._..._.“ ' ] ]
ol
~
”
5
5
4

e e e

xx“*-n.*mm@.

b
. b
Ve
- "
-l“-‘.‘.nltt\l‘““.“ll\\‘

il

T n"
b

. .

l.l.lf.l.l.l.l.l.I.l.l.l.l.l.l.l.l.l.l._‘l.‘l. I::-.“:

T T

mmﬂn R R T e P T R e Rl -
"
- :
-~ F
.-.l L]
% L
“ %
7 :
: ;
A .
.-.I r
-~ "
-~ A
” ’
- "
i :
m :
.._.l d
prl o ’.
e iy -
.-.I 4 ...__l
.Il A ’ “u
5w, &
Ay
v

L

}I
ETARRRR

-
-

PN

r
Frr AP FrPFrEFRF”

1111111 F

2,

o [T
LI B B B B

.
Ly

'

-Hl

r

‘e rrrrend
"m
r

g
oy

o T e e e T T T T

o T N e b b e N N N b e N A I

r
r
r
ql
ql
l-l
-

P R R R N N N S R R R R R R R F .ﬂT.-LILi.-L-.-.-L.-I.ni.-1.-1.-1.-1.-1.-1.-.-LL.-.L-L-.-I.-I.-ILI...-...-.-1.-1.:-.:-..1..1.-1.-1..1..1...-..1.-1..-..-“.\

a
o
-
-
-
a
-
o
o
a
a
a
o
o
o
-
-
-
-
-
a
a
a
o
o
o
a
a
-
-
-

1.‘. o
] ¢
o ¢
2 ;
i ;
u /
- ’
ﬁ‘ﬂ» ALY u_
h.-_ Foa “ “
Wb ’
" ¢
r
r
’
LI 1-l-_. .“1-.“-..!!11!...‘...._._ . 1“.h_ d
IO
t-_..l..-..
39

I I Il EEEEEEENE NI I EEEEEEEE NN NN EEEEEEEE RN R RN Jdgdddad4add i dd i EEEEEEESR
1111111111111111111111111111111111111111111 FFEFEEFE -11FFFEFFEF

B e e T R T B e e e e e e e e b o e o b e e o o o o e T T T ot o o P B o o B B o o P o e B Bt o o Bt i B e

r"l&!
o

FIG



US 9,271,361 B2

Sheet 3 of 3

Feb. 23, 2016

U.S. Patent

i

|~

- R T | R

%

aAr

L

aAr
aAr
aAr
ml
L 1
L, 14
aAr

+ F - r r
1
\H\\\\\\\.ﬁh\hﬂﬁ%ﬂ\\t‘“ Fry oy ﬁ\\\iﬁﬂuﬁhﬂ.
Ll . - -
- [} ol

8

= 3

yr [

Hr

g Oy

o O
lq_“-..lh—l .“.l“‘rp

[ ]
-,
[}
1.“._....1
ﬁI..._E__. 1."
1-
..l‘ .# ] m"
Tire,, i
T, :
‘-
“
L -
i o
ol
'y 'y
e %
m .i‘“‘lrl AR R A RN RS
' ’ .
e = . "
ey . W g, spmed :
- %HHHUWMM\M&HHHH R . n”m_m
A rr .
. - ) '
; ., .
""-“" “ -.1?‘ R o o Fa e "
nﬁ- “n.. ook .iqt* H“LI!I.W m
._.- m 5 1
L : “i g :
uH . A" e :
A < ks |
.____._._.__.“ [ R .
2 Z =+ :
X Pk o .
“. “_ i * i
o "t "
. m A + g '
; i a2
. y \w.
7 o
2 = s
: e
’ v
: 7
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++ y
: =
1 o
: /
A v
% 7
» H..... .-.Im n
’ | ” %
. % .
“ ™ s ) m !
”

7

QFd

T
N

e
!
N
"

o
v
v
“ rFrFFIrry FFEFFFa s
o
.
A
m&%-..hlhlh-...l..l.h-hlhlhlhnh-l..l.h-h..ﬂhi P e e e e e e ' "
v
d ! 4 k
W, _
ook m P
w y - it
-4 - :...1.
“- A ] £ n -‘1

T e e 'q:?k‘;‘q‘q\‘h‘h‘u‘h'h‘q‘qh‘h‘uﬂ‘q'ﬂq‘h‘q\‘ﬂ;

7 :
—

u\u\ﬁ\uﬂ\n\m@
L -“

HL_..\.\.‘.H.__.-__. '

L
LY

SERERET &

.
-

o T T e
.Il:.*ll‘l' .

3 '

o]
o

¥4
i

\\\\\\\\\\\\\\\\\\\\\\\\
iiiiiiiiiiiiiiiiiiiiiiiiiiii

e A
h-_-“ll_...
!w-l.—.

R,

3o

r
3

i

o
S

"1

st

Fliz 4



US 9,271,361 B2

1

BACKLIGHT DRIVING CIRCUIT, LCD
DEVICE, AND METHOD FOR DRIVING THE
BACKLIGHT DRIVING CIRCUIT

TECHNICAL FIELD

The present disclosure relates to the field of liquid crystal
displays (LCDs), and more particularly to a backlight driving
circuit, an LCD device, and a method for driving the backlight
driving circuit.

BACKGROUND

A liquid crystal display (LCD) device includes an LCD
panel and a backlight unmit. A typical backlight unit uses a light
emitting diode (LED) lightbar as light source and uses an
LED backlight driving circuit to drive the LED lightbar to
display. As shown 1n FIG. 1, the typical LED backlight driv-
ing circuit includes an LED lightbar 20, a power supply 10
driving the LED lightbar 20 to display, and a constant current
driving chip 30 controlling the power supply 10 and the LED
lightbar 20. The constant current driving chip 30 includes an
adjusting umt 32 that adjusts brightness of the LED lightbar
20. An input end of the adjusting unit 32 1s connected with a
cathode of the LED lightbar, and an output end of the adjust-
ing unit 32 1s coupled to a ground terminal of the LED back-
light driving circuit through a resistor.

