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Abstract

We have proposed new pixel structures for Active
Matrix OELD (AMOELD) to improve the uniformity
of luminance and manufactured a full-color 3.6-inch
QVGA AMOELD. The proposed pixel structures,
composed of four TFTs and omne capacitor, can
display 64 gray scales by compensating threshold
voltage (Vth) variation of driving TFTs. Non-
uniformity and peak intensity of measured luminance
are under 14% and over 200cd/m’, respectively.

1. Introduction

Because organic electro-luminescent display (OELD)
has advantages such as simple structure, emissive
type, fast response time and wide viewing angle, it
has been studied widely for an application in high
efficiency displays. There are two kinds of addressing
methods for OELD. One is passive-matrix addressing
method and the other is active-matrix addressing
method. The passive-matrix OELDs (PMOELDs)
have strict limitations on the luminance and the
resolution.  Therefore, active-matrix = OELDs
(AMOELDs) are presently considered to be the most
appropriate choice for large size and high resolution
displays. AMOELDs demonstrated their potential for
higher image quality [1]. However, non-uniformity of
gray-scale is critical 1ssue for AMOELD:s. In realizing
high gray-scale, there were several suggestions such
as digital driving methods using two thin film
transistors (TFTs) [2, 3], voltage programmable pixel

structures [4, 5] and current programmable pixel
structures [6].

We have proposed new voltage programmable
pixel structures, composed of four TFTs and one
capacitor, and manufactured a 3.6-inch QVGA
AMOELD with 64 gray-scale.

2. Voltage Programmable Pixel Structures

The conventional pixel structure, composed of two
TFTs and one capacitor, 1s shown in figure 1. T1 1s
pixel switch TFT, which samples data voltage. T2 1s
driving TFT, which supplies the constant current to
organic light-emitting diode (OLED) for a frame time.
C1 is storage capacitor, which is storing the gate-
source voltage of T2 for a frame time. Although this
structure 1s simple and has high aperture ratio, pixel-
to-pixel luminance non-uniformity, due to the
threshold voltage variation of T2, could be a problem
for mass production. To solve above pixel-to-pixel
luminance non-uniformity problem, R. Dawson et. al
proposed the pixel structure which compensates the
threshold voltage variation of the driving TFT. The
pixel structure proposed by R. Dawson et. al 1s shown
in figure 2. Although this structure may be a good
candidate for large size display, it has some problems
such as complexity of the driver circuits and low
aperture ratio due to independent three control signal
lines.
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Figure 1. The conventional pixel circuit composed
of two TFTs and one capacitor.
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Figure 2. The pixel structure propesed by R.
Dawson et. al.

3. Proposed Pixel Structure

To overcome the problems in voltage programmable
pixel structures such as pixel-to-pixel non-uniformity,
complexity of driver circuits and low aperture ratio,
we have proposed new pixel structures. The proposed
pixel structure is shown in figure 3. This structure
consists of four TFTs and one storage capacitor. T1 is
pixel switch TFT and T4 is driving TFT. Additional
diode connected TFT, T3 is used for detection of the
threshold voltage of the driving TFT, T4. T2 is used to
initialize the stored voltage at the capacitor, C1. This
structure can compensate the threshold voltage
variation of driving TFT, T4 with simple driver
circuits and relatively high aperture ratio.
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Figure 3. The proposed pixel structure I
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Figure 4. The proposed pixel structure II.

Figure 4 is another configuration of the proposed
pixel structure. The gate and source node of T2 1s
connected together so that VI line can be removed and
higher aperture ratio can be obtained.

The timing diagram of the proposed pixel structures 1s
shown in figure 5. Input data voltage is applied by
enabling select line (Select[n]). At this time, if the
voltage of point A i1s higher than the input data
voltage, that is diode connected TFT, T3 is reverse-
biased, the data voltage cannot be programmed
correctly. Therefore the T3 should be forward-biased
and the initialization of making the voltage of storage
capacitor lower than that of input data 1s necessary.
The operation of this circuit can be described as
follows:

Initializing period: previous select line (Select[n-1]) 1s
selected and the storage capacitance Cl1 is discharged
by initial voltage, VL

Programming period: select line (Select[n]) is selected
and data voltage is applied. Here the threshold voltage
variation of driving TFT, T2 is compensated by diode
connected TFT, T3. If the threshold voltage of T3 and
T4 are same, each threshold voltage is canceled. So it
is possible to control OELD current independent of
driving TFT’s threshold voltage, as shown in equation

(1).

