US009271356B2

a2z United States Patent (10) Patent No.: US 9,271,356 B2
Li 45) Date of Patent: Feb. 23, 2016
(54) BACKLIGHT MODULE AND DRIVING 2009/0322235 Al* 12/2009 Shiuetal. ..oooooorcc.. 315/185 R
CIRCUIT 2011/0080432 Al* 4/2011 Nakazawaetal ........ 345/690
2011/0227503 Al* 9/2011 Yuanetal. ....... ... 315/294
*
(75) TInventor: Ming-Xian Li, Taoyuan County (TW) 2012/0306389 Al* 12/2012 Shteynbergetal. .......... 315/186
(73) Assignee: Chunghwa Picture Tubes, LTD., FOREIGN PATENT DOCUMENTS
Taoyuan (TW) CN 1482591 3/2004
Jp 2005-205761 8/2005
(*) Notice: Subject to any disclaimer, the term of this ™ 1263960 10/2006
patent is extended or adjusted under 35 ™ 201023690 6/2010
U.S.C. 154(b) by 1080 days.
OTHER PUBLICATIONS
(21) Appl. No.: 12/982,801
“Office Action of Taiwan Counterpart Application”, issued on Jul. 10,
(22) Filed: Dec. 30, 2010 2013, p. 1-p. 9, in which the listed references were cited.
(65) Prior Publication Data * cited by examiner
US 2012/0105492 A1l May 3, 2012
(30) Foreign Application Priority Data Primary Examiner — William Boddie
Assistant Examiner — Alecia D English
Nov.2,2010  (TW) cecorieieiiiiieiinieene 99137654 A (74) Attorney, Agent, or Firm — Jianq Chyun IP Office
(51) Imt.ClL
G09IG 5/10 (2006.01) (57) ABSTRACT
HO5B 33/08 (2006.01)
G09G 3/34 (2006.01) A backlight module and a driving circuit are provided. The
(52) US.CL driving circuit includes a plurality of current sources and a
CPC .......... HO5B 33/0827 (2013.01); GO9G 3/3406 current switching unit. The current sources provide a plurality
(2013.01) of driving currents. The current switching unit is coupled
(58) Field of Classification Search between a plurality of light emitting element strings and the
USPC ..o 345/690-691; 315/185 R, 193 current sources for transmitting the driving currents to the
See application file for complete search history. light emitting element strings, and switching the driving cur-
. rents received by the light emitting element strings by timing.
(56) References Cited Therefore, the brightness of the light emitting element strings

U.S. PATENT DOCUMENTS

2007/0222391 Al
2008/0116818 Al*

9/2007 Lee et al.
5/2008 Shteynberg etal. .......... 315/192

Vee

¥’Dﬂ 7Dy
o 2 L3
2 y)
T’Dh SZ’DJn

———————— ———"

can be equalized.

