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Abstract

The circuit simulation has been done on the current-
programmed AMOLED and shows that the circuit which
behaves as a negative capacitance can reduce the effect of
parasitic capacitance fixed on the data-line and can accel-
erate the current programming speed as high as that re-
quired in Full HD AMOLED.

1. Introduction

Many kinds of driving methods to compensate the
AMOLED brightness non-uniformity originated from
the TFT characteristic variation have been presented
so far. Current-programmed pixel compensation is the
most optimal method among them since the all varia-
tions in the TFT characteristics including threshold
voltage and mobility can be canceled without memory.
This fact also supports to improve the fabrication
yield of a backplane panel. In addition, this compensa-
tion method is free from the cross talk effect due to
the voltage drop on a power source bus-line and the
sticking image effect due to the temperature rise of
TFT. However, this driving method is not used in
commercialized products at present because it has the
following two serious problems.

The first is a long programming time especially in a
dark level. The programming current at the dark level
is usually less than 100nA and the parasitic capaci-
tance fixed the data-line is greater than 10pF even in a
small sized panel. Therefore, to charge up the data-
line capacitance of 10pF by 1V with a constant current
of 100nA takes more than 100usec that is much longer
than the selecting time of VGA panel driven in 60Hz
frame rate.

The second problem is a high cost of the data driver
LSI which must provide a constant current. The cur-
rent DAC circuit usually needs a large area comparing
with the voltage DAC. In addition, the transistors used
in the current DAC are large in number and the indi-

vidual transistor size is also large because of the high
voltage use.

There have been presented various methods so far
in order to shorten the programming time. The pixel
circuits using a conventional current-mirror circuit [1]
and a series current-mirror circuit [2] were proposed
to enlarge the input data-current keeping the OLED
current level. The larger input current helps to charge
up the parasitic capacitance on the data-line quickly,
but the characteristic mismatch between the TFTs
consisting of the mirror circuit causes the non-
uniformity of brightness. The reduction of the gate
voltage in the driving TFT by boost voltage with the
scanning line [3] is another effective way, but too
much usage of this effect leads the influence of mobil-
ity variation. Resetting the data-line voltage at the be-
ginning of the selecting period [4] is an easy and ef-
fective way to eliminate the image tailing, but the gra-
dation in some dark levels can not be shown. The volt-
age [5] and current [6] feedback methods can acceler-
ate the programming speed, but the feedback bus-lines
need additionally the same number of connections as
that of the data-inputs resulting in doubling the num-
ber of column-line connections.

The differentiator feedback method using the sec-
ond generation current conveyor (CCII) circuit in the
data driver LSI [7] is very attractive because the extra
bus-lines for feedback are not necessary. However,
this method needs a huge capacitance on each output
circuit in LSI. The capacitance value must be almost
the same as that of parasitic capacitance on the data-
line which usually exceeds the 10pF. Such a huge ca-
pacitance is impossible to implement in LSI.

We have presented the circuit to achieve the differ-
entiator feedback using a negative capacitance circuit,
which can be feasibly implemented into a driver LSI
[8, 9]. In this paper, we described the simulation re-
sults including the panel circuit with the parasitic ca-
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pacitance and resistance on the data-line and dis-
cussed the possibility of a full HD AMOLED driven
by the current-programmed driving method.

2. Current-programmed pixel circuit

Figure 1 shows the examples of current-
programmed pixel circuit consisting of three n-
channel TFTs and one capacitor (3T1C). These con-
figurations are the simplest of all current-programmed
pixel circuits which have ever been presented. The
pixel circuit in Fig. 1(a) was employed practically in
AMOLED panel using a-Si TFT [4]. The details of
this driving scheme were described in the ref. [10].
The difference between them is the OLED connection
to TFT. Figures 1(a) and (b) show an anode-connected
configuration and a cathode-connected, respectively.
According to this difference, the current-sink and
source drivers are needed, respectively.
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Fig. 1. Current-programmed pixel circuits using
n-channel TFTs. (a) current-sink and (b)
current-source configurations.

Figures 2(a) and (b) show the case using p-channel
TFTs. Both pixel circuit configurations also need cur-
rent-sink and source drivers, respectively.

