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(54) LED driving apparatus and method of driving LED

(57) There are provided a light emitting device (LED)
driving apparatus and a method of driving an LED. The
LED driving apparatus includes a voltage detection unit
detecting a driving voltage supplied from a driving unit
for a light emitting unit having a plurality of light emitting

devices; a current detection unit detecting a driving cur-
rent flowing in the light emitting unit; and a control unit
setting a reference current according to detected voltage
from the voltage detection unit and controlling the driving
unit according to the reference current and the detected
current from the current detection unit.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority of Korean
Patent Application No. 10-2011-0136102 filed on De-
cember 16, 2011, in the Korean Intellectual Property Of-
fice, the disclosure of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a light emitting
device (LED) driving apparatus and a method of driving
an LED, capable of being applied to a driving system
driven by a PWM scheme and able to appropriately set
a reference current according to a driving voltage varied
at the time of changing the light emitting device when the
reference current according to the driving voltage is pre-
viously set.

Description of the Related Art

[0003] Generally, applications for a light emitting diode
(LED), a light emitting device, have been expanded, such
as uses in a display, a lighting device, and the like.
[0004] An LED module including a plurality of LEDs
generally has driving power applied thereto through a
DC-DC converter that converts DC power from a power
supply device (for example, SMPS) into driving power.
[0005] Meanwhile, in an LED lighting device using the
LED module, a driver having voltage or current of the
LED module fedback thereto performs a control opera-
tion to supply a constant voltage or constant current to
the LED module.
[0006] However, the LED driver, according to an ana-
log scheme of the related art, needs to use a separately
designed reference circuit at the outside so as to control
voltage or current and is set to a predefined reference
value to meet LED lighting device output conditions.
[0007] However, in the LED driver of the related art,
there may be a need to change a design of the reference
circuit when the output conditions of the LED lighting de-
vice are different, such that it may be difficult to commonly
use products.
[0008] For example, in developing an LED lighting de-
vice of 50 W, when there are (1) products having output
specifications of a voltage of 50V and current 1A and (2)
products having output conditions of a voltage of 25V
and current 2A, different reference values are required,
according to the specifications of the output current, such
that a design of a circuit should be changed.
[0009] As such, types of LED lighting are gradually be-
ing increased as the LED lighting market is gradually ex-
panded. Therefore, a need exists for a technology capa-
ble of appropriately controlling various types of LED light-

ing as well as a technology capable of being applied to
various kinds of LED lighting devices while diversifying
wattage and controlled voltage/current according to the
usage of the LED lighting and an LED light source.

