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(57)  An LED circuit (2, 3) includes a plurality of (22,
32) LED devices (U0, U1,..., UN), a power supply circuit
(21) and a signal control circuit (23, 33). Each of the plu-
rality of (22, 32) LED devices (U0, U1,..., UN) includes
anLED unit (UOL, U1L, ... ,UNL) and anintegrated circuit
unit (UOI, U1l,..., UNI) having a specific serial number (0,
1,..., N). The signal control circuit (23, 33) is coupled be-
tween the power supply circuit (21) and the plurality of
LED devices (22, 32), and transmitting an electric param-
eter carrying a signal code (ENC1) to each of the inte-
grated circuit units (UOI, U1l,..., UNI), wherein a specific
LED unit (UOL, U1L,..., UNL) is driven by a corresponding
integrated circuit unit (UOI, U1l,..., UNI) when the signal
code (ENC1) corresponds to the specific serial number
(0, 1,..., N) of the corresponding integrated circuit unit
(uol, U1l,..., UNI).
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Description

[0001] The application claims the benefit of Taiwan
Patent Applications No. 103208747 and 103207113,
filed on May 20, 2014 and April 24, 2014 respectively, in
the Taiwan Intellectual Property Office, the disclosures
of which are incorporated herein in their entirety by ref-
erence.

[0002] The presentinvention relates to an LED circuit
capable of producing different luminescence and colors,
and a driving method for the circuit.

[0003] In recent years, more and more attention has
been paid to the concepts of environmental conservation.
As the light-emitting diode (Light Emitting Diode, LED)
lighting technology continues to progress, LED’s lumi-
nous efficiency has gone beyond the conventional light-
ing device, and therefore LED lighting is widely used in
various applications such as LED headlamp, LED
searchlight, LED projecting lamp, LED decorative light-
ing, etc.

[0004] For conventional LED lamps, to control the var-
iation of the luminescence and color of an LED at specific
position, it usually needs additional signal transmission
lines and a control circuit, which are costly and compli-
cated. In addition, since the conventional LED lights are
disposed in series, if anyone of the LED lights or the
integrated circuit does not work, unless the failure can
be found and fixed, the entire LED lighting device can
not be functioning.

[0005] Please refer to Fig. 1, which is a schematic di-
agram showing an LED lighting series module 10 accord-
ing to the prior art. The traditional LED lighting series
module 10 includes a power converter 101 and a plurality
of LED units 102 connected in series. The power con-
verter 101 includes a micro controller 1010, and converts
a commercial power AC1 into a first voltage V4 be-
tween terminals V+ and V- so as to support the plurality
of LED units 102. The power converter 102 also converts
the commercial power AC1 into a second voltage Vpc,
so as to support the micro controller 1010, which is elec-
trically connected to a first LED unit 1021 via a first signal
line 103. The first LED unit 1021 is electrically connected
to a second LED unit 1022 via a second signal line 104.
Likewise, arequired numberof LED units to be connected
in series can be achieved. The micro controller 1010 pro-
vides a control signal SC1 to control the first LED unit
1021, while the first LED unit transmits a control signal
SC2 to the second LED unit 1022 in response to the first
control signal SC1. Likewise, control signals can be
transmitted to each of the LED unit in series.

[0006] The aforementioned method for driving the LED
units may respectively control the lighting status, such
as illuminating, dim or flickering, of each of the LED units
SC1, SC2,...,SCn by conveying the control signals to
each of LED units, respectively. However, the method
needs additional data lines provided for the control, and
there exist delays of the control signals SC2,...,SCn,
which therefore derives the delay issues in addition to
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the complexity thereof.

[0007] In the application documents of Taiwan Model
Patent No. M343822, which provides a two-wired AC
LED light serial circuit, LED control signals are transmit-
ted via AC power to control the dim/light of specific LED
light of the same color. However, the control signal must
be transmitted within a particular period of time which is
the zero crossing of AC voltage. That is, both the power
supply signal and the control signal coexist with the use
of time division. Transmitting control signals in this man-
ner result in low efficiency, because the transfer control
signal is subject to the frequency of the commercial pow-
er, e.g., usually 60Hz, and the transmission time period
of the AC voltage is also restricted by the specific time
period of zero-crossing zone.

[0008] In summary, the prior art includes the following
drawbacks:

1. The whole series of LED units cannot be used if
one of the LED units in the LED series is burnt out.
2. There exist delays of the control signals, and the
control signals cannot be received at the same time.
3. The transmission time period of the AC voltage is
restricted by the specific time period of zero-crossing
zone.

4. The control signal according to the prior art can
only control the dim/light of the LED of the same
color.

[0009] In orderto overcome the drawbacks in the prior
art, an LED circuit and a driving method for the LED cir-
cuit, and more particularly an LED circuit capable of gen-
erating different luminescence as well as color variations
and a driving method for the LED circuit is provided. The
novel design in the present invention not only solves the
problems described above, but also is easy to be imple-
mented. Thus, the present invention has utility for the
industry.

[0010] In accordance with one aspect of the present
invention, an LED circuit is provided. The LED circuit
comprises a series of LED devices, a power supply circuit
and a signal control circuit. Each of the LED devices in-
cludes an LED unit and an integrated circuit unit having
a specific serial number and receiving an electrical pa-
rameter. The power supply circuitis coupled to the series
of LED devices. The signal control circuit is coupled to
the power supply circuit and the series of LED devices,
and has a loaded status. The signal control circuit chang-
es the loaded status in response to a control signal so
as to cause the electrical parameter to have a variation,
the variation of the electrical parameter generates a sig-
nal code carrying an information, all the integrated circuit
units receive the signal code, and a specific LED unit will
be driven by a corresponding integrated circuit unit when
the signal code corresponds to the specific serial number
of the corresponding integrated circuit unit.

