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Controlling a touch scan transition timing
and a display multiplexer switching timing
to maintain a specific equidistant
relationship

Y 9512
When the OLED touch display performs a
display function, the OLED touch display
performing a touch scanning only for a
part of a display time of the OLED touch
display and stops touch scanning or
performs touch voltage compensation
scanning for another part of display time

| 514
When being interfered by external noise,
the OLED touch display performs touch

scanning only m a blanking period out of

the display time and adjusts a touch
scanning frequency to avoid an
interference of external noise
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ORGANIC LIGHT-EMITTING DIODE
TOUCH DISPLAY OPERATING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a display; in particular, to
an organic light-emitting diode touch display operating
method.

2. Description of the Prior Art

[0002] Pleasereferto FIG. 1. FIG. 1 illustrates a schematic
diagram of the luminated structure of the conventional
in-cell organic light-emitting diode touch display.

[0003] As shown in FIG. 1, based on the consideration of
manufacturing process yield and thickness, since the dis-
tance between the touch electrode ITO and the cathode CA
is quite small (<2 um), the mutual influence between the
touch electrode ITO and the cathode CA will be serious.
[0004] When the touch mode and the display mode of the
conventional in-cell organic light-emitting diode touch dis-
play operate simultaneously, the display quality of the
organic light-emitting diode OLED will be affected by the
touch sensing of the touch electrode ITO, and the color band
and flicker appear in the frame displayed on the conven-
tional in-cell organic light-emitting diode touch display.
[0005] While the touch mode and the display mode of the
conventional in-cell organic light-emitting diode touch dis-
play operate at different times, although the interaction
between touch and display can be avoided, problems of
limiting touch scan time, increasing touch scan interval and
increasing touch power will be generated.

SUMMARY OF THE INVENTION

[0006] Therefore, the invention provides an organic light-
emitting diode touch display operating method to solve the
above-mentioned problems

[0007] A preferred embodiment of the invention is an
organic light-emitting diode (OLED) touch display opera-
tion method. In this embodiment, the OLED touch display
operation method includes the following steps: controlling a
touch scan transition timing and a display multiplexer
switching timing to maintain a specific equidistant relation-
ship; and when the OLED touch display performs display
function, the OLED touch display performs touch scanning
only for a part of display time.

[0008] In an embodiment, the OLED touch display stops
the touch scanning for another part of the display time.
[0009] In an embodiment, the OLED touch display per-
forms a touch voltage compensation scanning for another
part of the display time.

[0010] In an embodiment, when being interfered by an
external noise, the OLED touch display performs the touch
scanning only in a blanking period out of the display time.
[0011] Inan embodiment, the OLED touch display further
adjusts a touch scanning frequency to avoid an interference
of the external noise.

[0012] In an embodiment, the OLED touch display device
includes an automatic switching circuit to automatically
switch between a touch oscillator and a display oscillator to
provide a touch driving clock signal as an output clock
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signal in a first operation mode and provide a display driving
clock signal as the output clock signal in a second operation
mode.

[0013] In an embodiment, the automatic switching circuit
includes a touch oscillator, a display oscillator, a multiplexer
and a deglitching unit, the touch oscillator and the display
oscillator are coupled to the multiplexer, the multiplexer is
coupled to the deglitching unit.

[0014] In an embodiment, in the first operation mode, the
multiplexer automatically switches to the touch oscillator
and outputs the touch driving clock signal provided by the
touch oscillator to the deglitching unit and the deglitching
unit processes the touch driving clock signal and then
provides the processed touch driving clock signal as the
output clock signal.

[0015] In an embodiment, in the second operation mode,
the multiplexer automatically switches to the display oscil-
lator and outputs the display driving clock signal provided
by the display oscillator to the deglitching unit and the
deglitching unit processes the display driving clock signal
and then provides the processed display driving clock signal
as the output clock signal.

[0016] In an embodiment, the first operation mode is a
sleep mode and the second operation mode is a display mode
or an idle mode.

