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(57) ABSTRACT 

LED driving apparatus comprising: a power feed unit; a 
driving control unit; a current detection unit that detects load 
current flowing in an LED module; and an output control unit 
that determines whether the LED module is under conducting 
state or opening state, and outputs a signal in accordance with 
a result of the determination, wherein, when the LED module 
is under conducting state, the output control unit outputs a 
first signal to the driving control unit so that the load current 
is constant, wherein, when the LED module is under opening 
state, the output control unit outputs a second signal to the 
driving control unit so that a voltage becomes a predeter- 
mined constant-voltage value, and wherein the predeter- 
mined voltage value is a voltage or higher, at which the LED 
module starts conduction, and a voltage or lower correspond- 
ing to an upper limit of the LED. 
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LED DRIVING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from Japanese 
Patent Application No. 2011-030175 filed on Feb. 15,2011, 

the entire subject matter of which is incorporated herein by 
reference. 

TECHNICAL FIELD 

[0002] The invention relates to an Light Emitting Diode 

(LED) driving apparatus, and specifically, to an LED driving 

apparatus that appropriately performs control, based on 

whether an LED is under opening state or conducting state. 

BACK GROUND 

[0003] An LED module and an LED driving apparatus for 

driving the LED module are widely, for example, in an illu- 

mination apparatus and the like. It is known that an LED 

module includes at least one or more LED arrays having at 

least one or more light emitting diodes (hereinafter, also 

referred to as ’LED’). Here, in the LED module having two or 

more LED modules, the respective LED modules are con- 

nected in parallel with each other. Also, in the LED array 

having two or more LEDs, the respective LEDs are connected 

to each other in series. 

[0004] JP-A-2010-161264 discloses an LED driving circuit 
driving a light source, in which LED strings having LEDs 

connected in series are arranged in parallel. The LED driving 

circuit drives the LEDs at constant-current, thereby making 

luminance of the LEDs uniform. 

[0005] However, according to the above LED driving appa- 

ratus, when the LED module becomes under opening state, 

i.e., abnormal state, control of regulating an output voltage to 

the LED module may be performed. The control is performed 

with considering temperatures of the LED module, non-uni- 

formity of forward voltages VF of the individual LEDs, and 

the like. A value of the output voltage is set to be larger than 

a predetermined voltage corresponding to an upper limit of 
load current that is supplied to the LED module. 

[0006] When the opening state of the LED module is kept at 

a state in which the control of regulating the value of the 

output voltage is performed and the value of the output volt- 

age is large, the charges are kept with being charged in a 

smoothing capacitor that is arranged at an output-side after 

power conversion. At this state, when the LED module 

becomes under conducting state, i.e., normal state, excessive 

inrush current instantaneously flows in the LED module. 

When the inrush current flows, the LEDs configuring the 
LED module may be damaged or burned out. 

[0007] The above phenomenon may be occurred in a fol- 

lowing case. That is, in case that the LED driving apparatus 

and the LED module are connected by using a connector and 

the like, the connection between the LED driving apparatus 

and the LED module may be inappropriate or unstable. As 

one example, in case that the LED module is connected to the 

LED driving apparatus being under conducting state, a user 

may connect the LED driving apparatus and the LED module 

in an erroneous connection direction (polarity and the like). 

As another example, a connector of the LED driving appara- 

tus and a connector of the LED module may be imperfectly 

connected or an electrical contact of the LED driving appa- 

ratus and the LED module may disappear temporarily. In this 

case, when LED driving apparatus and the LED module are 

again connected correctly or the electrical contact thereof is 

recovered, the inrush current may flow in the LED module. 

[0008] FIG. 5 is a graph illustrating an example of a change 

in current that is supplied when an LED module is attached to 

and detached from a background LED driving apparatus. 

[0009] In FIG. 5, the LED module is under conducting state 

at time TO. As shown in FIG. 5, a current value is zero (0) 
before time TO and the LED module is not under conducting 

state. Just after time TO, i.e., when the LED module is under 

conducting state, the current value abruptly increases from 

zero (0) and the inrush current IF instantaneously flows in the 

LED module. After the inrush current IFp flOWS, the current 
value decreases and constant forward current IF flows. A 

quality of the LED is considerably deteriorated due to the 

inrush current IF/ 

[0010] For solving the above problem, a configuration has 

been known in which an inductor is connected to a power feed 

line after power conversion in series with the LED module. 

[0011] FIG. 6 is a circuit diagram illustrating an example of 

a configuration of a background LED driving apparatus. 

