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Description

[0001] Apparatuses and methods consistent with the present invention relate to a current balancing apparatus, a
power supply apparatus, a lighting apparatus, and a current balancing method thereof, and more particularly, to a current
balancing apparatus, a power supply apparatus, a lighting apparatus, and a current balancing method for preventing a
luminance imbalance caused by dispersion of a light source.

[0002] In accordance with the growth of information processing technology, display techniques for displaying infor-
mation is also advancing rapidly. The advance of the display techniques radically decreases the demand for conventional
Cathode Ray Tubes (CRT) and increases the demand for flat panel displays such as Liquid Crystal Displays (LCD).
[0003] Typically, the LCD represents video to a user by emitting the light produced at the light source in a rear side
to a front panel using changes in the light transmission of liquid crystals in accordance with a voltage applied to the
panel. The LCD, which cannot illuminate by itself, requires the separate light resource which is a backlight.

[0004] A Light Emitting Diode (LED) is environmentally friendly, allows a rapid response speed within several nano-
seconds, features along life span, and thus has been recently employed as the light source for the backlight of LCD panels.
[0005] Since the light sources for the backlight are distributed over the LCD panel, a driving circuit technique is required
to avoid luminance imbalance according to dispersion of the light sources. Some of suggestions for preventing the
luminance imbalance employ a plurality of linear regulators or a plurality of boost converters, consuming too many
components. Hence, the system configuration is inefficient and the space for the circuit implementation increases. As
aresult, such a construction is not suitable for the thinness of the LCD backlight.

[0006] Therefore, what is needed is a technique for addressing the luminance imbalance according to the dispersion
of the light source and for achieving the thinness of the LCD panel at the same time.

[0007] WO 2008/149275 A1 discloses a driver circuit for multiple LEDs, comprising a current transformer having a
plurality of output windings to produce output current and an inductor, being serially arranged with the transformer,
configured to have a substantially larger inductance so that a circuit loading has little effect on the primary circuit.
[0008] Exemplary embodiments of the present invention overcome the above disadvantages and other disadvantages
not described above. Also, the present invention is not required to overcome the disadvantages described above, and
an exemplary embodiment of the present invention may not overcome any of the problems described above.

[0009] According to the present invention, there is provided a lighting apparatus according to claim 1.

[0010] The presentinvention provides a current balancing apparatus, a power supply apparatus, and a lighting appa-
ratus, and a current balancing method for accomplishing current balancing, high efficiency, and thinness.

[0011] According to an aspect of the present invention, a current balancing apparatus includes a balancer which
balances an input Alternating Current (AC) current by impedance balancing; and a rectifier which generates a Direct
Current (DC) current by rectifying the balanced current.

[0012] The balancer may include at least one balancing capacitor. The impedance balancing may set a frequency of
the AC current input to the balancing capacitor to a value lower than a preset value.

[0013] The preset value may be within a range where an impedance value in view of the balancing capacitor toward
the rectifier is negligible compared to an impedance value of the balancing capacitor.

[0014] The balancer may include at least one balancing capacitor, and the capacitor is connected with the rectifier in
series.

[0015] The rectifier may apply the DC current to a plurality of loads, and the balancer may balance the AC current
such that the same DC current is input to the plurality of the loads or such that the DC current input to one of the plurality
of the loads is equal to a DC current input to another of the plurality of loads connected to another balancer.

[0016] The rectifier may apply the DC current output from a primary end of the rectifier to a first load when the AC
current is in a positive cycle, and apply the DC current output from a secondary end of the rectifier to a second load
when the AC current is in a negative cycle.

[0017] The rectifier may include afirst capacitor connected to the firstload in parallel; and a second capacitor connected
to the second load in parallel. The current output from the first capacitor may be input to the first load when the AC
current is in the negative cycle, and the current output from the second capacitor may be input to the second load when
the AC current is in the positive cycle.

[0018] The first load and the second load may be a first Light Emitting Diode (LED) array and a second LED array,
respectively.

[0019] Accordinganotheraspectofthe presentinvention, a power supply apparatus includes an inverter which converts
a DC current to an AC current; a transformer which converts the AC current which is a primary end current, to a plurality
of secondary end currents and transfers the converted currents; and a plurality of balancers which receive the secondary
end currents, balance the secondary currents end by impedance balancing, and generate a plurality of DC currents by
rectifying the balanced currents.

[0020] The plurality of balancers may transfer the plurality of DC currents to a plurality of load sets, respectively, and
the load sets may include LED array pairs.
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[0021] The plurality of balancers may be linked to one secondary coil of the transformer in parallel, or to a plurality of
secondary coils of the transformer, respectively.

[0022] When the plurality of balancers are connected to the one secondary coil of the transformer, each of the plurality
of balancers may include two balancing capacitors, one balancing capacitor of each of the plurality of balancers linked
to one end of the secondary coil, and the other balancing capacitor of each of the plurality of balancers linked to the
other end of the secondary coil.

[0023] When the plurality of balancers are connected to the plurality of secondary coils of the transformer, the plurality
of balancers each may include a balancing capacitor linked to one end of the secondary coil.

[0024] The plurality of DC currents may be applied to the plurality of load sets, the currents output from the load sets
are combined and input to the inverter. The inverter may receive the combined current, control a duty or a frequency of
the DC current based on the combined current, chop and convert the DC current to the AC current of a certain level
based on the duty control or the frequency control.

