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(57) ABSTRACT

An organic light emitting display (OLED) panel has a
plurality of organic light emitting diodes. The organic light
emitting diodes are electrically connected to a plurality of
segment lines and a plurality of common lines in a matrix
structure. The organic light emitting diodes electrically
connected to the same common lines are divided into a first

(73) Assignee: HIMAX TECHNOLOGIES, INC., group and a second group. Driving currents are separately
Hsinhua (TW) supplied to the organic light emitting diodes of the first
group and the second group according to a first pulse width
(21) Appl. No.: 11/175,362 modulation (PWM) manner and a second PWM manner. The
first PWM manner and the second PWM manner have
(22) Filed: Jul. 7, 2005 complementary waveforms in a period.
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PULSE WIDTH MODULATION METHOD FOR
DRIVING AN OLED PANEL

BACKGROUND
[0001]

[0002] The present invention relates to a method for
driving an organic light emitting display (OLED) panel.
More particularly, the present invention relates to a pulse
width modulation method for driving an OLED panel.

[0003] 2. Description of Related Art

1. Field of Invention

[0004] Flat panel displays are generally classified into
inorganic devices and organic devices according to the
display materials used in the flat panel displays. The inor-
ganic devices include plasma display panels, field emission
displays and the like; the organic devices include liquid
crystal displays, organic light emitting displays (OLED) and
the like. The OLED is in the spotlight because of its
operating speed being faster than that of the liquid crystal
display by thirty thousand times. In addition, the OLED has
advantages of wide viewing angle and high brightness due
to emitting light by itself.

[0005] FIG.1 is a schematic view of a conventional OLED
100. An OLED panel 110 has a plurality of organic light
emitting diodes 112, which are driven by a segment driver
120 and a common driver 130 through segment lines 122
and common lines 132. Particularly, the organic light emit-
ting diodes 112 are electrically connected to the segment
lines 122 and common lines 132 in a matrix structure. In the
prior art, a pulse width modulation (PWM) manner is
provided to supply driving currents to the organic light
emitting diodes 112. The driving currents of the PWM
manner may have different pulse widths. The pulse width
determines the intensity of the light emitted from the organic
light emitting diode 112.

[0006] FIG. 2 is a schematic view of waveforms provided
by a conventional PWM manner, in which the waveforms
GS1 to GS4 of 2-bit grayscales are illustrated as an example.
In a period, the pulse widths of the waveforms GS1 to GS4
are altered in accordance with different grayscales. How-
ever, the rising edges of the waveforms corresponding to
different grayscales are all positioned at a starting time t,, of
the period T. The coherent rising of the waveforms GS1 to
GS4 causes a peak current to be generated at the starting
time t, of the period T. The peak current increases the
required Vec of the segment driver 120 (as illustrated in FIG.
1), and the power consumption of the OLED 100 is thus
raised.

[0007] FIG. 3 is a schematic view of waveforms provided
by another conventional PWM manner, in which the wave-
forms GS1 to GS4 of 2-bit grayscales are illustrated as an
example. In this PWM manner, the rising edges of the
waveforms GS1 to GS4 corresponding to different gray-
scales are changed from the starting time t, to other times
(e.g. t; and t;) of the period T. The peak current caused by
the coherent rising of different grayscale waveforms GS1 to
GS4 is therefore decreased. Nevertheless, if the organic light
emitting diodes 112 electrically connected to the same
common line 132 (as illustrated in FIG. 1) are simulta-
neously represented by the same grayscale, the driving
currents having the same waveform are supplied at the same
time. Consequently, the peak current issue still remains.
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[0008] It is therefore an aspect of the present invention to
provide a method for driving an OLED panel that mitigates
the peak current issue.

[0009] According to one preferred embodiment of the
present invention, the OLED panel includes a plurality of
organic light emitting diodes. The organic light emitting
diodes are electrically connected to a plurality of segment
lines and a plurality of common lines in a matrix structure.

[0010] The organic light emitting diodes electrically con-
nected to the same common lines are divided into a first
group and a second group. Driving currents are separately
supplied to the organic light emitting diodes of the first
group and the second group according to a first pulse width
modulation (PWM) manner and a second PWM manner. The
first PWM manner and the second PWM manner have
complementary waveforms in a period.

[0011] According to another preferred embodiment of the
present invention, the OLED panel includes a plurality of
organic light emitting diodes. Driving currents are supplied
to a first group of the organic light emitting diodes electri-
cally connected to a common line according to a first pulse
width modulation (PWM) manner. Driving currents are
supplied to a second group of the organic light emitting
diodes electrically connected to the common line according
to a second PWM manner. The first PWM manner and the
second PWM manner have complementary waveforms in a
period.