When any one of LED lamps of the LED lightbar 20
short-circuits, temperature of the constant current driving
chip 30 increases, thus the atfecting stability of an entire LED
backlight drlvmg circuit.

SUMMARY

The aim of the present disclosure 1s to provide a backlight
driving circuit, a liquid crystal display (LCD) device, and a
method for driving the backlight driving circuit capable of
reducing power loss of a constant current driving chip and
improving stability of an entire backlight driving circuit after
any one ol LED lamps of the LED lightbar short-circuits.

The aim of the present disclosure 1s achieved by the fol-
lowing method.

A backlight driving circuit comprises a light emitting diode
(LED) lightbar, a power supply driving the LED lightbar, a
constant current driving chip controlling the power supply
and the LED lightbar, and a control unit monitoring a voltage
of a cathode of the LED lightbar. The constant current driving
chip comprises a main control unit that drives the power
supply, and an adjusting unit that adjusts brightness of the
LED lightbar. An input end of the adjusting unit is coupled to
the cathode of the LED lightbar, and an output end of the
adjusting unit 1s coupled to a load unit, a resistance value of
the load unit 1s adjusted.

When the voltage of the cathode of the LED lightbar 1s
greater than or equal to a preset threshold, the control unit
controls the load unit to reduce the resistance value of the load
unit.

Furthermore, the load unit comprises N resistors connected
in parallel, and (N-1) resistors are connected with the con-
trollable switches in series; when the voltage of the cathode of
the LED lightbars 1s greater than or equal to the preset thresh-
old, the control unit controls at least one controllable switch
to turn on. N 1s a natural number that 1s greater than or equal
to 2. This 1s specific circuit of the load unit using a plurality of
resistors connected 1n parallel, and each of the resistors 1s
controlled by the controllable switch. As a number of the
controllable switch being on 1increases, the resistance value of
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the load unit reduces. Thus, when the voltage of the cathode
of the LED lightbar 1s greater than or equal to the preset
threshold, the control unit controls at least one controllable
switch to turn on, which reduces the resistance value of the
load unat.

Furthermore, the load unit comprises a first resistor and a
second resistor that are connected in parallel. The second
resistor 1s connected with a first controllable switch 1n series.
When the voltage of the cathode of the LED lightbar 1s greater
than or equal to the preset threshold, the control unit controls
the first controllable switch to turn on. This 1s a method of
using two connected-in-parallel resistors, where only one
controllable switch needs to be controlled, and the control
method 1s easy, development difficulty and hardware cost are
reduced.

Furthermore, the control unit comprises a first comparator
and a monitor unit. A first reference voltage 1s input to a first
input end of the first comparator, a second input end of the first
comparator 1s coupled to the cathode of the LED lightbar, and
an output end of the first comparator 1s coupled to the monitor
unit. When the voltage of the cathode of the LED lightbar 1s
greater than or equal to the first reference voltage, the first
comparator outputs a reserved voltage, and the monitor unit
controls the load unit to reduce the resistance value ot the load
unmit. The first reference voltage 1s less than or equal to the
preset threshold. The first comparator quickly determines
whether the voltage of the cathode of the LED lightbar
exceeds the preset threshold. When the voltage of the cathode
of the LED lightbar exceeds the preset threshold, the first
comparator outputs the reserved voltage, namely the first
comparator outputs a low level signal at first, when the volt-
age of the cathode of the LED lightbar exceeds the preset
threshold, the first comparator outputs a high level signal.
Thus, according to change of the output voltage of the first
comparator, the monitor unit may determine whether the
LED lamp 1s short-circuited, and further controls the load unit
to reduce the resistance value of the load unat.

Furthermore, the monitor unit comprises an adjusting
assembly that adjusts a duty cycle of a pulse-width modula-
tion (PWM) dimming signal. The adjusting assembly 1s
coupled to the adjusting umt. When the voltage of the cathode
of the LED lightbars 1s greater than or equal to the preset
threshold, the adjusting assembly reduces the duty cycle of
the PWM dimming signal. When the resistance value of the
load unit reduces, current flowing through the LED lightbar
increases, and brightness of the LED lightbar increases. In
order to make brightness of the LED lightbar that 1s short-
circuited be consistent with brightness of the LED lightbars
that are not short-circuited, the adjusting assembly of the
monitor unit outputs a PWM dimming signal having a small
duty cycle to the adjusting unit of the constant current driving
chip, which allows current of the LED lightbar that 1s short-
circuited to be consistent with current of the LED lightbars
that are not short-circuited.

Furthermore, the adjusting unit comprises a second con-
trollable switch and a second comparator coupled to the sec-
ond controllable switch. The second controllable switch 1s
connected 1n series between the cathode of the LED lightbar
and the load unit. An output end of the adjusting assembly 1s
coupled to a control end of the second controllable switch.
This 1s a specific circuit of the adjusting unit using the second
controllable switch to control effective current of the LED
lightbar.

Furthermore, the load unit comprises a first resistor and a
second resistor that are connected 1n parallel, where the sec-
ond resistor 1s connected with a first controllable switch 1n
series.
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The control unit comprises a first comparator and a monitor
unit. A first reference voltage 1s input to a first input end of the
first comparator, a second input end of the first comparator 1s
coupled to the cathode of the LED lightbar, and an output end
of the first comparator 1s coupled to the monitor unit. The first 5
reference voltage 1s less than or equal to the preset threshold.

The monitor unit comprises an adjusting assembly that
adjusts a duty cycle of a pulse-width modulation (PWM)
dimming signal. The adjusting assembly 1s coupled to the
adjusting unit. The adjusting unit comprises a second control- 10
lable switch and a second comparator coupled to the second
controllable switch. The second controllable switch 1s con-
nected 1n series between the cathode of the LED lightbar and
the load umt. An output end of the adjusting assembly 1s
coupled to a control end of the second controllable switch. 15

When the voltage of the cathode of the LED lightbars 1s
greater than or equal to the first reference voltage, the first
comparator outputs a reserved voltage, and the control unit
controls the first controllable switch to turn on, and simulta-
neously, the adjusting assembly reduces the duty cycle of the 20
PWM dimming signal.