SUMMARY OF THE INVENTION

[0010] An aspect of the present invention provides a
light emitting device (LED) driving apparatus and a meth-
od of driving an LED, capable of being applied to a driving
system driven by a PWM scheme and appropriately set-
ting a reference current according to driving voltage var-
ied at the time of changing the light emitting device when
the reference current according to the driving voltage is
previously set, and being applied to various types of light
emitting devices.
[0011] According to an aspect of the present invention,
there is provided an LED driving apparatus including: a
voltage detection unit detecting a driving voltage supplied
from a driving unit for a light emitting unit having a plurality
of light emitting devices; a current detection unit detecting
a driving current flowing in the light emitting unit; and a
control unit setting a reference current according to a
detected voltage from the voltage detection unit and con-
trolling the driving unit according to the reference current
and the detected current from the current detection unit.
[0012] The control unit may include: a reference cur-
rent setting part setting a reference current correspond-
ing to a level of the detected voltage from the voltage
detection unit; an A/D converter converting the detected
current from the current detection unit into a digital de-
tected current; and a switching controller generating a
gate signal according to an error between the reference
current and the digital detected current and providing the
generated gate signal to the driving unit.
[0013] The driving unit may be a DC-DC converter in-
cluding a switch device operated in response to the gate
signal.
[0014] The gate signal may be a PWM gate signal.
[0015] The reference current setting part may include:
an A/D converter converting the detected voltage from
the voltage detection unit into the digital detected voltage;
and a V/I converter converting the digital detected voltage
from the A/D converter into a corresponding current and
providing the current as the reference current.
[0016] The reference current setting part may include:
an A/D converter converting the detected voltage from
the voltage detection unit into the digital detected voltage;
a memory storing a V/I lookup table in which a current
level corresponding to each voltage level is preset; and
a V/I converter retrieving the current corresponding to
the level of the digital detected voltage from the A/D con-
verter from the memory to set the retrieved current as
the reference current.
[0017] According to another aspect of the present in-
vention, there is provided a method of driving a light emit-
ting device, including: detecting a detected voltage cor-
responding to a driving voltage provided from a driving
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unit for a light emitting unit having a plurality of light emit-
ting devices; detecting a detected current corresponding
to a driving current flowing in the light emitting unit; and
setting a reference current according to the detected volt-
age and controlling the driving unit according to the ref-
erence current and the detected current.
[0018] The controlling of the driving unit may include:
setting the reference current corresponding to a level of
the detected voltage; converting the detected current into
a digital detected current; and generating a gate signal
according to an error between the reference current and
the digital detected current and providing the generated
gate signal to the driving unit.
[0019] The driving unit may be a DC-DC converter in-
cluding a switch device operated in response to a PWM
gate signal.
[0020] The gate signal may be the PWM gate signal.
[0021] The setting of the reference current may in-
clude: converting the detected voltage from the voltage
detection unit into the digital detected voltage; and con-
verting the digital detected voltage into a corresponding
current and providing the converted current as the refer-
ence current.
[0022] The setting of the reference current may in-
clude: converting the detected voltage into the digital de-
tected voltage; and converting the digital detected volt-
age into a corresponding current and setting the convert-
ed current as reference current, by using a previously
provided V/I lookup table.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other aspects, features and oth-
er advantages of the present invention will be more clear-
ly understood from the following detailed description tak-
en in conjunction with the accompanying drawings, in
which:

FIG. 1 is a block diagram of an LED driving apparatus
according to an embodiment of the present inven-
tion;
FIG. 2 is a diagram showing a variation example of
a reference current setting part according to an em-
bodiment of the present invention;
FIG. 3 is a diagram showing another variation exam-
ple of the reference current setting part according to
the embodiment of the present invention;
FIG. 4 is a diagram showing a variation example of
a V/I lookup table of a memory according to the em-
bodiment of the present invention;
FIG. 5 is a flow chart of a method of driving a light
emitting device according to another embodiment of
the present invention;
FIG. 6 is a flow chart of a light emission drive con-
trolling process according to another embodiment of
the present invention;
FIG. 7 is a diagram showing a variation example of
a reference current setting process according to an-