11 Claims, 3 Drawing Sheets

Vee Vee

Current switching unit

il

|
|
|
|
112 Is i
Vv i
D CS3
SW2 SW3

!
B

SWI
e )
PWM L '\I- :
Tl
: R BF L‘115
|

|

|

|

: |

I

! 13

! / I
" v

1| Adjustment

1L it D

“ Cs1 CS2

I

I

I

I

I

i

I

I

|

|

|

|

F~-110




US 9,271,356 B2

Sheet 1 of 3

Feb. 23, 2016

U.S. Patent

|
i
111

Current switching unit

1

110

F~_

1/13
=]
CS1
NG
2
2

Adjustment
unit
-
é

100

FIG. 1



US 9,271,356 B2

Sheet 2 of 3

Feb. 23, 2016

U.S. Patent

_| Fm T T T T T ~ ||||_|__
1R3! L © ]
NIREA 7 ¥

\

N ==
1| 2 g |l
| _ w w __

Rty —

2 o |

| _ (Tp)] w __

= — 1

| —o———A-Efr=D=—===Z2 |

r 1

v 8 e __

R~ =

|\ — RSy

AR S

| |
N— " e - T

L] & = [ |

Ry 5 |

“ | ] 7 _“

| FHH”””HHHH_HH””HHH_.__

_mnl M % |

4l 2 2

= S

| |
- | v v |
| ) _ — __

Ly = o~ (1

| | W W ||

_ 1 -~ e [

| L = |

L o I_

I

L

FIG. 2



US 9,271,356 B2

Sheet 3 of 3

Feb. 23, 2016

U.S. Patent

L2

PR N
_6_ (o)) | [
_%_ = I |
o v o |
R AN _ _
{ | =2} | _
T ! _
- e _ _
BRI |
il 3= _ _
Lo P _
| THHHHHL |
_%_ ey | “
B = _ |
_/_ 0 |
o ! |
| [se) | _
L = | _
_ [ i X
IS |
N -~ _ _
R _
_ | e | |
| _ E===== = _
< M~ |
_%_ B I |
T = _ _
iy 92 _
_ _ ~ T _
_ ]~ _ _
(N _ _
1 s _
I T
| | ~ I |
! I W | |
[ | \ ) |
| . — T
L T __ |

I3

I,

FIG. 3

L3

L2

Co
C2

MX3
C3\

MX2
B3 \ ¢l

BO
B2

B1

MX1

Ad

A0
A2

I3

I,

L

FIG. 4



US 9,271,356 B2

1
BACKLIGHT MODULE AND DRIVING
CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 99137654, filed on Nov. 2, 2010. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND

1. Field of the Invention

The invention relates to a backlight module and a driving
circuit. Particularly, the invention relates to a light emitting
diode backlight module and a driving circuit.

2. Description of Related Art

Since a light emitting diode (LED) has features of small
size, low power consumption and long service life, etc., it is
widely applied in various information products such as
mobile phones, cameras and liquid crystal displays (LCDs),
etc.

Taking the LCD as an example, the LEDs can be used as
backlight sources of the LCD. When the LCD uses the LEDs
as the backlight sources, a large amount of LEDs is required,
so that a brightness of a displayed image may comply with
user’s requirement. Moreover, since the LCD uses a large
amount of the LEDs, driving currents of the LEDs are
increased and a number of driving circuits thereof is
increased. Therefore, according to a design of the LED back-
light source, a plurality of light emitting modules are coupled
in parallel, and each of the light emitting modules includes a
plurality of the LEDs. In this way, the driving currents of the
LEDs can be reduced and the number of the driving circuits of
the LEDs can be reduced.

Accordingly, when a backlight module using the LEDs as
the backlight sources is driven, a plurality of the driving
currents is provided to simultaneously drive a plurality of the
light emitting modules. However, since electrical character-
istics of each device are slightly different, magnitudes of the
driving currents are different. Although the difference of the
driving current can be mitigate through a feedback method,
the driving currents are still slightly different, so that bright-
ness of the light emitting modules cannot be totally the same.

SUMMARY OF THE INVENTION

The invention is directed to a backlight module and a
driving circuit thereof, which can equalize an average current
flowing through each of light emitting element strings, so as
to equalize a brightness of each of the light emitting element
strings.

The invention provides a driving circuit adapted to drive a
plurality of light emitting element strings. The driving circuit
includes a plurality of current sources and a current switching
unit. The current sources respectively provide a plurality of
driving currents. The current switching unit is coupled to the
light emitting element strings and the current sources for
transmitting the driving currents to the light emitting element
strings, and switching the driving currents received by the
light emitting element strings by timing. Time for each of the
light emitting element strings receiving the driving currents is
the same.

The invention provides a backlight module including a
plurality of light emitting element strings and a driving cir-
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cuit. The driving circuit includes a plurality of current sources
and a current switching unit. The current sources respectively
provide a plurality of driving currents. The current switching
unit is coupled to the light emitting element strings and the
current sources for transmitting the driving currents to the
light emitting element strings, and switching the driving cur-
rents received by the light emitting element strings by timing.
Time for each of the light emitting element strings receiving
the driving currents is the same.