[0011] In accordance with a further aspect of the
present invention, a method for driving an LED circuit is
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provided. The LED circuit comprises a plurality of inte-
grated circuit units, a plurality of LED units and a signal
control circuit, wherein each of the integrated circuit units
has a specific serial number. The method comprising
steps of: (a) providing a control signal; (b) changing a
loaded status of the signal control circuit in response to
the control signal so as to generate a signal code; (c)
causing all the integrated circuit units to receive the signal
code having an information; and (d) driving a specific
LED unit based on the information of the signal code by
a corresponding integrated circuit unit when the signal
code corresponds to the specific serial number of the
corresponding one in the plurality of integrated circuit
units.

[0012] In accordance with a further aspect of the
present invention, a method for driving an LED circuit is
provided. The LED circuit comprises a signal control cir-
cuit and a plurality of LED devices, wherein each of the
LED devices includes an LED unit and an integrated cir-
cuit unit having a specific serial number. The method
includes steps of: (a) electrically connecting at least one
load to the plurality of LED devices in parallel; and (b)
compensating each of the integrated circuits for a shift
of an electrical characteristic thereof.

[0013] In accordance with a further aspect of the
present invention, an LED circuit is provided. The LED
circuitcomprises a plurality of LED devices, each of which
includes an LED unit and an integrated circuit unit having
a specific serial number, a processing unit and a signal
control circuit. The processing unit has an output termi-
nal. The signal control circuit is coupled to the output
terminal and the plurality of LED devices, and transmits
an electrical parameter carrying a specific signal code to
each of the integrated circuit units. A specific integrated
circuit unit drives a corresponding LED unit when the
specific integrated circuit unitidentifies the specific signal
code.

[0014] In accordance with a further aspect of the
present invention, an LED circuit is provided. The LED
circuit comprises a constant current source, a route-
switching circuit and an LED open-circuit detecting cir-
cuit. The constant current source drives an LED unit in
a first LED device. The route-switching circuit selectively
connects the LED unit and a second LED device. The
LED open-circuit detecting circuit causes the route-
switching circuit to conduct the constant current source
and the LED unit when the LED unitis in a closed status,
and causes the route-switching circuit to conduct the con-
stant current source and the second LED device when
the LED unit is in an open status.

[0015] The above objects and advantages of the
present invention will become more readily apparent to
those ordinarily skilled in the art after reviewing the fol-
lowing detailed descriptions and accompanying draw-
ings, in which:

Fig. 1 is a schematic diagram showing an LED light-
ing series module 10 according to the prior art;
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Fig. 2 is a schematic diagram showing an LED circuit
according to a preferred embodiment of the present
invention;

Fig. 3 is a schematic diagram showing the variation
of voltage in each of the integrated circuit (IC) unit
uol, U1l,...,UNI in the LED circuit according to one
embodiment of the present invention;

Fig 4 is a schematic diagram showing the internal
circuit of the IC unit according to one embodiment
of the present invention;

Fig. 5 is a schematic diagram showing the internal
circuit structure of the LED driving circuit according
to one embodiment of the present invention;

Fig. 6 is a schematic diagram showing the driving
method for the LED unit according to one embodi-
ment of the present invention;

Fig. 7 is a schematic diagram showing the driving
method for the LED driving circuit according to one
embodiment of the present invention;

Fig. 8 is a schematic diagram showing the LED circuit
according to another embodiment of the present in-
vention; and

Fig. 9 is a schematic diagram showing the compen-
sating method used by the LED driving circuit ac-
cording to one embodiment of the present invention.

[0016] Referring to Figs. 2 and 3, which are respec-
tively a schematic diagram of the LED circuit 2 according
to a preferred embodiment of the present invention and
a schematic diagram showing the variation of voltage in
each of the integrated circuit (IC) units UOI, U1l... and
UNI in the LED circuit 2. The LED circuit 2 includes a
power supply circuit 21, a series of LED devices 22 and
a signal control circuit 23. The series of LED devices 22
includes a plurality of LED units UOL, U1L... and UNL,
each of which has an IC circuit unit UOI, U1l... and UNI.
Each of the IC units UOI, U1l... and UNI has a specific
serial number 0, 1... and N, respectively. The signal con-
trol circuit 23 is coupled to the power supply circuit 21
and the series of LED devices 22, and has a loaded sta-
tus, such as fully loaded, half loaded, etc. The signal con-
trol circuit 23 changes the loaded status in response to
a control signal SCON so as to cause the electrical pa-
rameter received by the IC units UOI, U1l... and UNI to
have a variation, which generates a signal code ENC1
bearing at least an information. Each of the IC units UOI,
U1l... and UNI in the series of LED devices 22 receives
the signal code ENC1 simultaneously. When the signal
code ENC1 corresponds to the specific serial number of
one of the IC units UOI, U11... and UNI (UOI, for example),
the LED unit (UOL in this example) will be driven by the
corresponding integrated circuit unit (UOI for example)
based on an instruction 1A1 existing in the information of
the signal code ENC1.

[0017] In Fig. 2, the electrical parameter can be volt-
age, such as the total voltage, denoted as the first voltage
V1, endured by the series of LED devices 22. In Fig. 3,
the distribution voltage V1_div denotes the voltage dis-
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tributed at each of the IC units UOI, U1l... and UNI. On
condition that the manufacturing process is well control-
led, the impedance of each of the IC units UOI, U1lI... and
UNI can be deemed equal, and therefore the distribution
voltage at each of the IC units UOI, U1l... and UNI can
be virtually the same, with merely minute deviation within
an acceptable range.