other embodiment of the present invention; and
FIG. 8 is a diagram showing another variation exam-
ple of a reference current setting process according
to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0024] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings.
[0025] The present invention should not be limited to
the embodiments set forth herein and the embodiments
may be used to assist in understanding the technical idea
of the present invention. Like reference numerals desig-
nate like components having substantially the same con-
stitution and function in the drawings of the present in-
vention.
[0026] FIG. 1 is a block diagram of an LED driving ap-
paratus according to an embodiment of the present in-
vention.
[0027] Referring to FIG. 1, an LED driving apparatus
according to an embodiment of the present invention may
include a voltage detection unit 100 detecting a driving
voltage Vdrv supplied from a driving unit 10 for a light
emitting unit 20 having a plurality of light emitting devices,
a current detection unit 200 detecting a driving current
Idrv flowing in the light emitting unit 20, and a control unit
300 setting a reference current Iref according to detected
voltage Vd from the voltage detection unit 100 and con-
trolling the driving unit 10 according to the reference cur-
rent Iref and the detected current Id from the current de-
tection unit 200.
[0028] In this configuration, the driving unit 10 may con-
vert an input voltage Vin into a predetermined voltage to
provide the driving voltage Vdrv to the light emitting unit
20. In this case, the light emitting unit 20 may include at
least one of channels in which the plurality of light emitting
devices are connected with one another in series. Here,
the light emitting device may be an LED.
[0029] In this case, the voltage detection unit 100 may
detect the driving voltage Vdrv supplied from the driving
unit 10 of the light emitting unit 20 having the plurality of
light emitting devices and provide the detected driving
voltage Vdrv to the control unit 300.
[0030] The current detection unit 200 may detect the
driving current Idrv flowing in the light emitting unit 20
and provide the detected driving current Idrv to the control
unit 300.
[0031] Further, the control unit 300 may set the refer-
ence current Iref according to the detected voltage Vd
from the voltage detection unit 100 and may control the
driving unit 10 according to the reference current Iref and
the detected current Id from the current detection unit
200.
[0032] As one example, the control unit 300 may in-
clude a reference current setting part 310 setting the ref-
erence current Iref corresponding to a level of the detect-
ed voltage Vd from the voltage detection unit 100, an A/D
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converter 320 converting the detected current Id from the
current detection unit 200 into a digital detected current
Ida, and a switching controller 330 generating a gate sig-
nal SG according to an error between the reference cur-
rent Iref and the digital detected current Ida and providing
the generated gate signal SG to the driving unit 10.
[0033] In this case, the reference current setting part
310 may set the reference current Iref corresponding to
the level of the detected voltage Vd from the voltage de-
tection unit 100.
[0034] The A/D converter 320 may convert the detect-
ed current Id from the current detection unit 200 into the
digital detected current Ida.
[0035] Further, the switching controller 330 may gen-
erate a gate signal SG according to the error between
the reference current Iref and the digital detected current
Ida and provide the generated gate signal SG to the driv-
ing unit 10, thereby controlling the driving unit 10.
[0036] Meanwhile, the driving unit 10 may include a
DC-DC converter including a switch device operated in
response to the gate signal SG. In this case, the gate
signal SG may be a PWM gate signal that undergoes
pulse width modulation.
[0037] That is, the DC-DC converter may convert the
input voltage Vin into a predetermined voltage according
to the PWM gate signal from the control unit 300.
[0038] FIG. 2 is a diagram showing a variation example
of a reference current setting part according to an em-
bodiment of the present invention.
[0039] Referring to FIGS. 1 and 2, the reference cur-
rent setting part 310 may include an A/D converter 311
converting the detected voltage Vd from the voltage de-
tection unit 100 into the digital detected voltage Vda, and
an V/I converter 313 converting the digital detected volt-
age Vda from the A/D converter 311 into a corresponding
current and providing the converted current as the refer-
ence current Iref.
[0040] In this case, the A/D converter 311 may convert
the detected voltage Vd from the voltage detection unit
100 into the digital detected voltage Vda and provide the
converted detected voltage Vda to the V/I converter 313.
[0041] Further, the V/I converter 313 may convert the
digital detected voltage Vda from the A/D converter 311
into a current corresponding to the level thereof and pro-
vide the converted current as the reference current Iref.
[0042] FIG. 3 is a diagram showing another variation
example of the reference current setting part according
to the embodiment of the present invention.
[0043] Referring to FIGS. 1 and 3, the reference cur-
rent setting part 310 may include the A/D converter 311
converting the detected voltage Vd from the voltage de-
tection unit 100 into the digital detected voltage Vda, a
memory 312 storing a V/I lookup table of which a current
level corresponding to each voltage level is preset, and
a V/I converter 313 setting the digital detected voltage
Vda from the A/D converter 311 as the reference current
by retrieving the current corresponding to the level from
the memory 312.