The load unit uses two connected-in-parallel resistors, first
controllable switch 1s used to control the second resistor.
When the voltage of the cathode of the LED lightbar 1s greater
than or equal to the preset threshold, the control unit controls 25
the first controllable switch to turn on, and current flows
through the second resistor. Thus, the resistance value of the
load unit 1s equal to the resistance value of two connected-1in-
parallel resistors, which 1s less than the first resistor (the first
resistor 1s equal to the resistance value of the load umit when 30
the first controllable switch turns off). The present disclosure
uses a method of using two connected-in-parallel resistors,
and only needs to control one controllable switch, thus the
control method 1s easy, development difficulty and hardware
cost are reduced. 35

The first comparator quickly determines whether the volt-
age of the cathode of the LED lightbar exceeds the preset
threshold. When the voltage of the cathode of the LED light-
bar exceeds the preset threshold, the first comparator outputs
the reserved voltage, namely the first comparator outputs a 40
low level signal at first, when the voltage of the cathode of the
LED lightbar exceeds the preset threshold, the first compara-
tor outputs a high level signal. Thus, according to change of
the output voltage of the first comparator, the monitor unit
may determine whether the LED lamp 1s short-circuited, and 45
turther controls the load unit to reduce the resistance value of
the load unait.

When the resistance value of the load unit reduces, current
flowing through the LED lightbar increases and brightness of
the LED lightbar increases. In order to make brightness of the 50
LED lightbar that i1s short-circuited to be consistent with
brightness of the LED lightbars that are not short-circuited,
the adjusting assembly of the monitor unit outputs a PWM
dimming signal having a small duty cycle to the adjusting unit
of the constant current driving chip, which allows current 55
flowing through the LED lightbar that 1s short-circuited to be
consistent with current of the LED lightbars that are not
short-circuited.

A light crystal display (LCD) device comprises a backlight
driving circuit of the present disclosure. 60

A method for driving a backlight driving circuit. The back-
light driving circuit comprises an LED lightbar, a power
supply driving the LED lightbar, and a constant current driv-
ing chip controlling the power supply and the LED lightbar.
The constant current driving chip comprises a main control 65
unit that drives the power supply, and an adjusting unit that
adjusts brightness of the LED lightbar, an 1mnput end of the

4

adjusting unit 1s coupled to a cathode of the LED lightbar, and
an output end of the adjusting unit 1s coupled to a load unit, a
resistance value of the load unit 1s adjusted. The method
COmprises:

A: setting a preset threshold; and

B: monitoring a voltage of the cathode of the LED lightbar;
if the voltage of the cathode of the LED lightbar 1s greater than
or equal to the preset threshold, reducing the resistance value
of the load umit. If the voltage of the cathode of the LED
lightbar 1s less than the preset threshold, maintaining the
resistance value of the load unait.

Furthermore, the step B comprises: when reducing the
resistance value of the load unit, reducing a duty cycle of a
driving signal of the adjusting unit, which allows effective
current flowing through the LED lightbar that 1s short-cir-
cuited to be consistent with current flowing through the LED
lightbars that are not short-circuited. When the resistance
value of the load unit reduces, current flowing through the
LED lightbar increases, and brightness of the LED lightbar
increases. In order to make brightness of the LED lightbar
that 1s short-circuited be consistent with brightness of the
LED lightbars that are not short-circuited, the adjusting
assembly of the monitor unit outputs a PWM dimming signal
having a small duty cycle to the adjusting unit of the constant
current driving chip, which allows current of the LED lightbar
that 1s short-circuited to be consistent with current of the LED
lightbars that are not short-circuited.

It should be understood that current 1s determined by a
reference voltage V input to the adjusting unit and a resistance
value R of aresistor connected in series between the adjusting
unit and the ground terminal of the backlight driving circuat.
An equation of current flowing through the LED lightbar is:
I=V1/R (V1isthe voltage ol the cathode of the LED lightbar).
The adjusting unit controls the duty cycle of the current of the
LED lightbar to adjust backlight brightness of the LED light-
bar. A voltage Vo outputted by the power supply 1s relative to
the current tlowing through the LED lightbar, when the cur-
rent flowing through the LED lightbar 1s great, the voltage Vo
driving the LED lightbars 1s corresponding great. An equation
of the voltage Vo 1s: Vo=Vin/(1-D), where Vin 1s an input
voltage of the power supply, and D 1s a duty cycle of the power
supply.

When any one LED lamps of the LED lightbar short-
circuits, a redundant voltage of the cathode of the LED light-
bar (about 6 V) 1s input to the adjusting unit, which results in
increasing temperature of the constant current driving chip,
thereby affecting stability of an entire backlight driving cir-
cuit. The present disclosure uses the control unit and the load
unit, when one or more LED lamps of the LED lightbar
short-circuit, the voltage of the cathode of the LED lightbar
increases. Thus, the voltage of the cathode of the LED light-
bar 1s regarded as the preset threshold when one or more LED
lamps of the LED lightbars short-circuit. When the control
umt monitors that the voltage of the cathode of the LED
lightbar 1s greater than or equal to the preset threshold, the
control unit controls the load unit to reduce the resistance
value of the load unit. According to the equation of I=V1/R, as
the resistance value of the load unit reduces, the current
flowing through the LED lightbar increases, the redundant
voltage 1s umiformly assigned to remaining LED lamps that
are not short-circuited, and the voltage of the cathode of the
LED lightbar reduces, thus correspondingly reducing voltage
of the adjusting unit and temperature of the constant current
driving chip. Therefore, the present disclosure reduces power
loss of the constant current driving chip and improves stabil-
ity of the entire backlight driving circuit when the LED lamp
short-circuits.
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BRIEF DESCRIPTION OF FIGURES

FI1G. 1 1s a schematic diagram of a typical backlight driving
circuit;

FI1G. 2 1s a schematic diagram of a backlight driving circuit
of a first example of the present disclosure;

FIG. 3 1s a schematic diagram of a backlight driving circuit
of a second example of the present disclosure; and

FIG. 4 1s a flowchart of a method for driving a backlight
driving circuit of a third example of the present disclosure.

