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(54) Method for driving a LED

(57)  The present invention relates to a method for
driving a LED and to an illumination system comprising
at least one LED.

According to the present invention that LED is sup-
plied with a driving pulse signal at a cycle equal to a unit
of time, wherein said driving pulse signal having a peak

current
A

T/n' T-Tn' PS

Ixn 1

value equal to n times of a prescribed current value and
a duration of T/n’, and n/n’ = 1.

Thereby the light intensity is increased by n times
while the power consumption is the same in comparison
to driving that LED with a prescribed constant driving
voltage and the prescribed constant driving current.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method for
driving a LED, and more particularly, to a method for driv-
ing a LED which can effectively enhance the light intensity
of a LED.

[0002] Recently, the tendency of using Light-Emitting
Diodes as light source for electronic devices, lighting de-
vices, etc. is continuously increasing. However, in order
to completely replace with LEDs the traditional light
sources, especially the indoor lighting devices, the inten-
sity of the light emitted by the LEDs must be greatly en-
hanced.

SUMMARY OF THE INVENTION

[0003] The present invention provides a method for
driving a LED which can enhance the light intensity of a
LED.

[0004] One aspectofthe presentinventionis a method
for driving a LED which if it is operated at a prescribed
constant driving voltage and a prescribed constant driv-
ing current then the prescribed power consumption of
said LED in a prescribed unit of time were the prescribed
constant driving voltage times the prescribed constant
driving current, comprising the step of supplying said LED
with a driving pulse signal at a cycle equal to the pre-
scribed unit of time, said driving pulse signal having a
peak value equal to n times of current value of the pre-
scribed constant driving current and a high voltage level
duration of T/n’, wherein T is the prescribed unit of time,
and n/n’ = 1, thereby the intensity of the light emitted
from the LED is increased by n times while the power
consumption is kept unchanged. According to an advan-
tageous embodiment n and n’ both are positive integer
excluding 0 and 1.

[0005] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Theinvention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1 shows a waveform of a conventional driving
current signal for a light-emitting diode (LED);

Fig. 2 is a diagram showing the relationship between
the brightness of a LED and the magnitude of driving
current;

Figs. 3 shows a waveform of a driving pulse signal
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used in a method of driving a LED according to the
present invention;

Fig. 4 shows an exemplary example of a waveform
of adriving pulse signal used in the method of driving
a LED according to the present invention;

Fig. 5 shows another exemplary example of a wave-
form of a driving pulse signal used in the method of
driving a LED according to the present invention;
Fig. 6 shows another exemplary example of a wave-
form of a driving pulse signal used in the method of
driving a LED according to the present invention;
Fig. 7 is a schematic diagram of a LED which is coat-
ed with an photoluminescent material and which is
driven by the method according to the presentinven-
tion;

Fig. 8 is a schematic diagram for explaining the effect
of the photoluminescent material coated on the LED
shown in Fig. 7;

Fig. 9 is a schematic diagram for explaining the prin-
ciple of the method according to the present inven-
tion;

Figs. 10 to 12 show exemplary examples of wave-
form of driving pulse signals used in the method ac-
cording to the present invention;

Figs. 13 to 15 are schematic circuit diagrams of the
driving circuitries adapted to be used in the method
according to the present invention;

Fig. 16 is a schematic diagram showing various LED
array examples adapted to be driven by the method
according to the present invention; and

Figs. 17 to 18 are schematic diagrams for explaining
how flickering phenomenon is prevented from occur-
ring by using the photoluminescent material coated
on a LED when the LED is driven by the method
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0007] In the drawings, like numerals are used for like
elements throughout.

[0008] An embodiment of the present invention will
now be discussed with reference to the drawings.
[0009] Fig. 1 shows a waveform of a conventional driv-
ing current signal DS for a light-emitting diode (LED)
which is operated at a prescribed constant driving voltage
of V and a prescribed constant driving current of | such
that the prescribed power consumption P of the LED in
a prescribed unit of time T is V x I. For a LED which is
operated at a prescribed constant driving current of 350
mA and a prescribed constant driving voltage of 1 V to
emit light with an intensity of 30 Ix, as the current value
of the driving current signal DS is increased, the light
intensity increases accordingly, based on the relation-
ship between the current value of the driving current sig-
nal and the light intensity shown in Fig. 2. For example,
if the current value of the driving current signal DS is
doubled to 700 mA (=350 mA x 2), the light intensity will
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approximately increase to 60 Ix. However, the power con-
sumption P of the LED in a unit of time T will also be
doubled, that is 2 W(=3.5V x 700mA). It should be ap-
preciated that the LED having the characteristics shown
in Fig. 2 is available in the market.

