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Hydrogenated amorphous silicon thin film transistors (a-Si:H TFTs) receive extensive application
in active matrix liquid crystal display (LCD) and sensors due to its high photo sensitivity and ease of
deposition across large area substrates. It was reported that some sensing functions using TFTs were
already also demonstrated. However, most of the conventional ambient light sensor systems were
implemented by external discrete devices which cause additional cost and the design complexity.

In addition to the research for issues above, to increase the speed of pixel switching TFT, cause a
large drop in the dynamic range of photo transistor. In this project, we design some kinds of different
type TFT devices. We can make an alteration depletion length to control effective region of
photo-excited leakage current from adjustment of different type device structures or gate voltages.
Meanwhile, the difference sensing capability of designed photo transistor from the dark to the bright
region by itself is adaptive to increase signal-to-noise ratio (SNR) for wide dynamic range. During the
past two years, we had developed the front-light sensing and backlight sensing circuits and solved the
practical problems when they are applied into TFT LCD. This method does not need novel device
process development and can be implemented on to panel helpfully. Furthermore, based on the
achievements in these projects, we will help the panel industry in Taiwan to catch up the world.
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Abstract

We propose a novel concept of using the RC time-constant to
sense the capacitance change induced by touch and
demonstrate it with a sensing circuit implemented by 1GZO
TFTs. The pixel circuit is consisted of one resistor and two
TFTs in series, which are sequentially turned by consecutive
gate pulses. By increasing the delay time of the first gate pulse
waveform, a large transient ON current can flow through the
TFTs while the second pulse comes, and thus become a
significant sensing signal. This pixel consumes low power
because the transient current only occurs when a pixel is
touched.

1. Objective and Background

Touch screen panels (TSPs) have attracted much attention
in various applications, such like personal digital assistants,
hand-held phones, and tablet PCs [1-5]. In recent developments,
TSPs can be classified into on-cell (externally attached) and
in-cell (embedded) types. Although the external TSPs have
been widely used in many products, the additional components
adhered on the display panel for sensing touch events reduce
the contract ratio and brightness [6]. On the contrast, the
advantages of in-cell TSPs include reducing production cost for
touch screens, light weight, and good display quality.

There are three categories of sensors for in-cell touch
panel, namely, resistive, capacitive, and optical sensors.
However, the different concerns also exist related to each type.
For examples, the optical sensors TSPs are easily influenced by
unintended light noise; the resistive TSPs demand a high
activation force to short two electrodes made on a TFT and a
color filter substrate [5-6]. For capacitive TSPs, the capability
for reading out the touch signal is a typical issue, since the
capacitance change resulted from human touch is much smaller
than the stray capacitance, and the sensing signals reduce with
the display size increasing. As for the optical sensor, it is easily
affected by the environment. To make a reliable and large-area
touch panel, an active matrix is necessary.

Most of current active matrix TSPs products output
voltage as the sensing signals [7-10]. It suffers from the
following drawbacks. Firstly, in order to increase the open ratio,
source follower is usually adapted to buffer the voltage signal
to the read out bus. However, as a unity-gain buffer, the source
follower cannot amplify a small voltage signal. Moreover, the
voltage signal gets distorted by the parasitic resistance and
capacitance on the signal bus in the large size panel, which

makes the readout ability of the external circuit become more
critical for large area application. In addition, because of the
threshold voltage difference between the input and output of a
source follower, a sensing error can be arisen from the
threshold voltage variation of TFT devices. Furthermore,
whether pixels are touched or not, the source followers
consume power to put out the sensed voltages, which power
should be further reduced.

2. Circuit Schematic and Operation

To overcome the above issues, we propose a new
concept of using the different delay times of an RC low-pass
filter. The proposed sensing circuit is shown in Fig. 1. M1 and
M2 are connected in series and controlled by the consecutive
scan lines N and N-1, respectively. The TFT M1 is used to
select the pixel, and the other TFT M2 is used to sense the
touch event. The touch event varies the sensing capacitance
Ciqen, and thus changes the RC time constant. When the pixel is
not selected, both M1 and M2 are turned off, and no current is
flowing through the TFTs. Just before the pixel is selected, the
gate pulse Vg n.1 0f scan line N-1 is fed to the gate of M2 by
way of the RC circuit. At this time, if the pixel is not touched,
the sensing capacitor Cg, is small and thus the gate pulse is
less distorted. In such a case, the gate pulse can go back to OFF
earlier than the moment that V., n of scan line N turns on M1.