DETAILED DESCRIPTION

The present disclosure provides a liquid crystal display
(LCD) device comprising an LCD panel and a backlight unit.
The backlight unit comprises a backlight driving circuit. The
backlight driving circuit comprises a light emitting diode
(LED) lightbar, a power supply driving the LED lightbar to
display, and a constant current driving chip controlling the
power supply and the LED lightbar. The constant current
driving chip comprises a main control unit that drives the
power supply, and an adjusting unit that adjusts brightness of
the LED lightbar. An input end of the adjusting unit 1s coupled
to a cathode of the LED lightbar, and an output end of the
adjusting unit 1s coupled to a load unit, where a resistance
value of the load unit can be adjusted. The backlight driving,

circuit further comprises a control unit that monitors voltage
of the cathode of the LED lightbar.

When the voltage of the cathode of the LED lightbar 1s
greater than or equal to a preset threshold, the control unit
controls the load unit to reduce a resistance value of the load
unit.

It should be understood that current 1s determined by a
reference voltage V input to the adjusting unit and a resistance
value R of a resistor connected in series between the adjusting,
unit and a ground terminal of the backlight driving circuit. An
equation ol current tlowing through the LED lightbar 1s:
I=V1/R (V1 1sthe voltage of the cathode of the LED lightbar).
The adjusting umit adjusts backlight brightness of the LED
lightbar by controlling a duty cycle of the current flowing
through the LED lightbar. A voltage Vo outputted by the
power supply 1s relative to the current flowing through the
LED lightbar, when the current flowing through the LED
lightbar 1s great, the voltage Vo driving the LED lightbar 1s
corresponding great. An equation of the voltage Vo 1s:
Vo=Vin/(1-D), where Vin 1s an mput voltage of the power
supply, and D 1s a duty cycle of the power supply.

When any one of LED lamps of the LED lightbar short-
circuits, a redundant voltage of the cathode of the LED light-
bar (about 6 V) 1s input to the adjusting umt, which results in
increasing temperature of the constant current driving chip,
thereby affecting stability of an entire backlight driving cir-
cuit. The present disclosure uses the control unit and the load
unit, when one or more LED lamps of the LED lightbar
short-circuit, the voltage of the cathode of the LED lightbar
increases. Thus the voltage of the cathode of the LED lightbar
1s regard as a preset threshold when one or more LED lamps
of the LED lightbar short-circuit. When the control unit moni-
tors that the voltage of the cathode of the LED lightbar 1s
greater than or equal to the preset threshold, the control unit
controls the load unit to reduce the resistance value of the load
unit. According to the equation of I=V1/R, as the resistance
value of the load unit reduces, the current tlowing through the
LED lightbar increases, the redundant voltage 1s uniformly
assigned to remaining LED lamps that are not short-circuited,
and the voltage of the cathode of the LED lightbar reduces,
thus correspondingly reducing voltage of the adjusting unit
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and temperature of the constant current driving chip. There-
fore, the present disclosure reduces power loss of the constant
current driving chip and improves stability of the entire back-
light driving circuit when the LED lamp short-circuits.

The present disclosure 1s further described in detail 1n
accordance with the figures and the exemplary examples.

Example 1

As shown 1n FIG. 2, a backlight driving circuit 1 of a first
example comprises a light emitting diode (LED) lightbar 20,
a power supply 10 driving the LED lightbar 20, and a constant
current driving chip 30 controlling the power supply 10 and
the LED lightbar 20. The constant current driving chip 30

comprises a main control unit 31 that drives the power supply,
and an adjusting unit 32 that adjusts brightness of the LED
lightbars 20. An mput end of the adjusting unit 32 1s coupled
to a cathode of the LED lightbar 20, and an output end of the
adjusting unit 32 1s coupled to a load unit 40, a resistance
value of the load unit 40 can be adjusted. The backlight
driving circuit 1 further comprises a control unit 50 that
monitors a voltage of the cathode of the LED lightbar. A
plurality of the LED lightbars 20 are shown 1n FIG. 2. When
the plurality of the LED lightbars 20 are arranged in the
backlight driving circuit, a plurality of load units 40 and a
plurality of control units 50 are correspondingly arranged in
the backlight driving circuit and are used to control the plu-
rality of LED lightbars 20; the first example only takes one
LED lightbar, the load unit 40, and the control unit 50 for
example to further describe the present disclosure, where the

load unit 40 and the control unit 50 correspond to the one LED

lightbar. It should be understood that each of the LED light-
bars 20 corresponds to one load unit 40 and one control unit
50, structures of all units are same, and structures of all
control units are same.

The load umit 40 comprises a first resistor R1 and a second
resistor R2 that are connected 1n parallel. The second resistor
R2 1s connected with a first controllable switch Q1 in series.
The control unit 50 comprises a first comparator OP1 and a
monitor unit 51. The monitor unit 51 uses a microcontroller
(MCU) or other control chips. A first reference voltage VF1 1s
input to a first mput end of the first comparator OP1, a second
input end of the first comparator OP1 1s coupled to the cath-
ode of the LED lightbar 20, and an output end of the first
comparator OP1 1s coupled to the monitor unit 51. When the
voltage of the cathode of the LED lightbar 20 1s greater than
or equal to the first reference voltage VF1, the first comparator
OP1 outputs a reserved voltage, the monitor unit 51 controls
the first controllable switch Q1 to turn on. The first reference
voltage VF1 is less than or equal to the preset threshold, the
first reference voltage VF1 uses common voltage in the back-
light driving circuit, such as 5V, 12V, and the like.

The load unit 40 uses two connected-in-parallel resistors,
and the first controllable switch Q1 1s used to control the
second resistor R2. When the voltage of the cathode of the
LED lightbar 20 1s greater than or equal to the preset threshold
(the first reference voltage VF1), the monitor unit 31 of the
control unit 50 controls the first controllable switch Q1 to turn
on, and current flows through the second resistor R2. Thus,
the resistance value of the load unit 40 1s equal to the resis-
tance value of two connected-in-parallel resistors, which 1s
less than the first resistor R1 (R1 1s equal to the resistance
value of the load unit 40 when the first controllable switch Q1
turns oil).