[0025] According yet another aspect of the present invention, a lighting apparatus includes a power supply apparatus
which balances an AC current by impedance balancing, and generates a plurality of DC currents by rectifying the balanced
current; and a plurality of LED array pairs which receive the plurality of the DC currents generated by the power supply
apparatus.

[0026] According still another aspect of the present invention, a current balancing method includes balancing an input
AC current by impedance balancing; and generating a DC current by rectifying the balanced current.

[0027] The impedance balancing may set a frequency of the AC current input to a balancing capacitor to a value lower
than a preset value.

[0028] The preset value may be within a range where an impedance value seen by the balancing capacitor looking
toward the rectifier is negligible compared to an impedance value of the balancing capacitor.

[0029] The above and/or other aspects of the present invention will become more apparent by describing certain
exemplary embodiments of the present invention with reference to the accompanying drawings, in which:

FIG. 1 illustrates a lighting apparatus according to an exemplary embodiment of the present invention;

FIG. 2is a block diagram of a Switching Mode Power Supply (SMPS) section according to an exemplary embodiment
of the present invention;

FIG. 3 is a detailed circuit diagram of the SMPS section according to an exemplary embodiment of the present
invention;

FIG. 4 illustrates a duty ratio control or a frequency control by a combined current output from three LED array pairs
according to an exemplary embodiment of the present invention;

FIG. 5 illustrates impedance balancing and AC current balancing according to an exemplary embodiment of the
present invention;

FIG. 6 illustrates impedance which is the total impedance of the secondary excluding the secondary coil according
to an exemplary embodiment of the present invention;

FIG. 7 is a circuit diagram of the SMPS section according to another exemplary embodiment of the present invention;
FIGS. 8A and 8B illustrate circuit operations when the AC current is in a positive cycle and when the AC current is
in a negative cycle, respectively, according to an exemplary embodiment of the present invention;

FIG. 9illustrates an equivalent circuit of the secondary circuit according to an exemplary embodiment of the present
invention; and

FIG. 10 illustrates an LCD display device to which the lighting apparatus can be applied according to an exemplary
embodiment of the present invention.

[0030] Exemplary embodiments of the present invention are described in greater detail below with reference to the
accompanying drawings.

[0031] In the following description, like drawing reference numerals are used for the like elements, even in different
drawings. The matters defined in the description, such as detailed construction and elements, are provided to assist in
a comprehensive understanding of the invention. However, the present invention can be practiced without those spe-
cifically defined matters. Also, well-known functions or constructions are not described in detail since they would obscure
the invention with unnecessary detail.

[0032] FIG. 1 illustrates a lighting apparatus according to an exemplary embodiment of the present invention. The
lighting apparatus 100 provides a user with a screen having uniform luminance. The lighting apparatus 100 of FIG. 1
includes an AC power input section 110, a Power Factor Correction (PFC) section 130, a Switching Mode Power Supply
(SMPS) section 150, and a Light Emitting Diode (LED) section 170.

[0033] The AC power input section 110 supplies the AC power input from external to the PFC section 130.

[0034] The PFC section 130 provides rectification and power factor correction. More specifically, by correcting the
power factor of the AC power input from the AC power input section 110, the PFC section 130 supplies stabilized current
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to components of the lighting apparatus 100 and prevents increases in temperature or power consumption when wasted
current is converted to heat. Also, the PFC section 130 converts the input AC power to DC power and provides the DC
power to the SMPS section 150.

[0035] The SMPS section 150 generates DC power in an intended form (magnitude) using the DC power fed from the
PFC section 130. The SMPS section 150 converts the input DC power to AC power through the switching of an inverter,
converts the AC power to an intended voltage (current), rectifies the voltage, and thus produces the DC power.

[0036] The SMPS section 150 generates the DC power balanced and rectified such that the same current is input to
a plurality of LED arrays of the LED section 170 as the rectified DC power. The detailed structure and operations of the
SMPS section 150 is described with reference to the drawings.

[0037] The SMPS section 150 forwards the balanced and rectified DC current to the LED section 170.

[0038] The LED section 170, which is driven to radiate according to the DC current fed from the SMPS section 150,
includes a plurality of LED array pairs. The LED array represents a plurality of LEDs arranged in succession, and the
LED array pair represents a pair of two LED arrays. Given three LED array pairs, the total number of the LED arrays is
six. The LED arrays include a red LED array, a green LED array, and a blue LED array. The lights emitting from the red
LED array, the green LED array, and the blue LED array are mixed and arranged to produce white light.

[0039] Accordingly, the lighting apparatus 100 can provide light of uniform luminance.

[0040] FIG. 2 is a block diagram of the SMPS section 150 according to an exemplary embodiment of the present
invention. To ease the understanding of FIG. 2, the LED array pairs 290 of the LED section 170 are depicted together
with the SMPS section 150. The SMPS section 150 of FIG. 2 includes an inverter 210, a transformer 230, three balancers
250, and three rectifiers 270.

[0041] The inverter 210 converts DC current to AC current through high frequency chopping. The inverter 210 outputs
the converted AC current to the transformer 230.

[0042] The transformer 230 converts the primary AC current to secondary AC current. In more detail, the transformer
230 induces the primary AC current to the secondary AC current according to a winding ratio of a primary coil and a
secondary coil. The transformer 230 applies the secondary AC current to the three balancers 250.