[0012] Tt is another aspect of the present invention to
provide an OLED, of which the Vcc of its segment driver is
decreased and the power consumption is thus lowered.

[0013] According to one preferred embodiment of the
present invention, the OLED comprises a plurality of seg-
ment lines, a plurality of common lines, a plurality of
organic light emitting diodes and a segment driver. The
organic light emitting diodes are electrically connected to
the segment lines and the common lines in a matrix struc-
ture. The organic light emitting diodes of one common line
are divided into a first group and a second group. The
segment driver is electrically connected to the segment lines
and supplies driving currents to the organic light emitting
diodes of the first group and the second group separately
according to a first pulse width modulation (PWM) manner
and a second PWM manner. The first PWM manner and the
second PWM manner have complementary waveforms in a
period.

[0014] In conclusion, the invention can effectively
decrease the peak current usually occurring in the conven-
tional PWM manner for driving the OLED panel and further
decrease the Vec of the segment driver, so as to lower the
power consumption of the OLED.

[0015] It is to be understood that both the foregoing
general description and the following detailed description
are examples and are intended to provide further explanation
of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other features, aspects, and advantages
of the present invention will become better understood with
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regard to the following description, appended claims, and
accompanying drawings, where:

[0017] FIG. 1 is a schematic view of a conventional
OLED;

[0018] FIG. 2 is a schematic view of waveforms provided
by a conventional PWM manner;

[0019] FIG. 3 is a schematic view of waveforms provided
by another conventional PWM manner;

[0020] FIG. 4 is a flow chart of one preferred embodiment
of the present invention;

[0021] FIG. 5A is a schematic view of waveforms pro-
vided by the first PWM manner of one preferred embodi-
ment;

[0022] FIG. 5B is a schematic view of waveforms pro-
vided by the second PWM manner of one preferred embodi-
ment;

[0023] FIGS. 6A, 6B and 6C are schematic views of
waveforms respectively provided by the first, second and
third PWM manner of one preferred embodiment;

[0024] FIGS. 7A, 7B and 7C are schematic views of
waveforms respectively provided by the first, second and
third PWM manner of another preferred embodiment; and

[0025] FIG. 8 is a schematic view of an organic light
emitting display of one preferred embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

[0027] The present invention divides the organic light
emitting diodes of the same common line into two groups
and drives the organic light emitting diodes of the two
groups according to different PWM manners, which have
complementary waveforms in a period.

[0028] Generally, an OLED panel includes a plurality of
organic light emitting diodes. The organic light emitting
diodes are electrically connected to a plurality of segment
lines and a plurality of common lines in a matrix structure.

[0029] FIG. 4 is a flow chart of one preferred embodiment
of the present invention. The organic light emitting diodes
electrically connected to the same common lines are divided
into a first group and a second group (step 402). Driving
currents are separately supplied to the organic light emitting
diodes of the first group and the second group according to
a first pulse width modulation (PWM) manner and a second
PWM manner. The first PWM manner and the second PWM
manner have complementary waveforms in a period (step

404).

[0030] Driving currents are supplied to a first group of the
organic light emitting diodes electrically connected to a
common line according to a first pulse width modulation
(PWM) manner. Driving currents are supplied to a second
group of the organic light emitting diodes electrically con-

Jan. 11, 2007

nected to the common line according to a second PWM
manner. The second PWM manner is complementary to the
first PWM manner with respect to its waveform in a period.

[0031] FIG. 5A is a schematic view of waveforms pro-
vided by the first PWM manner of one preferred embodi-
ment, and FIG. 5B is a schematic view of waveforms
provided by the second PWM manner of one preferred
embodiment. FIG. SA and FIG. 5B use the waveforms GS1
to GS4 of 2-bit grayscales as an example to illustrate that the
first and the second PWM manners have complementary
waveforms in the period T. In FIG. 5A, the rising edges of
the waveforms GS1 to GS4 corresponding to different
grayscales are all positioned at a starting time t,, of the period
T. In FIG. 5B, the falling edges of the waveforms GS1 to
GS4 corresponding to different grayscales are all positioned
at an ending time t, of the period T.

[0032] More particularly, from the lowest grayscale (e.g.
GS1) to the highest grayscale (e.g. GS4), the waveforms
GS1 to GS4 of the first PWM manner are increased in length
by measuring from the starting time t, of the period T, and
the waveforms GS1 to GS4 of the second PWM manner are
increased in length by measuring from the ending time t, of
the period T. As illustrated in FIG. 5A and FIG. 5B, the
waveforms of the same grayscale are temporarily comple-
mentary, and therefore the peak current occurring for the
organic light emitting diodes with the same grayscale is
effectively decreased.