[0018] Alsoin Fig. 2, the power supply circuit 21 com-
prises a first terminal T1, a second terminal T2, an AC-
DC rectification circuit 211 including a bridge-type recti-
fication circuit 213 and a capacitor C1, and a DC-DC
transforming circuit 212. The AC voltage AC1 from the
commercial electricity device 210 is rectified by the
bridge-type rectification circuit 213 of the AC-DC rectifi-
cation circuit 211 and transformed into a first voltage V1
to support the series of LED devices 22. The DC-DC
transforming circuit 212 comprises a resistor R3, a Zener
diode Z1 and a capacitor C2 disposed with the Zener
diode Z1 in parallel. The resistor R3 and the Zener diode
Z1 are disposed in series. The voltage level of the first
voltage V1 drops across the resistor R3, and approaches
that of the second voltage V2, which is clamped by the
Zener diode Z1 for stabilizing the voltage.

[0019] The signal control circuit 23 comprises a third
terminal T3, a fourth terminal T4, a processing unit 231
and a signal transmission circuit 232, including a switch
unitQ1 and aload R1, such as aresistor. The processing
unit 231 receives the second voltage V2, and is equipped
with a control output terminal TCON for providing the
control signal SCON, which controls the open or close
of the switch unit Q1 via a resistor R2. The load R1 is
electrically coupled to the third terminal T3 and fourth
terminal T4. The switch unit Q1 is electrically coupled to
the control output terminal TCON, and is also connected
to the load R1 in parallel. The series of LED devices 22
has afifth terminal T5 coupled to the first terminal T1 and
a sixth terminal T6 coupled to the third terminal T3.
[0020] When the switch unit Q1 is switched on, the
current 11 passing the series of LED devices 22 flows
from the fifth terminal T5 to the third terminal T3, and
flows to the ground of the fourth terminal T4 via the switch
unit Q1 whose impedance is virtually zero. Thus, the volt-
age difference across the fifth terminal T5 to the sixth
terminal T6 equals the first voltage V1. When the switch
unit Q1 is open, the current |1 passing the series of LED
devices 22 flows from the fifth terminal T5 to the third
terminal T3, and flows to the ground of the fourth terminal
T4 via the load R1, which results in a voltage drop AV1.
Thus, the voltage difference across the fifth terminal T5
to the sixth terminal T6 equals to the first voltage V1 minus
the voltage drop AV1. On condition that the manufactur-
ing process is well controlled, the impedance of each of
the IC units UOI, U1l... and UNI can be approximately
identical, and consequently the reduction in the distribu-
tion voltage V1_div across each of the IC units UOI, U1I...
and UNI can be virtually the same, which may equal the
voltage drop AV1 divided by the total number of LED
devices in the series of LED devices 22. The differences
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of voltage reduction across each of the IC units UOI, U11...
and UNI individually may be negligible.

[0021] Each of the LED units UOL, U1L... and UNL in-
cludes a red light LED (R-LED), a green light LED (G-
LED) and a blue light LED (B-LED). Referring to Fig. 2,
the LED unit UOL and the IC unit UOI are packaged to-
gether to form an LED device UQ. Likewise, each of the
LED units UOL, U1L... and UNL and the corresponding
IC units UOI, U1l... and UNI can be packaged together
to form the LED devices UQ, U1... and UN, respectively.
Each of the IC units UOI, U1l... and UNl includes a power
receiving terminal VIN, an IC ground terminal VSS, a first
driving output terminal RL coupled to the R-LED, a sec-
ond driving output terminal GL coupled to the G-LED and
a third driving output terminal BL coupled to the B-LED.
The negative electrodes of the R-LED, the G-LED and
the B-LED are coupled to the IC ground terminal VSS.
[0022] Each of the IC units UOI, U1l... and UNI has a
specific circuit structure, which can simultaneously de-
tect the signal code ENC1 including an IC-circuit-unit-
specific serial number and an instruction regarding how
the specific IC unit should drive the corresponding LED
unit. In Fig. 3, the two signal codes ENC1, ENC2 are
separated by a time period At1 to allow the IC unit to
identify signal codes in different time periods. The fre-
quencies of signal codes ENC1, ENC2 are higher than
60 Hz, and can be higher than 100 Hz or even higher
than one million (1 M) Hz. In other words, the periods of
signal codes ENC1, ENC2 shall be less than 1/60 sec-
ond, and preferably be less than a few microseconds.
Since the frequency of the commercial A/C current is 60
Hz, having a period of 1/60 second, the LED circuit 2 and
the method for driving the LED circuit 2 for transmitting
signal codes ENC1, ENC2 should be fairly sufficient.
[0023] Refer to Fig. 4, which is a schematic diagram
showing the internal circuit of the IC unit UOI. Notably,
the internal circuitry of the other IC units U1l... UNI are
the same. The IC unit UOI includes an oscillator circuit
220 providing a reference frequency fr1, three LED driv-
ing circuits 221 for driving the R-LED, the G-LED and the
B-LED, respectively, a power voltage detecting circuit
222 detecting the variation of an electrical parameter, a
frequency range detecting circuit 223, a serial number
comparing circuit 224 and a signal storage circuit 226.
The variation of the electrical parameter, for example, a
variation of the first voltage V1 within a range of the volt-
age drop AV1, may include a change in a power voltage
having a working frequency f1. According to Fig. 3, the
oscillation circuit 210 provides a reference frequency fr1.
The frequency range detecting circuit 223 receives the
reference frequency fr1 and determines whether the
working frequency f1 is within an acceptable range. For
example, the difference between the working frequency
f1 and the reference frequency fr1 is within a specific
range.