[0043] Each balancer 250 balances the AC current such that the same AC current input to the balancer 250 is output
to the LED array pair 290. The balanced AC currents are applied to the three rectifiers 270.

[0044] Each rectifier 270 receives and rectifies a balanced AC current, produces a DC current of the same magnitude.
The three rectifiers 270 output the DC currents to the three LED array pairs 290.

[0045] As such, the balanced and rectified DC current is fed to the LED arrays and thus luminance imbalance caused
by dispersion can be addressed.

[0046] The operations of the SMPS section 150 are described in detail with reference to FIG. 3. FIG. 3 is a detailed
circuit diagram of the SMPS section 150 according to an exemplary embodiment of the present invention. To ease the
understanding of FIG. 3, the LED array pairs 290 of the LED section 170 are depicted together with the SMPS section 150.
[0047] The inverter 210 includes two switches S1 and S2 and a capacitor Ca, and converts the input DC current to
AC current according to the high frequency chopping based on the opening and closing of the two switches S1 and S2.
[0048] More specifically, when the upper switch S1 is closed and the lower switch S2 is open, the DC current input to
the both ends of the inverter 210 goes to high level. When the lower switch S2 is closed and the upper switch S1 is
open, the DC current input to the both ends of the inverter 210 goes to low level. By repeating these operations rapidly,
the inverter 210 converts the DC current to AC current.

[0049] Such switching operations are controlled by the combined current output from the three LED array pairs 290,
which is now explained by referring to FIG. 4.

[0050] FIG. 4 illustrates a duty ratio control or a frequency control by the combined current output from the three LED
array pairs 290.

[0051] The duty ratio indicates a ratio of on-time to off-time in the pulse. The duty ratio control controls changes in the
on-off times of the original waveform. When the duty ratio is controlled, the time of the on state of the upper switch S1
and the off state of the lower switch S2, and the time of the off state of the upper switch S1 and the on state of the lower
switch S2, differ from each other. Correspondingly, the waveform of the current applied to the transformer 230 is changed.
[0052] When the frequency is controlled, the on state of the upper switch S1 and the off state of the lower switch S2,
or the off state of the upper switch S1 and the on state of the lower switch S2, are repeated faster or slower. Corre-
spondingly, the waveform of the current applied to the transformer 230 is changed.

[0053] Referring back to FIG. 3, the AC current generated by controlling the switching operations is applied to the
transformer 230 via the capacitor Ca and becomes the primary current of the transformer 230.

[0054] The voltage chopped by the high frequency chopping resonates a primary resonance element which includes
the primary capacitor Ca and the primary coil L1. As the combined current fed back from the secondary regulates the
resonance of the primary circuit, the current induced in the secondary becomes the resonant AC current approximating
a sine wave.

[0055] The transformer 230 converts the primary AC current, which is the resonant AC current, to the secondary AC
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current. As shown in FIG. 3, since three secondary coils L21, L22 and L23 correspond to the single primary coil L1, the
three independent secondary currents are induced in the secondary coils. More specifically, the transformer 230 induces
the primary AC current to the secondary AC current according to the winding ratio of the primary coil L1 and the secondary
coils L21, L22 and L23.

[0056] The number of windings in each of the three secondary coils L21, L22 and L23 may be the same. When the
winding ratios of the three secondary coils L21, L22 and L23 are identical, balanced AC currents can be produced.
[0057] The three secondary AC currents produced by the transformer 230 are fed to the three balancers 250, respec-
tively. The three balancers 250 include balancing capacitors Cb1, Cb2 and Cb3. The balancing capacitors Cb1, Cb2
and Cb3 are connected to a first end of the secondary coils L21, L22 and L23 of the transformer 230.

[0058] The three balancers 250 can carry out AC current balancing through impedance balancing such that the same
AC currents which are fed to the balancers 250 are output to the LED array pairs 290.

[0059] Impedance balancing and AC current balancing are explained with reference to FIGS. 5 and 6.

[0060] FIG. 5 illustrates impedance balancing and AC current balancing. To facilitate the understanding, only one
balancer 250, one rectifier 270, and one LED array pair 290 are provided. Assuming that the equivalent impendence
seen by the balancing capacitor Cb1 looking toward the rectifier 270 or the LED array pair 290 is , the total impedance
of the secondary excluding the secondary coil is given as the following equation:

Z, =2, ;f; &y

where c is the capacitance of the balancing capacitor Cb1 and w is the frequency of the input AC current.

[0061] FIG. 6 illustrates Z; which is the total impedance of the secondary excluding the secondary coil. The total
impedance Z of the secondary excluding the secondary coil is Z - j/ we. When the magnitude of j / we considerably
increases because of a small magnitude of w or ¢, the impedance Zx is negligible and can be ignored. As a result, the
total impedance Z becomes - / we.

[0062] When the capacitance of every balancing capacitor in the three balancers 250 becomes the same while greatly
decreasing the magnitude of w or ¢, the same currents are supplied to the LED arrays.

[0063] By means of the impedance balancing, the three balancers 250 carry out the AC current balancing to make
the same AC currents which are input to the balancers 250 output to the LED array pairs 290.

[0064] Referring back to FIG. 3, the AC currents balanced at the three balancers 250 are applied to the three rectifiers
270 respectively.

[0065] The rectifiers 270 receive and rectify the balanced AC current, generate DC current of the same magnitude,
and provide the generated DC current to the three LED array pairs 290.