[0012] An example of a configuration of an background 

LED driving apparatus, in which an inductor is provided, is 

described with reference to FIG. 6. An LED driving apparatus 

801 has an output control unit 802, a power conversion unit 

807, a driving control unit 808 and a current detection unit 

810. The power conversion unit 807 has an interference sup- 

pression unit 807a that performs a noise measure, a rectifica- 

tion unit 807b that rectifies alternating current, a power factor 

improvement unit 807c and a power conversion circuit 807d 

that is a DC/DC converter. The LED driving apparatus 801 

converts alternating current power from an alternating current 

power supply VAC into direct current power in the power 

conversion unit 807 and feeds the direct current power to the 

LED module 500. An inductor L1 is connected to a power 

feed line from the power conversion unit 807 to the LED 

module 500 in series with the LED module 500. 

[0013] The output control unit 802 has a constant-current 

control unit 803 and a constant-voltage control unit 804. 

When the LED module 500 is under conducting state (normal 

state), a constant-current control of making current IF flowing 
in the LED module 500 constant is performed. When the LED 

module 500 is under opening state (abnormal state), an opera- 

tion of the constant-voltage control unit 804 of the output 

control unit 802 is enabled based on a detection value of the 

current detection unit 810. At this time, the constant-voltage 

control unit 804 outputs a feedback signal for driving voltage 

setting to the driving control unit 808, based on a detection 

value of a voltage VA supplied to the LED module and a 

reference voltage value VTH3. The feedback signal is a signal 
for outputting a voltage, which is higher than a voltage cor- 

responding to an upper limit of load current to be supplied to 

the LED module 500, for example a voltage value V04 shown 

in FIG. 3, to the power conversion unit 807. The reason is as 

follows. In order to securely conduct the LED module 500 

when the LED module 500 is attached and detached during 

the operation of the LED driving apparatus 801, a voltage is 

necessary which is higher than the maximum voltage to be 

applied to the LED module 500 under conducting state (nor- 

mal state), with considering the non-uniformity of properties 

such as temperature characteristics and forward voltages VF 

of the respective LEDs, the environment change and the like. 

By performing the above control, even when addition values 

of the forward voltages VF of the LEDs of the respective LED 

Page 7 of 13



US 2012/0206433 A1                                                 Aug. 16, 2012 

2 

arrays are increased due to the non-uniformity of properties 

of the individual LEDs, the environment change and the like, 

it is possible to turn on the LEDs instantaneously and 

securely. 

[0014] Here, when the charges of a capacitor C1 are 

charged by the high voltage at the time of opening state, the 

excessive current (inrush current) flows toward the LED mod- 
ule 500 in attaching and detaching the LED module 500, so 
that the qualities of the individual LEDs and the LED module 

are considerably deteriorated. On the other hand, according to 

the LED driving apparatus 801, the high inrush current does 

not flow to the LED module by the function of the inductor 

even for the above case, so that it is possible to protect the 

LED module. 

SUMMARY 

[0015] However, according to the configuration of connect- 

ing the inductor as described above, an inductor having a high 

inductance value is required. Accordingly, it is difficult to 

make the LED driving apparatus small and the manufacturing 

cost of the LED driving apparatus is increased. 

[0016] Additionally, JP-A-2010-161264 does not disclose 

an effective solution for the above problems. 

[0017] With considering the above, this disclosure provides 

an LED driving apparatus, which may be miniaturized, may 

have a low manufacturing cost and may suppress an LED 

from being out of order due to inrush current. 

[0018] A Light Emitting Diode driving apparatus of this 

disclosure that drives an LED module having at least one 

LED, comprises: a power feed unit that feeds direct current 

power to the LED module; a driving control unit that performs 

driving control of the power feed unit; a current detection unit 

that detects load current flowing in the LED module; and an 

output control unit that determines whether the LED module 

is under conducting state or opening state in accordance with 

a detection result of the current detection unit, outputs a signal 

to the driving control unit in accordance with a result of the 

determination, and thus control an output from the power feed 

unit, wherein, when the LED module is under conducting 

state, the output control unit outputs a first signal to the 

driving control unit so that the load current is constant when 

a voltage is applied to the LED module by the power feed unit, 

wherein, when the LED module is under opening state, the 

output control unit outputs a second signal to the driving 

control unit so that a voltage, which is applied to the LED 

module by the power feed unit, becomes a predetermined 

constant-voltage value, and wherein the predetermined volt- 

age value is a voltage or higher, at which the LED module 

starts conduction, and a voltage or lower corresponding to an 

upper limit of the load current when the LED module is under 

conducting state. 

[0019] In the above-described LED driving apparatus, the 

output control unit may have a constant-current control unit 

that performs constant-current control and a constant-voltage 

control unit that performs constant-voltage control, wherein, 

when the LED module is under conducting state, by using: a 

voltage corresponding to the load current detected by the 

current detection unit; and a first reference value that is a 
reference voltage for generating the first signal, as inputs, the 

constant-current control unit performs the constant-current- 

control based on a comparison result of the inputs, and 

wherein, when the LED module is under opening state, by 

using: a voltage corresponding to the load current detected by 

the current detection unit; a voltage based on an output volt- 

age of the power feed unit; a second reference value that is a 

voltage for generating the second signal; and an opening state 

detecting signal from the constant-current control unit, as 

inputs, the constant-voltage control generates a third refer- 

ence value, based on the second reference value and the 
opening state detecting signal, and outputs the second signal 

based on a comparison result of the voltage based on the 

output voltage of the power feed unit and the third reference 

value, and thus the constant-voltage control perfumes the 

constant-voltage control on the output voltage of the power 

feed unit. 

