Chapterl

| ntroduction

1.1 Background

Thin-film transistor (TFT) liquid-crystal display$.CDs) has become the master
stream in flat-panel display industry due to itsntlhickness, light weight, high
resolution, less power consumption, and low radiation. Most T6fT-LCDs use
amorphous thin-film transistors (a-St TFTs), whete well-known for the particular
advantages including:

1. Without laser annealing, the é-Si TFET'is suitablelirge panel fabrication.

2. The cost isireduced because less manufacturingsnaaskequired.

3. Intensive researches and studies have been regortadong time.

The recent technology trend of a-Si-TET LCD isdalize the so-called high-value
added display or sheet computer having input fonstiAmong various applications,
the touch panel has drawn imuch attention ‘and iteldpment is growing up in
incredible speed.

The earliest touch panel is resistive type,ciwhises two ITO films biased and dot
spacers holding the structure between them. Fih.shows the structure of resistive
touch panel. When touching, the pressure of thereat force makes the upper ITO
layer contact with the lower ITO and the voltagepdat that touching point becomes
zero. Consequently, the touching input function lbanrealized by recognize the site of
the short circuit. Although the resistive touch @aaperation is simple, the physical
abrasion and lower photo penetration can not bepaed.

Following the resistive touch panel, Surface Capacilouch Panel (SCT), shown
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in Fig. 1-2, is adapted. Anatomically, the mosngigant difference between SCT and
resistive touch panel is that the Sityer is deposited on the upper ITO film to
strengthen the surface scratch resistance. Thé tpanel function is carried out by
shaping up the current path due to conductive huboaty when touching. Even if the
SCT lasts longer than resistive touch panel, tloblpms of noise and static electricity
need to be overcome. Besides, SCT is greatly affieloy the conditions of the human
body and circumstances.

The third kind of touch panel is optical toucanpl. In early stages, the optical
touch panel worked by applying the infrared emittand sensors. A sketch map of
infrared optical touch panglis shown in Fig. 8hen the path of infrared is blocked
by some object such.as fingers, the, sensor. reca@gesignal so that the touching
position can be obtained. The disadvantage oftiipe of optical touch panel is the
extraneous expenses of infrared devices.

In recent years, another type of optical touch peakked embedded optical touch
panel is published based on the same principldofopppath of IR sensors. As the name
suggests, it uses the existing TFTs embedded ipahel as the photo sensors to realize
the touching functions with the truths that the antoof the light reaching the TFTs
depends on that the photo path is kept out or mdttlaat the currents of the a-Si TFTs
vary with the intensity of the ambient light illun@ted on it, as shown in Fig. 1-4 [1].
The advantage of this kind of optical touch pasethiat its integration of light sensor
reduces module complexity and the location of thesers close to the pixel array
simplifies integration in produces. Since the sensare fabricated on the glass
substrate using the same fabrication process cition costs can be saved.

Although the embedded optical touch panel seemiegieithere is a limit in it
with the fact that it is only in th©FF region that the currents of tkkenventional a-Si

TFTs vary with the intensity of the ambient lighuininated, which restricts the
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magnitude of current. In other words, we must usaraplifying circuit in the panel in
order to read out the small current signal in effiion, which increases the cost of
fabrication process. As a result, in this thesise \wropose to use another
non-conventional structure call&hp-Gate type TFTs as photo sensors instead of the
conventional type. The greatest advantage of Gap-GRTs is that the photo effect
exists in both on and off regions and we will dssuhe two regions individually to

find the best operating range.

1.2 Motivation

In this thesis, we attempt to develop an integratetical sensor into the display
by using the photo ;sensitivity of a-Si TFTs. In Iswec way, without any change of
manufacturing processes, the cost of added optgraing function can be reduced.

In previous weorks, the photo-sensitive leakageenirof.conventional a-Si TFTs
is used to be the"sensing signal, but it-has tbblepm that the current signal is too
small to be read out. As-a result, we try to brimghe Gap-Gate type TFT to be the
sensing device, which has better photo sensitimityoth the on and off current regions
and can be made by the same ‘fabrication processesoraventional a-Si TFTs.
Therefore it can be employed to realize the tougliimction integrated in panel with

minimized extra cost.