[0066] The currents output from the three LED array pairs 290 are combined and applied to control the upper switch
S1 and the lower switch S2, as stated earlier. By use of the combined current, the duty rate control or the frequency
control is conducted.

[0067] Thus, by providing the balanced and rectified DC current to the LED arrays, the luminance imbalance caused
by dispersion can be addressed.

[0068] FIG. 7 is a circuit diagram of the SMPS section 150 according to another exemplary embodiment of the present
invention. To ease the understanding, the LED array pairs 290 of the LED section 170 are depicted together with the
SMPS section 150.

[0069] Some of the descriptions of FIG. 7 are similar to those of FIG. 3 and accordingly can be understood from the
explanations of FIG. 3, which will be described in brief. Hereafter, differences of FIG. 7 from FIG. 3 are mainly illustrated.
[0070] The inverter 210 converts input DC current to AC current by high frequency chopping based on the opening
and closing of switches S1 and S2. The switching operations are controlled by the combined current of the currents
output from the three LED array pairs 290.

[0071] The AC current produced by controlling the switching operations is forwarded to the transformer 230 via the
capacitor Ca and becomes the primary current of the transformer 230.

[0072] The transformer 230 converts the primary AC current to secondary AC current. Since the transformer 230
includes secondary coil L2 corresponding to the primary coil L1 as shown in FIG. 7, only one secondary currentis induced
to the secondary coil.

[0073] Thesecondary AC currentinduced at the transformer 230 is applied to the three balancers 250 linked in parallel.
More specifically, the three balancers 250 each include two balancing capacitors Cb1 and Cb4, Cb2 and Cb5, and Cb3
and Cb6. The upper balancing capacitors Cb1, Cb2 and Cb3 are linked to a first end of the secondary coil L2 of the
transformer 230, and the lower balancing capacitors Cb4, Cb5 and Cb6 are linked to a second end of the secondary
coil L2 of the transformer 230.
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[0074] As configured above, the three balancers 250 can perform the AC current balancing through the impedance
balancing to output the same AC currents which are input to the balancers 250 to the LED array pairs 290.

[0075] Unlike FIG. 3, the balancers 250 each include two balancing capacitors Cb1 and Cb4, Cb2 and Cb5, and Cb3
and Cb6. Therefore, provided that the equivalent impendence seen by the balancer 250 looking toward the rectifier 270
or the LED array pair 290 is Zg, the total impedance of the secondary excluding the secondary coil is given as the
following equation:

2
Zy =2, _é; &)

where c is the capacitance of one balancing capacitor and w is the frequency of the input AC current.

[0076] The total impedance Z; of the secondary excluding the secondary coil is Zx - j2/we. When the magnitude of j
/ we considerably increases because of a small magnitude of w or ¢, Zy is negligible and can be ignored. As a result,
the total impedance Z becomes - j2/wec.

[0077] When the capacitance of every balancing capacitor in the three balancers 250 becomes the same while greatly
decreasing the magnitude of w or ¢, the same currents are supplied to the LED arrays.

[0078] By means of the impedance balancing as described above, the three balancers 250 carry out the AC current
balancing to output the same AC currents which are input to the balancers 250 to the LED array pairs 290, and supplies
the balanced and rectified DC current to the LED arrays to thus address the luminance imbalance caused by dispersion
of the light sources.

[0079] As described thus far, the input DC current is converted to AC current by high frequency chopping based on
the opening and closing of the switches S1 and S2 of the inverter 210, and the converted AC current is applied to the
transformer 230. Hereinafter, explanations provide the detailed circuit operations when the converted AC current is in
the positive cycle and when the converted AC currentis in the negative cycle by referring to FIGS. 8A and 8B. In particular,
of the exemplary embodiments of FIGS. 3 and 7, the former is mainly described. However, this is merely for convenience
of explanation and the following explanation can be applied to the exemplary embodiment of FIG. 7.

[0080] FIGS. 8A illustrates circuit operations when the AC current is in the positive cycle. In the positive cycle, as the
upper switch S1 of the inverter 210 is closed and the lower switch S2 is opened, the DC current input to the both ends
of the inverter 210 is at the high level. Current flows in a clockwise direction from the upper switch S1 toward the coil
L1 by way of the capacitor Ca.

[0081] The current (the primary current) is induced by the transformer 230 to the three secondary coils. In view of the
uppermost secondary circuit, the induced secondary current flows from the coil L21 to the upper LED array of the LED
array pairs 290 via the balancing capacitor Cb1 and the diode D3. Thus, the upper LED array radiates in proportion to
the applied current.

[0082] The current passing through the upper LED array flows to the coil L21 via the diode D2. Consequently, the
current loop of the coil L21- the balancing capacitor Cb1- the diode D3 - the upper LED array - the diode D2 - the coil
L21 is formed.

[0083] When the AC current stays in the positive cycle, electric charges corresponding to the voltage drop of the upper
LED array are accumulated at the capacitor C1. Likewise, the electric charges accumulated at the capacitor C2 during
the negative cycle before the positive cycle move to the lower LED array of the LED array pairs 290. Thus, the lower
LED array radiates in proportion to the applied current.

[0084] FIG. 8B depicts the circuit operations when the AC current is in the negative cycle. In the negative cycle, as
the lower switch S2 of the inverter 210 is closed and the upper switch S2 is opened, the DC current input to the both
ends of the inverter 210 goes to the low level. Current flows from the lower switch S1 to the capacitor Ca in a counter-
clockwise direction via the coil L2.

