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7) ABSTRACT

A driving apparatus of a multiple-scanning driving circuit
relating to a simple pixel structure of 2T1C (2 TFTs and 1
capacitor) includes a write-scan circuit, an erase-scan circuit
and a data driving circuit. A write-enable line connected to
the write-scan and the data driving circuits is used to control
the signals of these two circuits. One erase-enable line
connected to the erase-scan and the data driving circuits is

(22) Filed: Dec. 22, 2003 used to control the signals of these two circuits. Thus, a
circuit system of time-multiplex multiple write-scan and
Publication Classification erase-scan is completed to solve the problems of a low time
utility rate and an insufficient luminance in a digital driving
GD Int. CL7 e G09G 3/30, GO9G 3/32  AMOLED system.
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DRIVING APPARATUS FOR AN ACTIVE MATRIX
ORGANIC LIGHT EMITTING DISPLAY

FIELD OF THE INVENTION

[0001] This invention relates to driving method for an
active matrix organic light emitting display. More particu-
larly, the invention is directed to improve the problem of a
low time utility rate in a digital driving system for an active
matrix organic light emitting display (AMOLED).

BACKGROUND OF THE INVENTION

[0002] Organic Light Emitting Displays (OLED) can be
divided into passive matrix and active matrix according to
driving methods. The so-called active matrix OLED
(AMOLED) is to use a thin film transistor (TFT) and the
capacitor to store signals and control the luminance and the
gray scale of OLED.

[0003] For driving technology at present, development of
AMOLED has two directions; one is the analog method and
the other is the digital way. The reason why digital driving
was developed is because TFT elements with uniform fea-
tures (e.g. threshold voltage and mobility) can’t be produced
through the current LTPS process. Nevertheless, the strin-
gent demands for LTPS process are not required for digital
driving since characteristic variation of TFT elements can be
compensated merely through a simple 2T1C driving circuit.

[0004] As a result, digital driving technology will play a
certain role for the development of AMOLED in the future
if shortcomings of digital driving method can be corrected

efficiently and the integrated driving system can be estab-
lished.

[0005] The driving structure of the digital driving tech-
nology in practice is based on Program Display Separation
as shown in FIG. 1. One defect of this method is the low
time utility rate since OLED is not allowed to be illuminated
during sub-frame writing time from sub-frame SF1 through
SF6 and the total writing time from sub-frame SF1 through
SF6 occupies a certain portion of frame time. 1~N refers to
the scan line and 1~M refers to the display line. For each
sub-frame (SF1 SF6), the writing time is the same and the
luminance time is T, 2T, 4T, 8T, 16T and 32T in order
respectively. Take FIG. 1 as an example. When the resolu-
tion of the display panel is 176x240 with the scanning
frequency of 120 KHz, the writing time length of a sub-
frame equals to (1/120K)x240=2 ms. Consequently, the total
writing time for 6 sub-frames SF1~SF6 will be 12 ms, which
occupies 60% of a frame time (1 frame=Y50 sec=20 ms). As
OLED is not illuminated during writing time, the time utility
rate only achieves 40%, which is low and might lead to
insufficient brightness of the display panel.

[0006] Take the U.S. Pat. No. 6,452,341 as an example for
time-ratio technology. It is based on the structure of Program
Display Separation for the realization of digital driving.
Though this approach is easy to implement and the hardware
system is less complicated; however, time utility rate is low
since the total writing time from sub-frame SF1 through SF6
occupies a certain portion of frame time.

[0007] Japan Pat. No. 2001-343933 discloses a method for
driving AMOLED. The driving elements in every pixel
include a writing TFT, an erase TFT, a driving TFT, a storage
capacitance, and an organic electro-luminescence element.
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The gate of the writing TFT is connected to the write scan
line and the gate of the erase TFT is connected to the erase
scan line. Gray scale is adjusted by modulating the lumi-
nance time ratio in this patent, which improves the flaw of
low time utility rate in the driving structure of program
display separation. Whereas, driving elements with three
TFT (3T1C) are required leading an improvement in com-
plexity of the driving method and aperture ratio of pixels to
be desired.

SUMMARY OF THE INVENTION

[0008] The main purpose of this invention is to solve the
aforementioned problems existed for a long time. The prob-
lems of low time utility rate and insufficient luminance in a
digital driving system of AMOLED can be solved by this
invention.

[0009] To achieve the objective above, this invention
introduces a multiple-scanning circuit into the display driv-
ing system and maintains a 2T1C simple pixel structure of
the display panel. This circuit system consists of an active
matrix TFT-OLED panel, a write-scan circuit connected to
the scan line, an erase-scan circuit connected to the scan line
corresponding to the write-scan circuit, a data driving circuit
connected to the data line;

[0010] a write-enable line connected to the above
write-scan and data driving circuits to control the
signals of both circuits,

[0011] and an erase-enable line connected to the
above erase-scan and data driving circuits to control
the signals of both circuits.