In an embodiment of the invention, the current switching
unitincludes a plurality of first switch groups. Each of the first
switch groups includes n first switches and n second switches,
where n is a positive integer. First ends of the first switches are
respectively coupled the corresponding light emitting ele-
ment string. First ends of the second switches are respectively
coupled to second ends of the first switches, and second ends
of the second switches are respectively coupled to the corre-
sponding current source. A second end of an i-th first switch
of'each of the first switch groups is coupled to a second end of
an i-th first switch of the adjacent first switch group, where 1
is a positive integer and 1=i=n. One of the first switches and
one of the second switches are turned on, and the turned on
first switch and the turned on second switch are switched by
timing. In different first switch groups, the turned on first
switch and the turned on second switch correspond to differ-
ent positions.

Inan embodiment of the invention, a switching sequence of
turning on the first switches is inversed to a switching
sequence of turning on the second switches.

In an embodiment of the invention, the current switching
unit includes a plurality of second switch groups. Each of the
second switch groups includes a plurality of third switches.
First ends of the third switches are respectively coupled to the
corresponding light emitting element string, and second ends
of the third switches are respectively coupled to the current
sources. One of the third switches is turned on, and the turned
on third switch is switched by timing. In different second
switch groups, the turned on third switch is coupled to the
different current source.

In an embodiment of the invention, the current switching
unit includes a plurality of multiplexers. Each of the multi-
plexers has a plurality of input terminals and an output termi-
nal. The output terminal of each of the multiplexers is coupled
to the corresponding light emitting element string, and the
input terminals of each of the multiplexers are respectively
coupled to the current sources. Each of the multiplexers
switches the selected current source by timing, and different
multiplexers select different current sources.

In an embodiment of the invention, the backlight module
further includes an adjustment unit, which is coupled to the
light emitting element strings and the current sources for
adjusting the driving currents according to currents of the
light emitting element strings.

In an embodiment of the invention, the backlight module
further includes a plurality of switches and a control unit. The
switches are respectively coupled between the current
sources and a ground voltage. The control unit is coupled to
the switches, and controls conduction states of the switches
according to a pulse width modulation signal, so as to control
the current sources to whether or not provide the driving
currents to the light emitting element strings.

In an embodiment of the invention, the control unit
includes a buffer and a resistor. An input terminal of the buffer
receives the pulse width modulation signal, and an output
terminal of the buffer is coupled to the switches. The resistor
is coupled between the input terminal of the buffer and the
ground voltage.
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In an embodiment of the invention, the light emitting ele-
ment strings are light emitting diode strings.

According to the above descriptions, in the backlight mod-
ule and the driving circuit of the invention, the current switch-
ing unit is used to sequentially switch the driving currents
received by each of the light emitting element strings, so that
the driving currents are alternately transmitted to each of the
light emitting element strings. In this way, an average current
of'each of the light emitting element stings is the same, so that
the light emitting brightness of the light emitting element
strings are similar or the same.

In order to make the aforementioned and other features and
advantages of the invention comprehensible, several exem-
plary embodiments accompanied with figures are described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 is a schematic diagram of a backlight module
according to an embodiment of the invention.

FIG. 2 is a circuit schematic diagram ofthe current switch-
ing unit 111 of FIG. 1 according to an embodiment of the
invention.

FIG. 3 is a circuit schematic diagram ofthe current switch-
ing unit 111 of FIG. 1 according to another embodiment of the
invention.