The first comparator OP1 quickly determines whether the
voltage of the cathode of the LED lightbar exceeds the preset
threshold. When the voltage of the cathode of the LED light-
bar exceeds the preset threshold, the first comparator OP1
outputs the reserved voltage, namely the first comparator OP1
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outputs a low level signal (logic 0) at first, when the voltage of
the cathode of the LED lightbar exceeds the preset threshold,
the first comparator OP1 outputs a high level signal (logic 1).
Thus, according to change of the output voltage of the first
comparator OP1, the monitor unit 51 may determine whether
the LED lamp 1s short-circuited, and further controls the load
unit to reduce the resistance value of the load unit.

The present disclosure uses a method of using two con-
nected-in-parallel resistors, and only one controllable switch
needs to be controlled, thus the control method 1s easy, devel-
opment difficulty and hardware cost are reduced. The present
disclosure should not be limited to use two connected-in-
parallel resistors and may further use a plurality of resistors
connected 1n parallel. Namely the load unit 40 comprises N
resistors connected 1n parallel, where (IN-1) resistors are con-
nected with the controllable switches 1n series, when the
voltage of the cathode of the LED lightbar exceeds the preset
threshold, as long as at least one controllable switch turns on,
the resistance value of the load unit can be reduced. Thus, as
a number of the controllable switch being on increases, the
resistance value of the load unit reduces, where N 1s a natural
number that 1s greater than or equal to 2.

Example 2

As shown 1n FIG. 3, a backlight driving circuit 1 of a
second example comprises an LED lightbar 20, a power sup-
ply 10 driving the LED lightbar 20, and a constant current
driving chip 30 controlling the power supply 10 and the LED
lightbar 20. The constant current driving chip 30 comprises a
main control unit 31 that drives the power supply, and an
adjusting unit 32 that adjusts brightness of the LED lightbars
20. An input end of the adjusting unit 32 1s coupled to a
cathode of the LED lightbar 20, and an output end of the
adjusting unit 32 1s coupled to a load umt 40, where a resis-
tance value of the load unit 40 can be adjusted. The backlight
driving circuit 1 further comprises a control unit 50 that
monitors a voltage of the cathode of the LED lightbar. A
plurality of the LED lightbars 20 are shown 1n FIG. 3. When
the plurality of the LED lightbars 20 are arranged in the
backlight driving circuit, a plurality of load units 40 and a
plurality of control units 50 are correspondingly arranged in
the backlight driving circuit and are used to control the plu-
rality of LED lightbars 20. The second example only takes
one LED lightbar, the load unit 40, and the control unit 50 for
example to further describe the present disclosure, where the
load unit 40 and the control unit 50 correspond to the one LED
lightbar. It should be understood that each of the LED light-
bars 20 corresponds to one load unit 40 and one control unit
50, structures of all load units are same, and structures of all
control units are same.

The load unit 40 comprises the first resistor R1 and the
second resistor R2 that are connected 1n parallel. The second
resistor R2 1s connected with a first controllable switch Q1 in
Series.

The control unit 50 comprises a first comparator OP1 and
a monitor unit 51. The monitor unmit 51 uses a microcontroller
(MCU) or other control chips. A first reference voltage VF1 1s
input to a first input end of the first comparator OP1, a second
input end of the first comparator OP1 1s coupled to the cath-
ode of the LED lightbar 20, and an output end of the first
comparator OP1 1s coupled to the monitor unit 51. The first
reference voltage VF1 1s less than or equal to the preset
threshold, the first reference voltage VF1 uses common volt-
age 1n the backlight driving circuit, such as 5V, 12V, and the
like.

The monitor unit 51 comprises an adjusting assembly 52
which adjusts a duty cycle of a pulse-width modulation
(PWM) dimming signal. The adjusting assembly 52 1s
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coupled to the adjusting unit 32. The adjusting unit 32 com-
prises a second controllable switch Q2 and a second com-
parator OP2 coupled to the second controllable switch Q2. A
second reference voltage V2 1s input to a non-inverting input
end of the second comparator OP2, and an inverting input end
of the second comparator OP2 1s coupled to an output end of
the second controllable switch Q2.

The second controllable switch Q2 1s connected 1n series
between the cathode of the LED lightbar 20 and the load unit
40. An output end of the adjusting assembly 52 1s coupled to
a control end of the second controllable switch Q2.

When the voltage of the cathode of the LED lightbar 20 1s
greater than or equal to the first reference voltage VF1, the
first comparator OP1 outputs a reserved voltage. The monitor
unmt 31 controls the first controllable switch Q1 to turn on, 1n
the meantime, the adjusting assembly 352 reduces the duty
cycle of PWM dimming signal outputted by the adjusting
assembly, which allows effective current tflowing through the
LED lightbar 20 that 1s short-circuited to be consistent with
current flowing through the LED lightbars that are not short-
circuited.

The load unit 40 uses two connected-1n-parallel resistors,
and the first controllable switch Q1 1s used to control the
second resistor R2. When the voltage of the cathode of the
LED lightbar 20 1s greater than or equal to the preset thresh-
old, the control unit 50 controls the first controllable switch
Q1 to turn on, and current flows through the second resistor
R2. Thus, the resistance value of the load unit 40 1s equal to
the resistance value of two connected-in-parallel resistors,
which 1s less than the first resistor R1 (R1 1s equal to the
resistance value of the load unit 40 when the first controllable
switch Q1 turns ofl). The present disclosure uses a method of
using two connected-in-parallel resistors, and only needs to
control one controllable switch, thus the control method 1s
casy, development difficulty and hardware cost are reduced.