1.3 ThesisOrganization

In chapter 2, the circuit implementation of theegrated touch panel is described.
The conventional 2T1C signal readout circuit witbuice follower and another
improved one are used for operating in the off andregions of Gap-Gate TFTs
respectively. Then, in order to find the best ssmstonditions and stability, we
compare the operating regions of Gap-Gate TFThenfollowing two chapters; the
photo effect of the off region for both front ligahd back light are intensively analyzed
in chapter 3, along with the comparison of convadl type of a-Si TFTs; in chapter 4,
owing to the degradation of the, currents ,of a-ST9 lkinder photo illumination with
time past, , we conduct some experiments to exathm@hoto reliability of Gap-Gate
a-Si TFTs and some correction. method Is proposedntalify the degradation
effectively. In chapter 5, the final conclusion tbie feasibility to realize the optical
touch panel with a=Si TFTs Is given.

The thesis organizationis 'listed‘below:

Chapter 1: Introduction
1.1 Background
1.2 Motivation

1.3 Thesis Organization

Chapter 2: Sensing Array Circuit
2.1 Structure of a-Si TFTs
2.2 Operation Regions
2.2.1 Operation in the OFF Region

2.2.2 Operation in the ON Region



2.3 The Readout Circuit
2.3.1 The Readout Circuit for OFF Current

2.3.2 The Readout Circuit for ON Current

Chapter 3: Using OFF Region of Gap-Gate TFTs
3.1Front Light effect for OFF Region
3.1.1 Definition of Unit-Lux Current
3.1.2 Relationship Between ULC and Bias \Voltage
3.1.3 Temperature Effect of ULC under Front Light
3.2 Back Light effect for OFF Region

3.3 The Effect of Gap Length Variation for-OFF Region

Chapter 4: Using ON Region of Gap-Gate TFTs
4.1 Photo Effect for ON Region
4.2 Reliability
4.2.1 Photo Stress
4.2.2 Electric Stress
4.3 The Correction Method of Current Degradation
4.3.1 Correction Concept
4.3.2 The Experiment and A New Parameter R

4.4 The Effect of Gap Length Variation for ON Region

Chapter 5: Conclusions
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Chapter?2

Sensing Array Circuit

2.1 Sructuresof a-Si TFTs

There are two kinds of a-Si:H TFTs are introduaethis thesis, i.e., conventional
type and Gap-Gate type. The conventional a-Si:H sTEfe usually designed as
bottom-gate inverted staggered structure and faleuc on the glass substrates. The
cross-section view of a conventional-gate,a-Si:H T$-shown in Figure 2-1(a). After
the deposition and patterning of gate metal ondlass substrate, three layers, i.e.,
silicon nitride (SiNx, 850 nm), a-Si:H, and a-Si:H films, were successively deposited
in a plasma enhanced chemical vapor deposition YfBG®ystem. After making the
source/drain electrodes, thé a-Si:H region with length (L) ofum between the
source/drain electrodes was, etches off by a reaabiv etch..Then, a passivation layer
was used to cap theschannel‘region.

The structure of a’Gap-Gate TFT is shown“in Figfg(b) [2]. The most
important difference between conventional TFTs &ag-Gate TFTs is that the source
contact of the latter is recessed from the gatetrelde to form a highly-resistive gap
region. In other words, there is a length of a-Sadtive layer which is not overlapped
with the gate metal electrode. Because the sirtylafi structures, Gap-Gate TFTs can
be fabricated in the same process as the convanhtidfils and can be successfully
applied in active-matrix LCDs.

For the optical touch panel, the TFTs devices pieeymost important role in the
whole design. As a result, a detailed analysis staddard assessment of the effect of

illumination on the a-Si TFTs electrical performas@re necessary before the device is



applied to be used as a photo-sensor. In our m&@sean order to increase the
signal-noise ratio (SNR), we hope the dark curi@bt 4orx) is lower and the photo
current (ID_pnoto) is higher. That is, we want to select a TFT dewny considering the
high ratio of (ID_pnoto/ID_gark), Which is marked as i [3].

In this chapter, only the primitive evaluationtbé performances for illumination
effects on the a-Si TFTs is conducted. The morailget study of the photo effect of

TFTs will be discussed in Chapter 3.