FIG. 41is circuit schematic diagram of the current switching
unit 111 of FIG. 1 according to still another embodiment of
the invention.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

FIG. 1 is a schematic diagram of a backlight module
according to an embodiment of the invention. Referring to
FIG. 1, in the present embodiment, the backlight module 100
includes a plurality of light emitting element strings (three
light emitting element strings [.1-1.3 are taken as an example)
and a driving circuit 110. In the present embodiment, the light
emitting element string [.1 includes a plurality of light emit-
ting diodes (LEDs) D, ,-D,,, connected in series, the light
emitting element string [.2 includes a plurality of LEDs D, -
D,,, connected in series, and the light emitting element string
L3 includes a plurality of LEDs Dy, -D,,, connected in series,
where n is a positive integer. In FIG. 1, the light emitting
element strings [.1-1.3 are coupled to a system voltage Vce,
though the light emitting element strings [.1-L.3 can also be
coupled to a ground voltage according to different serial
connecting methods of the LEDs, which is not limited by the
invention.

In the present embodiment, the driving circuit 110 at least
includes a current switching unit 111 and a plurality of current
sources (three current sources CS1-CS3 are taken as an
example). The current switching unit 111 is coupled to the
light emitting element strings [.1-1.3 and the current sources
CS1-CS3 for transmitting driving currents I,-I; provided by
the current sources CS1-CS3 to the light emitting element
strings [.1-1.3, and switching the driving currents received by
the light emitting element strings [.1-L.3 by timing. In other
words, if a time interval is equally divided into a plurality of
periods, in a first period, the current switching unit 111 trans-
mits the driving current I, to the light emitting element string
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L1, transmits the driving current I, to the light emitting ele-
ment string .2, and transmits the driving current I to the light
emitting element string 1.3. In a second period, the current
switching unit 111 transmits the driving current I, to the light
emitting element string 1.2, transmits the driving current I, to
the light emitting element string .3, and transmits the driving
current I, to the light emitting element string 1. In a third
period, the current switching unit 111 transmits the driving
current I, to the light emitting element string L3, transmits the
driving current I, to the light emitting element string [.1, and
transmits the driving current 15 to the light emitting element
string [.2. In a fourth period, operation of the current switch-
ing unit 111 is the same to that of the current switching unit
111 in the first period, which is not repeated, and the others
are deduced by analogy.

Accordingly, each of the driving currents I, -1 are respec-
tively transmitted to the light emitting element strings [.1-1.3
in different periods, i.e. the driving currents I,-I; are alter-
nately transmitted to the light emitting element strings [.1-1.3.
Taking the light emitting element string [.1 as an example,
time for the light emitting element string [.1 receiving the
driving currents 1,-1; is the same, so that an average current
thereof is an average of the driving currents I, -1, and average
currents of the light emitting element strings [.2-[.3 are also
the same. Therefore, since the average currents of the light
emitting element strings [.1-[.3 are the same, light emitting
brightness of the light emitting element strings [.1-L.3 are
similar or the same.

Further, the driving circuit 110 further includes an adjust-
ment unit 113, which is coupled to the light emitting element
strings [.1-1.3 and the current sources CS1-CS3. The adjust-
ment unit 113 can measure the currents of the light emitting
element strings [.1-1.3, and adjusts magnitudes of the driving
current [,-1; according to the measured currents. In other
words, assuming the light emitting element strings [.1-1.3 are
setto 20 mA, if the current of the light emitting element string
L1 is greater than 20 mA, the driving current I, is decreased,
and if the current of the light emitting element string L1 is less
than 20 mA, the driving current I, is increased. If the current
of'the light emitting element string [.2 is greater than 20 mA,
the driving current I, is decreased, and if the current of the
light emitting element string 1.2 is less than 20 mA, the
driving current 1, is increased. If the current of the light
emitting element string [.3 is greater than 20 mA, the driving
current 1 is decreased, and if the current of the light emitting
element string .3 is less than 20 mA, the driving current I is
increased.

