Chapter 1
Introduction

1.1 Background and Development of OTFTs

The Nobel Prize in chemistry in 2000 was awardedAtan J. Heeger, Alan G.
MacDiarmid and Hideki Shirakawa for the developmeitconducting polymers. After
Shirakawa began the research on the conductingegyopf polymers in late 1970’s [1.1], the
first demonstration of organic thin film transissofOTFTs) based on polyacetylene was
reported in 1983 [1.2], but the mobility is quiteM ( about 18 cn?/Vs) . The conductivity of
the polymer can be altered from insulator to cotmluthrough the method of doping. The
possibility of fabricating OTFTs with small‘conjugd molecules was shown in 1989 [1.3]
with sex thiophene rings linked at alpha positiosispwed mobility on the order of 10
cnf/Vs, which has reached the ‘requirement for displayd is comparable to that of
amorphous-Si TFTs. The comparisons ‘between amospBoUrFTs, poly-Si TFTs and
OTFTs are listed iTable 1-1[1.4].

Now days, a large number of conjugated moleculespartymers have been used to be
the active material of OTFTs. The most significpatameter distinguishing those devices is
the technique used for deposition. Organic semigotwis are potentially soluble in organic
solvent and are therefore amenable to depositatdmperatures on plastic substrates. Using
low cost fabrication techniques such as spin-cgatmd inkjet-printing can avoid the
complex vacuum evaporation system.

Since organic semiconductors can be processedvdkelmperatures and are compatible
with plastic substrates, OTFTs may be used in efitins requiring structural flexibility,

large-area coverage, and especially low cost irridation. Such applications include



active-matrix liquid crystal displays (AMLCDs), aet-matrix organic light-emitting diodes
(AMOLEDSs), and electronic paper-like displays. Atmhally, organic sensors, textile like
clothes, weaponry, digital watches, soft cell plgmriew-end smart cards, radio-frequency
identification (RFID) tags, and other electroni@raénts consisting of organic integrated
circuits have been proposed.

The bonding between organic semiconductors is by Dar Waals force between the
hydrogen atoms, which are dangling on the end$®ffused rings. It is much weaker than
that of the covalent force in inorganic materiagjch is the reason for small mobility. fig.

1-1 [1.5], we can compare the increase of mobilitythe past years for different organic
semiconductors. If we want to exceed the limitatddrthe materials, there are several points
we have to notice. First, the carrier injectionnfrthe contact electrode has to be optimized.
Second, the fabrication parameters such as thestligmoconditions have to be optimized to
get the best molecular ordering.'and morphology. Almdd, synthesis of new materials
provides more opportunities to various_kinds ofleppions. While currently researches on
OTFTs still focus on p-type semiconductors, theeltgyment of n-type semiconductors is
expected and under investigation, shownfigm 1-2 [1.6]. The reliability, stability, and
reproducibility are also important. There is slbm for the fabrication technique to improve,
and the choices of materials for the electrode,nbelator layer, even the substrate are also
important issues. Finally, the interface treatmisnan effective method for improving the

characteristics of the device.

1.2 Device Fabrication Methods
The deposition of the semiconductor is the detangirstep of the OTFT fabrication.
Today, the most common techniques that are usel@posit organic thin films are vacuum

evaporation and solution processing methods sushlaton cast, spin coating, spray coating,



and printing. So far, OTFTs fabricated by vacuunpaddion remain having the best

performance because very well-ordered structuresbeaobtained from the use of highly

controllable deposition conditions. Although thischnique is somewhat costly due to
expensive equipment and low deposition throughpus, appropriate for the deposition of

molecular materials because a great number of waiehnot soluble. Solution processing

methods such as solution-casting, spin-coating,paiming attract much attention because of
their cost effectiveness. Soluble organic polynad oligomers can be deposited by solution
processing techniques. In such techniques, filrmébion takes place by evaporation of the
solvent from a polymer solution. The thicknessilmhg as small as 5~10 nm can be obtained
by using dilute and low viscous solution. Howewese solution processing methods have
problems with film thickness and compositional onihity. But when the solution processing

technique is well handled, it will allow ‘the prodioen of homogeneous and good

thickness-controlled films over large areas. WimdibWs are the descriptions of deposition

techniques.

Vacuum evaporation (including sublimation) is ahtaque to deposit high-purity films,
and it belongs to physical vapor deposition (PVB).schematic of a simple vacuum
evaporator is shown ifig. 1-3 and a photograph of which is shownfim. 1-4 Primordial
material is placed on a tungsten boat which heatswhen current passes through it.
Individual atoms or molecules are produced by eitudblimation of solid or evaporation of
molten source. Since the evaporated molecules raresported through a high-vacuum
environment, very little gas-phase scattering aecdherefore the mean free path of the
vaporized molecules is very long, and they tranedssentially straight lines all the way from
the source to the substrate surface without cofisiin the space between the source and
substrate. This process reduces gas-phase contdsjiaad results in the high purity of the
deposited film. The base pressure of the depositigstem is an important deposition

parameter because it determines the mean freeopahi®e vaporized organic semiconductor
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molecules and the presence of unwanted atoms atetutes in the vicinity of the substrate
surface during the film formation. Typically, vacuuevaporation takes place in a gas
pressure range of P@o 10°Torr, depending on the level of contamination thah be
tolerated in the deposited film. Deposition ratenitaring and control are relatively easy in
vacuum deposition compared to the other technidgligs. film morphology and the transport
properties of OTFTs are influenced by substratepgature, deposition rate, purity of the
organic source material and substrate cleanlin@sganic thin films are intolerant to the
various chemicals used in a typical lithographiogass, so shadow masking is generally used
to pattern the organic layer.