[0017] Compared to the prior art, the OLED touch display
operating method of the invention can operate the touch
mode and the display mode simultaneously by maintaining
a specific equidistant relationship between the touch scan
transition timing and the display multiplexer switching
timing without color band and flicker in the frame displayed
by the OLED touch display. Therefore, the OLED touch
display operating method of the invention can effectively
improve the display quality of the OLED touch display and
avoid the problems of limiting touch scan time, increasing
touch scan interval and increasing touch power, so that the
touch signal-to-noise ratio can be increased and more charg-
ing time can be provided.

[0018] The advantage and spirit of the invention may be
understood by the following detailed descriptions together
with the appended drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

[0019] FIG. 1 illustrates a schematic diagram of the lumi-
nated structure of the conventional in-cell OLED touch
display.

[0020] FIG. 2 illustrates a schematic diagram of maintain-
ing a specific equidistant relationship between the touch
scan transition timing and the display multiplexer transition
timing.

[0021] FIG. 3 illustrates a schematic diagram of automatic
switching between the touch driving timing signal and the
display driving timing signal in different operating modes.
[0022] FIG. 4 illustrates the corresponding relationships
between the auto-switched output timing signal and the
touch driving timing signal and the display driving timing
signal in different operating modes.

[0023] FIG. 5~FIG. 8B illustrate schematic diagrams of
different embodiments of avoiding uneven display by inter-
lacing touch scanning.
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[0024] FIG. 9 illustrates a schematic diagram of perform-
ing touch scanning in a part of the display time and pet-
forming touch voltage compensation scanning in another
part of the display time.

[0025] FIG. 10~FIG. 13 illustrate different embodiments
of avoiding uneven display by performing touch scanning
and touch voltage compensation scanning in different dis-
play times respectively.

[0026] FIG. 14A~FIG. 14B illustrate an embodiment of
dynamically adjusting the touch scanning frequency when
encountering external noise interference.

[0027] FIG. 15A~FIG. 15B illustrate another embodiment
of dynamically adjusting the touch scanning frequency when
encountering external noise interference.

[0028] FIG. 16 illustrates a flowchart of the OLED touch
display operating method in an embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] An embodiment of the invention is an organic
light-emitting diode (OLED) touch display operating
method used to operate the OLED touch display, so that its
touch mode and display mode can operate simultaneously
without color band and flicker appeared in the frame dis-
played on the OLED touch display. In fact, the OLED touch
display can be an in-cell OLED touch display, but not
limited to this.

[0030] Please refer to FIG. 2. FIG. 2 illustrates a schematic
diagram of maintaining a specific equidistant relationship
between the touch scan transition timing and the display
multiplexer transition timing.

[0031] As shown in FIG. 2, when the OLED touch display
is used to display images, the touch scan transition timing
TCH and the display multiplexer transition timings
MUX1~MUX6 can be fully controlled to maintain a specific
equidistant relationship without interfering with each other
by sharing the display driving timing signal and the timing
signal TE provided by the display driver. Therefore, the
color band and flicker appeared in the frame displayed by the
OLED touch display can be avoided and the signal-to-noise
ratio of touch sensing can be improved at the same time.
[0032] For example, FIG. 2 shows that the front edge and
the back edge of the display multiplexer transition timing
MUX1 correspond to the time t1 and the time t3 respec-
tively, and the front edge of the touch scan transition timing
TCH corresponds to the time (2 between the time t1 and the
time t3, so that the touch scan transition timing TCH and the
display multiplexer transition timing MUX1 can maintain a
specific equidistant relationship; similarly, the front edge
and the back edge of the display multiplexer transition
timing MUX2 correspond to the time t4 and the time t6
respectively, and the front edge of the touch scan transition
timing TCH corresponds to the time t5 between the time t4
and the time 6, so that the touch scan transition timing TCH
and the display multiplexer transition timing MUX2 can
maintain a specific equidistant relationship.

[0033] Pleaserefer to FIG. 3. FIG. 3 illustrates a schematic
diagram of automatic switching between the touch driving
timing signal and the display driving timing signal in
different operating modes.