Moreover, since the driving currents I,-1; are alternately
transmitted to the light emitting element strings [.1-1.3, if the
driving current I, is transmitted to the light emitting element
string L1, the magnitude of the driving current I, can be
adjusted according to the current of the light emitting element
string L1. If the driving current I, is transmitted to the light
emitting element string [.2, the magnitude of the driving
current [, can be adjusted according to the current of the light
emitting element string [.2. If the driving current I, is trans-
mitted to the light emitting element string [.3, the magnitude
of the driving current I, can be adjusted according to the
current of the light emitting element string [.3. Moreover, the
current adjustment method can also be applied to the driving
current I, and I,, though the invention is not limited thereto.

Moreover, the driving circuit 110 may also include a con-
trol unit 115 and a plurality of switches (three switches SW1-
SW3 are taken as an example). In the present embodiment,
the switch SW1 is coupled between the current source CS1
and the ground voltage, the switch SW2 is coupled between
the current source CS2 and the ground voltage, and the switch
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SW3 is coupled to the current source CS3 and the ground
voltage. As shown in FIG. 1, in the present embodiment, the
control unit 115 includes a buffer BF and a resistor R. An
input terminal of the buffer BF receives a pulse width modu-
lation signal PWM, and an output terminal of the buffer BF is
coupled to the switches SW1-SW3. The resistor R is coupled
between the input terminal of the buffer BF and the ground
voltage. According to the above description, the switches
SW1-SW3 are turned on/off in response to a voltage level of
the pulse width modulation signal PWM, so that the control
unit 115 may control the current sources CS1-CS3 to whether
or not provide the driving currents I, -1; to the light emitting
element strings [.1-1.3 according to the pulse width modula-
tion signal PWM.

It should be noticed that the switches SW1-SW3 can be
implemented by devices capable of implementing switching
operations such as transistors, etc., and the buffer BF can be
implemented by an operation amplifier, though the invention
is not limited thereto, and those skilled in the art can change
the design or the applied devices by themselves.

FIG. 2 is a circuit schematic diagram ofthe current switch-
ing unit 111 of FIG. 1 according to an embodiment of the
invention. Referring to F1G. 2, in the present embodiment, the
current switching unit 111 includes a plurality of switch
groups (three switch groups GS1-GS3 are taken as an
example). The switch group GS1 includes n first switches (n
is a positive integer, and three switches SW11-SW13 are
taken as an example) and n second switches (three switches
SW21-SW23 are taken as an example). The switch group
GS2 includes n first switches (three switches SW31-SW33
are taken as an example) and n second switches (three
switches SW41-SW43 are taken as an example). The switch
group GS3 includes n first switches (three switches SW51-
SW53 are taken as an example) and n second switches (three
switches SW61-SW63 are taken as an example), where nis a
positive integer corresponding to a number of the light emit-
ting element strings.

First ends of the switches SW11-SW13 are all coupled to
the light emitting element string L1, second ends of the
switches SW11-SW13 are respectively coupled to first ends
ofthe switches SW21-SW23, and second ends of the switches
SW21-SW23 are all coupled to the current source CS1 for
receiving the driving current I,. First ends of the switches
SW31-SW33 are all coupled to the light emitting element
string 1.2, second ends of the switches SW31-SW33 are
respectively coupled to first ends of the switches SW41-
SW43, and second ends of the switches SW41-SW43 are all
coupled to the current source CS2 for receiving the driving
current 1,. First ends of the switches SW51-SW53 are all
coupled to the light emitting element string 1.3, second ends
of'the switches SW51-SW53 are respectively coupled to first
ends of the switches SW61-SW63, and second ends of the
switches SW61-SW63 are all coupled to the current source
CS3 for receiving the driving current .

The second end of the switch SW11, the second end of the
switch SW31 and the second end of the switch SW51 are
mutually coupled, the second end of the switch SW12, the
second end of the switch SW32 and the second end of the
switch SW52 are mutually coupled, and the second end of the
switch SW13, the second end of the switch SW33 and the
second end of the switch SW53 are mutually coupled.