[0033] In other words, except for the highest grayscale
(e.g. GS4), the waveforms representing the same grayscale
of the first PWM manner and the second PWM manner can
fall at different times in the period T. Alternatively, except
for the highest grayscale (e.g. GS4), the waveforms repre-
senting the same grayscale of the first PWM manner and the
second PWM manner can rise at different times in the period
T.

[0034] Furthermore, the period T preferably is a refresh
period of the OLED panel. In the OLED panel, the organic
light emitting diodes electrically connected to one half of the
segment lines are defined as the first group, and the organic
light emitting diodes electrically connected to the other half
of the segment lines are defined as the second group.

[0035] In order to further simplify the panel design, the
first group can include the organic light emitting diodes
located on one half portion (e.g. the left half portion) of the
OLED panel, and the second group can include the organic
light emitting diodes located on the other half portion (e.g.
the right half portion) of the OLED panel. Alternatively, the
segment lines, to which the organic light emitting diodes are
electrically connected, can be configured randomly or in an
interlaced fashion with respect to the group to which they
belong. The interlaced configuration provides segment lines
as columns of the panel, where the diodes connected to the
segment lines are divided into two groups, such as on
segment lines 1, 3, 5 and 7 in the first group and on segment
lines 2, 4, 6 and 8 in the second group.

[0036] However, the waveforms of the first PWM manner
are not limited to rise at the starting time of the period T, and
the waveforms of the first PWM manner are to not limited
to fall at the ending time of the period T. Persons skilled in
the art should understand that the waveforms of the first and
the second PWM manners, which represent the same gray-
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scale, might be discrete, or might rise or fall at other times
of the period T as long as the waveforms of the two manners
are complementary to decrease the peak current.

[0037] Furthermore, more than two PWM manners can be
applied to one OLED panel for driving its organic light
emitting diodes. That is, the organic light emitting diodes on
the OLED panel can be defined as more than two groups,
and the segment lines to which the organic light emitting
diodes electrically connected can be configured randomly, or
in different portions of the OLED panel, or in an interlaced
fashion with respect to the group to which they belong.

[0038] The followings provide two examples for interpret-
ing how to apply more than two PWM manners (e.g. three
PWM manners) to one OLED panel. One of the examples is
illustrated in FIGS. 6A to 6C and the other is illustrated
FIGS. 7A to 7C, and both of them apply three PWM
manners.

[0039] In the first example, FIGS. 6A, 6B and 6C are
schematic views of waveforms provided by the first, second
and third PWM manner, respectively. FIGS. 6A, 6B and 6C
use the waveforms GS1 to GS4 of 2-bit grayscales as an
example to illustrate that the first, second and third PWM
manners have complementary waveforms in the period T.

[0040] InFIG. 6A, the rising edges of the waveforms GS1
to GS4 corresponding to different grayscales are all posi-
tioned at a starting time t,, of the period T. In FIG. 6B, the
falling edges of the waveforms GS1 to GS4 corresponding
to different grayscales are all positioned at an ending time t,
of the period T. In FIG. 6C, the rising edges of the wave-
forms GS1 to GS3 corresponding to different grayscales are
positioned at time t, of the period T, and the falling edges of
the waveforms GS1 to GS4 are positioned at times t,, t5, t,
and t,, respectively.

[0041] In the second example, FIGS. 7A, 7B and 7C are
schematic views of waveforms provided by the first, second
and third PWM manner, respectively. FIGS. 7A, 7B and 7C
use the waveforms GS1 to GS4 of 2-bit grayscales as an
example to illustrate that the first, second and third PWM
manners have complementary waveforms in the period T.

[0042] InFIG. 7A, the rising edges of the waveforms GS1
to GS4 corresponding to different grayscales are all posi-
tioned at a starting time t,, of the period T. In FIG. 6B, the
falling edges of the waveforms GS1 to GS4 corresponding
to different grayscales are all positioned at an ending time t,,
of the period T. In FIG. 6C, the rising edges of the wave-
forms GS1 to GS4 corresponding to different grayscales are
respectively positioned at time t5, t,, t;, and t, of the period
T, and the falling edges of the waveforms GS1 to GS4 are
positioned at times t,, t,, t, and t,.