[0012] Consequently, two sets of scanning circuits and one
set of data circuit not only reduce the complexity to the
greatest extent, but also increase time utility rate of a digital
system efficiently. A pixel with a high aperture ratio is
achieved since every pixel maintains a simple 2T1C struc-
ture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows a diagram of driving structure for
program display separation in practice.

[0014] FIG. 2 shows a diagram of a high time utility rate
driving structure.

[0015] FIG. 3 shows the circuit system of this invention.
[0016] FIG. 4 shows the circuit of every pixel for this
invention.

[0017] FIG. 5 illustrates write-scan shifting sequences in
this invention.

[0018] FIG. 6 illustrates erase-scan shifting sequences in
this invention.

[0019] FIG. 7 illustrates shifting sequences of the circuit

system in this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0020] A description of the content and the technology of
this invention along with drawings is made in detail as
follows:



US 2005/0134536 Al

[0021] Refer to FIG. 2 for a high time utility rate driving
structure. The feature of this driving method is that pixels on
the scan line enter the data display phase immediately after
the scan line finishes data writing. And we can find that two
actions need to be realized at time point t3. One is to execute
the writing of a certain scan line and the other is to execute
the erasing of another scan line. If a multiple scan driving
circuit and a data driving circuit is designed, the driving
method of FIG. 2 would be put into practice successfully.

[0022] Due to the limitation of scan frequency, some scan
lines have finished the data display phase in a certain
sub-frame, however, some scan lines are still waiting for
data writing of the sub-frame. Thus, the scan lines that have
completed the data display have to start to execute the data
erasing. Take FIG. 2 as an example. Frame time of this
driving method is (8T+8T+8T+8T+16T+32T)=80T and
luminance time of six sub-frames (SF1~SF6) occupies
78.75% of the frame time ((T+2T+4T+8T+16T+32T)/80T=
78.75%). The time utility rate can be increased to 78.75% by
the driving method shown in FIG. 2.

[0023] A driving apparatus is presented by this invention
to realize the aforementioned high time utility rate driving
method.

[0024] Refer to FIG. 3 for the circuit system of this
invention. As shown in the diagram, this invention relates to
the multiple-scanning driving method based on a 2T1C (2
TFTs, 1 capacitor) simple pixel structure to realize the high
time utility rate driving method shown in FIG. 2. The
multiple-scanning circuit system comprises:

[0025]  An active matrix TFT-OLED panel 10 composed of
horizontal scan lines 110 and vertical data lines 120;

[0026] a write-scan circuit 20 connected to the afore-
mentioned scan line 110; wherein one write-scan
shifter 210 and several write switches 211 are
installed in the write-scan circuit 20. Every write
switch 211 is connected between the corresponding
scan line 110 and write-scan shifter 210 on active
matrix TFT-OLED panel 10 as a multiplex switch. In
addition, the write switch 211 is connected to a
write-enable line 220 in control of ON or OFF signal
for the switch.

[0027] An erase-scan circuit 30 connected to the scan line
110 and corresponding to the write-scan circuit 20; wherein,
an erase-scan shifter 310 and several erase switches 311
installed in the erase-scan circuit 30. Every erase switch 311
is connected between the corresponding scan line 110 and
erase-scan shifter 310 on the active matrix TFT-OLED panel
10 as a multiplex switch. Furthermore, the erase switch 311
is connected to an erase-enable line 320 in control of ON or
OFF signal for the switch.

[0028] A data driving circuit 40 connected to the data line
120; wherein, a data shifter 410, a data latch 420 connected
to data shifter 410 and several first switches 421 installed.
Every first switch 421 is connected between the correspond-
ing data line 120 and the data latch 420 on the active matrix
TFT-OLED panel 10. Furthermore, the first switch 421 is
connected to the write-enable line 220 in control of ON or
OFF signal for the switch.

[0029] Each second switch 422 is connected to the corre-
sponding first switch 421 and the erase-enable line 320 in
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control of ON or OFF signal for the switch. The other end
of second switch 422 is connected to high potential (Vdd).

[0030] The write-enable line 220 connected to the write
switch 211 of the write-scan circuit 20 and first switch 421
of data driving circuit 40 in control of signals for both
clrcuits;

[0031] the erase-cnable line 320 connected to erase
switch 311 of the erase-scan circuit 30 and second
switch 422 of the data driving circuit 40 in control of
signals for both circuits;

[0032] Insummary, there are two shifters for the scan
driving circuit of this invention. One is write-scan
shifter 210 and the other is erase-scan shifter 310. To
realize the time-multiplex multiple-scanning (write-
scan and erase-scan) operation, a switch (write
switch 211 and erase switch 311) has to be series
connected to each output of both shift circuits and
controlled by WS-Enable signals from the write-
enable line 220 and ES-Enable signals from the
erase-enable line 320. Outputs of these two corre-
sponding switches will be connected to the same
scan line 110. Outputs of the write-scan shifter 210
and erase-scan shifter 310 will appear on scan line
110 at different time periods by the control of WS-
Enable and ES-Enable signals.