[0034] As shown in FIG. 3, the automatic switching circuit
3 can include a touch oscillator 31, a display oscillator 32,
a multiplexer 33 and a deglitching unit 34. In the first
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operation mode (e.g., the sleep mode) MODE1, the multi-
plexer 33 will automatically switch to the touch oscillator 31
and output the touch driving timing signal S1 provided by
the touch oscillator 31 to the deglitching unit 34. After the
deglitching unit 34 processes the touch driving timing signal
S1, the deglitching unit 34 provides the processed touch
driving timing signal S1 as an output timing signal S3. In the
second operation mode (e.g., the display mode/the idle
mode) MODE2, the multiplexer 33 will automatically
switch to the display oscillator 32 and output the display
driving timing signal S2 provided by the display oscillator
32 to the deglitching unit 34. After the deglitching unit 34
processes the display driving timing signal S2, the deglitch-
ing unit 34 provides the processed display driving timing
signal S2 as the output clock signal S3.

[0035] Therefore, when switching from the first operation
mode (e.g., the sleep mode) MODE1 to the second operation
mode (e.g., the display mode/the idle mode) MODE2, the
output timing signal S3 will be changed from the touch
driving timing signal S1 to the display driving timing signal
S2. When switching from the second operation mode (e.g,,
the display mode/the idle mode) MODE2 to the first opera-
tion mode (e.g., the sleep mode) MODEI, the output timing
signal S3 will be changed from the display driving timing
signal S2 to the touch driving timing signal S1.

[0036] As to FIG. 4, FIG. 4 illustrates the corresponding
relationships between the auto-switched output timing sig-
nal S3 and the touch driving timing signal S1 and the display
driving timing signal S2 in different operating modes.
[0037] As shown in FIG. 4, initially, in the second opera-
tion mode (e.g., the display mode/the idle mode) MODE2,
the display driving clock signal S2 is provided as the output
timing signal S3. Then, after switching from the second
operation mode (e.g., the display mode/the idle mode)
MODE2 to the first operation mode (e.g., the sleep mode)
MODFE1, the multiplexer 33 switches at the time t to make
the output timing signal 83 change to the touch driving
timing signal S1. After switching from the first operation
mode (e.g., the sleep mode) MODE] to the third operation
mode (e.g., the touch mode) MODE3, the output timing
signal S3 maintains the touch driving timing signal S1
unchanged.

[0038] However, even in the case where the touch scan
transition timing and the display multiplexer transition tim-
ing maintain a certain equidistant relationship, the display
may be uneven due to the touch coupling additional voltage
to the display, so the invention proposes the following
methods to solve this problem:

[0039] (1) When the OLED touch display performs the
display function, the touch scanning is not performed at all
display times, but performed by interlacing touch scanning,
that is, the touch scanning is performed at a part of the
display time, but the touch scanning is stopped at another
part of the display time, so as to effectively avoid uneven
display.

[0040] For example, please refer to FIG. 5~FIG. 8B illus-
trate schematic diagrams of different embodiments of avoid-
ing uneven display by interlacing touch scanning. Wherein,
Vsync represents a vertical sync signal, 20 and 400 represent
the number of display lines, TCH represents the touch scan
transition timing and TE represents a timing signal indicat-
ing each display line.

[0041] FIG. 5 illustrates that the touch scan transition
timing TCH performs touch scanning only when the OLED
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touch display displays the odd-numbered display lines, and
no touch scanning is performed when the OLED touch
display displays the even-numbered display lines, and vice
versa; FIG. 6 illustrates that the touch scan transition timing
TCH performs touch scanning only at the time between the
adjacent odd-numbered display line and the even-numbered
display line displayed by the OLED touch display, and no
touch scanning is performed at the time between the adja-
cent the even-numbered display line and the odd-numbered
display line displayed by the OLED touch displays, and vice
versa.

[0042] In addition, the touch scan transition timing TCH
can perform touch scanning when the OLED touch display
displays N display lines, and then the touch scan transition
timing TCH can stop touch scanning when the OLED touch
display displays the next M display lines, wherein N/M is
larger than 0. As shown in FIG. 7, the touch scan transition
timing TCH performs touch scanning for one display line
and then stop touch scanning for the next three display lines.
As shown in FIG. 8A, the touch scan transition timing TCH
performs touch scanning for two display lines and then stop
touch scanning for the next two display lines. As shown in
FIG. 8B, the touch scan transition timing TCH performs
touch scanning at the time between one set of adjacent
display lines and then stop touch scanning at the times
between the next three sets of adjacent display lines, and
vice versa.