The first comparator OP1 quickly determines whether the
voltage of the cathode of the LED lightbar exceeds the preset
threshold. When the voltage of the cathode of the LED light-
bar exceeds the preset threshold, the first comparator OP1
outputs the reserved voltage, namely the first comparator OP1
outputs a low level signal (logic 0) at first, when the voltage of
the cathode of the LED lightbar exceeds the preset threshold,
the first comparator OP1 outputs a high level signal (logic 1).
Thus, according to change of the output voltage of the first
comparator OP1, the monitor unit 51 may determine whether
the LED lamp 1s short-circuited, further controls the load unit
to reduce the resistance value of the load unait.

When the resistance value of the load unit reduces, current
flowing through the LED lightbar increases, the brightness of
the LED lightbar increases. In order to make brightness of the
LED lightbar 20 that 1s short-circuited be consistent with
brightness of the LED lightbars that are not short-circuited,
the adjusting assembly 52 of the monitor unit 51 outputs a
PWM dimming signal having a small duty cycle to the adjust-
ing unit 32 of the constant current driving chip 30, which
allows current flowing through the LED lightbar 20 that 1s
short-circuited to be consistent with current flowing through
the LED lightbars that are not short-circuited.

The present disclosure uses a method of using two con-
nected-in-parallel resistors, only needs to control one control-
lable switch, thus the control method i1s easy, development
difficulty and hardware cost are reduced. The present disclo-
sure should not be limited to use two connected-in-parallel
resistors and may use a plurality of resistors connected in
parallel. Namely the load unmit 40 comprises N resistors con-
nected in parallel, where (N-1) resistors are connected with
the controllable switch 1n series, when the voltage of the
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cathode of the LED lightbar 1s greater than or equal to the
preset threshold, as long as at least one controllable switch
turns on, the resistance value of the load unit can be reduced.
Thus, as a number of the controllable switch being on
increases, the resistance value of the load unit reduces, where
N 1s a natural number that 1s greater than or equal to 2.

Example 3

As shown 1n FIG. 4, the present disclosure provides a
method for driving a backlight driving circuit, the backlight
driving circuit comprises an LED lightbar, a power supply
driving the LED lightbar, and a constant current driving chip
controlling the power supply and the LED lightbar. The con-
stant current driving chip comprises a main control unit that
drives the power supply, and an adjusting unit that adjusts
brightness of the LED lightbar. An input end of the adjusting
unit 1s coupled to a cathode of the LED lightbar, and an output
end of the adjusting unit 1s coupled to a load unit, where a
resistance value of the load unit can be adjusted. The method
COmMprises:

A: setting a preset threshold; and

B: monitoring a voltage of the cathode of the LED lightbar;
if the voltage of the cathode of the LED lightbar 1s greater than
or equal to the preset threshold, reducing the resistance value
of the load umit. If the voltage of the cathode of the LED
lightbar 1s less than the preset threshold, maintaining the
resistance value of the load unait.

When the resistance value of the load unit reduces, current
flowing through the LED lightbar increases, and brightness of
the LED lightbar increases. In order to ensure brightness of
the LED lightbar 20 that 1s short-circuited be consistent with

rightness of the LED lightbars that are not short-circuited,
the step B comprises: when reducing the resistance value of
the load unit, reducing a duty cycle of a driving signal of the
adjusting unit, which allows effective current flowing through
the LED lightbar 20 that 1s short-circuited to be consistent
with current flowing through the LED lightbars that are not
short-circuited.

The controllable switch of the present disclosure uses
semiconductor switch device such as a metal-oxide-semicon-
ductor field-effect transistor IMOSFET). The present disclo-
sure 1s described 1n detail in accordance with the above con-
tents with the specific exemplary examples. However, this
present disclosure 1s not limited to the specific examples. For
the ordinary technical personnel of the technical field of the
present disclosure, on the premise of keeping the conception
of the present disclosure, the technical personnel can also
make simple deductions or replacements, and all of which

should be considered to belong to the protection scope of the
present disclosure.

We claim:

1. A backlight driving circuit, comprising:

a light emitting diode (LED) lightbar,

a power supply driving the LED lightbar;

a constant current driving chip controlling the power sup-
ply and the LED lightbar; and

a control unit monitoring voltage of a cathode of the LED
lightbar;

wherein the constant current driving chip comprises a main
control unit that drives the power supply, and an adjust-
ing umt that adjusts brightness of the LED lightbar; an
input end of the adjusting unit 1s coupled to the cathode
of the LED lightbar, and an output end of the adjusting
unit 1s coupled to a load unit, a resistance value of the
load unit 1s adjustable;
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when the voltage of the cathode of the LED lightbar 1s
greater than or equal to a preset threshold, the control
unit controls the load unit to reduce the resistance value
of the load unit.

2. The backlight driving circuit of claim 1, wherein the
control unit comprises a first comparator and a monitor unit;
a {irst reference voltage 1s mnput to a first input end of the first
comparator, a second iput end of the first comparator 1s
coupled to the cathode of the LED lightbar, and an output end
of the first comparator 1s coupled to the monitor unit;

when the voltage of the cathode of the LED lightbar 1s

greater than or equal to a preset threshold, the first com-
parator outputs a reserved voltage, and the monitor unit
controls the load unit to reduce the resistance value of
the load unit; the first reference voltage 1s less than or
equal to the preset threshold.

3. The backlight driving circuit of claim 2, wherein the
monitor unit comprises an adjusting assembly that adjusts a
duty cycle of a pulse-width modulation (PWM) dimming
signal, and the adjusting assembly 1s coupled to the adjusting
unit; when the voltage of the cathode of the LED lightbar 1s
greater than or equal to the preset threshold, the adjusting
assembly reduces the duty cycle of the PWM dimming signal.

4. The backlight driving circuit of claim 3, wherein the
adjusting unit comprises a second controllable switch and a
second comparator coupled to the second controllable switch;
the second controllable switch 1s connected 1n series between
the cathode of the LED lightbar and the load unit; an output
end of the adjusting assembly 1s coupled to a control end of
the second controllable switch.