[0024] Each of the IC units UOI, U1l... and UNI has a
specific serial number 0, 1... and N respectively. The se-
rial number may be formed by utilizing a fuse circuit being
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able to identify zero or one based on open circuit status
or closed circuit status. Another method of formulating
the serial number in an IC unit is to embed the code of
the serial number at the stage of making photomasks.
Another method is to dispose an embedded serial unit
225,suchas an EEPROM and program the serialnumber
thereinto for identification. The serial number comparing
circuit 224 determines whether the specific serial number
of the IC unit, say the serial number 0 of the IC unit UO0I,
corresponds to the received signal code ENC1 when the
working frequency f1 is within an acceptable range. Note
thatthe signal code ENC1 includes the identification code
ID1 andinformation such as the instruction IA1 separated
by a time period A ti1. The identification code ID1 is to
be compared with the serial number, while the instruction
IA1 indicates data regarding dim/light of the R-LED, the
G-LED and the B-LED. According to one embodiment of
the invention, the IC unit UOI starts to implement the in-
struction IA1 after the identification code ID1 and the se-
rial number 0 have been determined to be the same. The
other IC units U1l...and UNI in the series of LED devices
22 also receive the signal code ENC1 simultaneously.
However, the instruction IA1 is not implemented when
the identification code ID1 and the serial number 0 are
not the same. In some embodiments of the present in-
vention, different IC units have different serial numbers.
In other embodiments, some different IC units may have
the same serial number, which renders those IC units be
a group. Such a method may work without repetitive
transmission of the signals and increase the transmission
efficiency of delivering signal coding. The signal storage
circuit 226 receives the signal code ENC1 and stores the
information when the specific serial number 0 and the
identification code ID1 are the same.

[0025] The instruction IA1 is transmitted to the three
LED driving circuits 221. For example, the instruction IA1
is a code "100", where the first number corresponds to
the G-LED, the second number corresponds to the R-
LED, and the third number corresponds to the B-LED ".
The LED driving circuit 221 for the G-LED receives the
instruction "1" and illuminates the G-LED. The LED driv-
ing circuits 221 for the R-LED and the B-LED receive the
instruction "0", and do not drive the R-LED and the B-
LED, so the R-LED and the B-LED are at a dim status.
Each of the LED driving circuits 221 receives the instruc-
tion 1A1 and controls the dim/light status of the corre-
sponding G-LED, R-LED or B-LED based on the instruc-
tion 1A1, so as to implement light mixing to generate a
variety of light colors.

[0026] Refer to Fig. 5, which is a schematic diagram
showing the internal circuit structure of the LED driving
circuit 221. According to one embodiment of the present
invention, the LED driving circuit 221 may include a con-
stant current source 227, a route-switching circuit 228
coupled to the constant current source 227, and an LED
open-circuit detecting circuit 229 detecting an open-cir-
cuit status of the R-LED, the G-LED and the B-LED and
providing a feedback signal FB1 to the route-switching
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circuit 228. The LED driving circuit 221 may further in-
clude a switch unit Q2 and a resistor R4. The constant
current source 227 provides a constant current U2 to the
route-switching circuit 228, which switches the route of
the constant current U2 based on the instruction 1A1.
According to one embodiment, the route-switching circuit
228 receives the information comprising the instruction
IA1 and the feedback signal FB1 to determine the direc-
tion of the constant current U2. Referring to Figs. 3 and
5, the instruction A1 relates to the On/Off status control
of the R-LED, the G-LED and the B-LED. For example,
in case the LED open-circuit detecting circuit 229 detects
a malfunction of the R-LED, the G-LED or the B-LED,
the feedback signal FB1 conveying this information is
generated and transmitted to the route-switching circuit
228. The route-switching circuit 228 determines that the
switch unit Q2 should be in a conducting(closed circuit)
status so as to allow the current 12 to flow through the
resistor R4 and all the way to the IC terminal VSS, based
on the instruction IA1 from the ONOFF terminal and the
feedback signal FB1.

[0027] The aforementioned method of current path
switching overcomes the limitations of traditional meth-
ods, stabilizes the currents, and by virtue of its parallel
LED connectivity, eliminates a significant limitation of
systems connected in series taught by the prior art:
namely, that the failure of a single component in series
will cause the entire series of components to fail. Refer-
ring to Fig. 2, the negative electrodes of the R-LED, the
G-LED and the B-LED are connected to the IC terminal
VSS. If the R-LED, the G-LED and the B-LED are illumi-
nated, the path of the current |2 passes along the terminal
OUT of the IC unit UNI, one of the R-LED, the G-LED
and the B-LED, the terminal VSS of IC unit U1l and the
terminal VIN of the next IC unit UOI. Different from the
prior art LED circuits, the concept of the presentinvention
allows the current |1 to be diverted into the terminal VIN
of the next IC unit when the R-LED, the G-LED or the B-
LED fails, so the other LED units may be illuminated,
which benefits to the stabilization of the current |1 flowing
through the IC units UOI, U1l,... UNI. Besides, the series
of LED devices 22 can still function although one or more
of the LED units fail. It will be much easier for one to
identify the failed unitin this case. For example, one may
try to illuminate all the LED units to verify if there exists
any failed LED component among the LED units, so the
failed component can be replaced.

[0028] Please refer to Fig. 6, which is a schematic di-
agram showing the driving method for the LED circuit 2
according to one embodiment of the present invention.
Please also refer to Fig. 2, wherein the LED circuit 2
includes a series of LED devices 22 and a signal control
circuit 23. The series of LED devices 22 includes a plu-
rality of LED units UOL, U1L... and UNL, each of which
has an IC unit UOI, U1l... and UNI. Each of the IC units
Uol, U1l... and UNI has a specific serial number 0, 1...
and N, respectively. The method of driving the LED circuit
2 including the following steps: step S101, providing a
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control signal; step S102, changing a loaded status of
the signal control circuit in response to the control signal
so as to generate a signal code, wherein the signal code
is borne by an electrical parameter received by the plu-
rality of LED devices UO, U1... and UN, and the signal
code is due to a variation of the electrical parameter; step
S103, causing all the integrated circuit units to receive
the signal code having an information simultaneously;
and step S104, driving a specific LED unit based on the
information of the signal code by a corresponding inte-
grated circuit unit when the signal code corresponds to
the specific serial number of the corresponding one in
the plurality of integrated circuit units. Notably, the infor-
mation of the signal code may include an instruction for
driving the LED units.