[0020] In the above-described LED driving apparatus, 

when the LED module is under conducting state, the con- 

stant-current control unit may output the first signal to the 

driving control unit, based on a comparison result of the 

voltage corresponding to the load current and the first refer- 

ence value, and when the LED module is under opening state, 

the constant-current control unit may stop the output of the 

first signal, and wherein, when the LED module is under 

opening state, the constant-voltage control unit may output 

the second signal to the driving control unit, based on a 

comparison result of the voltage based on the output voltage 

and the second reference value, and when the LED module is 
under conducting state, the constant-voltage control unit may 

stop the output of the second signal. 

[0021] According to this disclosure, when the LED module 

is under opening state, the output voltage to the LED module 

is controlled to be lower than a voltage corresponding to the 

upper limit of the load current. Therefore, it is possible to 

provide the LED driving apparatus, which may be miniatur- 

ized, may have a low manufacturing cost and may suppress an 

LED from being out of order due to inrush current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The foregoing and additional features and charac- 

teristics of this disclosure will become more apparent from 

the following detailed descriptions considered with the refer- 

ence to the accompanying drawings, wherein: 

[0023] FIG. 1 is a circuit diagram illustrating a configura- 

tion of an LED driving apparatus according to an illustrative 

embodiment of this disclosure; 

[0024] FIG. 2 is a circuit diagram illustrating a detailed 

configuration of the LED driving apparatus; 

[0025] FIG. 3 is a graph illustrating a relation between load 

current flowing in an LED module and an output voltage from 

a power conversion unit; 

[0026] FIG. 4 is a graph illustrating an example of a change 

in current that is supplied when an LED module is attached to 

and detached from the LED driving apparatus according to 

the illustrative embodiment; 

[0027] FIG. 5 is a graph illustrating an example of a change 

in current that is supplied when an LED module is attached to 

and detached from an LED driving apparatus according to the 

background art; and 

[0028] FIG. 6 is a circuit diagram illustrating an example of 

a configuration of an LED driving apparatus according to the 

background art. 

DETAILED DESCRIPTION 

[0029] Hereinafter, an LED driving apparatus according to 

an illustrative embodiment of this disclosure will be 

described with reference to the drawings. 
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[0030] An LED driving apparatus feeds direct current 
power to an LED module having one or more LEDs and thus 

drives the LED module. The LED module is used for an 

illumination apparatus, for example. In this illustrative 

embodiment, the LED driving apparatus converts alternating 
current power into direct current power and feeds the con- 

verted direct current power to the LED module. The LED 

driving apparatus is configured to prevent inrush current from 

flowing in the LED module when connecting the LED mod- 

ule, for example. 

[0031] [Illustrative Embodiment] 

[0032] First, a circuit configuration of an LED driving 

apparatus 1 according to an illustrative embodiment of this 

disclosure is described. 

[0033] FIG. 1 is a circuit diagram illustrating a configura- 

tion of the LED driving apparatus 1 according to an illustra- 

tive embodiment of this disclosure. 

[0034] As shown in FIG. 1, the LED driving apparatus 1 has 

an output control unit 102, a power conversion unit 107 

(which is an example of a power feed unit), a driving control 

unit 108 and a current detection unit 110. The output control 

unit 102 has a constant-current control unit 103 and a con- 

stant-voltage control unit 104. The power conversion unit 107 

is connected to an alternating current power supply VAC. The 

power conversion unit 107 converts alternating current power 

from the alternating current power supply VAC into direct 

current power and outputs. As the direct current power is fed 

from the power conversion unit 107 to an LED module 500, 

the LED module 500 is driven. 

[0035] The LED module 500 has a plurality of LED arrays 
501. Each of the LED arrays 501 is connected to the power 

conversion unit 107 and is connected in parallel with the other 

LED arrays 501. Each LED array 501 has a plurality of LEDs 

511. In each LED array 501, each of the LEDs 511 is con- 

nected in series with the other LEDs 511. Like this, the LED 
module 500 is configured by the LEDs 511 ofm rows and n 
columns (m, n: 2 or larger). 

[0036] The constant-current control unit 103 outputs a sig- 

nal to the driving control unit 108, based on an output of the 

current detection unit 110 and a first reference value VR 1. The 

first reference value Vm is a voltage that is a basis of the 

constant-current-control. In the meantime, the first reference 
value VR1 is a reference value of the constant-current control 

and an operating value for dimming control of the LED mod- 

ule 500. 