[0085] The current (the primary current) is induced to the three secondary coils by the transformer 230. In view of the
uppermost secondary circuit, the induced secondary current flows from the coil L21 to the lower LED array of the LED
array pairs 290 via the diode D4. Thus, the lower LED array radiates in proportion to the applied current.

[0086] The current passing through the lower LED array moves to the coil L21 via the diode D1 and the balancing
capacitor Cb1. Consequently, the current loop of the coil L21 - the diode D4 - the lower LED array - the diode D1 - the
balancing capacitor Cb1 - the coil L21 is formed.

[0087] When the AC current is in the negative cycle as above, electric charges corresponding to the voltage drop of
the lower LED array are accumulated at the capacitor C2. Likewise, the electric charges accumulated at the capacitor
C1 during the positive cycle before the negative cycle move to the upper LED array of the LED array pairs 290. Thus,
the upper LED array radiates in proportion to the applied current.

[0088] In FIGS. 3 and 7, it has been mentioned that the AC current balancing is performed to make the AC currents
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which are output to the LED array pairs 290 the same through impedance balancing, and that the balanced AC currents
are applied to the three rectifiers 270.

[0089] Inthefollowing, the identical AC currents applied to the 6 LED arrays according to the three identical AC currents
balanced are explained by referring to FIG. 9.

[0090] FIG. 9 depicts an equivalent circuit of the secondary circuit of FIG. 3. Current source iT(t) is the current source
equivalently representing the current induced to the secondary, Cb1, Cb2, and Cb3 are the balancing capacitors of the
balancer 250, and i1°(t), i2'(t), i3’(t), i4'(t), i5°(t) and i6'(t) are the AC equivalent currents viewed from the current source
iT(t). Da, Db, Dc, Dd, De and Df are the equivalent diodes for D2+D3, D1+D4, D6+D7, D5+D8, D10+D11 and D9+D12.
[0091] Provided that the DC equivalent impedances for the 6 LED arrays are R1, R2, R3, R4, R5 and RG6, the AC
equivalent impedance for the LED array in consideration of the rectifier effect viewed from the current source can be
expressed as the following equation:

R, = ) Ry 3)
/4

where R, is the AC equivalent impedance for the LED array in consideration of the rectifier effect viewed from the
current source, and Rp is the DC equivalent impedance for the 6 LED array.

[0092] Accordingly, the AC equivalent impedances for the 6 LED arrays are 4R1/72, 4R2/72, 4R3/ 2, AR4/ 2, AR5/ n2
and 4R6/ 2.

[0093] Assumingthatthe AC currentis given by Equation (4), Irand /1 ~ |6 have the relations expressed by Equation (5):

i, (t) =1, sin(wt)

i, ()=1,'sin(wt), 0<wt<zm,N=1,3,5)

i, @)=0,(x<wt<2z,N=1,3,5) @
L,')=0,0swt<m,N=2,4,6)

i,'(t)=1,'sin(wt),(r <wt<2zx,N =2,4,6)

L'=al,1'=al, I,'=n,I,'=n,,1,'=7,1,'= 7, 5
LI+ =1L =1,

[0094] As stated earlier, when the impedance of the balancing capacitors Cb1, Cb2 and Cb3 is set to be much higher
than R1, R2, R3, R4, R5 and R6, Equation (6) is given. Based on Equation (5) and Equation (6), the DC current balancing
is carried out as expressed in Equation (7):

]l'=13'=15'912'=]4':]6' (6)
I
Il':13'=Is':12'=14'=16'=—T
3
] M
II=IS=15=I2:I4=]6=—L
3z

[0095] Therefore, as the same DC current is applied to the 6 LED arrays, the current balancing of the 6 LED arrays
is accomplished.
[0096] The capacitive load is the lossless load. By connecting the balancing capacitors Cb1, Cb2 and Cb3, which are
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the capacitive loads, to the LED arrays in parallel, the loss for the balancing does not occur. In addition, without a separate
LED driving section, only the single SMPS section 150 capable of performing the power supply and the AC current
balancing at the same time can contribute to the high efficiency and the thinness of the lighting apparatus.

[0097] The lighting apparatus 100 (see Fig. 1) can be used as the backlight of a display device. Now, the LCD display
device to which the present invention is applicable is illustrated.

[0098] FIG. 10 illustrates an LCD display device 1000 to which the lighting apparatus 100 can be applied according
to an exemplary embodiment of the present invention. The LCD display device 1000 of FIG. 10 includes a video input
section 1010, a video processor 1020, a light source section 1030, and a panel section 1040.

[0099] The video inputsection 1010 includes an interface for connecting with an external device or an external system.
The video input section 1010 receives video from the external device or the external system and forwards the input video
to the video processor 1020.

[0100] The video processor 1020 generates a video signal by converting the input video into the form suitable for the
LCD panel 1040, and generates a radiation signal required by the light source section 1030. The video processor 1020
generates a signal to drive the PFC section 130 and the SMPS section 150 of the lighting apparatus 100 and sends the
generated signal to the light source section 1030.

[0101] The light source section 1030 includes the PFC section 130, the SMPS section 150, and the LED section 170.
The light source section 1030 controls the three LED array pairs, that is, the 6 LED arrays, to radiate by rectifying the
input power, correcting the power factor, and performing the current balancing to input the same currents to the LED
arrays based on the signal received from the video processor 1020.