[0010] Referring to Fig. 3, a driving pulse signal PS
used in the method of the present invention is shown. It
can be seen from Fig. 2, the light intensity will increase
as the current value of the driving current signal is in-
creased. Therefore, in the method of the present inven-
tion, a driving pulse signal PS, the cycle of which is equal
to the prescribed unit of time T, is provided to the LED.
The peak value of each of the pulse signals PS is n times
the current value of the signal DS, and the high voltage
level duration of the pulse signal PS is (T/n’), wherein n
and n’ are both positive integer excluding 0 and 1, and
(n/n’) = 1. Therefore, during the high voltage level dura-
tion (T/n’), the power consumption of the LED is in-
creased by n times because the current value of the driv-
ing pulse signal PS at its high voltage level is n times the
current value of the signal DS, thereby increasing the
light intensity n times. However, the total power con-
sumption of the LED in the unit of time T is still equal to
P (=V x (Ixn) x 1/n’), therefore, the total power consump-
tion is kept unchanged.

[0011] Referring to Fig. 4, if nis equal to 4, the current
value of the current is 350 mA, the light intensity in the
high voltage level duration T/n’ increases 4 times. How-
ever, the total power consumption is still 1 W. Therefore,
the total power consumption is unchanged while the light
intensity increases n times.

[0012] It should be noted that, although the light inten-
sity willincrease as the current value of the driving current
signal is increased, however, the number of times is not
unlimited. As shown in Fig. 9, when the magnitude of the
current is increased to some extent, the LED enters to
the breakdown state. At this time, the light intensity will
notincrease anymore, even though the magnitude of the
current is continuously increasing. The selection of n is
in relation to the high voltage level duration (T/n’), and
the selection of the high voltage level duration (T/n’) is
based on the effective slope of the current of the LED.
InFig. 9, as indicated by the thick broken lines, itis known
that the LED is driven by a constant current value of 350
mA, only a portion (A) of the effective slope of the current
is used. However, the whole effective slope (A+B) will be
used in the present invention. Therefore, the intensity of
the light emitted from the LED driven by the method of
the present invention is substantially increased.

[0013] It should be noted that, the magnitude of the
current in Fig. 9 is by way of example, the present inven-
tion is not limited thereto. On the other hand, the arrow
indicates the loop formed by the rising edge, the high
voltage level duration, and the falling edge of the pulse,
that is, the conditions based thereupon the peak value
of the pulse and the high voltage level duration is select-
ed.

[0014] As described above, referring to Fig. 10, the
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LEDs are correspondingly driven by two identical driving
pulse signals PS1,PS2 when the method of the present
invention is used to drive two or more LEDs in series
connection. Therefore, in comparison with Fig. 1, the light
intensity will increase n x m times in the high voltage level
duration (T/n’), wherein m is the number of LED and is 2
in the embodiment shown in Fig. 10.

[0015] Referring now to Figs. 5 and 12, the LEDs are
correspondingly driven by two identical driving pulse sig-
nals PS1,PS2 when the method of the present invention
is used to drive two or more LEDs in parallel connection.
If the phases of the driving pulse signals PS1,PS2 are
the same, that is, the driving pulse signals PS1,PS2 are
synchronously provided to the corresponding LEDs, in
comparision with Fig. 1, the light intensity will also in-
crease nx mtimesinthe high voltage level duration (T/n’).
[0016] Referring now to Figs. 6 and 11, the LEDs are
correspondingly driven by two driving pulse signals
PS1,PS2’ having different phases. The phases of the
driving pulse signals PS1,PS2 are different, but the peak
value and the cycle time are the same. The phase differ-
ence diff between the driving pulse signals PS1 and
PS2’can be selected depending on what is needed.
[0017] Forn=4andn’ = 8, the power consumption of
PS1 during the high voltage level duration (T/n’) is
1400mA x 3.5V = 4W, the power consumption of PS2’
during the high voltage level duration (T/n’) is 1400mA x
3.5V = 4W. Therefore, the power consumption of PS1
ina unit oftime T is about 0.5W, and the power consump-
tion of PS2’ is about 0.5W. Therefore, two parallel-con-
nected 1400mA currents can increase 8W slope and the
lightintensity, but the power consumption in a unit of time
T is still about 1W.