[0037] The constant-voltage control unit 104 has an open 

detection circuit 105 and an open-voltage setting circuit 106. 

The open detection circuit 105 outputs a signal to the open- 

voltage setting circuit 106, based on an output of the current 

detection unit 110, an output of the constant-current control 

unit 103 and a second reference value (voltage) Vr�1 for 

generating a reference value of constant-voltage control. The 

open-voltage setting circuit 106 outputs a signal to the driving 

control unit 108, based on a voltage of a high-voltage side of 

power feed lines to the LED module, i.e., an applied voltage 

to the LED module 500, the signal from the open detection 

circuit 105 and a third reference value Vrar2 that is generated 

from the second reference value Vrar� and perform constant- 

voltage controlling of the voltage of the high-voltage side of 

the power feed lines to the LED module, i.e., the applied 

voltage to the LED module 500. Meanwhile, in this illustra- 

tive embodiment, a value of the applied voltage to the LED 

module 500 is the substantially same as an output voltage Vo 

of the power conversion unit 107. 

[0038] The power conversion unit 107 has an interference 

suppression unit 107a, a rectification unit 107b, a power 

factor improvement unit 107c, a power conversion circuit 

107d and a capacitor C1. The interference suppression unit 

107a is a filter circuit that is provided to the power feed lines 

from the alternating current power supply VAC to the rectifi- 

cation unit 107b, and the filter circuit suppresses a noise from 

being leaker or introduced through a wiring. The rectification 
unit 107c rectifies the alternating current that is supplied from 

the alternating current power supply VAC. The power factor 

improvement unit 107c is a Power Factor Correction (PFC) 

circuit that improves a power factor of the output of the 

rectification unit 107b. The power conversion circuit 107d is 

a DC/DC converter. The power conversion circuit 107d con- 

verts and outputs direct current power to be fed to the LED 

module 500, in accordance with the control of the driving 

control unit 108. The power conversion circuit 107d and the 

LED module 500 are connected to each other by two power 

feed lines of a low-voltage side line and a high-voltage side 

line. The low-voltage side line is connected to a ground poten- 

tial, for example. 

[0039] The capacitor C1 is a smoothing capacitor and is 

connected to the feed lines of the direct current power from 

the power conversion circuit 107alto the LED module 500, in 

line with the LED module 500. That is, one end of the capaci- 

tor C1 is connected to the high-voltage side line of the power 

feed lines to the LED module 500 and the other end is con- 

nected to the low-voltage side line that is a ground potential. 

[0040] In the meantime, the power conversion unit 107 is 

not limited to the above configuration. For example, the inter- 

ference suppression unit 107a, the rectification unit 107b and 

the power factor improvement unit 107c may be appropri- 

ately provided depending on the circuit configuration of the 

power conversion unit 107. Also, the power conversion unit 

107 may include a circuit other than the above configuration. 

[0041] The driving control unit 108 controls the power 

conversion circuit 107d in accordance with the signals output 

from the constant-current control unit 103 and the open- 

voltage setting circuit 106. The driving control unit 108 con- 

trols the power conversion circuit 107d to feed the direct 

current power from the power conversion unit 107 to the LED 

module 500, thereby driving the LED module 500. 

[0042] The current detection unit 110 is arranged at the 

low-voltage side line that connects the power conversion unit 

107d and the LED module 500. The current detection unit 110 

is connected between an end of a cathode of the LED module 

500 and the ground potential. The current detection unit 110 

detects load current IF flowing in the LED module 500. The 

current detection unit 110 outputs a voltage, as a detection 

value, corresponding to the load current IF to the output con- 

trol unit 102, for example. Also, the constant-current control 

unit 103 outputs an open detection signal to the open detec- 

tion circuit 105, based on a detection result of the current 
detection unit 110. Thereby, the output control unit 102 deter- 

mines whether the LED module 500 is under conducting state 

(normal state) or opening state (abnormal state), and performs 

the constant-current control when the LED module is under 

conducting state (normal state) and the constant-voltage con- 

trol when the LED module is under opening state (abnormal 

state). 

[0043] FIG. 2 is a circuit diagram illustrating a detailed 

configuration of the LED driving apparatus 1. 

[0044] As shown in FIG. 2, the power conversion circuit 

107d has a transformer T1 and a transistor Q5 that is con- 
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nected to a primary side of the transformer T1. The transistor 
Q5 is a MOS-type field effect transistor, for example. How- 
ever, this disclosure is not limited thereto. 
[0045] The driving control unit 108 has a control IC 108a, 
a photo coupler PC that is connected to the control IC 108a, a 
resistance R6 and the like. An output terminal of the control 
IC 108a is connected to a gate terminal of the transistor Q5. 
One terminal of output terminals of the photo coupler PC is 
connected to the ground potential and the other terminal is 
connected to the control IC 108a. One of input terminals, 
which is different from the one of input terminal connecting 
the transistors Q2 and Q3, of the photo coupler PC is con- 
nected to a predetermined voltage (for example, second ref- 
erence voltage Vrar1 . However, this disclosure is not limited 
thereto) via the resistance R6 and the other end is connected 
to collectors of transistors Q2, Q3 that will be described later. 
The control IC 108a turns on or off the transistor Q5 in 
accordance with a signal of the photo coupler PC. The trans- 
former T1 is energized as the transistor Q5 becomes on or off. 