[0029] Again referring to Figs. 2 and 6, the electrical
parameter received by each of the IC units is voltage. In
terms of AC/DC power interconversion and changing of
load control, the method for driving the LED circuit 2 may
further include the following steps: providing a first volt-
age V1 to support the plurality of IC units UOI, U1l... and
UNI, and transforming the first voltage V1 into the second
voltage V2 so as to support to the processing unit 231;
and controlling the on/off status of the switch unit Q1 of
the signal coding circuit to generate a change of the load-
ing status. In terms of detecting signal coding, the method
for driving the LED circuit 2 may further include the fol-
lowing steps: detecting a change of the electrical param-
eter such as a change of the power voltage, wherein the
variation of the electrical parameter includes a variation
of a power voltage having a working frequency; receiving
areference frequency and determining whether the work-
ing frequency is within an acceptable range; determining
whether the specific serial number of each of the inte-
grated circuit units corresponds to the signal code when
the working frequency is within the acceptable range,
wherein the signal code includes an identification code
and an information including an instruction; and receiving
the signal code, and storing the information when the
specific serial number and the identification code are the
same.

[0030] Please refer to Fig. 7, which is a schematic di-
agram showing the driving method for the LED driving
circuit 221. The method includes the following steps: step
S401, drivingan LED unitinafirst LED device; step S402,
selectively connecting the LED unit and a second LED
device; and step S403, causing the route-switching cir-
cuit 228 to conduct the constant current source 227 and
the LED unit when the LED unit is in a closed status, and
causing the route-switching circuit 228 to conduct the
constant current source 227 and the second LED device
when the LED unit is in an open status.

[0031] In general, there are two factors that determine
the current I1 flow into each of the IC units: the circuit
character and the element character. Since the plurality
of IC units UOI, U1l... and UNI are coupled in series, the
current 11 flowing through each of the IC units should be
the same on condition that the manufacturing process
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for making the IC units is welled controlled. However, in
the case of process drifting, the produced elements may
vary according current consumption and self-impedance
of the IC unit, resulting in inconsistency of element char-
acter and causing code errors received by different ele-
ments. For example, if, in Fig. 2, there exists a large dif-
ference in impedance between the two IC units U1l , UOI
connected in series, the difference in the reduction of the
divisional voltage V1_div by each of the two IC units U1l ,
U0l should be large, which may cause coding errors of
the received signals. To resolve such an issue, a simple
method is to measure the element character of each of
the IC units, categorize the IC units based on similar el-
ement character, and dispose the IC units of the same
category so as to avoid the effect due to process drift.
[0032] Another method is to dispose the IC units UOI,
U1l... and UNI with resistors RUO, RU1... and RUN in
parallel, respectively. These resistors may be directly
manufactured in each of the IC units, or by respectively
coupled with the IC units after the packaging process for
the IC units has been completed. Please refer to Fig. 8,
which is a schematic diagram showing the LED circuit 3
according to another embodiment of the present inven-
tion. The LED circuit 3 is similar to the LED circuit 2 illus-
trated in Fig. 2 except that the resistors are individually
disposed with the IC circuits in parallel. The LED circuit
3 comprises a series of LED devices 32, a processing
unit 231 and a signal control circuit 33. The series of LED
devices 32 includes a plurality of LED units UOL, U1L...
and UNL, each of which has an IC circuit unit UOI, U1l...
and UNI respectively. Each of the IC units UOI, U1l... and
UNI has a specific serial number 0, 1... and N, respec-
tively. The processing unit 231 includes an input terminal
VCC receiving a DC input V2 and an output terminal
TCON. The signal control circuit 33 is electrically coupled
to the output terminal TCON and the plurality of LED units
UOL, U1L... and UNL therebetween and transmits an
electrical parameter bearing specific signal codes ENC1,
ENC2 (referring to Fig. 3) to each of the IC units UOI,
U1l... and UNI. According to a preferred embodiment,
each ofthe IC units UOI, U1l... and UNIreceives the signal
codes ENC1, ENC2 simultaneously. When the signal
code ENC1 corresponds to the specific serial number of
one of the IC units UOI, U11... and UNI (UOI, for example),
the LED unit (UOL in this example) will be driven by the
corresponding integrated circuit unit (UOI in this example)
based on an instruction 1A1 existing in the information of
the signal code ENC1.

[0033] In Fig. 8, the resistors RUO, RU1... and RUN
may reduce the differences among the plurality of IC units
uol, U1l... and UNI, so as to render the divisional voltage
at each IC unit virtually the same. The resistors RUO,
RU1...and RUN may also be used for compensating bias
of the equivalent impedance among the plurality of IC
units UOI, U1l...and UNI, ifthere exists alarge bias. Thus,
the divisional voltage at each IC unit can be virtually the
same, which may avoid errors due to differences in im-
pedance when receiving signal codes. From the aspect



11 EP 2 938 162 A2 12

of current consumption, the difference among the IC units
due to processing issues can be compensated by the
plurality of loads, so the voltage received by each of the
IC units is virtually the same.

[0034] Each of the IC units UOI, U1l... and UNI in Fig.
8 comprises three LED driving circuits, as shown in Fig.
4. Also referring to Figs. 4 and 5, the LED driving circuit
221 may include a constant current source 227, a route-
switching circuit 228 coupled to the constant current
source 227, and an LED open-circuit detecting circuit 229
detecting an open-circuit status of the R-LED, the G-LED
and the B-LED. The route-switching circuit 228 can be
selectively coupled to either the LED unit U1L or the sec-
ond LED unit UOL. The route-switching circuit 228 con-
ducts the constant current source 227 and the LED unit
U1L when the LED open-circuit detecting circuit 229 de-
termines that the LED unit U1L is in a closed status, and
conducts the constant current source 227 and the second
LED device U0 when the LED unit U1L is in an open
status.