Further, if a time interval is divided into a plurality of same
periods, in the first period, the switch SW11, the switch
SW21, the switch SW32, the switch SW42, the switch SW53
and the switch SW63 are turned on, and others are turned off.
Now, the driving current I, is transmitted to the light emitting
element string L1 through the turned on switches SW11 and
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SW21, the driving current I, is transmitted to the light emit-
ting element string [.2 through the turned on switches SW32
and SW42, and the driving current I, is transmitted to the light
emitting element string [.3 through the turned on switches
SW53 and SW63.

In the second period, the switch SW12, the switch SW23,
the switch SW33, the switch SW41, the switch SW51 and the
switch SW62 are turned on, and others are turned off. Now,
the driving current I, is transmitted to the light emitting ele-
ment string [.2 through the turned on switches SW33 and
SW23, the driving current I, is transmitted to the light emit-
ting element string [.3 through the turned on switches SW51
and SW41, and the driving current I, is transmitted to the light
emitting element string [.1 through the turned on switches
SW12 and SW62.

In the third period, the switch SW13, the switch SW22, the
switch SW31, the switch SW43, the switch SW52 and the
switch SW61 are turned on, and others are turned off. Now,
the driving current I, is transmitted to the light emitting ele-
ment string [.3 through the turned on switches SW52 and
SW22, the driving current I, is transmitted to the light emit-
ting element string [.1 through the turned on switches SW13
and SW43, and the driving current I, is transmitted to the light
emitting element string [.2 through the turned on switches
SW31 and SW61. In this way, the driving currents I,-1; are
alternately transmitted to the light emitting element strings
L1-L3.

According to the above descriptions, in the switch group
GS1, one of the switches SW11-SW13 is turned on, and one
of the switches SW21-SW23 is turned on. In the switch
groups GS2 and GS3, switch operations are similar to that of
the switch group GS1. Moreover, in the switch group GS1-
GS3, the switches of the same positions (for example, the
switch 11, the SW 31 and the switch 51) are not simulta-
neously turned on. Under the above conditions, if a switching
sequence of turning on the switches SW11-SW13, SW31-
SW33 and SW51-SW53 is inversed to a switching sequence
of turning on the switches SW21-SW23, SW41-SW43 and
SW61-SW63, the driving currents 1,-1; can be alternately
transmitted to the light emitting element strings [.1-.3.

Moreover, in other embodiments, the switches are unnec-
essarily to be sequentially switched for turning on, and only a
part of the switches is probably turned on, though as long as
the driving I, -I; are alternately transmitted to the light emit-
ting element strings [.1-L.3, it is considered to be within the
scope of the invention. The turning on sequence of the
switches can be deduced by those skilled in the art, which is
not repeated herein.

FIG. 3 is a circuit schematic diagram of the current switch-
ing unit 111 of FIG. 1 according to another embodiment of the
invention. Referring to FIG. 3, in the present embodiment, the
current switching unit 111 includes a plurality of second
switch groups (three switch groups GS4-GS6 are taken as an
example). The switch group GS4 includes a plurality of third
switches (three switches SW71-SW73 are taken as an
example), the switch group GSS5 includes a plurality of third
switches (three switches SW81-SW83 are taken as an
example), and the switch group GS6 includes a plurality of
third switches (three switches SW91-SW93 are taken as an
example). Moreover, one of the switches SW71-SW73 of the
switch group GS4 is turned on, one of the switches SW81-
SW83 of the switch group GSS5 is turned on, and one of the
switches SW91-SW93 of the switch group GS6 is turned on.
Moreover, the switches of the same positions (for example,
the switches SW71, SW81 and SW91) in the switch groups
GS4-GS6 are not simultaneously turned on.
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According to the above descriptions, if the switches SW71-
SW73, SW81-SW83 and SW91-SW93 switches the turned
on switch in a same sequence, the driving currents I,-1; are
alternately transmitted to the light emitting element strings
L1-L3. In other words, when the switch SW71, the switch
SW82 and the switch SW93 are turned on, the driving current
1, is transmitted to the light emitting element string L1, the
driving current I, is transmitted to the light emitting element
string .2, and the driving current I; is transmitted to the light
emitting element string [.3. When the switch SW73, the
switch SW81 and the switch SW92 are turned on, the driving
current I, is transmitted to the light emitting element string
L2, the driving current I, is transmitted to the light emitting
element string L3, and the driving current I; is transmitted to
the light emitting element string [.1. When the switch SW72,
the switch SW83 and the switch SW91 are turned on, the
driving current I, is transmitted to the light emitting element
string 1.3, the driving current I, is transmitted to the light
emitting element string [.1, and the driving current I is trans-
mitted to the light emitting element string [.2.