[0046] The current detection unit 110 has a resistance R0. 
The resistance R0 is arranged at the low-voltage side line that 
connects the power conversion circuit 107d and the LED 
module 500, in series with the LED module 500. The load 
current IF (refer to Ir in FIG. 2) flown in the LED module 500 
flows in the resistance R0. 
[0047] The output control unit 102 is connected to an end of 
the resistance R0 at a side of the LED module 500. A voltage 
Va of the end of the resistance R0 at the LED module 500 side 
corresponds to the load current IF. The output control unit 102 
can detect whether the LED module 500 is under conducting 
state or opening state, based on the voltageVa of the end of the 
resistance R0 at the side of the LED module 500. Also, the 
output control unit 102 is connected to the high-voltage side 
line of the power feed lines to the LED module 500. 

[0048] The constant-current control unit 103 has a com- 
parator X1 and a transistor Q3. The first reference value VR1 
is input to a negative input terminal of the comparator X1 via 
a resistance, for example. The voltage V� from the current 
detection unit 110 is input to a positive input terminal of the 
comparator X1 via a resistance, for example. An output ter- 
minal of the comparator X1 is connected to a base of the 
transistor Q3 via a resistance R10, for example. An emitter of 
the transistor Q3 is grounded and a collector of the transistor 
Q3 is connected to the one of the input terminals of the photo 
coupler PC. 
[0049] The open detection circuit 105 has a transistor Q1 
and a comparator X2. A base of the transistor Q1 is connected 
to the output terminal of the comparator X1 and is input with 
an output voltage Vb of the comparator X1. An emitter of the 
transistor Q1 is grounded. A collector of the transistor Q1 and 
a positive input terminal of the comparator X2 are connected 
to the second reference value Vrar1 via a resistance. The 
voltage V� from the current detection unit 110 is input to a 
negative input terminal of the comparator X2 via a resistance. 
An output terminal of the comparator X2 is connected to the 
open-voltage setting circuit 106. 
[0050] The open-voltage setting circuit 108 has transistors 
Q2, Q4, a comparator x3, resistances R1, R2, R3 and the like. 
A base of the transistor Q4 is connected to the output terminal 
of the comparator X2 and an emitter of the transistor Q4 is 
grounded. A negative input terminal of the comparator X3 is 
connected to a collector of the transistor Q4 via the resistance 
R1, is connected to the ground potential via the resistance R2 
and is connected to the second reference value Vrar1 via the 

resistance R3. A positive input terminal of the comparator X3 

is connected to the high-voltage side line of the power feed 

lines to the LED module 500 via a resistance, for example. 

The voltage Vo (output voltage Vo) of the high-voltage side 

line is input to the positive input terminal of the comparator 

X3 via a resistance, for example. An output terminal of the 

comparator X3 is connected to a base of the transistor Q2 via 

a resistance. An emitter of the transistor Q2 is grounded and 

a collector of the transistor Q2 is connected to one of the input 

terminals of the photo coupler PC. 

[Operations of LED Driving Apparatus 1] 

[0051] In the below, the operations of the LED driving 
apparatus 11 are described. In this illustrative embodiment, 
when the alternating current power is input from the alternat- 
ing current power supply VAC to the LED driving apparatus 1, 
i.e., when the LED driving apparatus 1 can output the direct 
current power, the output control unit 102 determines whether 
the LED module 500 is under conducting state or opening 
state in accordance with the detection result of the current 
detection unit 110. The output control unit 102 outputs a 
signal to the driving control unit 108 in accordance with a 
result of the determination and controls the output from the 
power conversion circuit 107d to the LED module 500. As 
described below, the output control unit 102 determines 
whether the LED module 500 is under conducting state or 
opening state in accordance with a value of the load current 

IF. 
[0052] FIG. 3 is a graph illustrating a relation between the 
load current IF flowing in the LED module 500 and the output 
voltage Vo from the power conversion unit 107. 
[0053] When the LED module 500 is under conducting 
state, the constant-curreut control unit 103 of the output con- 
trol unit 102 outputs a first signal (feedback signal for current 
setting) to the driving control unit 108 so that the load current 
IF flowing in the LED module 500 is constant. The first signal 
is output, based on the first reference value VR1 . The load 
current IF of the LED module 500 is regulated depending on 
the first reference valueVR 1. In other words, the first reference 
value VR1 is a dimming signal and the LED module 500 is 
dimmed depending on the dimming signal. 