[0102] Thelightemitted from the light source section 1030 travels to the LCD panel 1040. The LCD panel 1040regulates
the transmittance of the light produced from the light source section 1030 to display the video signal on the screen. The
LCD panel 1040 is fabricated by disposing two substrates including electrodes to face each other and injecting a crystal
liquid material in between the two substrates. Herein, when the voltage is applied to the two electrodes, the electric field
is generated to move molecules of the crystal liquid material injected between the two substrates, thus regulating the
transmittance of the light.

[0103] So far, it has been described that the lighting apparatus 100 includes the three LED array pairs, which is only
an example to ease the understanding. Note that the embodiments of the present invention are applicable to two or
more LED array pairs or four or more LED array pairs and it is not necessary that two LED arrays form the pair. The
number of the balancers and the number of the rectifiers can be changed according to the number of the LED arrays
within the scope of the present invention.

[0104] It should be appreciated that the above-mentioned LED arrays include a green LED array, a blue LED array,
and ared LED array.

[0105] The technical idea of the present invention is not limited to the LED used as the light source and is applicable
to every light source with a DC load. In addition, the present invention can be applied to the light sources with an AC
load, for example, but not limited to, Cold Cathode Fluorescence Lamps (CCFL) and Flat Fluorescent Lamps (FFL).
[0106] The load mentioned above is not limited to the load of the light source and can employ any load other than the
light source or the lighting.

[0107] As set forth above, the luminance imbalance caused by dispersion of the light source can be addressed and
high efficiency and ultra thin design of the lighting apparatus can be realized.

Claims
1. Alighting apparatus (100) comprising:

a power supply apparatus (150); and

a plurality of LED array pairs (290) for receiving a plurality of DC currents generated by the power supply
apparatus

wherein the power supply apparatus comprises:

a transformer (230) for converting a first AC current to a plurality of second AC currents;

a plurality of balancers (250) arranged to receive the plurality of second AC currents and to impedance
balance the second AC currents to provide a plurality of balanced currents; and

a plurality of rectifiers (270) to rectify the balanced currents to generate the plurality of DC currents,
wherein each of the balancers comprises at least one balancing capacitor (Cb1, Cb2, Cb3) and wherein
the frequency of the first AC current and/or a capacitance of the balancing capacitor are set to a value
where an impedance value seen by the balancing capacitor looking towards the rectifier is negligible com-
pared to an impedance value of the balancing capacitor.
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The lighting apparatus of claim 1, wherein the power supply apparatus further comprises an inverter (210) for
converting a DC current to the first AC current.

The lighting apparatus of claim 1 or 2, wherein the plurality of balancers are linked to one secondary coil of the
transformer in parallel, or to a plurality of secondary coils of the transformer, respectively.

The lighting apparatus of claim 3, wherein, where the plurality of balancers are connected to the one secondary coil
of the transformer, each of the plurality of balancers comprises two balancing capacitors, one balancing capacitor
of each of the plurality of balancers linked to one end of the secondary coil, and the other balancing capacitor of
each of the plurality of balancers linked to the other end of the secondary coil.

The lighting apparatus of claim 3, wherein, where the plurality of balancers are connected to the plurality of secondary
coils of the transformer, the plurality of the balancers each comprises a balancing capacitor linked to one end of the
secondary coil.

The lighting apparatus of any one of the preceding claims, when dependent on claim 2, wherein the currents output
from the plurality of LED array pairs are arranged to be combined and input to the inverter, and

the inverter is arranged to receive the combined current, to control a duty or a frequency of the DC current based
on the combined current, to chop and convert the DC current to the AC current of a certain level based on the duty
control or the frequency control.

The lighting apparatus of any one of the preceding claims, wherein the at least one balancing capacitor is connected
with the rectifier in series.

The lighting apparatus of any one of the preceding claims, wherein the rectifier is arranged to apply the DC current
output from a primary end of the rectifier to a first load when the AC current is in a positive cycle, and to apply the
DC current output from a secondary end of the rectifier to a second load when the AC current is in a negative cycle.

The lighting apparatus of claim 8, wherein the rectifier comprises:

a first capacitor connected to the first load in parallel; and

a second capacitor connected to the second load in parallel, and

the current output from the first capacitor is input to the first load when the AC current is in the negative cycle,
and the current output from the second capacitor is input to the second load when the AC current is in the
positive cycle.

10. A current balancing method for a lighting apparatus according to any one of the preceding claims, comprising:

converting a first ARC current to a plurality of second AC currents;

balancing the second AC currents by impedance balancing by using a plurality of balancers to provide a plurality
of balanced currents; and

generating a DC current by rectifying the balanced currents,

wherein each of the balancers comprises at least one balancing capacitor and wherein the frequency of the
first AC current and/or a capacitance of the balancing capacitor are set to a value where an impedance value
seen by the balancing capacitor looking towards the rectifier is negligible compared to an impedance value of
the balancing capacitor..

Patentanspriiche

1.