[0043] In other words, except for the highest grayscale
(e.g. GS4), the waveforms representing the same grayscale
of these PWM manners can be designed to rise or fall at
different times in the period T for achieving complementa-
rity. As illustrated in FIGS. 6A, 6B and 6C and FIGS. 7A,
7B and 7C, the waveforms of the same grayscale of each
example are temporarily complementary, and therefore the
peak current occurring for the organic light emitting diodes
with the same grayscale is effectively decreased.

[0044] For instance, in the OLED panel, the organic light
emitting diodes electrically connected to one third of the
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segment lines are defined as the first group, the organic light
emitting diodes electrically connected to another one third of
the segment lines are defined as the second group, and the
organic light emitting diodes electrically connected to the
rest of the segment lines are defined as the third group.

[0045] In order to further simplify the panel design, the
first group can include the organic light emitting diodes
located on one-third portion (e.g. the left portion) of the
OLED panel, the second group can include the organic light
emitting diodes located on another one-third portion (e.g. the
middle portion) of the OLED panel, and the third group can
include the organic light emitting diodes located on the rest
portion (e.g. the right portion) of the OLED panel.

[0046] Alternatively, the segment lines, to which the
organic light emitting diodes are electrically connected, can
be configured randomly or in an interlaced fashion with
respect to the group to which they belong. The interlaced
configuration provides segment lines as columns of the
panel, where the diodes connected to the segment lines are
divided into third groups, such as on segment lines 1, 4, 7
and 10 in the first group, on segment lines 2, 5, 8 and 11 in
the second group and segment lines 3, 6,9 and 12 in the third
group.

[0047] FIG. 8 is a schematic view of an organic light
emitting display of one preferred embodiment of the present
invention. An OLED 800 comprises a plurality of segment
lines 822, a plurality of common lines 832, a plurality of
organic light emitting diodes 812 and a segment driver 820.
The organic light emitting diodes 812 are positioned on an
OLED panel 810 and are electrically connected to the
segment lines 822 and the common lines 832 in a matrix
structure.

[0048] The organic light emitting diodes 812 of one com-
mon line 832 are divided into a first group 842 and a second
group 844. The segment driver 820 is electrically connected
to the segment lines 822 and supplies driving currents to the
organic light emitting diodes 812 of the first group 842 and
the second group 844 separately according to a first pulse
width modulation (PWM) manner and a second PWM
manner. The first PWM manner and the second PWM
manner have complementary waveforms in a period.

[0049] Referring to one preferred embodiment of the
present invention as illustrated in FIG. 5A and FIG. 5B, in
the first PWM manner, the rising edges of the waveforms
GS1 to GS4 corresponding to different grayscales are all
positioned at a starting time t,, of the period T. In the second
PWM manner, the falling edges of the waveforms GS1 to
GS4 corresponding to different grayscales are all positioned
at an ending time t, of the period T.

[0050] More particularly, from the lowest grayscale (e.g.
GS1) to the highest grayscale (e.g. GS4), the waveforms
GS1 to GS4 of the first PWM manner are increased in length
by measuring from the starting time t,, of the period T, and
the waveforms GS1 to GS4 of the second PWM manner are
increased in length by measuring from the ending time t, of
the period T. That is, the waveforms of the same grayscale
are temporarily complementary, and therefore the peak
current occurring for the organic light emitting diodes 812
with the same grayscale is effectively decreased.

[0051] In other words, except for the highest grayscale
(e.g. GS4), the waveforms representing the same grayscale
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of the first PWM manner and the second PWM manner can
fall at different times in the period T. Alternatively, except
for the highest grayscale (e.g. GS4), the waveforms repre-
senting the same grayscale of the first PWM manner and the
second PWM manner can rise at different times in the period
T.

[0052] Furthermore, the period T preferably is a refresh
period of the OLED panel 810. In the OLED panel 810, the
organic light emitting diodes 812 electrically connected to
one half of the segment lines 822 are defined as the first
group 842, and the organic light emitting diodes 812 elec-
trically connected to the other half of the segment lines 822
are defined as the second group 844.

[0053] In order to further simplify the panel design, the
first group 842 can include the organic light emitting diodes
812 located on one half portion (e.g. the left half portion) of
the OLED panel 810, and the second group 844 can include
the organic light emitting diodes 812 located on the other
half portion (e.g. the right half portion) of the OLED panel
810. Alternatively, the segment lines 822 can be configured
randomly or in an interlaced fashion with respect to the
group to which they belong.

[0054] In conclusion, the preferred embodiments can
effectively decrease the peak current usually occurring in the
conventional PWM manner of the OLED panel and further
decrease the Vec of the segment driver, so as to lower the
power consumption of the OLED panel.