[0054] That is, when the LED module 500 is under con- 
ducting state, as shown in FIG. 3, the output voltage Vo 
monotonically increases as the load current IF increases. As 
the constant-current control unit 103 is controlled depending 
on the first reference valueVR 1, the load current IFis regulated 
and takes a value within a dimming range from the upper limit 
IF1 to the lower limit IF2 . The upper limit IF1 of the load 
current IF corresponds to the upper limit V01 of the output 
voltage Vo. Also, the lower limit IF2 of the load current cor- 
responds to the lower limit V01 of the output voltage Vo. 

[0055] In the meantime, when the LED module 500 is 
under conducting state, the constant-current control unit 103 
performs the constant-current-control, so that additional val- 
ues of the forward voltages VF of the LEDs 511 may be 
increased accompanied by the non-uniformity of the proper- 
ties of the individual LEDs 511, the environment change of 
the LED module 500 and the like. In this case, the output 
voltage Vo may exceed the upper limit V01 within the dim- 
ming range. 

[0056] In the meantime, when the LED module 500 is 
under opening state, the constant-voltage control unit 104 of 
the output control unit 102 controls so that the output voltage 
Vo becomes a constant-voltage value. The control is per- 
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formed by outputting a second signal (feedback signal for 

voltage setting) to the driving control unit 108. At this time, 

the output voltageVo is controlled so that it becomes a voltage 

value V03 (which is an example of a predetermined voltage 

value), which is a voltage or a higher, at which the LED 
module 500 starts conduction, and is a voltage or lower that 

corresponds to the upper limit IF1 of the load current IF 

flowing in the LED module 500. 

[0057] When the LED module 500 is under opening state, 

the constant-voltage control unit 104 outputs a second signal 

to the driving control unit 108, based on the output voltage Vo 

and the third reference valueVrar2 that is switched by the open 

detection circuit 105 on the basis of the second reference 

value Vrar1 , as described below. As shown in FIG. 3, the 

output voltage Vo is controlled so that it becomes a predeter- 

mined voltage value V03 within a range between a voltage 

VOFF at which the LED module 500 starts conduction and the 

upper limit Vo� of the output voltage Vo. The second signal is 

output from the open-voltage setting circuit 106 to the driving 

control unit 108, as described below, and the driving control 

unit 108 controls the output voltage Vo in accordance with the 

second signal, as described above. 

[0058] In the below, the operations of the LED driving 

apparatus 1 will be described in the respective cases that the 

LED module 500 is under conduction-state and under open- 

ing state with reference to FIG. 2. 

[Operation When LED Module 500 is Under Conducting 

State (Normal State)] 

[0059] When the LED module 500 is under conducting 

state, the load current IF (refer to Ir in FIG. 2) flows in the 

resistance R0. Accordingly, the detected voltage Va becomes 

a voltage corresponding to the load current IF. 

[0060] At this time, the constant-current control unit 103 
uses inputs of the voltage Va based on the load current IF 

detected by the current detection unit 110 and the first refer- 

ence value VR� that is a reference voltage for generating the 

first signal and performs the constant-current-control, based 

on a comparison result of the inputs. Based on the comparison 

result of the voltage based on the load current IF and the first 

reference value VR� the first signal is output to the driving 

control unit 108. 

[0061] That is, in the constant-current control unit 103, 
when the detected voltage V� and the first reference value VR 

are input to the comparator X1, the output voltage Vb is 

obtained from the comparator X1. The transistor Q3 becomes 

on-state in accordance with the output voltage Vb. When the 

transistor Q3 becomes on-state, predetermined current 

depending on base current of the transistor Q3 and a current 

amplification factor flows to the photo coupler PC. That is, the 

first signal is output from the constant-current control unit 

103 to the driving control unit 108. 

[0062] Meanwhile, at this time, in the constant-voltage 

control unit 104, the transistor Q1 of the open detection 

circuit 105 becomes on-state in accordance with the output 

voltage Vb from the comparator X1. When the transistor Q1 

becomes on-state, the positive input terminal of the compara- 

tor X2 is connected to the ground potential and thus becomes 

’L (low).’ Thereby, the comparator X2 compares the potential 

of the positive input terminal and the detected voltage V� 

input to the negative input terminal and outputs ’L.’ 

[0063] As the output of the comparator X2 becomes ’L’, the 

transistor Q4 of the open-voltage setting circuit 106 becomes 

off-state. Therefore, the negative input terminal of the corn- 

parator X3 becomes relatively ’H (high)’ to the positive input 

terminal. Thereby, the output of the comparator X3 becomes 

’L.’ 
[0064] As the output of the comparator X3 becomes ’L’, the 

transistor Q2 becomes off-state. Therefore, the second signal 

is not output from the constant-voltage control unit 104 and 

the constant-voltage control is thus not performed. 