[0044] In this case, the A/D converter 311 may convert
the detected voltage Vd from the voltage detection unit
100 into the digital detected voltage Vda and provide the
converted detected voltage Vda to the V/I converter 313.
[0045] The memory 312 may store the V/I lookup table
in which the current level corresponding to each voltage
level is preset, thereby providing the current level corre-
sponding to the voltage level.
[0046] Further, the V/I converter 313 may convert the
digital detected voltage Vda from the A/D converter 311
as the reference current Iref by retrieving the current cor-
responding to the level from the memory 312.
[0047] FIG. 4 is a diagram showing a variation example
of a V/I lookup table of a memory according to the em-
bodiment of the present invention.
[0048] Referring to FIG. 4, the V/I lookup table stored
in the memory 312 may include reference currents Vref
stored therein which are respectively and differently pre-
set according to the level of the digital detected voltage
Vda.
[0049] For example, in a case in which desired required
output is 25 W, when the digital detected voltage Vda is
25V, the reference current Vref may be set to be 1A,
when the digital detected voltage is 50V, the reference
current Vref may be set to be 500 mA, and when the
digital detected voltage Vda is 100V, the reference cur-
rent Vref may be set to be 250 mA.
[0050] FIG. 5 is a flow chart of a method of driving a
light emitting device according to another embodiment
of the present invention.
[0051] Referring to FIGS. 1 and 5, the method of driving
a light emitting device according to another embodiment
of the present invention may include detecting a detected
voltage Vd corresponding to a driving voltage Vdrv sup-
plied from the driving unit 10 for the light emitting unit 20
having a plurality of light emitting devices (S100), detect-
ing a detected current Id corresponding to the driving
current Idrv flowing in the light emitting unit 20 (S200),
and setting a reference current Iref according to the de-
tected voltage Vd and controlling the driving unit 10 ac-
cording to the reference current Iref and the detected
current Id (S300).
[0052] In this case, the detected voltage Vd corre-
sponding to the driving voltage Vdrv supplied from the
driving unit 10 of the light emitting unit 20 having the
plurality of light emitting devices may be detected by the
voltage detection unit 100 shown in FIG. 1 (S100).
[0053] In addition, the detected current Id correspond-
ing to the driving current Idrv flowing in the light emitting
unit 20 may be detected by the current detection unit 200
shown in FIG. 1 (S200).
[0054] Further, by the control unit 300 shown in FIG.1,
the reference current Iref may be set according to the
detected voltage Vd and the driving unit 10 may be con-
trolled according to the reference current Iref and the
detected current Id (S300).
[0055] Meanwhile, when the entire processing proce-
dures have an end thereof during performing the process
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described above, the process may end, or otherwise, the
above-mentioned process may be repeatedly performed
(S400).
[0056] FIG. 6 is a flow chart of a light emission drive
controlling process according to another embodiment of
the present invention.
[0057] Referring to FIGS. 1 and 6, the controlling of
the driving unit 10 (S300) may include setting the refer-
ence current Iref corresponding to the level of the detect-
ed voltage Vd (S310), converting the detected current Id
into the digital detected current Ida (S320), and generat-
ing a gate signal SG according to the errors between the
reference current Iref and the digital detected current Ida
and providing the generated gate signal SG to the driving
unit 10 (S330).
[0058] In this case, the reference current Iref corre-
sponding to the level of the detected voltage Vd may be
set by the control unit 300 shown in FIG. 1 (S310). The
detected current Id may be converted into the digital de-
tected current Ida (S320).
[0059] Further, the gate signal SG according to the er-
ror between the reference current Iref and the digital de-
tected current Ida may be generated and may be provid-
ed to the driving unit 10 (S330).
[0060] Meanwhile, as described above, the driving unit
10 may include a DC-DC converter including a switch
device operated in response to the gate signal SG. In
this case, the gate signal SG may be the PWM gate sig-
nal.
[0061] That is, the DC-DC converter may convert the
input voltage Vin into the predetermined voltage accord-
ing to the PWM gate signal from the control unit 300.
[0062] FIG. 7 is a diagram showing a variation example
of a reference current setting process according to an-
other embodiment of the present invention.
[0063] Referring to FIGS. 1 and 7, the setting of the
reference current (S310) may include converting the de-
tected voltage Vd from the voltage detection unit 100 into
the digital detected voltage Vda and converting the digital
detected voltage Vda into the corresponding current and
providing the current as the reference current Iref (S312).
[0064] In this case, the detected voltage Vd from the
voltage detection unit 100 may be converted into the dig-
ital detected voltage Vda by the control unit 300 shown
in FIG. 1 (S311). Further, the digital detected voltage Vda
may be converted into a corresponding current, which
may be in turn provided as the reference current Iref
(S312).
[0065] FIG. 8 is a diagram showing another variation
example of a reference current setting process according
to another embodiment of the present invention.
[0066] Referring to FIGS. 1 and 8, the setting of the
reference current (S310) may include converting the de-
tected voltage Vd into the digital detected voltage Vda
(S311) and converting the digital detected voltage Vda
into a corresponding current and setting the converted
current as the reference current by using a previously
provided V/I lookup table (S313).