Lopep = % qVGs_at‘ - ’Vrf;_‘i‘)z - % {(VDD_ (VDATA B K;,_;; D)_ |V""_4’}2
=%&(VDD_VDAH)2 (1)

where the Vg 415 voltage difference between the gate
node and source node of the driving TFT, T4, Vy, 5
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Figure 5. Timing diagram of the proposed pixel
structures.

and Vy, 4 are the threshold voltage of T3 and T4,
respectively, and Vpara 18 the input data voltage.

In the timing diagram, because input data voltage
should be changed between initializing period and
programming period, blanking time is necessary.

4. Panel Design

The block diagram of the developed 3.6-inch QVGA
AMOELD panel 1s shown in figure 4. The pixel
arrays, the scan driver circuits and the de-
multiplexing (DeMUX) circuits are integrated on a
same glass substrate. Conventional TFT-LCD data
driver LSI 1s used for data driving LSI.

The pixel size, which pixel composed of R, G, B
pixels, is 240(H) x240(V) pm’. To improve aperture
ratio, the storage capacitor is formed by overlapping
of gate metal, wiring metal and ITO. In R, G and B
pixels, each driving TFT size is designed by adapting
maximum current ratio of each pixel. To obtain white
balance, emitting ratio of R, G, B cell is 3:6:1 and
maximum current 1s matched by emitting ratio. As the
result the aperture ratio of 33.8% is obtained.

The scan drivers, which consist of shift register, level

shifier and buffers, are placed on both sides of the
panel.

The DeMUX circuits are placed on upper side of the
panel for reducing the number of data driver LSIs.
The DeMUX circuit consists of DeMUX switches,
level shifter and buffers, which drive gate of DeMUX
switches. Using 1-to-3 DeMUX switches 900 data

lines can be driven by only a 300channel data driver
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Figure 4. The developed 3.6-inch QVGA
AMOELD panel diagram.

5. Measured Results

To evaluate the non-uniformity of panel, we measured
luminance at difference points on a panel. As the
results The R, G, B average luminance is 42.9¢d/m’,
91.5cd/m’, 32.9cd/m’ respectively and the luminance
with full white image is about 200cd/m’. The non-
uniformity of measured luminance with full white
image 1s less than 14%.

The specifications and characteristics of fabricated
3.6-inch AMOELD are summarized in table 1. The
3.6-inch display has 300x240 pixels, each of which
has individual R, G, B pixel. Aperture ratio of the
pixel is about 33.8%. R, G, B pixel yields CIE
coordinates of (0.61, 0.35), (0.31, 0.59), (0.16, 0.12)
respectively.

Figure 5 shows an example of the displayed image of
fabricated AMOELD. As expected, large viewing
angle and video rate compatible fast switching
response are obtained.

6. Conclusions

Novel pixel structures, compensating the threshold
voltage variation of driving TFTs, have been proposed
and fabricated for 3.6-inch low-temperature poly-
silicon AMOELD. 64 gray-scale and less than 14%
pixel-to-pixel non-uniformity can be achieved with
proposed pixel structure which has 33.8% aperture
ratio. The fabricated AMOELD panel has many
excellent features such as good pixel-to-pixel
luminance uniformity, high moving picture quality,
good gray-scale expression.
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Table 1. The characteristics of fabricated 3.6-inch
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Figure 5. The displayed image of fabricated 3.6-

AMOELD
Parameter Features
Display size 3.6 inch
Resolution QVGA
Pixel Number 300x RGB x 240
Pixel pitch 240 x 240 pm’
Aperture ratio | 33.8%
Peak Luminescence > 200 cd/m’
Gray scale 64 gray
R (0.61, 0.35)
CIE Color Coordinates G (0.31, 0.59)
B (0.16, 0.12)
Driving Voltage 11V

Emission type

Bottom emission
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