[0043] (2) When the OLED touch display performs dis-
play function, the touch scan transition timing TCH can
perform touch scanning at a part of the display time, but the
touch scan transition timing TCH performs touch voltage
compensation scanning at another part of the display time to
effectively avoid the phenomenon of uneven display. As
shown in the touch scan transition timing TCH in FIG. 9, the
solid line portion of the touch scan transition timing TCH
represents the touch scanning performed at a part of display
time, and the dotted portion of the touch scan transition
timing TCH represents the touch voltage compensation
scanning at another part of display time.

[0044] FIG. 10~FIG. 13 illustrate different embodiments
of avoiding uneven display by performing touch scanning
and touch voltage compensation scanning in different dis-
play times respectively. FIG. 10 shows that the touch scan
transition timing TCH performs touch scanning (indicated
by the dense X of the solid line) when the OLED touch
display displays the odd-numbered display lines, and the
touch scan transition timing TCH performs touch voltage
compensation scanning (indicated by the less dense X of the
broken line) when the OLED touch display displays the
even-numbered display lines, and vice versa.

[0045] In addition, the touch scan transition timing TCH
can perform touch scanning (indicated by the dense X of the
solid line) when the OLED touch display displays N display
lines, and then the touch scan transition timing TCH can
perform touch voltage compensation scanning (indicated by
the less dense X of the broken line) when the OLED touch
display displays the next M display lines, wherein N/M is
larger than O.

[0046] As shown in FIG. 11, the touch scan transition
timing TCH performs touch scanning (indicated by the
dense X of the solid line) for one display line and then
performs touch voltage compensation scanning (indicated
by the less dense X of the broken line) for the next three
display lines. As shown in FIG. 12, the touch scan transition
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timing TCH performs touch scanning (indicated by the
dense X of the solid line) for two display lines and then
performs touch voltage compensation scanning (indicated
by the less dense X of the broken line) for the next two
display lines. As shown in FIG. 13, the touch scan transition
timing TCH performs touch scanning (indicated by the
dense X of the solid line) at the time between one set of
adjacent display lines and then performs touch voltage
compensation scanning (indicated by the less dense X of the
broken line) at the times between the next one set of adjacent
display lines, and vice versa.

[0047] (3) When the OLED touch display performs dis-
play function, the touch scan timing and the display timing
must be matched with each other. Therefore, when external
noise interference is encountered, the touch scan transition
timing TCH can move the touch scanning interval to the
blanking interval out of the display time and adjust the touch
scanning frequency to avoid the interference of external
noise.

[0048] For example, when encountering external noise
interference, the touch scan transition timing TCH can
automatically move the touch scanning interval to the blank-
ing interval out of the display time, since the OLED touch
display will not perform display function in the blanking
interval, the touch scan transition timing TCH can perform
continuous touch scanning in the blanking interval and
dynamically change different touch scanning frequencies
without affecting the display quality of the OLED touch
display.

[0049] As shown in FIG. 14A and FIG. 14B, when exter-
nal noise interference is encountered, the touch scan tran-
sition timing TCH can automatically move the touch scan-
ning interval to the vertical blanking interval (V-Blanking)
out of the display time, and the touch scan transition timing
TCH can perform touch scanning in the vertical blanking
interval without affecting the display quality of the OLED
touch display.

[0050] As shown in FIG. 15A and FIG. 15B, when exter-
nal noise interference is encountered, the touch scan tran-
sition timing TCH can automatically move the touch scan-
ning interval from the display time that the display
multiplexer transition timings MUX1~MUX6 perform
switching in FIG. 15A to the vertical blanking interval
(V-Blanking) that the display multiplexer transition timings
MUX1~MUX6 do not perform switching in FIG. 15B, since
the vertical blanking interval is out of the display time and
the OLED touch display will not perform display function in
the vertical blanking interval, the touch scan transition
timing TCH can perform touch scanning and adjust the
touch scanning frequency, for example, the touch scanning
frequency can be adjusted from the lower touch scanning
frequency in FIG. 15A to the higher touch scanning fre-
quency in FIG. 15B to avoid the interference of external
noise.