[0067] In this case, the detected voltage Vd may be
converted into the digital detected voltage Vda by the
control unit 300 shown in FIG. 1 (S311). Further, the dig-
ital detected voltage Vda may be converted into a corre-
sponding current, and then may be set as the reference
current, by using the previously provided V/I lookup table
(S313).
[0068] As set forth above, the embodiments of the
present invention may be applied to the driving system
driven by the PWM scheme, may appropriately set the
reference current according to the driving voltage varied
at the time of changing the light emitting device when the
reference current according to the driving voltage is pre-
viously set, and may be applied to various types of light
emitting devices.
[0069] Further, according to the embodiments of the
present invention, the circuits may be simplified by em-
bedding the external circuits in the microcontroller and
may be applied to several models without modifying the
circuits by allowing the microcontroller to internally vary
the reference current and to store several time constant
values in the memory and to selectively use the time con-
stant values, or the like.
[0070] While the present invention has been shown
and described in connection with the embodiments, it will
be apparent to those skilled in the art that modifications
and variations may be made without departing from the
spirit and scope of the invention as defined by the ap-
pended claims.

Claims

1. A light emitting device (LED) driving apparatus, com-
prising:

a voltage detection unit detecting a driving volt-
age supplied from a driving unit for a light emit-
ting unit having a plurality of light emitting devic-
es;
a current detection unit detecting a driving cur-
rent flowing in the light emitting unit; and
a control unit setting a reference current accord-
ing to detected voltage from the voltage detec-
tion unit and controlling the driving unit accord-
ing to the reference current and the detected
current from the current detection unit.

2. The apparatus of claim 1, wherein the control unit
includes:

a reference current setting part setting a refer-
ence current corresponding to a level of the de-
tected voltage from the voltage detection unit;
an A/D converter converting the detected cur-
rent from the current detection unit into a digital
detected current; and
a switching controller generating a gate signal
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according to an error between the reference cur-
rent and the digital detected current and provid-
ing the generated gate signal to the driving unit.

3. The apparatus of claim 2, wherein the driving unit is
a DC-DC converter including a switch device oper-
ated in response to the gate signal.

4. The apparatus of claim 3, wherein the gate signal is
a PWM gate signal.

5. The apparatus of claim 2, wherein the reference cur-
rent setting part includes:

an A/D converter converting the detected volt-
age from the voltage detection unit into the dig-
ital detected voltage; and
a V/I converter converting the digital detected
voltage from the A/D converter into a corre-
sponding current and providing the current as
the reference current.

6. The apparatus of claim 2, wherein the reference cur-
rent setting part includes:

an A/D converter converting the detected volt-
age from the voltage detection unit into the dig-
ital detected voltage;
a memory storing a V/I lookup table in which a
current level corresponding to each voltage level
is preset; and
a V/I converter retrieving the current corre-
sponding to the level of the digital detected volt-
age from the A/D converter, from the memory,
to set the retrieved current as the reference cur-
rent.

7. A method of driving a light emitting device, compris-
ing:

detecting a detected voltage corresponding to a
driving voltage provided from a driving unit for a
light emitting unit having a plurality of light emit-
ting devices;
detecting a detected current corresponding to a
driving current flowing in the light emitting unit;
and
setting a reference current according to the de-
tected voltage and controlling the driving unit ac-
cording to the reference current and the detect-
ed current.

8. The method of claim 7, wherein the controlling of the
driving unit includes:

setting the reference current corresponding to a
level of the detected voltage;
converting the detected current into a digital de-

tected current; and
generating a gate signal according to an error
between the reference current and the digital
detected current and providing the generated
gate signal to the driving unit.

9. The method of claim 8, wherein the driving unit is a
DC-DC converter including a switch device operated
in response to a PWM gate signal.

10. The method of claim 9, wherein the gate signal is
the PWM gate signal.

11. The method of claim 8, wherein the setting of the
reference current includes:

converting the detected voltage from the voltage
detection unit into the digital detected voltage;
and
converting the digital detected voltage into a cor-
responding current and providing the converted
current as the reference current.

12. The method of claim 8, wherein the setting of the
reference current includes:

converting the detected voltage into the digital
detected voltage; and
converting the digital detected voltage into a cor-
responding current and setting the converted
current as the reference current, by using a pre-
viously provided V/I lookup table.
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