Voo
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Vscan,N—l
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Fig. 1 The proposed sensing circuit using RC time delay



Thus, there is no current passing through M1 and M2. On the
other hand, if the pixel is touched, the presentation or increase
in Cg,, makes the gate pulse V,nn.1 falling to OFF at a lower
rate. By properly designing the resistance R according to the
timing of the scan lines and Cs,, we can make M2 temporarily
ON while M1 is selected. Therefore, a transient current occurs
and it can be used as the signal of touch. It is very easy to
determine the touch event from the significant output ON
current, which makes the read out circuit very simple.

3. Experimental Verification

3.1 Simulation

In this method, the pixel outputs sensing signal in current
mode. It is more proper to be applied in a large size panel
because the current signal does not affected by the stray
capacitance and resistance on the signal bus. The device
variation only affects the output current level but not the
response time that carries the information of touch. Moreover,
this proposal does not consume readout power when sensing
pixel is not touched. This can minimize the power consumption
of operation. Thus, all the issues mentioned above are avoided.

The scan pulse waveform is very concemed in the
proposed circuit. The scan pulse can be seriously distorted if
the sensing pixel is located at the far-end of scan line. The
function of the proposed method should be confirmed for the
pixels near the end of scan line. The software HSPICE is used
to perform a preliminary simulation for the proposed circuit
and verify the advantages mentioned in last paragraph. Fig. 3
shows the simulation results of the pixels sited the near- and
far-end of a scan line. The far-end scan pulse is applied with
distortion time constant set as 20% of the gate pulse width,
which corresponds to the reasonable RC distortion at the end of
arow line. The sensing circuit considering the scan delay is set
as Fig.2.

In applications, the proposed method accurately
determines the touch location by the scanning y and the
readout channel x, which supports multiple touch operation
like the other active matrix sensors. The proposed circuit can
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Fig. 2 The scheme of the proposed touch sensing circuit
with the scan and data delay consideration
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Fig. 3 The simulation results of (a) near (b) end of scan line.

be applied in both external and in-cell types of TSPs. For
the external type, the sensing capacitance is formed by the gate
electrode of M2 and a floating pad for touch. For in-cell TSPs,
we can use liquid crystal capacitance to be Cg,, which is varied
by the external force to compress the cell gap. It is even better
that the pixel circuit only occupies a small aperture because of
its simple configuration.

3.2 Measurement

For verification, the proposed circuit is implemented by
two discrete IGZO TFTs, one resistor, and one capacitor. Two
values of capacitance are used in our experiment. One of the
two capacitors is selected to be 2.64 times of the other one to
simulate the touched and untouched cases. Two pulses
corresponding to scan,N and scan,N-1 are fed to the gate
electrodes of the TFTs with and without the RC circuit,
respectively. In order to prove the easiness of read out, we
simply use a resistor to measure the transient current.

The measurement results are shown in Fig. 4. When the



capacitance is larger, more obvious RC delay appears, as
illustrated in the touched period in Fig. 3. It can be seen that
the RC delay in the voltage at node B (V) keeps M2 TFT
turning ON temporarily while M1 is turned ON by the gate
pulse of scan,N (V). Thus, a transient signal is observed as the
voltage of the resistor (V¢), which reflects the current output
from the pixel. On the other hand, for the smaller capacitance,
since the pulse of Vi goes OFF before V 4 goes ON, there is no
current signal occurs. The results verify the function of the
proposed method.

It should be mentioned that this circuit can also be
implemented by a-Si:H TFTs as the demonstration shown in
Fig.5. The LED and the oscilloscope waveform indicate
whether the touch event happens or not.
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Fig. 4 Measurement result of the proposed circuit

(b)

Fig. 5 The circuit is demonstrated by a-Si:H TFTs (a)
touched (b) untouched.

4. Conclusion

A novel but simple concept of using time-constant change
to make the active matrix touch sensor is proposed. The new
circuit has many advantages. Firstly, the output signal of the
transient ON current is significant and thus can be easily read out
by low cost ICs, even for very large area touch panels. Secondly,
current signal only occurs when a pixel is touched. The power
consumption in operation is greatly reduced. Thirdly, the
non-uniformity in the characteristics of TFTs only varies the
current level of output signal but not its transient time, as long as
the resistances are uniform. Fourthly, the circuit occupies small
area and the two required scan pulses are the same as those in
AMLCD, which makes this circuit suitable for the in-cell
application. The proposed method provides an excellent way of
implementing large area active matrix touch panels.
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