[0035] Please refer to Fig. 9, which is a schematic di-
agram showing the compensating method used by the
LED driving circuit 3 according to one embodiment of the
present invention. The LED circuit 3 comprises at least
one series of LED devices U0, U1... and UN and a signal
control circuit 33. Each of the plurality of LED devices
U0, U1... and UN has an IC circuit unit UOI, U1l... and
UNI and an LED unit UOL, U1L... and UNL, respectively.
Each of the IC units UOI, U1l... and UNI has a specific
serial number 0, 1... and N, respectively. The compen-
sating method includes the following steps: step S501,
electrically connecting at least one load to each of the
plurality of LED devices UQ, U1... and UN in parallel; step
S502, compensating each of the IC units U0I, U1l... and
UNI for a shift of an electric characteristic thereof; step
S503, causing variation of an electrical parameter re-
ceived by each of the IC units UOI, U1l... and UNI in re-
sponse to a control signal SCON so as to make the elec-
trical characteristic carry a signal code ENC1; and step
S504, detecting the signal code SCON and driving a cor-
responding LED unit based on an information 1A1 of the
signal code SCON.

[0036] Embodiments:

1. An LED circuit, comprising: a series of LED de-
vices, each of the LED devices includes an LED unit
and an integrated circuit unit having a specific serial
number and receiving an electrical parameter; a
power supply circuit coupled to the series of LED
devices; and a signal control circuit coupled to the
power supply circuit and the series of LED devices,
and having a loaded status, wherein the signal con-
trol circuit changes the loaded status in response to
a control signal so as to cause the electrical param-
eter to have a variation, the variation of the electrical
parameter generates a signal code having an infor-
mation, all the integrated circuit units receive the sig-
nal code, and a specific LED unit will be driven by a
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corresponding integrated circuit unit when the signal
code corresponds to the specific serial number of
the corresponding integrated circuit unit.

2. The LED circuit of Embodiment 1, wherein the
electrical parameter is a voltage, the signal control
circuit changes the loaded status to cause a change
of total voltage difference of the integrated circuit
units in the series of LED devices, and the change
of total voltage difference is uniformly distributed to
changes of individual voltage differences of the in-
tegrated circuit units.

3. The LED circuit of Embodiment 1, wherein each
of the LED units includes a red light LED (R-LED),
a green light LED (G-LED) and a blue light LED (B-
LED), each of the integrated circuit units includes a
power receiving terminal, an IC ground terminal, a
first driving output terminal coupled to the R-LED, a
second driving output terminal coupled to the G-LED
and a third driving output terminal coupled to the B-
LED, and the negative electrodes of the R-LED, the
G-LED and the B-LED are commonly coupled to the
IC ground terminal.

4. The LED circuit of Embodiment 1, wherein the
power supply circuit has a firstterminal and a second
terminal, and further includes: a rectifier circuit cou-
pled to the first terminal to provide a first voltage to
the integrated circuit units; and a converting circuit
coupled between the first terminal and the second
terminal to convert the first voltage to a second volt-
age.

5. The LED circuit of Embodiment 4, wherein the
signal control circuit has a third terminal and a fourth
terminal, the integrated circuit units in the series of
LED devices have a fifth terminal coupled to the first
terminal and a sixth terminal coupled to the third ter-
minal, and the LED circuit further includes: a
processing unit receiving the second voltage, and
having an output control terminal to provide the con-
trol signal; a load coupled between the third and the
fourth terminals; and a switch unit coupled to the
output control terminal, and coupled to the load in
parallel, wherein the second terminal is coupled to
the fourth terminal, and the switch unit receives the
control signal controlling an open-closed status of
the switch unit to change the loaded status.

6. The LED circuit of Embodiment 1, wherein each
of the integrated circuit units includes: a power volt-
age detecting circuit detecting the variation of the
electrical parameter, wherein the variation includes
a change of a power voltage having a working fre-
quency; an oscillator circuit providing a reference fre-
quency; afrequency range detecting circuit receiving
the reference frequency, and determining whether
the working frequency is within an acceptable range;
a serial number comparing circuit determining
whether the specific serial number of the integrated
circuit unit corresponds to the signal code when the
working frequency is within an acceptable range,
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wherein the signal code includes an identification
code and the information; and a signal storage circuit
receiving the signal code, and storing the information
when the specific serial number and the identification
code are the same.

7. The LED circuit of Embodiment 1, wherein each
of the LED units includes a red light LED (R-LED),
a green light LED (G-LED) and a blue light LED (B-
LED), and each of the integrated circuit unit further
includes: an LED driving circuit including: a constant
current source providing a constant current; a route-
switching circuit coupled to the constant current
source to switch the route of the constant current;
and an LED open-circuit detecting circuit detecting
an open-circuit status of the LED unit to provide a
feedback signal, wherein the route-switching circuit
receives the information and the feedback signal to
determine whether to provide the LED unit with the
constant current to drive the R-LED, the G-LED and
the B-LED.

8. A method for driving an LED circuit comprising a
plurality of integrated circuit units, a plurality of LED
units and a signal control circuit, wherein each of the
integrated circuit units has a specific serial number,
the method comprising steps of: (a) providing a con-
trol signal; (b) changing a loaded status of the signal
control circuit in response to the control signal so as
to generate a signal code; (c) causing all the inte-
gration circuit units to receive the signal code having
an information; and (d) driving a specific LED unit
based on the information of the signal code by a cor-
responding integrated circuit unit when the signal
code corresponds to the specific serial number of
the corresponding one in the plurality of integrated
circuit units.

9. The method of Embodiment 8, wherein the signal
code represents a variation pattern of an electrical
parameter, the electrical parameter is a voltage, and
the method further comprises the following steps of:
providing the plurality of integrated circuit units with
a first voltage and converting the first voltage to a
second voltage to be supplied to a processing unit;
and controlling one of an open status and a close
status of a switch unit of the signal control circuit to
change the loaded status.