Beleuchtungsvorrichtung (100), umfassend:

eine Stromversorgungsvorrichtung (150) und

eine Vielzahl von LED-Anordnungspaaren (290) zum Erhalten einer von der Stromversorgungsanordnung er-
zeugten Vielzahl von Gleichstrémen,

wobei die Stromversorgungsvorrichtung Folgendes aufweist:

einen Transformator (130) fur die Umwandlung eines ersten Wechselstroms in eine Vielzahl von zweiten
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Wechselstromen,

eine Vielzahl von Symmetriereinrichtungen (250), die zum Erhalten der Vielzahl von zweiten Wechselstro-
men und zur Impedanzsymmetrierung der zweiten Wechselstrome zum Bereitstellen einer Vielzahl von
symmetrierten Strémen angeordnet sind, und

eine Vielzahl von Gleichrichtern (270) zum Gleichrichten der symmetrierten Stréme zur Erzeugung der
Vielzahl von Gleichstromen,

wobei jede der Symmetriereinrichtungen wenigstens einen Symmetrierkondensator (Cb1, Cb2, Cb3) auf-
weist und wobei die Frequenz des ersten Wechselstroms und/oder eine Kapazitédt des Symmetrierkonden-
sators auf einen Wert eingestellt ist, bei dem ein Impedanzwert, der von dem Symmetrierkondensator, in
Richtung auf den Gleichrichter blickend, gesehen wird, verglichen mit einem Impedanzwert des Symme-
trierkondensators unerheblich ist.

Beleuchtungsvorrichtung nach Anspruch 1, wobei die Stromversorgungsvorrichtung ferner einen Wechselrichter
(210) fur die Umwandlung eines Gleichstroms in den ersten Wechselstrom aufweist.

Beleuchtungsvorrichtung nach Anspruch 1 oder 2, wobei die Vielzahl von Symmetriereinrichtungen mit einer Se-
kundarwicklung des Transformators parallelgeschaltet bzw. mit einer Vielzahl von sekundaren Wicklungen des
Transformators verbunden ist.

Beleuchtungsvorrichtung nach Anspruch 3, wobei, wenn die Vielzahl von Symmetriereinrichtungen mit der einen
Sekundarwicklung des Transformators verbunden ist, jede der Vielzahl von Symmetriereinrichtungen zwei Sym-
metrierkondensatoren aufweist, wobei ein Symmetrierkondensator von jeder der Vielzahl von Symmetriereinrich-
tungen mit einem Ende der Sekundarwicklung verbunden ist und der andere Symmetrierkondensator von jeder der
Vielzahl von Symmetriereinrichtungen mit dem anderen Ende der Sekundarwicklung verbunden ist.

Beleuchtungsvorrichtung nach Anspruch 3, wobei, wenn die Vielzahl von Symmetriereinrichtungen mit der Vielzahl
von Sekundarwicklungen des Transformators verbunden ist, die Symmetriereinrichtungen der Vielzahl von Sym-
metriereinrichtungen jeweils einen Symmetrierkondensator aufweisen, der mit einem Ende der Sekundarwicklung
verbunden ist.

Beleuchtungsvorrichtung nach einem der vorhergehenden Anspriiche, wenn abhangig von Anspruch 2, wobei die
von der Vielzahl von LED-Anordnungspaaren ausgegebenen Stréme so angeordnet sind, dass sie kombiniert und
in den Wechselrichter gespeist werden, und

der Wechselrichter zum Erhalt des kombinierten Stroms angeordnet ist, um einen Tastgrad oder eine Frequenz des
Gleichstroms auf der Basis des kombinierten Stroms zu regeln, um den Gleichstrom auf der Basis der Tastgradre-
gelung oder der Frequenzregelung zu zerhacken und in den Wechselstrom eines gewissen Pegels umzuwandeln.

Beleuchtungsvorrichtung nach einem der vorhergehenden Anspriiche, wobei der wenigstens eine Symmetrierkon-
densator mit dem Gleichrichter in Reihe geschaltet ist.

Beleuchtungsvorrichtung nach einem der vorhergehenden Anspriiche, wobei der Gleichrichter angeordnet ist, um
den von einem Primarende des Gleichrichters ausgegebenen Gleichstrom zu einer ersten Last zu leiten, wenn der
Wechselstrom in einem positiven Zyklus ist, und den von einem Sekundarende des Gleichrichters ausgegebenen
Gleichstrom zu einer zweiten Last zu leiten, wenn der Wechselstrom in einem negativen Zyklus ist.

Beleuchtungsvorrichtung nach Anspruch 8, wobei der Gleichrichter Folgendes aufweist:

einen mit der ersten Last parallel geschalteten ersten Kondensator und

einen mit der zweiten Last parallel geschalteten zweiten Kondensator und

der von dem ersten Kondensator ausgegebene Strom in die erste Last gespeist wird, wenn der Wechselstrom
in dem negativen Zyklus ist, und der von dem zweiten Kondensator ausgegebene Strom in die zweite Last
gespeist wird, wenn der Wechselstrom in dem positiven Zyklus ist.

Stromsymmetrierverfahren fiir eine Beleuchtungsvorrichtung nach einem der vorhergehenden Anspriiche, umfas-
send:

Umwandeln eines ersten Wechselstroms in eine Vielzahl von zweiten Wechselstromen,
Symmetrieren der zweiten Wechselstrome durch Impedanzsymmetrieren mithilfe einer Vielzahl von Symme-
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triereinrichtungen, um eine Vielzahl von symmetrierten Strémen bereitzustellen, und

Erzeugen eines Gleichstroms durch Gleichrichten der symmetrierten Stréme,

wobei jede der Symmetriereinrichtungen wenigstens einen Symmetrierkondensator aufweist und wobei die
Frequenz des ersten Wechselstroms und/oder eine Kapazitdt des Symmetrierkondensators auf einen Wert
eingestellt wird, bei dem ein Impedanzwert, der von dem Symmetrierkondensator, in Richtung auf den Gleich-
richter blickend, gesehen wird, verglichen mit einem Impedanzwert des Symmetrierkondensators unerheblich
ist.