FIG. 41is circuit schematic diagram of the current switching
unit 111 of FIG. 1 according to still another embodiment of
the invention. Referring to FIG. 4, in the present embodiment,
the current switching unit 111 includes a plurality of multi-
plexers (three multiplexers MX1-MX3 are taken as an
example). In the present embodiment, an output terminal A0
of the multiplexer MX1 is coupled to the light emitting ele-
ment string [.1, an input terminal A1 of the multiplexer MX1
is coupled to the current source CS1 for receiving the driving
current I, an input terminal A2 of the multiplexer MX1 is
coupled to the current source CS2 for receiving the driving
current I,, and an input terminal A3 ofthe multiplexer MX1 is
coupled to the current source CS3 for receiving the current
source 1;. An output terminal B0 of the multiplexer MX2 is
coupled to the light emitting element string [.2, an input
terminal B1 of the multiplexer MX2 is coupled to the current
source CS1 for receiving the driving current I, an input
terminal B2 of the multiplexer MX2 is coupled to the current
source CS2 for receiving the driving current I,, and an input
terminal B3 of the multiplexer MX2 is coupled to the current
source CS3 for receiving the current source 1.

An output terminal C0 of the multiplexer MX3 is coupled
to the light emitting element string L3, an input terminal C1 of
the multiplexer MX3 is coupled to the current source CS1 for
receiving the driving current I, an input terminal C2 of the
multiplexer MX3 is coupled to the current source CS2 for
receiving the driving current I, and an input terminal C3 of
the multiplexer MX3 is coupled to the current source CS3 for
receiving the current source ;. In a same period, the multi-
plexers MX1-MX3 select different current sources (for
example, CS1, CS2 and CS3) for respectively transmitting
the driving currents I, -I; to the light emitting element strings
L1-L3, and the multiplexers MX1-MX3 switch the selected
current sources (for example, CS1, CS2 and CS3) by timing.

In summary, in the backlight module and the driving circuit
of the invention, the current switching unit is used to alter-
nately transmit the driving currents to a plurality of the light
emitting element strings. In this way, an average current of
each of the light emitting element stings is the same, so that
the light emitting brightness of the light emitting element
strings are similar or the same.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of the
invention. In view of the foregoing, it is intended that the
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invention cover modifications and variations of this invention
provided they fall within the scope of the following claims
and their equivalents.

What is claimed is:

1. A driving circuit, adapted to drive a plurality of light
emitting element strings, the driving circuit comprising:

a plurality of current sources, for respectively providing a

plurality of driving currents; and

a current switching unit, coupled between the light emit-
ting element strings and the current sources, transmit-
ting the driving currents provided by the current sources
to each of the light emitting element strings in order for
a plurality of periods equally divided in a time interval,
wherein each of the driving currents is correspondingly
and rotatably transmitted between the light emitting ele-
ment strings over the plurality of periods, wherein the
same light emitting element string receives different
driving currents for two adjacent periods, and a light
emitting brightness of each of the light emitting element
strings are related to an average of the driving currents,

wherein the current switching unit comprises:
aplurality of first switch groups, each of the first switch

groups comprising:

n first switches, having first ends respectively coupled
the corresponding light emitting element string,
wherein n is a positive integer; and

n second switches, having first ends respectively
coupled to second ends of the first switches, and
second ends respectively coupled to the corre-
sponding current source,

wherein a second end of an i-th first switch of each of
the first switch groups is coupled to a second end of
an i-th first switch of the adjacent first switch group,
iis a positive integer and 1=i<n, one of the first
switches and one of the second switches are turned
on, and the turned on first switch and the turned on
second switch are switched by timing, and in dif-
ferent first switch groups, the turned on first switch
and the turned on second switch correspond to dif-
ferent positions.