[0018] Referring to Figs. 7, 8, 17 and 18, in order to
prevent flickering phenomenon from occurring at the time
of (T-(T/4)), the cap surface of the LED will be coated
with a photoluminescent material which can absorb the
ambient light and emit the absorbed light, such that the
photoluminescent material will emit the light absorbed
during the high voltage level duration (T/4) during the low
voltage level duration (T-(T/4)). As shown in Fig. 8, the
shadow portion is the low voltage level duration (T-(T/4))
during which the photoluminescent material release the
stored photo energy. It should be noted that, the intensity
of light emitted from the photoluminescent material is
about 80% of that from the LED. As shown in Fig. 17, the
low energy level L is a level corresponding to the low
voltage level of the driving pulse signal, the high energy
level H is a level corresponding to the high voltage level
of the driving pulse signal, and the excitation energy level
E is a level above which the LED emits light. A cycle from
the low energy level to the high energy level, from the
high energy level to the excitation energy level, and from
the excitation energy level total takes 100 nsec. It should
be noted that, when the driving pulse signal transits from
the low voltage level to the high voltage level, the LED
emits light, and the photoluminescent material on the
LED absorbs and stores the photo energy from the emit-
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ted light. When the driving pulse signal transits from the
high voltage level to the low voltage level, the LED will
cease to emit light after down from the excitation energy
level E to the low energy level L. In the meantime, the
photoluminescent material will release the stored photo
energy until the driving pulse signal transits from the low
voltage level to the high voltage level. Therefore, in order
to prevent flickering phenomenon from occurring at the
time of (T-(T/4)), a condition that the duration during
which the photoluminescent material coated on a LED
releases stored photo energy is greater than the pulse
cycle, and the pulse cycle is greater than 100 nsec., must
be satisfy.

[0019] It should be noted that, the photoluminescent
material may be doped with fluorescent powder or phos-
phorus powder. On the other hand, the LED shown in
Fig. 7 is by way of example, the photoluminescent ma-
terial may be coated on the lighting surface of any LED
package.

[0020] Figs. 13 to 15 are three LED driving circuitry
examples that are adapted to be used in the present in-
vention. Fig. 16 is a schematic diagram showing various
LED array examples adapted to be driven by the method
according to the present invention.

[0021] Additionally, in order tofurther preventflickering
phenomenon from occurring, the frequency of the driving
pulse signal may be set to 32Hz or above.

[0022] The present examples and embodiments are
to be considered as illustrative and not restrictive, and
theinventionis notto be limited to the details given herein,
but may be modified within the scope and equivalence
of the appended claims.

[0023] Furthermore, it should be apparent to those
skilled in the art that a conventional RC circuitry can also
be used to prevent flickering phenomenon from occur-
ring, instead of the photoluminescent material.

Claims

1. A method for driving a LED which if it is operated at
a prescribed constant driving voltage and a pre-
scribed constant driving current then the prescribed
power consumption of said LED in a prescribed unit
of time were the prescribed constant driving voltage
times the prescribed constant driving current, com-
prising the steps of:

supplying said LED with a driving pulse signal
at a cycle equal to a unit of time, said driving
pulse signal having a peak value equal to ntimes
of the constant current value and a duration of
T/nand n/n’ = 1.

2. Amethod according to claim 1, wherein n and n’ both
are positive integers excluding 0 and 1.

3. A method according to claim 1 or 2, further compris-
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10.

ing the step of:

coating a lighting surface of said LED with an
photoluminescent material which can absorb
the ambient light and emit the absorbed light,
such that the photoluminescent material will
emit the light absorbed during the pulse duration
time (T/4) during the pulse intermittent time
(T-(T/4)).

A method according to claim 3, wherein said photo-
luminescent material is doped with phosphor pow-
der.

A method according to claim 3 or 4, wherein said
photoluminescent material is doped with fluorescent
powder.

A method according to any of the claims 1 to 5, in
the step of supplying driving pulse signal, said LEDs
are serially connected, such that the light intensity
of said LEDs will be increased by nxm times during
the pulse duration time T/n’, wherein mis the number
of said LEDs and is a positive integer excluding 0.

A method according to any of the claims 1 to 5, in
the step of supplying driving pulse signal, said LEDs
are connected in parallel, said driving pulse signal
received by each of said LEDs has a different phase.

A method according to any of the claims 1 to 5, in
the step of supplying driving pulse signal, said LEDs
are connected in parallel, said driving pulse signal
received by each of said LEDs has a same phase,
such that during the pulse duration time, the light
intensity of said LEDs will be increased by nxmtimes,
wherein m is the number of said LEDs and is a pos-
itive integer excluding 0.

A method according to any of the claims 1 to 8, in
the step of supplying driving pulse signal, said driving
pulse signal has a frequency of at least 32Hz.

An illumination system comprising at least one LED,
and

a driving circuit being electrically connected to said
at least one LED and being embodied to carry out
the method according to one of the claims 1 to 9.
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