[0033] First switch 421 of the data driving circuit 40 and
second switch 422 are controlled by WS-Enable signals of
the write-enable line 220 and ES-Enable signals of the
erase-cnable line 320. Outputs of data voltage and high
potential(Vdd) will appear on the data line 120 at different
time periods by the control of WS-Enable and ES-Enable
signals.

[0034] Refer to FIG. 4 for the circuit of every pixel in this
invention. The pixel circuit includes a writing TFT 141
whose gate connected to the scan line 110 and source
connected to the data line 120;

[0035] astorage capacitance with a end connected to
the power supply line 130 and the other end con-
nected to drain of a writing TFT 141,

[0036] a driving TFT 142 whose source connected to
the power supply line 130 and gate connected to the
joint where storage capacitance 143 and writing TFT
141 meet;

[0037] and an organic electro-luminescence element
144 with the positive electrode connected to the
drain of driving TFT 142 and negative electrode
grounded.

[0038] The aforementioned writing, erase, first and second
switches are thin film transistors (TFT).

[0039] Refer to FIG. 5, FIG. 6 and FIG. 7 for the
illustration of shifting sequences for write-scan, erase-scan
and circuit system of this invention. Outputs of write-scan
shift and data voltage appear on the scan line 110 and data
line 120 respectively through WS-Enable and ES-Enable
signals. It is called write period 71 at this moment and
writing of a certain scan line starts during this phase.
Afterwards, outputs of erase-scan shift and high poten-
tial(Vdd) show up on the scan line 110 and data line 120
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respectively, which is called erase period 72 and erasing of
another scan line 110 beings at this stage.

[0040] To conclude, the method driving for a time-multi-
plex multiple write and erase scanning of this invention has
the following advantages: (1) A digital-based structure
improves uneven images on an LTPS AMOLD panel. (2)
Problems of low time utility rate and insufficient luminance
in a digital system can be solved. (3) A 2T1C simple
construction is designed for each pixel circuit, which has a
higher aperture ratio compared with related technology in
practice. (4) Reduce complexity of a circuit to the greatest
extent; i.e., time utility rate of a digital system can be
increased efficiently by merely use of two sets of scan
circuits and one set of data circuit.

What is claimed is:

1. The driving apparatus of a multiple-scanning driving
circuit based on a 2T1C (2 TFT5, 1 capacitor) simple pixel
structure to achieve the high time utility rate driving method
comprises:

an active matrix TFT-OLED panel composed of horizon-
tal scan lines and vertical data lines;

a write-scan circuit connected to the aforementioned scan
line;

an erase-scan circuit connected to the scan line corre-
sponding to the write-scan circuit;

a data driving circuit connected to the data line;

a write-enable line connected to write-scan circuit 20 and
data driving circuit in control of signals for both
circuits;

an erase-enable line connected to erase-scan circuit and
data driving circuit in control of signals for both
circuits.
2. The driving apparatus of a multiple-scanning driving
circuit according to claim 1, the pixel circuit includes:

A writing TFT whose gate connected to scan line and
source connected to data line;

a storage capacitance with one end connected to power
supply line and the other end connected to drain of
writing TFT;

a driving TFT whose of which source connected to the
power supply line and gate connected to the joint where
storage capacitance and writing TFT meet; and
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an organic electro-luminescence element with the positive

electrode connected to the drain of driving TFT and
negative electrode grounded.

3. The driving apparatus of a multiple-scanning driving

circuit according to claim 1, the write-scan circuit includes:

A write-scan shifter;

Multiple write switches and each one connected between
corresponding scan line on the display panel and write-
scan shifter;

Signals of write-enable line connected to write switch

control ON or OFF of the switch.

4. The driving apparatus of a multiple-scanning driving
circuit according to claim 3, the write switch is a thin film
transistor (TFT).

5. The driving apparatus of a multiple-scanning driving
circuit according to claim 1, the erase-scan circuit com-
prises:

an erase-scan shifter;

Multiple erase switches and each one connected to cor-
responding scan line on the display panel and erase-
scan shifter; and

Signals of erase-enable line connected to erase switch

control ON or OFF of the switch.

6. The driving apparatus of a multiple-scanning driving
circuit according to claim 5, the erase switch is a thin film
transistor (TFT).

7. The driving apparatus of a multiple-scanning driving
circuit according to claim 1, the data driving circuit includes:

A data shifter;
a data latch connected to the data shifter;

multiple first switches with each first switch connected to
the corresponding data line on the display panel and the
data latch; signals of the write-enable line connected to
first switch are in control of ON or OFF of first switch;
and

multiple second switches with each second switch con-
nected to corresponding first switch; signals of an
erasc-enable line connected to second switch control
ON or OFF of second switch. The other end of second
switch is connected to high potential (Vdd).
8. The driving apparatus of a multiple-scanning driving
circuit according to claim 7, the first and second switches are
thin film transistors.
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