2.2 Operation Region

The magnitude of the,sensing signal to be fed éarédadout part is a critical issue
in the peripheral circuit design for the touch gai@e basic concept is that the signal
must be large enough so that it Will not be comubg the unwanted noise. In the
world of electronie=circuit, the signal means. therents or voltages, and here it is the
drain currents of the TFTs that we are interestedAccording to the experience, for
example, the draineurrent needs to be 3A@t least in order to read out the signal
correctly. By the way,swe focus on the illuminatibelow 10000 Lux, because the
actual intensity of ambient light.in eur living @mnment is no more than 10000 Lux.

Figure 2-2 (a) shows the ID-Vg curve of a convamdiolTFT in the dark as well as
irradiated at six different levels of halogen laipmination from the front side. The
devices are biased in the ON, subthreshold, and @fgfons, in the range of
Vgs=-15~+15V. Figure 2-2 (b) shows the ID-Vg of a Gaate TFT, for which the
experimental conditions and the bias voltages laeesame as those of Figure 2-2 (a).
Considering the possible threshold voltage shiffTBils, subthreshold region is not
suitable for practical use. Thus we will only foomis the ON and OFF regions. The

spectrum of the halogen lamp we use is shown inZg)



2.2.1 Operation in the OFF Region

Figure 2-2 (a) shows that the drain current of aveational TFT, of which the
aspect ratio W/L is 5Q0n/5um.Under 7546-Lux illumination, which is close toeth
general operating environment, the OFF currenbaug1.6x10 A. Therefore, to get
enough signal current of 3x®®, the W/L should be increased by 20 times, i.e.,
1000Qum/5um. Obviously, it is difficult to produce such a gialevice in the practical
panel without impinging the pixel aperture ratios Aor a Gap-gate TFT with
W/L=500um/5um, although the drain current in the OFF regioslightly higher than a
conventional one by two time under7546-Lux illuation, it is also ineffective to
reduce the device size to.a degree that is repfiliGable. However, with the method of
embedded amplifying circuit to-be described in isec2:3.1, we can still use the

current in the OFF region,

2.2.2 Operation in the'ON.Region

Figure 2-2 (a) shews that there is almost no pkéiget for a conventional TFT in
the ON region. On the contrary;-under.5440-Luxnilination, the ON current of a
Gap-Gate TFT with W/L=5Q0m/5um, can be up to 1.2xT0A which is much larger
than what we want by 40 times, as shown in Figu (B). It means that we can
directly use the Gap-Gate TFTs as the photo semilorthe reasonable size because it
offers a sufficient current signal in ON regionsa| it implies that the opening ratio of
the panel can increase. Furthermore, the cost eameuced because no special

low-noise circuit consideration is needed to de#hwthe small current signal.

2.3 The Readout Circuit
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2.3.1 The Readout Circuit for OFF Current

The readout circuit so-called 2T1C circuit in agdiwas previously proposed [4-6]
to amplify the small current signal. It was fabtexh on the glass substrate using a-Si
technology for verification. The circuit and itgltit-sensing operation are shown in Fig.
2-4 (a). The TFT T1 is a photo sensing transistbich is used to sense the light. The
source electrode of T1 is connected to one ternuh&l; and the gate electrode of T2,
where we marked as node A. The other terminal 9fsCgrounded. The TFT T2,
together with a resister between the source ofni2gaound, forms the readout circuit
as a source follower.

The operating principles can be described as twiogeshown in the timing
diagram. In the first period, which.is also callgthrging period, the gate signal of T1
is “High” and T1 is turned on. Thereby, the inpaltage '(\M,) “High” is stored in G
and the voltage of:node A gYis charged to “V, nign’.-In thesether period, also called
discharging period, the gate.voltage‘of T1 is aupliLow” so that T1 is turned off and
operating in the OFF region‘while sensing-operatiinthe same time, Vin becomes
“Low” and the photo leakage current drained awagugh T1. As a result, the voltage
Va is discharged by the photo leakage current ofifli$.noted that the current through
the gate of T2 is low enough to be regarded ad mkeaero. The magnitude ofa¥¢an
be observed by the source-follower circuit compdsgd2 because the voltageVis
equal to W minus the threshold voltage of T2.