[0055] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the present invention without departing from the
scope or spirit of the invention. In view of the foregoing, it
is intended that the present invention cover modifications
and variations of this invention provided they fall within the
scope of the following claims and their equivalents.

1. A method for driving an organic light emitting display
(OLED) panel including a plurality of organic light emitting
diodes, wherein the organic light emitting diodes are elec-
trically connected to a plurality of segment lines and a
plurality of common lines in a matrix structure, the method
comprising:

dividing the organic light emitting diodes electrically
connected to the same common lines into a first group
and a second group; and

supplying driving currents to the organic light emitting
diodes of the first group and the second group sepa-
rately according to a first pulse width modulation
(PWM) manner and a second PWM manner, wherein
the first PWM manner and the second PWM manner
have complementary waveforms in a period.

2. The method of claim 1, wherein from a lowest gray-
scale to a highest grayscale, the waveforms of the first PWM
manner are increased in length by measuring from a starting
time of the period, and the waveforms of the second PWM
manner are increased in length by measuring from an ending
time of the period.

3. The method of claim 1, wherein except for a highest
grayscale, the waveforms representing the same grayscale of
the first PWM manner and the second PWM manner rise at
different times in the period.
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4. The method of claim 1, wherein except for a highest
grayscale, the waveforms representing the same grayscale of
the first PWM manner and the second PWM manner fall at
different times in the period.

5. The method of claim 1, wherein the organic light
emitting diodes electrically connected to one half of the
segment lines are defined as the first group, and the organic
light emitting diodes electrically connected to the other half
of the segment lines are defined as the second group.

6. The method of claim 1, wherein the period is a refresh
period of the OLED panel.

7. A method for driving an organic light emitting display
(OLED) panel including a plurality of organic light emitting
diodes, the method comprising:

supplying driving currents to a first group of the organic
light emitting diodes electrically connected to a com-
mon line according to a first pulse width modulation
(PWM) manner; and

supplying driving currents to a second group of the
organic light emitting diodes electrically connected to
the common line according to a second PWM manner,
wherein the first PWM manner and the second PWM
manner have complementary waveforms in a period.

8. The method of claim 7, wherein from a lowest gray-
scale to a highest grayscale, the waveforms of the first PWM
manner are increased in length by measuring from a starting
time of the period, and the waveforms of the second PWM
manner are increased in length by measuring from an ending
time of the period.

9. The method of claim 7, wherein except for a highest
grayscale, the waveforms representing the same grayscale of
the first PWM manner and the second PWM manner rise at
different times in the period.

10. The method of claim 7, wherein except for a highest
grayscale, the waveforms representing the same grayscale of
the first PWM manner and the second PWM manner fall at
different times in the period.

11. The method of claim 7, wherein the organic light
emitting diodes are electrically connected to a plurality of
segment lines and a plurality of common lines in a matrix
structure, the organic light emitting diodes electrically con-
nected to one half of the segment lines are defined as the first
group, and the organic light emitting diodes electrically
connected to the other half of the segment lines are defined
as the second group.

12. The method of claim 7, wherein the period is a refresh
period of the OLED panel.

13. An organic light emitting display (OLED), compris-
ing:

a plurality of segment lines;
a plurality of common lines;

a plurality of organic light emitting diodes, electrically
connected to the segment lines and the common lines in
a matrix structure, wherein the organic light emitting
diodes of one common line are divided into a first group
and a second group; and

a segment driver, electrically connected to the segment
lines and arranged to supply driving currents to the
organic light emitting diodes of the first group and the
second group separately according to a first pulse width
modulation (PWM) manner and a second PWM man-
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ner, wherein the first PWM manner and the second
PWM manner have complementary waveforms in a
period.

14. The OLED of claim 13, wherein from a lowest
grayscale to a highest grayscale, the segment driver is
arranged to increase the waveforms of the first PWM
manner in length by measuring from a starting time of the
period and to increase the waveforms of the second PWM
manner in length by measuring from an ending time of the
period.

15. The OLED of claim 13, wherein except for a highest
grayscale, the segment driver is arranged to raise the wave-
forms representing the same grayscale of the first PWM
manner and the second PWM manner at different times in
the period.
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16. The OLED of claim 13, wherein except for a highest
grayscale, the segment driver is arranged to lower the
waveforms representing the same grayscale of the first
PWM manner and the second PWM manner at different
times in the period.

17. The OLED of claim 13, wherein the organic light
emitting diodes electrically connected to one half of the
segment lines are defined as the first group, and the organic
light emitting diodes electrically connected to the other half
of the segment lines are defined as the second group.

18. The OLED of claim 13, wherein the period is a refresh
period of the OLED panel.
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