Revendications

Appareil d’éclairage (100) comprenant :

un appareil d’alimentation d’énergie (150) ; et

une pluralité de paires de rangées de DEL (290) pour recevoir une pluralité de courants c.c. générés par
'appareil d’alimentation d’énergie,

I'appareil d’alimentation d’énergie comportant :

un transformateur (230) pour convertir un premier courant c.a. en une pluralité de seconds courants c.a. ;
une pluralité d’égalisatrices (250) agencées de fagon a recevoir la pluralité de seconds courants c.a. et a
équilibrer en impédance les seconds courants c.a. afin d’obtenir une pluralité de courants équilibrés ; et
une pluralité de redresseurs (270) pour redresser les courants équilibrés afin de générer la pluralité de
courants c.c.,

cas dans lequel chacune des égalisatrices comporte au moins un condensateur d’équilibrage (Cb1, Cb2, Cb3),
et cas dans lequel la fréquence du premier courant c.a. et/ou une capacité du condensateur d’équilibrage sont
réglées a une valeur a laquelle une valeur d'impédance constatée par le condensateur d’équilibrage dirigé vers
le redresseur est négligeable si elle est comparée a une valeur d'impédance du condensateur d’équilibrage.

Appareil d’éclairage selon la revendication 1, 'appareil d’alimentation d’énergie comportant en outre un inverseur
(210) pour convertir un courant c.c. en premier courant c.a..

Appareil d’éclairage selon la revendication 1 ou 2, la pluralité d’égalisatrices étant reliée en paralléle a une bobine
secondaire du transformateur, ou a une pluralité de bobines secondaires du transformateur, respectivement.

Appareil d’éclairage selon la revendication 3, alors que la pluralité d’égalisatrices est reliée a ladite bobine secondaire
du transformateur, chaque égalisatrice de la pluralité d’égalisatrices comportant deux condensateurs d’équilibrage,
un condensateur d’équilibrage de chaque égalisatrice de la pluralité d’égalisatrices étant relié a une extrémité de
la bobine secondaire, et I'autre condensateur d’équilibrage de chaque égalisatrice de la pluralité d’égalisatrices
étant relié a l'autre extrémité de la bobine secondaire.

Appareil d’éclairage selon la revendication 3, alors que la pluralité d’égalisatrices est connectée a la pluralité de
bobines secondaires du transformateur, la pluralité d’égalisatrices comportant chacune un condensateur d’équili-
brage qui est relié a une extrémité de la bobine secondaire.

Appareil d’éclairage selon I'une quelconque des revendications précédentes, lorsqu’elle est dépendante de la re-
vendication 2, les courants produits a partir de la pluralité de paires de rangées de DEL étant agencés de fagon a
étre combinés et injectés a l'inverseur, et

linverseur étant agencé de fagon a recevoir le courant combiné, a commander un service ou une fréquence du
courant c.c. sur la base du courant combiné, a découper et a convertir le courant c.c. en courant c.a. d’'un certain
niveau sur la base de la commande du service ou de la commande en fréquence.

Appareil d’éclairage selon I'une quelconque des revendications précédentes, ledit au moins un condensateur d’équi-
librage étant connecté en série au redresseur.

Appareil d’éclairage selon I'une quelconque des revendications précédentes, le redresseur étant agenceé de fagon

a présenter le courant c.c., produit a partir d’'une extrémité primaire du redresseur, a une premiéere charge lorsque
le courantc.a. se trouve dans un cycle positif, et a présenterle courantc.c., produit a partir d’'une extrémité secondaire
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du redresseur, a une seconde charge lorsque le courant c.a. se trouve dans un cycle négatif.
9. Appareil d’éclairage selon la revendication 8, le redresseur comprenant :

un premier condensateur lequel est connecté en paralléle a la premiére charge ; et

un second condensateur lequel est connecté en parallele a la seconde charge, et

le courant produit a partir du premier condensateur étant injecté a la premiére charge lorsque le courant c.a.
se trouve dans le cycle négatif, et le courant produit a partir du second condensateur étant injecté a la seconde
charge lorsque le courant c.a. se trouve dans le cycle positif.

10. Procédé d’équilibrage de courant pour un appareil d’éclairage selon I'une quelconque des revendications précé-
dentes comprenant les opérations consistant a :

convertir un premier courant c.a. en une pluralité de seconds courants c.a. ;

équilibrer les seconds courants c.a. grace a un équilibrage en impédance, du fait de I'utilisation d’'une pluralité
d’égalisatrices, afin d’obtenir une pluralité de courants équilibrés ; et

générer un courant c.c. grace au redressement des courants équilibrés,

cas dans lequel chacune des égalisatrices comporte au moins un condensateur d’équilibrage, et cas dans
lequel la fréquence du premier courant c.a. et/ou une capacité du condensateur d’équilibrage sont réglées a
une valeur a laquelle une valeur d'impédance constatée par le condensateur d’équilibrage dirigé vers le redres-
seur est négligeable si elle est comparée a une valeur d'impédance du condensateur d’équilibrage.
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