In actual operation, for example, we can apply A0 -10V to T1 as “High” and
“Low” respectively. For ¥, we can put in 5V and let it discharge throughtd DV.
The output voltage ¥/: of the source-follower circuit can be measuredbgilloscope
during discharging period in the dark and undemilination, as shown in Fig. 2-4 (b)

and (c), respectively. The discharging rate af Which is due to the photo leakage
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current of T1 is equal to the discharging rate gf;¥nd can be expressed as dV/dt.
Consequently, the slope (dV/dt) of the waveforms iflect the drain current under
illumination and in the dark, so that the illumiioat intensity can be sensed.

Although the previous readout circuit is effectivihere are still several
disadvantages for it. First, the 2T1C circuit neexsa control bus to operate the photo
transistor in proper region. Fortunately, consiagrthe incorporation of our circuit
design into pixel, we can try to use the existingéds in the TFT-LCD pixel array but
avoid adding new buses. Second, though we regardsTan ideal TFT with no gate
current, actually the source-follower circuit ig8lst load to T1 and will make an impact
on the photo leakage current to a degree. The thsablvantage, also the worst one, is

that the 2T1C circuit occupies too large.area aakas the aperture ratio poor.

2.3.2 The Readout Circuit for. ON Current

In this thesis, we introduce another sensing diffcwithe ON current operation, as
shown in Fig. 2-5. A Gap-Gate TFT in every pixelsaes the sensing TFT. It is
connected in series to+a normal TFT with convemticstructure. The scan bus is
connected to the gate electrodes of these' TFTsdfdie end of this pair of TFTs is
connected to a high voltage VDD and the source isntbnnected to the data bus.
When the ambient front light illuminates on the @amnly one scan line is selected to
switch on the photo “ON” current. More than oneusand of the other photo currents
are pinched to the low “OFF” current of the norm&ITs. The aperture ratio is easily
made larger than that of the pixel circuit with smufollower.

In the peripheral, an OP amplifier is used to iraégthe current signal. It is possible to
us the existing OP amplifier buffer in the IC dmnyvand thus the total cost can be

preserved.
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In this configuration, the only “ON” current can bauch higher than the sum of the
other one thousand OFF currents, so that the sfi@cllFT leakage current can be

neglected.
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Fig. 2-1 (b) The cross-section view of a Gap-Gag# structure
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Chapter3

Using OFF Reqgion of Gap-Gate TFTs

In Chapter 3, we pay attention to the off region Gép-Gate TFTs. At the
beginning, we discuss the effect of the front lighimination on TFTs in section 3.1.
Because the type of TFTs we use is Gap-Gate, theretwo additional issues in
practical application. First, the gap region, ithe part of active layer which does not
overlap with gate metal in the structure of GapeGEETs (referring to Figure 2-1), can
be shined by the back Jight. This is a greatly etght feature compared with
conventional TFTs where the active.layers are cetaplsshielded by the gate metals
from the illumination of back light. .As a result,ewaddress the back light effect of
Gate-Gate TFTs and make a study in section 3-2.s€hend’issue of Gate-Gate TFTs
is that we wonder_how the gap length has an impadhe drain current. The relation
between the gap length and drain current:-can helfwperation the touch panel in
better conditions by adjusting the gap length anghvestigated in section 3-3. In the
last section of Chapter 3, we:try to briefly expléihe behaviors of the current signal

under front-light and back-light illumination infokgions

3.1 Front Light Effect for OFF Region

3.1.1 Definition of Unit-Lux Current

Figure 3-1 shows the relationship between photkalge current and illumination
intensity under different drain biases for tracitab TFTs. It is indicated that the photo
leakage current increases with the illuminationemsity and keeps good linear

dependence. Furthermore, we find that the charatlevearity is always tenable in the
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off region and only the slope would be differentemhwe change the measure
conditions such as drain bias, gate bias, and teaafpe. The slope of the current-Lux
curve was firstly named as Unit-Lux Current, (UL€ abbreviation.) and used as an
important index for analyzing the photosensitivafithe leakage current in the previous
paper [7]. The meaning of ULC is the photo leakageent induced per unit-photo lux.
Here, we use the same definition of ULC in the gsialfor the photosensitivity of a-Si

TFTs.