Therefore, the current-programmed AMOLED
needs a current-source or sink data-driver depending
on the pixel configuration as stated above. The current
level required by a 30-inch full HD panel is about
10pA in maximum to light OLED at luminance of
600Cd/m’. Notice that the gate and drain of the driv-
ing TFT are connected in a programming period in all
configurations, which is true of all the other current-
programmed pixel circuit.
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Fig. 2. Current-programmed pixel circuits using
p-channel TFTs. (a) current-sink and (b)
current-source configurations.

3. Negative capacitance circuit
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Fig. 3. Equivalent circuit for current-programmed
AMOLED panel and current —source data-
driver.

Figure 3 shows the equivalent circuit of current-
programmed AMOLED including the data-driver for
the analog circuit simulation. The pixel circuits are
described as a diode-connected TFT. The parasitic



capacitance and resistance on the data-line are actu-
ally distributed parameters. Then the pixels are
thought to have different effect depending on how far
the pixel located from the driver. Therefore, we esti-
mated the transient current at three position, so that,
near-, middle- and far-pixels as shown in Fig. 3.

To accelerate the programming speed, we added the
negative capacitance circuit represented as a symbol
of —C, in Fig. 3. Since the negative capacitance does
not exist as a real device, this device was emulated by
the semiconductor circuit which can be implemented
in LSI. Figure 4 shows one example of the concrete
circuit to achieve the negative capacitance. The value
of negative capacitance is given by the following
equation;

R,R
C =C,—>=~. 1
n ORR ()

1773

This negative capacitance circuit has the only current-
source function. To provide the current-sink function,
the complementary circuit using n-channel FET must
be added. In case of the current-source driver, how-
ever, the current-sink function is not necessary if the
data-line is reset with the sufficient low voltage at the
beginning of each selecting period by n-channel tran-
sistor.

Assuming no resistance on the data-line, it is clear
that the condition of C,=C, gives the shortest pro-
gramming time. But considering the resistance, the
conditions are complicated and dependent on the posi-
tion of the pixel. If the condition varies so sensitively
to the position, the parameters appearing in Eq.(1)
must be changed with scanning the pixel. In non-
sensitive case, the parameters can be fixed.
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Fig. 4. Emulated circuit for the negative capaci-
tance circuit.
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4. Simulation results
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Fig. 5. Simulated transient currents in program-
ming period depending on pixel position.

Figure 5 shows the transient currents through the
pixel circuit during the programming periods simu-
lated under the conditions listed in Table 1.
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Table 1. Simulation parameters

R, 10kQ Ry, 100kQ
C, 50pF R, 2.1kQ
C, 1pF R, 21kQ
C,  0S5IpF R, 10.0kQ

The current-pulse width corresponding to the selecting
period for 1,,, was settled to the 15usec which corre-
sponding to the full HD scanning time at the frame
frequency of 60Hz. The current-pulse height was var-
ied from 10nA to 10uA. The negative capacitance
value was settled to 51pF according to Eq.1. This
value is equal to the sum of C,.and Ci,.

For the near pixel, the simulated transient currents
reached to the setting current levels within the 15 psec
for the setting current level more than 100nA. This
pixel is located in the most optimal position since
there is little deviation between the voltages at the
negative capacitance and the pixel. The overshoot
phenomena observed in the setting current levels at
10pA and 1pA were much small comparing with
those of the other pixels. In the small current level, the
setting time is very sensitive to the frequency response
characteristics of the negative capacitance circuit. If
the high-frequency characteristics are improved, the
setting time can also be improved even at the low set-
ting current level, but the overshoot phenomena in
high setting current levels are enhanced and some
resonances in a low setting current level easily occurs.

The transient currents in the middle and far pixels
have larger overshoot phenomena than that of near
pixel but the setting times in 100nA are almost the
same as that of near pixel. The increase of overshoot
would be due to the increase of CR delay on the data-
line. The CR delay leads too large feedback signal.

In the small setting current levels, the behaviors of
transient currents have small difference, that is, the
behaviors are independent of the position of pixel. The
resistance of data-line does not affect so much the be-
havior of transient current in a small data-current level
because the IR drop gets smaller in small current lev-
els.
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5. Summary

The analog circuit simulation indicates that the
negative capacitance feedback method can effectively
shorten the current-setting time of current-
programmed pixel compensation method less than
15usec which corresponds to a full HD scanning time
at the frame frequency of 60Hz. Even in the small
programming current level such as 100nA, the current
programming can be done within 15usec, which is
independent of the position of pixel.
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