[Operation When LED Module 500 is Under Opening State 

(Abnormal State)] 

[0065] When the LED module 500 is under opening state, 

the load current IF does not flow in the resistance R0. Accord- 

ingly, the detected voltage V� becomes ’L’, i.e., zero. 

[0066] At this time, in the constant-current control unit 103, 
the detected voltage V� of’L’ and the first reference value VR1 

are input to the comparator X1. The output voltage Vb of the 

comparator X1 becomes ’L.’ Since the output voltage Vb is 

’L’, the transistor Q3 becomes off state. Accordingly, the 

output of the first signal from the constant-current control unit 

103 is stopped and the constant-current control is not thus 

performed. 

[0067] On the other hand, at this time, the operation of the 

constant-voltage control unit 104 becomes effective by the 

output voltage Vb based on the detected voltage Va. In the 

constant-voltage control unit 104, as the operation of the open 

detection circuit 105 is switched, the third reference value 
Vrar2 is internally generated from the second reference value 

Vrar� in accordance with the detected voltage V� The third 

reference value Vrar2 becomes a reference value of the open- 

voltage setting circuit 106. The constant-voltage control unit 

104 performs the constant-voltage control on the output volt- 

age Vo, based on the third reference value Vrar2 . 

[0068] That is, in the constant-voltage control unit 104, 

since the output voltage Vb of the comparator X1 is ’L’, the 

output voltage Vb is input, as an opening state detecting sig- 

nal, to the transistor Q1 of the open detection circuit 105 and 

the transistor Q1 of the open detection circuit 105 becomes 

off:state. Therefore, the positive input of the comparator X2 

connected to the collector of the transistor Q1 becomes effec- 
tive. The positive input terminal of the comparator X2 is 

connected to the voltage based on the second reference value 

Vrar� and becomes relatively ’H’ with respect to the negative 

input terminal connected to the detected voltage V� of ’L.’ 

Therefore, the output of the comparator X2 becomes ’H’ and 

the transistor Q4 of the open-voltage setting circuit 106 

becomes on-state. 

[0069] When the transistor Q4 becomes on-state, the third 
reference value Vrar2 , which is set by the second reference 

value Vrar1 and the resistances R1, R2, R3, is input the nega- 

tive input terminal of the comparator X3. That is, the third 

reference value Vrar2 is generated as the transistor Q4 

becomes on-state and thus the resistance R1 becomes effec- 
tive, based on the opening state detecting signal from the 

comparator X1. Also, the voltage based on the output voltage 

Vo to the LED module 500 is input to the positive input 

terminal of the comparator X3 via the resistance R4 and the 

positive input terminal of the comparator X3 is grounded via 

the resistance R5. Here, the third reference value Vrar2 is set 

so that the output voltage Vo to the LED module 500 becomes 

the predetermined constant-voltage value V03 , which is the 

voltage VoFF or higher corresponding to the lower limit Io of 

the load current IF and the voltage V01 or lower corresponding 

to the upper limit IF1 of the load current IF Based on a com- 

parison result of the input values of the positive and negative 
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sides of the comparator X3, a predetermined voltage is output 

from the comparator X3. Based on the output of the compara- 

tor X3, the transistor Q2 becomes on-state. When the transis- 
tor Q2 becomes on-state, predetermined current depending 

on the base current of the transistor Q2 and a current ampli- 
fication factor flows to the photo coupler PC. That is, the 

second signal is output from the constant-voltage control unit 

104 to the driving control unit 108 so that the output voltage 

becomes the predetermined voltage value V03 . 

Effects of Illustrative Embodiment 

[0070] As described above, when the LED module 500 is 
under opening state, the LED driving apparatus 1 controls so 
that the output voltage to the LED module 500 becomes lower 

than the voltage V01 corresponding to the upper limit IF1 of 

the load current IF. As a result, when the LED module 500 is 
attached to and detached from the LED driving apparatus 1 

while the LED driving apparatus 1 operates, the current flow- 

ing in the LED module 500 starts to flow from a current value 

smaller than the upper limit IF� of the load current IF, and the 

current gradually increases and reaches the upper limit IF� 

When the LED module 500 is under opening state, the output 

voltage to the LED module 500 is set to any value smaller than 

the voltage V01 corresponding to the upper limit IF� of the load 

current IF, SO that it is possible to suppress a value of peak 

current flowing in the LED module 500. Therefore, the break- 

down (burnout and the like) of the LEDs 511 due to the inrush 
current is suppressed. 

[0071] FIG. 4 is a graph illustrating an example of a change 

in current that is supplied when the LED module 500 is 

attached to and detached from the LED driving apparatus 1 

according to the illustrative embodiment. 

[0072] In FIG. 4, time before time TO indicates a period in 

which the LED module 500 is under opening state and time 
after time TO indicates a period in which the LED module 500 

is under conducting state. As shown in FIG. 4, in the LED 

driving apparatus 1, when the LED module 500 shifts from 

the opening state to the conducting state (around time TO), the 

load current IF smoothly increases from the IF3 , SO that the 

inrush current shown in FIG. 5 does not flow in the LED 

module 500. Thereby, it is possible to suppress the LEDs 511 

configuring the LED module 500 from being damaged. 