3.1.2 Relationship Between UL C and Bias Voltage

After defining the important parameter Unit-Lux @nt, we would like to know
the relationship between it and-the bias veltage§FIs. The experiment conditions
are shown in Table 3-1. For the purpose of comgaridoth conventional and
Gap-Gate TFTs are illuminated in the.dark as welkix different levels of halogen
lamp. What we concern with is howthe Unit-Lux Guntrchanges with drain bias and
gate bias under front light illumination, so-wefpemed the experiment by recording
the leakage current level undep ¥weep with three different fixed gate voltages and
V¢ sweep with three different fixed voltages of drain

The experimental results of conventional TFTs within bias and gate bias are
shown in Figure 3-3 (a) and (b), respectively, wlilgure (c) and (d) are for Gap-Gate
TFTs. Comparing Figure 3-3 (a) and (c), an obvipomt of reflection happens to the
Unit-Lux Current of conventional TFTs near VD=5Vdaan approximate skew line
appears to the Unit-Lux Current of Gap-Gate TFImgaquently, we can refer that the
Unit-Lux Current of Gap-Gate TFTs is more lineaartithat of conventional TFTs. As
to the comparison of Figure 3-3 (b) and (d), betsutts of conventional and Gap-Gate

TFTs indicate that the Unit-Lux Current is indepentdof extremely negative gate bias
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and increases rapidly as gate voltage approachssbthreshold region. The physical
mechanism in the subthreshold region is that a weaklucting channel is just formed
when the gate bias is close to the positive vol@geugh. Considering the threshold
voltage variation, the subthreshold region is notable for practical application, and

thus we sit aside without further discussion.

3.1.3 Temperature Effect of UL C under Front Light

The actual operational temperature of display panal be up to 6QCelsius
degree in normal environment. For. this reasonyén@ation of temperature is needed to
take into account of when the TFTs are used. Tlmeraxent in section 3.1.2 is
performed at normaltemperature (25 Celsius degred)in: this section we repeat the
same experiment but at another three temperat@&s46 and 55 Celsius degree).
Figure 3-4 shows;the relationship between Unit-Ouxrent and bias voltage including
drain bias and gate bias at different"temperatureker front light illumination, which
appears the same tendency:'as; at 25 Celsius degieether analysis is shown in
Figure 3-5, exhibiting that an error of Unit-Lux¥@ent up to minus 17.4% occurs if
temperature changes from 25" Celsius degree to BwioGsly, the issue due to
temperature change is worthy to notice and we makt it again in the experiment of

back light in the next section.

3.2 Back Light Effect for OFF Region

The reason why we study the effect of back lighGap-Gate TFTs in this section
is that the gap region is not blocked by gate metdluminated by the back light. On
the other hand, the conventional TFTs are not shewed thus not affected by the

illumination of back light, as Figure 3-6 showed. [8Figure 3-7 shows the experiment

21



content of back light and we analyze the Unit-Lux1@€nt in the same manner as we do
in front light experiment previously. The experinmés perform in the dark and only
five different levels of Light Emitting Diode (LEDpstead of halogen lamp.

The effects of the gate and drain voltages ornb#uk light ULC are showed in
Figure 3-8 (a) and (b). They indicate similar tamdeas those of the front light shown
in Figure 3-3 (c) and (d). Namely, the Unit-Lux @t is dependent of the drain bias,
independent of extremely negative gate bias, asdeases rapidly as gate voltage
approaches to subthreshold region.

We also need to examine the effect of the temperatuthe Unit-Lux Current of
back light. The experiment.of back light'is repéataee times at 35, 45 and 55 Celsius
degree and the results are shown in.Figure .3-chw@veals that an error up to plus
17.7% occurs if temperature changes from 25 Celdaggee to 55. As a result, the
instability due to temperature variation is.a catiissue. The'temperature needs to be
well maintained in_a sufficiently small-range sattthe error. of Unit-Lux Current can

be accepted and some calibration of temperatur@egerformed after several frames.