[0051] Please refer to FIG. 16. FIG. 16 is a flowchart
illustrating the OLED touch display operating method. The
OLED touch display operating method is used to operate an
OLED touch display. The OLED touch display performs
touch scanning according to a touch scan transition timing
and performs display according to a display multiplexer
transition timing. As shown in FIG. 16, the OLED touch
display operating method includes following steps:
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[0052] Step S10: controlling a touch scan transition timing
and a display multiplexer switching timing to maintain a
specific equidistant relationship;

[0053] Step S12: when the OLED touch display performs
a display function, the OLED touch display performing a
touch scanning only for a part of a display time of the OLED
touch display and stops touch scanning or performs touch
voltage compensation scanning for another part of display
time;

[0054] Step S14: when being interfered by external noise,
the OLED touch display performs touch scanning only in a
blanking period out of the display time and adjusts a touch
scanning frequency to avoid an interference of external
noise.

[0055] Compared to the prior art, the OLED touch display
operating method of the invention can operate the touch
mode and the display mode simultaneously by maintaining
a specific equidistant relationship between the touch scan
transition timing and the display multiplexer switching
timing without color band and flicker in the frame displayed
by the OLED touch display. Therefore, the OLED touch
display operating method of the invention can effectively
improve the display quality of the OLED touch display and
avoid the problems of limiting touch scan time, increasing
touch scan interval and increasing touch power, so that the
touch signal-to-noise ratio can be increased and more charg-
ing time can be provided.

[0056] With the example and explanations above, the
features and spirits of the invention will be hopefully well
described. Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teaching of the invention. Accord-
ingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended claims.

What is claimed is:

1. An organic light-emitting diode (OLED) touch display
operation method, used for operating an OLED touch dis-
play, comprising steps of:

controlling a touch scan transition timing and a display

multiplexer switching timing to maintain a specific
equidistant relationship; and

when the OLED touch display performs a display func-

tion, the OLED touch display performing a touch
scanning only for a part of a display time of the OLED
touch display.
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2. The OLED touch display operation method of claim 1,
wherein the OLED touch display stops the touch scanning
for another part of the display time.

3. The OLED touch display operation method of claim 1,
wherein the OLED touch display performs a touch voltage
compensation scanning for another part of the display time.

4. The OLED touch display operation method of claim 1,
wherein when being interfered by an external noise, the
OLED touch display performs the touch scanning only in a
blanking period out of the display time.

5. The OLED touch display operation method of claim 4,
wherein the OLED touch display further adjusts a touch
scanning frequency to avoid an interference of the external
noise.

6. The OLED touch display operation method of claim 1,
wherein the OLED touch display device comprises an
automatic switching circuit to automatically switch between
a touch oscillator and a display oscillator to provide a touch
driving timing signal as an output timing signal in a first
operation mode and provide a display driving timing signal
as the output timing signal in a second operation mode.

7. The OLED touch display operation method of claim 6,
wherein the automatic switching circuit comprises a touch
oscillator, a display oscillator, a multiplexer and a deglitch-
ing unit, the touch oscillator and the display oscillator are
coupled to the multiplexer, the multiplexer is coupled to the
deglitching unit.

8. The OLED touch display operation method of claim 7,
wherein in the first operation mode, the multiplexer auto-
matically switches to the touch oscillator and outputs the
touch driving clock signal provided by the touch oscillator
to the deglitching unit and the deglitching unit processes the
touch driving clock signal and then provides the processed
touch driving clock signal as the output clock signal.

9. The OLED touch display operation method of claim 7,
wherein in the second operation mode, the multiplexer
automatically switches to the display oscillator and outputs
the display driving clock signal provided by the display
oscillator to the deglitching unit and the deglitching unit
processes the display driving clock signal and then provides
the processed display driving clock signal as the output
clock signal.

10. The OLED touch display operation method of claim
6, wherein the first operation mode is a sleep mode and the
second operation mode is a display mode or an idle mode.
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