10. The method of Embodiment 9, further comprising
the following steps of: detecting the variation of the
electrical parameter, wherein the variation of the
electrical parameter includes a variation of a power
voltage having a working frequency; determining
whether the working frequency is within an accept-
able range; determining whether the specific serial
number of each of the integrated circuit units corre-
sponds to the signal code when the working frequen-
cy is within an acceptable range, wherein the signal
code includes an identification code and the infor-
mation; and receiving the signal code, and storing
the information when the specific serial number and
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the identification code are the same.

11. The method of Embodiment 10, further compris-
ing the following steps of: providing a constant cur-
rent; providing an LED open-circuit detecting circuit
to detect an open-circuit status of each of the LED
units to provide a feedback signal; and receiving the
information and the feedback signal to determine
whether to provide the detected LED unit with the
constant current.

12. A method for driving an LED circuit comprising
a signal control circuit and a plurality of LED devices,
wherein each of the LED devices includes an LED
unit and an integrated circuit unit having a specific
serial number, the method comprising steps of: elec-
trically connecting at least a load to the plurality of
LED devices in parallel; and compensating each of
the integrated circuits for a shift of an electric char-
acteristic thereof.

13. The method of Embodiment 12, wherein the in-
tegrated circuit units are coupled in series to receive
an electrical parameter and a variation of the elec-
trical parameter produces a signal code having an
information.

14. The method of Embodiment 13, wherein a spe-
cific one of the integrated circuit units drives the cor-
responding LED unit based on the information of the
signal code when the specific serial number of the
integrated circuit corresponds to the signal code.
15. The method of Embodiment 13, wherein the elec-
trical parameter is a voltage.

16. The method of Embodiment 12, wherein the elec-
tric characteristic includes a consuming current of
the integrated circuit unit and a self impedance of
the integrated circuit unit.

17. The method of Embodiment 12, wherein the re-
spective load is configured to compensate each of
the integrated circuit units for the shift of the electric
characteristic thereof to render a received voltage of
all integrated circuits virtually the same when an
equivalentimpedance of any of the integrated circuit
units has the shift.

18. An LED circuit, comprising: a plurality of LED
devices, each of which includes an LED unit and an
integrated circuitunit having a specific serial number;
a processing unit having an output terminal; and a
signal control circuit coupled to the output terminal
and the plurality of LED devices, and transmitting an
electrical parameter carrying a specific signal code
to each of the integrated circuit units, wherein a spe-
cific integrated circuit unit drives a corresponding
LED unit when the specific integrated circuit unit
identifies the specific signal code.

19. The LED circuit of Embodiment 18, wherein the
electrical parameteris continuously generated under
a frequency larger than 60 Hz, and the electrical pa-
rameter is a voltage.

20. An integrated circuit for an LED circuit, compris-
ing: a constant current source driving an LED unitin
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a first LED device; a route-switching circuit selec-
tively connecting the LED unit and a second LED
device; and an LED open-circuit detecting circuit
causing the route-switching circuit to conduct the
constant current source and the LED unit when the
LED unit is in a close status, and causing the route-
switching circuit to conduct the constant current
source and the second LED device when the LED
unit is in an open status.

Claims

An LED circuit (2, 3), characterized by comprising:

a plurality of (22, 32) LED devices (U0, U1,...,
UN), each of which includes an LED unit (UOL,
U1L,..., UNL) and an integrated circuit unit (UOI,
U1l,..., UNI) having a specific serial number (0,
1,.., N);

a power supply circuit (21); and

a signal control circuit (23, 33) coupled between
the power supply circuit (21) and the plurality of
LED devices (22, 32), and transmitting an elec-
tric parameter carrying a signal code (ENC1) to
each of the integrated circuit units (UOI, U1l,...,
UNI), wherein a specific LED unit (UOL, U1L,...,
UNL) is driven by a corresponding integrated
circuit unit (UOI, U1l,..., UNI) when the signal
code (ENC1) corresponds to the specific serial
number (0, 1,..., N) of the corresponding inte-
grated circuit unit (UOI, U1l,..., UNI).

The LED circuit (2, 3) as claimed in Claim 1, char-
acterized in that the electrical parameter is a volt-
age, the plurality of LED devices (U0, U1,..., UN) are
coupled to form a series of LED devices (22, 32), the
signal control circuit (23, 33) changes a loaded status
to cause a change of total voltage difference of the
integrated circuit units (UOI, U1l,..., UNI)in the series
of LED devices (22, 32), and the change of total volt-
age difference is uniformly distributed to changes of
individual voltage differences of the integrated circuit
units (UOI, U1l,..., UNI).

The LED circuit (2, 3) as claimed in the preceding
claims, characterized in that each of the LED units
(UoL, U1L,...,UNL)includes ared light LED (R-LED),
a green light LED (G-LED) and a blue light LED (B-
LED), each of the integrated circuit units (UOI, U1l1,...,
UNI) includes a power receiving terminal (VIN), an
IC ground terminal (VSS), a first driving output ter-
minal (RL) coupled to the R-LED, a second driving
output terminal (GL) coupled to the G-LED and a
third driving output terminal (BL) coupled to the B-
LED, and the negative electrodes of the R-LED, the
G-LED and the B-LED are commonly coupled to the
IC ground terminal (VSS).
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4.

9.

The LED circuit (2, 3) as claimed in the preceding
claims, characterized in that the power supply cir-
cuit (21) has afirstterminal T1 and a second terminal
T2.

The LED circuitas claimedin Claim 4, characterized
in that the power supply circuit (21) further includes
a rectifier circuit (213) coupled to the first terminal
(T1) to provide a first voltage (V1) to the integrated
circuit units (UOI, U1l,..., UNI).

The LED circuit (2, 3) as claimed in Claim 5, char-
acterized in that the power supply circuit (21) further
includes a converting circuit (212) coupled between
the first terminal (T1) and the second terminal (T2)
to convert the first voltage (V1) to a second voltage
(V2).