5. The backlight driving circuit of claim 1, wherein the load
unit comprises N resistors connected in parallel, and (IN-1)
resistors are connected with the controllable switches in
series; when the voltage of the cathode of the LED lightbar 1s
greater than or equal to the preset threshold, the control unit
controls at least one controllable switch to turn on; wherein N
1s a natural number that 1s greater than or equal to 2.

6. The backlight driving circuit of claim 5, wherein the
control unit comprises a first comparator and a monitor unit;
a first reference voltage 1s mput to a first input end of the first
comparator, a second mput end of the first comparator 1s
coupled to the cathode of the LED lightbar, and an output end
of the first comparator 1s coupled to the monitor unait;

when the voltage of the cathode of the LED lightbars 1s

greater than or equal to the preset threshold, the first
comparator outputs a reserved voltage, and the monitor
unit controls the load unit to reduce the resistance value
of the load unit; the first reference voltage 1s less than or
equal to the preset threshold;

wherein the monitor unit comprises an adjusting assembly

that adjusts a duty cycle of a pulse-width modulation
(PWM) dimmuing signal; and the adjusting assembly 1s
coupled to the adjusting unit; when the voltage of the
cathode of the LED lightbar 1s greater than or equal to
the preset threshold, the adjusting assembly reduces the
duty cycle of the PWM dimming signal;

wherein the adjusting unit comprises a second controllable

switch and a second comparator coupled to the second
controllable switch; the second controllable switch 1s
connected 1n series between the cathode of the LED
lightbar and the load unit; an output end of the adjusting
assembly 1s coupled to a control end of the second con-
trollable switch.

7. The backlight driving circuit of claim 1, the load unit
comprises a first resistor and a second resistor that are con-
nected 1n parallel; the second resistor 1s connected with a first
controllable switch in series; when the voltage of the cathode
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of the LED lightbar 1s greater than or equal to the preset
threshold, the control unmit controls the first controllable
switch to turn on.

8. The backlight driving circuit of claim 7, wherein the
control umit comprises a first comparator and a monitor unit;
a first reference voltage 1s mnput to a first input end of the first
comparator, a second input end of the first comparator 1s
coupled to the cathode of the LED lightbar, and an output end
of the first comparator 1s coupled to the momitor unit;

when the voltage of the cathode of the LED lightbar 1s

greater than or equal to the preset threshold, the first
comparator outputs a reserved voltage, and the monitor
unit controls the load unit to reduce the resistance value
of the load unit; the first reference voltage 1s less than or
equal to the preset threshold;

wherein the monitor unit comprises an adjusting assembly

that adjusts a duty cycle of a pulse-width modulation
(PWM) dimming signal, and the adjusting assembly 1s
coupled to the adjusting unit; when the voltage of the
cathode of the LED lightbar 1s greater than or equal to
the preset threshold, the adjusting assembly reduces the
duty cycle of the PWM dimming signal;

wherein the adjusting unit comprises a second controllable

switch and a second comparator coupled to the second
controllable switch; the second controllable switch 1s
connected 1n series between the cathode of the LED
lightbar and the load unit; an output end of the adjusting
assembly 1s coupled to a control end of the second con-
trollable switch.

9. The backlight driving circuit of claim 1, wherein the load
unit comprises a first resistor and a second resistor that are
connected 1n parallel; the second resistor 1s connected with a
first controllable switch 1n series;

wherein the control unit comprises a first comparator and a

monitor unit; a first reference voltage 1s mput to a first
input end of the first comparator, a second input end of
the first comparator 1s coupled to the cathode of the LED
lightbar, and an output end of the first comparator 1s
coupled to the monitor unit; the first reference voltage 1s
less than or equal to the preset threshold;

wherein the monitor unit comprises an adjusting assembly

that adjusts a duty cycle of a pulse-width modulation
(PWM) dimming signal, and the adjusting assembly 1s
coupled to the adjusting unit;

wherein the adjusting unit comprises a second controllable

switch and a second comparator coupled to the second
controllable switch; the second controllable switch 1s
connected 1n series between the cathode of the LED
lightbar and the load unit; an output end of the adjusting
assembly 1s coupled to a control end of the second con-
trollable switch:

when the voltage of the cathode of the LED lightbar 1s

greater than or equal to the first reference voltage, the
first comparator outputs a reserved voltage, the control
unit controls the first controllable switch to turn on, and
simultaneously, the adjusting assembly reduces the duty
cycle of the PWM dimming signal.

10. A light crystal display (LCD) device, comprising:

a backlight driving circuit;

wherein the backlight driving circuit comprises a light

emitting diode (LED) lightbar, a power supply driving

the LED lightbar, a constant current driving chip con-

trolling the power supply and the LED lightbar, and a

control unit monitoring a voltage of a cathode of the
LED lightbar;

wherein constant current driving chip comprises a main

control unit that drives the power supply, and an adjust-
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ing unit that adjusts brightness of the LED lightbar; an
input end of the adjusting unit 1s coupled to the cathode
of the LED lightbar, and an output end of the adjusting
unit 1s coupled to a load unit, a resistance value of the
load unit 1s adjusted;

when the voltage of the cathode of the LED lightbar 1s

greater than or equal to a preset threshold, the control
unit controls the load unit to reduce the resistance value
of the load unit.

11. The LCD device of claim 10, wherein the control unit
comprises a lirst comparator and a monitor unit; a first refer-
ence voltage 1s input to a first input end of the first comparator,
a second mput end of the first comparator 1s coupled to the
cathode of the LED lightbar, and an output end of the first
comparator 1s coupled to the monitor unait;

when the voltage of the cathode of the LED lightbar 1s

greater than or equal to the preset threshold, the first
comparator outputs a reserved voltage, and the monitor
unit controls the load unit to reduce the resistance value
of the load unit; the first reference voltage 1s less than or
equal to the preset threshold.

12. The LCD device of claim 10, wherein the monitor unit
comprises an adjusting assembly that adjusts a duty cycle of
a pulse-width modulation (PWM) dimming signal; and the
adjusting assembly 1s coupled to the adjusting unit; when the
voltage of the cathode of the LED lightbar 1s greater than or
equal to the preset threshold, the adjusting assembly reduces
the duty cycle of the PWM dimming signal.