3.3 TheEffect of Gap Length Variation for OFF

Region
In order to realize if gap length affects the draunrent or not and find the
appropriate size of TFTs, we designed the expetirbgrusing two Gap-Gate TFTs
with the same structure except the gap length of Znd 30um. The experiment is
performed in the dark and under three differentlleof halogen lamp.
The results of experiment are shown in Fig 3-10e Téakage currents in off
region are almost the same for the two kinds of-Gape TFTs with different gap

lengths, which imply that the leakage current ihrefjion is independent of the gap
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length. More precisely speaking, the photo curienhot predominated by the gap
region and the mechanism of current in off regioaynbe the same as that of

conventional TFTs.
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Chapter4d

Using on Region of Gap-Gate TFTs

According to the previous study and our own expernts, there is no photo effect
in the on region of conventional TFTs. Hence, iaptler4, we only concentrate on the
on region of Gap-Gate TFTs as photo sensors irhtpacel. First, the photo effect in
on region is investigated. Then, the reliabilityaf region becomes another pending
issue because the current in on region degradesisigrunder illumination for a long
time. For this reason, we attempt to bring up aemtion of current degradation and

solve the issue effectively.

4.1 Photo Effect for ON Region

Figure 4-1 shows the relationship between-photeeatiiand illumination intensity
under different drain:biases'for a Gap-Gate TFhap region of 30um. Referring to
Figure 4-1, we notice ‘that-although the currentsréase with illumination, the
increasing trend is not linear. The definition df@ in chapter 3 is not suitable here
since the ULC is meaningful only based on the littgaf current with illumination.
Therefore, ULC cannot be used as the parameterhofopeffect in on region of
Gap-Gate TFTs.

It is kept in mind that the gap region is under ithenination by the back light,
which becomes an issue when we operate the Gap¥&dt in the on region. This

issue will be discussed in more detail in sectidh 4
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4.2 Reliability
4.2.1 Photo Sress

According to the previous research, it is knowrt thare is the reliability issue of
current degradation in the conventional TFTs, ngr&faebler-Wronski effect or SW
effect in abbreviation. The predominate explanatibthe effect is that the illumination
leads to the creation of additional meta-stabl¢éestan the band gap of amorphous
silicon, by breaking the weak bounds of the hydroggoms to the silicon, which
decreases the life time of excess carriers andréuiges the photo conductivity [9-11].

Operating the Gap-Gate TETSs in on region, the @rabbf reliability is also of
great importance. Figure 4-2 (a) shows the redudixperiment in which the Gap-Gate
TFT is stressed for, 4800 seconds by the continibusination of the halogen lamp
with intensity of 13600, Lux. It is observed.thateafphoto Stress, the currents in on
region degrade in.the dark as well as'itrradiatesbatifferent levels of halogen lamp.
Furthermore, it is observed incidentally-thai-thisr@lmoSt no current degradation in
off region of Gap-Gate TFTs."That is why we .do meention about reliability in
chapter 3.

Another experiment with longer but weaker photestris performed and the
result is shown in Figure 4-2 (b).In this experimehe stress time is up to 300 hours
and the intensity is about 6000 Lux, which is matese to general operating
environment of display panels. It can be seentti@icurrents degrade not only in the
on region but also in the off region. Although tharents in both on and off regions
degrade, the margin of degradation in on regiamush critical than that in off region.

Therefore, we still focus on the reliability in eggion rather than in off region.

4.2.2 Electric Sress
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In additional to the stress of illumination, anatlp®ssible cause that the photo
current may degrade is the bias voltage. Hencexpariment of electrical reliability is
performed to test the photo current characterwtiGap-Gate TFTs. According to the
previous research, the TFT characteristics do hahge obviously after bias voltage
stress, unless the temperature is raised up to mhare 60 Celsius degree. In our
experiment, the Gap-Gate TFT is stressed by dmaltage of 20 Volt for 3000 seconds
at 60 Celsius degree, and then the drain currennessured under 50000 Lux
illumination with Vps equal to 10 volt and §5 equal from -10 to 10 volt. The result of
experiment is shown in Figure 4-3 and it is obsertleat the most current variation
owing to electric stress occurs in the subthreshegion, where we do not intend to
operate. There is almest no current.degradatidoth onsand off regions. As a result,
the issue of electrical reliability ié off the' poim this _study. Only the current

degradation due tosthe long-term illumination neete considered.