[0073] The LED driving apparatus 1 has the simple circuit 

in which the relatively simple circuit devices such as com- 

parator, transistor and the like are used while the large circuit 

device such as inductor is not used. Accordingly, it is possible 

to realize the LED driving circuit 1 that can be miniaturized 

and has a high product quality and a low manufacturing cost. 

[Others] 

[0074] The LED driving circuit may not have the dimming 
function. 

[0075] The power conversion circuit and the peripheral cir- 

cuits may not have an insulating type configuration. Also, the 

LED driving circuit may be a circuit that converts the direct 

current power input from the direct current power supply by 

the power conversion circuit and feeds the same to the LED 

module. 

[0076] Instead of the transistor connected to the input ter- 

minal of the comparator of the open detection circuit and the 

transistor connected to the input terminal of the comparator of 

the open-voltage setting circuit, the other type-switch device 

such as field effect transistor may be used. 

[0077] The photo couplers may be individually connected 

to the respective collectors of the transistor Q3 of the con- 

stant-current control unit 103 and the transistor Q2 of the 
constant-voltage control unit 104 and the signals may be 

output to the control IC 108a. 

[0078] In the meantime, the LED module that is driven by 

the LED driving apparatus is not limited to the above module 

having the plurality of LED arrays. The LED module may 

have one LED array. Also, the LED array is not limited to the 

LED array having the plurality of LEDs. The LED array may 

have only one LED. That is, the LED module may have only 

one LED. For example, the LED module may have one LED 

array in which two LEDs are arranged in series. Also, the 

LED module may have a configuration in which two LEDs 

are arranged in parallel. 

[0079] The illustrative embodiments are just illustrative 

example and is not limited to limit this disclosure. The scope 

of this disclosure is indicated by the claims and includes all 

modifications and equivalents. 

What is claimed is: 

1. An Light Emitting Diode (LED) driving apparatus that 

drives an LED module having at least one LED, comprising: 

a power feed unit that feeds direct current power to the LED 

module; 

a driving control unit that performs driving control of the 
power feed unit; 

a current detection unit that detects load current flowing in 

the LED module; and 
an output control unit that determines whether the LED 

module is under conducting state or opening state in 

accordance with a detection result of the current detec- 

tion unit, outputs a signal to the driving control unit in 

accordance with a result of the determination, and thus 
control an output from the power feed unit, 

wherein, when the LED module is under conducting state, 

the output control unit outputs a first signal to the driving 

control unit so that the load current is constant when a 

voltage is applied to the LED module by the power feed 

unit, 

wherein, when the LED module is under opening state, the 

output control unit outputs a second signal to the driving 

control unit so that a voltage, which is applied to the 

LED module by the power feed unit, becomes a prede- 

termined constant-voltage value, and 

wherein the predetermined voltage value is a voltage or 

higher, at which the LED module starts conduction, and 

a voltage or lower corresponding to an upper limit of the 

load current when the LED module is under conducting 

state. 

2. The LED driving apparatus according to claim 1, 

wherein the output control unit has a constant-current con- 

trol unit that performs constant-current control and a 

constant-voltage control unit that performs constant- 

voltage control, 

wherein, when the LED module is under conducting state, 

by using: a voltage corresponding to the load current 

detected by the current detection unit; and a first refer- 

ence value that is a reference voltage for generating the 

first signal, as inputs, the constant-current control unit 

performs the constant-current-control based on a com- 

parison result of the inputs, and 

wherein, when the LED module is under opening state, by 

using: a voltage corresponding to the load current 

detected by the current detection unit; a voltage based on 
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an output voltage of the power feed unit; a second ref- 
erence value that is a voltage for generating the second 

signal; and an opening state detecting signal from the 
constant-current control unit, as inputs, the constant- 

voltage control generates a third reference value, based 
on the second reference value and the opening state 

detecting signal, and outputs the second signal based on 
a comparison result of the voltage based on the output 

voltage of the power feed unit and the third reference 

value, and thus the constant-voltage control perfumes 

the constant-voltage control on the output voltage of the 

power feed unit. 

3. The LED driving apparatus according to claim 2, 

wherein, when the LED module is under conducting state, 

the constant-current control unit outputs the first signal 

to the driving control unit, based on a comparison result 

of the voltage corresponding to the load current and the 

first reference value, and when the LED module is under 

opening state, the constant-current control unit stops the 

output of the first signal, and 

wherein, when the LED module is under opening state, the 

constant-voltage control unit outputs the second signal 

to the driving control unit, based on a comparison result 

of the voltage based on the output voltage and the second 

reference value, and when the LED module is under 

conducting state, the constant-voltage control unit stops 

the output of the second signal. 
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