13. The LCD device of claim 12, wherein the adjusting unit
comprises a second controllable switch and a second com-
parator coupled to the second controllable switch; the second
controllable switch 1s connected 1n series between the cath-
ode of the LED lightbar and the load unit; an output end of the
adjusting assembly 1s coupled to a control end of the second
controllable switch.

14. The LCD device of claim 10, wherein the load unit
comprises N resistors connected 1n parallel, and (N-1) resis-
tors are connected with the controllable switches 1n series;
when the voltage of the cathode of the LED lightbars 1s
greater than or equal to the preset threshold, the control unit

controls at least one controllable switch to turn on; wherein N
1s a natural number that 1s greater than or equal to 2.

15. The LCD device of claim 14, wherein the control unit
comprises a lirst comparator and a monitor unit; a first refer-
ence voltage 1s input to a first input end of the first comparator,
a second mput end of the first comparator 1s coupled to the
cathode of the LED lightbar, and an output end of the first
comparator 1s coupled to the monitor unait;

when the voltage of the cathode of the LED lightbars 1s

greater than or equal to the preset threshold, the first
comparator outputs a reserved voltage, and the monitor
unit controls the load unit to reduce the resistance value
of the load unit; the first reference voltage 1s less than or
equal to the preset threshold;

wherein the monitor unit comprises an adjusting assembly

that adjusts a duty cycle of a pulse-width modulation
(PWM) dimmuing signal; and the adjusting assembly 1s
coupled to the adjusting unit; when the voltage of the
cathode of the LED lightbar 1s greater than or equal to
the preset threshold, the adjusting assembly reduces the
duty cycle of the PWM dimming signal;

wherein the adjusting unit comprises a second controllable

switch and a second comparator coupled to the second
controllable switch; the second controllable switch 1s
connected 1n series between the cathode of the LED
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lightbar and the load unit; an output end of the adjusting
assembly 1s coupled to a control end of the second con-
trollable switch.

16. The LCD device of claim 10, wherein the load unit
comprises a first resistor and a second resistor that are con-
nected 1n parallel; the second resistor 1s connected with a first
controllable switch 1n series; when the voltage of the cathode
of the LED lightbar 1s greater than or equal to the preset
threshold, the control umit controls the first controllable
switch to turn on.

17. The LCD device of claim 16, wherein the control unit
comprises a first comparator and a monitor unit; a first refer-
ence voltage 1s input to a first input end of the first comparator,
a second mput end of the first comparator 1s coupled to the

cathode of the LED lightbar, and an output end of the first
comparator 1s coupled to the monitor unait;

when the voltage of the cathode of the LED lightbar 1s

greater than or equal to the preset threshold, the first
comparator outputs a reserved voltage, and the monitor
unit controls the load unit to reduce the resistance value
of the load unait; the first reference voltage 1s less than or
equal to the preset threshold;

wherein the monitor unit comprises an adjusting assembly

that adjusts a duty cycle of a pulse-width modulation
(PWM) dimming signal, and the adjusting assembly 1s
coupled to the adjusting unit; when the voltage of the
cathode of the LED lightbar 1s greater than or equal to
the preset threshold, the adjusting assembly reduces the
duty cycle of the PWM dimming signal;

wherein the adjusting unit comprises a second controllable

switch and a second comparator coupled to the second
controllable switch; the second controllable switch 1s
connected 1n series between the cathode of the LED
lightbar and the load unit; an output end of the adjusting
assembly 1s coupled to a control end of the second con-
trollable switch.

18. The LCD device of claim 10, wherein the load unit
comprises a first resistor and a second resistor that are con-
nected 1n parallel; the second resistor 1s connected with a first
controllable switch 1n series;

wherein the control unit comprises a first comparator and a

monitor unit; a {irst reference voltage 1s mput to a first
input end of the first comparator, a second iput end of
the first comparator 1s coupled to the cathode of the LED
lightbar, and an output end of the first comparator is
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coupled to the monitor unit; the first reference voltage 1s
less than or equal to the preset threshold;

wherein the monitor unit comprises an adjusting assembly
that adjusts a duty cycle of a pulse-width modulation
(PWM) dimmuing signal, and the adjusting assembly 1s
coupled to the adjusting unit;

wherein the adjusting unit comprises a second controllable
switch and a second comparator coupled to the second
controllable switch; the second controllable switch 1s
connected 1n series between the cathode of the LED

lightbar and the load unit; an output end of the adjusting
assembly 1s coupled to a control end of the second con-
trollable switch;

when the voltage of the cathode of the LED lightbar i1s
greater than or equal to the first reference voltage, the
first comparator outputs a reserved voltage, the control
unit controls the first controllable switch to turn on, and
simultaneously, the adjusting assembly reduces the duty
cycle of the PWM dimming signal.

19. A method for drniving a backlight driving circuit, the
backlight driving circuit comprising a light emitting diode
(LED) lightbar, a power supply driving the LED lightbar, and
a constant current driving chip controlling the power supply
and the LED lightbar; the constant current driving chip com-
prising a main control unit that drives the power supply, and
an adjusting unit that adjusts brightness of the LED lightbar;
an iput end of the adjusting unit being coupled to a cathode
of the LED lightbar, an output end of the adjusting unit being
coupled to a load unit, and a resistance value of the load unit
being adjusted; the method comprising:

A: setting a preset threshold; and

B: monitoring a voltage of the cathode of the LED I1 ghtbar

if the voltage of the cathode of the LED lightbar is
greater than or equal to the preset threshold, reducing the
resistance value of the load unit; 11 the voltage of the
cathode of the LED lightbar 1s less than the preset thresh-
old, maintaiming the resistance value of the load unat.

20. The method for driving the backlight driving circuit of
claim 19, wherein the step B comprises:

when reducing the resistance value of the load unit, reduc-

ing a duty cycle of a driving signal of the adjusting unat,
which allows effective current flowing through the LED
lightbar that 1s short-circuited to be consistent with cur-
rent flowing through the LED lightbars that are not
short-circuited.
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