4.3 The Correction.Method of-Curréent Degradation

4.3.1 CorrectioniConcept

In order to use Gap-Gate TFTs as photo sensorsuichtpanels, there are two
issues to be overcome. One is the illumination axdkblight on the gap regions. The
other is the current degradation caused by illutonaor a long time. Since the photo
induced current change in time, what we need t@ldgvis a method to eliminate the
time factor, as shown in Figure 4-4. Assuming thatits go through the function box
yet to be developed, they become new outputs vatlime relevance. It is mandatory
to find some special relation or parameter betwegut 1 and input 2 that is
unchanged before and after the photo stress. Sagréye first issue about illumination

of back light and the back light intensity in anD@anel is in control, an idea come
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across our mind to take advantage of it. When #yeig illumination only by the front
light, a current signal can be treated as the idpMhen the gap is illumination by the
front light and back light at the same time, anottigrent signal can be treated as the
input 2. Both signals contain the information obrft light intensity. If we can find
something with the invariance of time from the twignals, we may develop the

correction method of the current degradation.

4.3.2 TheExperiment and A New Parameter R

Based on the concept discussed; above, an experim@esigned to check the
feasibility of correction method. A gap-Gate TFIsteessed by 13600 Lux illumination
for 4800 seconds. During the stress, two measuresnan;performed each time at 0,
600, 1200, 2400, and 4800/seconds..One Is thentwneler illumination of front light
only and the otheris that under illumination offbthe front light and the back light. In
the measurement, the intensity.of front light idiels darkness and 4 different levels
while that of back light is-fixed 5070 Lux; whict the usual intensity of an LCD back
light.

The results of experiment are shown ‘in"Figure 4)5~((e) corresponding to the
five different stress times, respectively. The Xsaof the curves is the intensity of front
light and the Y-axis is the current level. It issebved that the tendency between the two
curves in each picture is similar, which implies tpossibility of finding a new
parameter from the two signals.

A further analysis is shown in Figure 4-6, in whiek define a new parameter R
as (b_FL+BLrixed / (Io_FLony) to be the Y-axis index. It is observed that new
parameter R with the same intensity front light dafferent stress time cluster

intensively around a point, which reveals that plaegameter R is excellently invariant
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against the photo stress.

The errors of the new parameter R and conventipa@meterd owing to photo
stress are shown in Figure 4-7(a) and (b) respagtior comparison. The error of Is
up to 40%, but that of R is only a half. In additi@nother merit of R is that the effect
of the back light on the on current of Gap-Gate FkTincorporated. As a result, the
new parameter R we define in this thesis is morealsie to be photo sensing signal
than the direct usage o1

To accomplish the correction method in the actuakiice, the magnitudes of
(Io_FL+BLFixed) and (b_FLony) can be measured when the Back Light Unit (BLU) of
panel is turned on and off respectively. For adedncCD TV displays, BLU is turned
off for the purpose of removing the blur of anireatiref], which is becoming a built-in
technology. In this_scheme, there ié no-need ofadditional modification to get the

information of (b_FL+BLegixed) and (b_FLoay).

4.4 The Effect of Gap LengthVariation for ON

Region

We are again interested in if the gap length ofGlap-Gate TFT affects its current
in the on region or not. An experiment about tHatrenship between gap length and on
current is performed by using two Gap-Gate TFT$uilite identical structure except
the gap length to be 5um and 30um respectively. &¥periment is conducted in the
dark and under three different levels of halogenpaThe result is shown in Figure 4-8,
which indicates that the on current of the Gap-@a&& with gap length equal to 5um
is always larger than that with 30 um no mattetha dark or under illumination.
Referring to the discussion of section 3-3 that lgmkage current in off region is

independent of the gap length, the on current i glifferent. This result supports that
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the on current is dependent greatly of the gaporedt implies that the photo current
degradation is mainly owing to the defects in thp,gvhich can explain the same trend
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Chapter5