The LED circuit (2, 3) as claimed in Claim 6, char-
acterized in that the signal control circuit (23, 33)
has a third terminal (T3) and a fourth terminal (T4),
the integrated circuit units (UOI, U1l,..., UNI) in the
plurality of LED devices (22, 32) have a fifth terminal
(T5) coupled to the first terminal (T1) and a sixth
terminal (T6) coupled to the third terminal (T3).

The LED circuit (2, 3) as claimed in Claim 7, char-
acterized in that the LED circuit (2, 3) further in-
cludes:

a processing unit (231) receiving the second
voltage (V2), and having an output control ter-
minal (TCON) to provide the control signal
(SCON);

aload (R1) coupled between the third (T3) and
the fourth (T4) terminals; and

a switch unit (Q1) coupled to the output control
terminal (TCON), and coupled to the load (R1)
in parallel, wherein the second terminal (T2) is
coupled to the fourth terminal (T4), and the
switch unit (Q1) receives the control signal
(SCON) controlling an open or closed status of
the switch unit (Q1) to change the loaded status.

The LED circuit (2, 3) as claimed in the preceding
claims, characterized in that each of the integrated
circuit units (UOI, U1l,..., UNI) includes:

a power voltage detecting circuit (222) detecting
the variation of the electrical parameter, wherein
the variation includes a change of a power volt-
age having a working frequency (f1);

an oscillator circuit (220) providing a reference
frequency (fr1);

afrequency range detecting circuit (223) receiv-
ing the reference frequency (fr1), and determin-
ing whether the working frequency (f1) is within
an acceptable range;
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a serial number comparing circuit (224) deter-
mining whether the specific serial number (0,
1,..., N) of the integrated circuit unit (UOI, U1l1,...,
UNI) corresponds to the signal code (ENC1)
when the working frequency is within an accept-
able range, wherein the signal code (ENC1) in-
cludes an identification code (ID1) and the infor-
mation; and

a signal storage circuit (226) receiving the signal
code (ENC1), and storing the information when
the specific serial number (0, 1,..., N) and the
identification code (ID1) are the same.

10. The LED circuit (2, 3) as claimed in the preceding

1.

claims, characterized in that each of the LED units
(UOL, U1L,...,UNL) includes aredlight LED (R-LED),
a green light LED (G-LED) and a blue light LED (B-
LED).

The LED circuit as claimed in Claim 10, character-
ized in that each of the integrated circuit unit (UOI,
U1l,..., UNI) further includes:

an LED driving circuit (221) including:

a constant current source (227) providing a
constant current (12);

a route-switching circuit (228) coupled to
the constant current source (227) to switch
the route of the constant current (12); and
an LED open-circuit detecting circuit (229)
detecting an open-circuit status of the LED
unit (UOL, U1L,..., UNL) to provide a feed-
back signal (FB1), wherein the route-
switching circuit (228) receives the informa-
tion and the feedback signal (FB1) to deter-
mine whether to provide the LED unit (UOL,
U1L,..., UNL) with the constant current (12)
to drive the R-LED, the G-LED and the B-
LED.

12. A method for driving an LED circuit (2, 3) comprising

a plurality of integrated circuit units (UOI, U1l,...,
UNI), a plurality of LED units (UOL, U1L,..., UNL) and
asignal control circuit (23, 33), characterized in that
each of the integrated circuit units (UOI, U1l,..., UNI)
has a specific serial number (0, 1,..., N), the method
characterized by comprising the steps of:

providing a control signal (SCON);

changing a loaded status of the signal control
circuit (23, 33) in response to the control signal
(SCON) so as to generate asignal code (ENC1);
causing all the integration circuit units (UOI,
U1l,..., UNI) to receive the signal code (ENC1)
having an information; and

driving a specific LED unit (UOL, U1L,..., UNL)
based on the information of the signal code
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10

(ENC1) by a corresponding integrated circuit
unit (UOI, U1l,..., UNI) when the signal code
(ENC1) corresponds to the specific serial
number (0, 1,..., N) of the corresponding one in
the plurality of integrated circuit units (UOI,
U1l,..., UNI).

13. The method as claimed in Claim 12, characterized

in thatthe signal code (ENC1) represents a variation
pattern of an electrical parameter, the electrical pa-
rameter is a voltage, and the method further com-
prises the following steps of:

providing the plurality of integrated circuit units
(Uol, U1l,..., UNI) with a first voltage (V1) and
converting the first voltage (V1) to a second volt-
age (V2) to be supplied to a processing unit
(231); and

controlling one of an open status and a close
status of a switch unit (Q1) of the signal control
circuit (23, 33) to change the loaded status.

14. The method as claimed in Claim 13, characterized

by further comprising the following steps of:

detecting the variation of the electrical parame-
ter, wherein the variation of the electrical param-
eter includes a variation of a power voltage hav-
ing a working frequency (f1);

determining whether the working frequency (f1)
is within an acceptable range;

determining whether the specific serial number
(0, 1,..., N) of each of the integrated circuit units
(UO0l, U1l,..., UNI) corresponds to the signal code
(ENC1) when the working frequency (f1) is with-
inthe acceptable range, wherein the signal code
(ENC1)includes an identification code (ID1) and
the information; and

receiving the signal code (ENC1), and storing
the information when the specific serial number
(0, 1,..., N) and the identification code (ID1) are
the same.

15. The method as claimed in any one of Claims 12-14,

characterized by further comprising the following
steps of:

providing a constant current (12);

providing an LED open-circuit detecting circuit
(229) to detect an open-circuit status of each of
the LED units (UOL, U1L,..., UNL) to provide a
feedback signal (FB1); and

receiving the information and the feedback sig-
nal (FB1) to determine whether to provide the
detected LED unit (UOL, U1L,..., UNL) with the
constant current (12).
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