2. The driving circuit as claimed in claim 1, wherein a
switching sequence of turning on the first switches is inversed
to a switching sequence of turning on the second switches.

3. The driving circuit as claimed in claim 1, further com-
prising:

an adjustment unit, coupled to the light emitting element
strings and the current sources, for adjusting the driving
currents according to currents of the light emitting ele-
ment strings.

4. The driving circuit as claimed in claim 1, further com-

prising:

a plurality of switches, respectively coupled between the
current sources and a ground voltage; and

a control unit, coupled to the switches, for controlling
conduction states of the switches according to a pulse
width modulation signal, so as to control the current
sources to whether or not provide the driving currents to
the light emitting element strings.

5. The driving circuit as claimed in claim 4, wherein the

control unit comprises:

a buffer, having an input terminal receiving the pulse width
modulation signal, and an output terminal coupled to the
switches; and

a resistor, coupled between the input terminal of the buffer
and the ground voltage.
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6. A backlight module, comprising:

a plurality of light emitting element strings; and

a driving circuit, comprising:

a plurality of current sources, for respectively providing a
plurality of driving currents; and

a current switching unit, coupled between the light emit-
ting element strings and the current sources, transmit-
ting the driving currents provided by the current sources
to each of the-light emitting element strings in order for
a plurality of periods equally divided in a time interval,
wherein each of the driving currents is correspondingly
and rotatably transmitted between the light emitting ele-
ment strings over the plurality of periods, wherein the
same light emitting element string receives different
driving currents for two adjacent periods, and a light
emitting brightness of each of the light emitting element
strings are related to an average of the driving currents,

wherein the current switching unit comprises:
a plurality of first switch groups, each of the first switch

groups comprising:

n first switches, having first ends respectively coupled
the corresponding light emitting element string,
wherein n is a positive integer; and

n second switches, having first ends respectively
coupled to second ends of the first switches, and
second ends respectively coupled to the corre-
sponding current source,

wherein a second end of an i-th first switch of each of
the first switch groups is coupled to a second end of
an i-th first switch of the adjacent first switch group,
iis a positive integer and l=<i=n, one of the first
switches and one of the second switches are turned
on, and the turned on first switch and the turned on
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second switch are switched by timing, and in dif-
ferent first switch groups, the turned on first switch
and the turned on second switch correspond to dif-
ferent positions.

7. The backlight module as claimed in claim 6, wherein a
switching sequence of turning on the first switches is inversed
to a switching sequence of turning on the second switches.

8. The backlight module as claimed in claim 6, further
comprising:

an adjustment unit, coupled to the light emitting element
strings and the current sources, for adjusting the driving
currents according to currents of the light emitting ele-
ment strings.

9. The backlight module as claimed in claim 6, further

comprising:

a plurality of switches, respectively coupled between the
current sources and a ground voltage; and

a control unit, coupled to the switches, for controlling
conduction states of the switches according to a pulse
width modulation signal, so as to control the current
sources to whether or not provide the driving currents to
the light emitting element strings.

10. The backlight module as claimed in claim 9, wherein

the control unit comprises:

a buffer, having an input terminal receiving the pulse width
modulation signal, and an output terminal coupled to the
switches; and

a resistor, coupled between the input terminal of the buffer
and the ground voltage.

11. The backlight module as claimed in claim 6, wherein

the light emitting element strings are respectively a light
emitting diode string.

#* #* #* #* #*