Summary and Conclusion

In this thesis, we discuss the history of touchgbam the beginning and analyze
the advantages and disadvantages of all kindsuzhtpanels. Aiming to the low cost
and ease of integration, we decide to design thehtgpanel using Gap-Gate TFTs as
photo sensors and study the feasibility. The plefitect of Gap-Gate TFTs occurs not
only in on but also off regions so that we canireathe function of touching in both
two regions. In chapter 2, the circuit, of readauinvestigated. In order to readout the
small signal in off region, the conventional 2T1&git, with source follower is used,
of which the aperture ratio is reduced due to tdditeonal source follower. The
improved readout circuit is brought up for on regend good at large current signal,
higher aperture ratio and less cost. The photaeiifeoff region is profoundly studied
both for front light'and back.lightiin-chapter 8 which a parameter Unit-Lux Current
(ULC) is use to describe-the:photo effect. Accagdio the result of experiment, it is
found that the temperature variation is an_impdrteariable of stability for the
parameter Unit-Lux Current. In"chapter 4, we tryue the on region of Gap-Gate
TFTs as sensors in touch panel but two issues neede solved, namely, the
illumination of back light and the current degradat Fortunately, a correction method
is found to overcome the two issues at the same. thonsequently, we prefer to use
the on region of Gap-Gate TFTs as photo sensdiseinlesign of touch panel than off
region. The compatibility of the correction methentt the advanced LCD TV promises

the practical application of the proposed integtdteich panel.

43



Reference

[1] Yan-Fu Kuo, Teng-Jui Yu, Shao-Wen Yen, and Ysiddg Tai, “Self-Modulated
Amorphous Front and Back Light Sensors with Widen&@yic Range,” SID
Symposium Digest of Technical Papers, Vol 40,dskupp. 1079-1082, 2009

[2] S. M. GadelRab, S.G. Chamberlain, “The Soure¢e@ Amorphous Silicon
Photo-Transistor,” |IEEE Transactions on Electronvibes, Vol. 44, n1l0,
pp.1789-1794, 1997

[3] J-D. Gallezot, S. Martin, J. Kanicki, “Photosgivity of a-Si:H TFTs,” IDW’01

Asia Display, pp.407-410, 2001

[4] W.D. Boer, A. Abileah, P. Green, T. Larsson,ctAie Matrix LCD with Integrated
Optical Touch Screen,” SID’03. Tech. Digest; pp. 44997, 2003- 68 -

[5] B.T. Chen, Y.H. Tai, K.F. Wei, C.C. Tsai, Ci¥uang, Y.J. Kuo, H.C. Chen

“Investigation of 'source-follower: type analeg bufiesing low temperature
poly-Si TFTs,” Salid-State' Electronics, vol51,. [354-359, 2007.

[6] S.H. Kim, E.B. Kim,- H.Y. .€hoi,"M.H."Kang, J:HHur, J. Jang, “A coplanar
hydrogenated amorphous silicon thin-film transistor controlling backlight
brightness of liquid-crystal display,” Solid-Stdi&ectronics, pp.478-481, 2007

[7] Ya-Hsiang Tai, Yan-Fu Kuo, and Yun- Hsiang L&@hotosensitivity analysis of
low-temperature poly-Si thin-film transistor based Unit-Lux Current”, IEEE
Trans. Electron Devices, vol. 56, no. 1, pp. 50-&6uary 2009.

[8] S.H. Kim, E.B Kim, H.Y. Choi, M.H. Kang, J.H. i, J. Jang, “a coplanar
hydrodenated amorphous silicon thin-film transistor controlling backlight
brightness of liquid-crystal display” Solid-Statke&ronics, pp.478-481, 2007

[9] M. Vanecek, A. Poruba, A. Fejfar, J. Kocka, ir€@t measurement of the deep

defect density in thin amorphous silicon films withe absolute constant

44



photocurrent method’ J.Appl. Phys., pp.6203-62B®51

[10] T. Kruger, ‘On the origin of the Staebler-Wskm effect’ J.Appl. Phys., 2006

[11] L. Eglseer, S. Horvat, H. Kroha, ‘Study of toeg-term behavior of the sensitivity
of amorphous silicon photo detectors under illurtiord ELSEVIER,

2006

45