Spin-coating involves the acceleration of a smgliidl droplet on a rotating substrate.
Fig. 1-5shows a schematic of the spin coating processagstibtograph of a spin-coater is
shown infig. 1-6 The coating material (in solution form) is drodpen the center of the
substrate. Then the substrate is'spinning at. adpged to spread the solution over the
substrate. It follows by a higher spinning-speedhio out the film and remove thick edge.
Finally, the substrate is heated to:remove theesvhand the film is therefore deposited.

However, a requirement for this technique is a gemdbility of the organic semiconductor.

1.3 Solution Processed Organic Semiconductor Films

The key feature that makes organic semicondsictiractive for low-cost manufacturing
is the possibility for them to be deposited froninspoating, enabling very homogeneous
films with perfect control of their thickness oweltarge area. Two methods have been usually
used to fabricate OTFT devices. In the first metioalves the use of a soluble material,
either a conjugated polymer such as poly(3-alkgithene) (P3AT) [1.7] or precursor
materials that can undergo subsequent chemicalorado give the desired compounds, such

as pentacene and poly(thienylene vinylene) [1.8-19 this method, low field effect



mobilities have been reported due to poor ordemmgl the amorphous nature of the
semiconductor thin films. The second technique wsesium deposition of oligomers and
organic materials of low molecular weights. Highbitiby of greater than 0.01 ciVs can be
obtained with materials such as oligothiopheneslOFL.13] copper phthalocyanine, [1.14]
bis(benzodithiophene) [1.15], and pentacene,[1.18]1which can form highly ordered and
self-assembled films. It is clear that good orderns necessary to achieve better transistor
performance.

However, the technology that is believed to h#we potential to produce the highest
impact on manufacturing costs is the use of solobfgnic semiconductors, both polymers
and oligomers, combined with large area spin-cgatn printing techniques that could

eliminate lithography.

1.4 Motivations

Here we choose Poly(3-hexylthiophene) (P3HT) as smiconducting layer in our
research of OTFTs, because of the P3HT has maniysneract as the semiconducting layer
in thin film transistors : (1) P3HT is solution pessed, therefore can be processed by spin
coating. (2) The addition of alkyl side-chains &HT enhanced the solubility of the polymer
chains, [1.18] so that we can use different solgeith as toluene, xylene, and chloroform to
fabricate our devices. (3) P3HT is a well-knownymaodr as an organic semiconductor and has
shown the field-effect mobility from 10cnf/Vs in 1988 to 0.2 cAtVs in 2003. [1.19-1.21]

In order to improve the large leakage current, use a novel method called
self-organized deposition process to reduce its Tiethod will not damage organic thin film.
It's simply to define the active region through prcasting or spin coating, so we obtain the
highest on/off current ratio (IPby suppressing leakage current. And we can maturathis

device at low temperature, and then we can apjgyniethod on the plastic substrate as low



as 140C. There is potential on large area and low casttvis method, with drop casting or
spin coating. The drop casting doesn’t need themrsige equipments and is compatible with
the roll-to-roll process which has advantages wfdarea, faster process, and low cost.

The other one of our motivation of this metho@jplied on other materials that can be

dissolved or dispersed in solvent, such as the~-&8D2- small molecules...etc. We could use
this materials to manufacture sensomganic/inorganic C-TFT, and ring oscillator viasth

novel self-organized process.

1.5 Organization of This Thesis

In chapter 1, we described our background and @b of our research.

In chapter 2, we showed our experimental methddliocate OTFT with RIE-Patterned
method and Self-QrganizediMethad.on the plastistsate in the first time.

In chapter 3, we fabricatied the structures inelgdion-patterned OTFT, patterned active
region OTFTs. In orderto perform series experiméntoptimize the dielectric
parameter this was applied in'our devices.

In chapter 4, Fabrication devices based on theosghnized patterned method. This method

was applied on the other semiconductor materigdsthe pentance precursor,
F8T2 and ZnO.

In chapter 5, we made some conclusions to thisghes



Chapter 2
Novel Patterned Method of Soluble
Materials for Fabricating OTFTs

2.1 Background

There are two kinds of contemporary OTFT structur€ne is the called
top-source-drain contact (TPFig. 2-1] or top-electrode OTFT in which both source and
drain contact pads are deposited on top of theeatdier through a shadow mask. The other
one is named bottom-source-drain contact (BEQY. 2-2] or bottom-electrode OTFT in
which drain and source contact metal is‘depositeldpatterned on the gate dielectric prior to
the active layer deposition. In: general, the fiefect mobility of top-source-drain contact
(TP) OTFT is one order larger than bottom-sourardcontact OTFT. It attributes to the
morphologies of active layer that is more disorgken the active layer is deposited on metal.
The advantage of BC structure is the patterninggs® through conventional lithography
technique. So we choose the bottom-source-draitacbmstructure in our experiment. An
heavily doped htype silicon wafer or metal is acted as the commate electrode. Then
source and drain metals are patterned by lift-o#fthud via conventional lithography
technique after forming the insulator. Finally thevice is finished fabricating after depositing
the P3HT active semiconductor layer.

How to pattern the organic semiconductor activeday organic devices is very critical
till to now. It is required in applications on fie electronics [1-2]. Patterning the active
layer not only can reduce the cross-talk betwegacadt devices, but also can reduce the
parasitic resistance and leakage current of th&celevAs a result, the devices have better

electrical performance than un-patterned ones. dgakurrent is more obvious when OTFTs
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share a common gate, in which case the leakagertwgoes through the gate dielectric and is
collected by the whole P3HT layer to the drain etete[3].

In this work, there are two ways for patterning ¢inganic semiconductor films. One is
the photolithographic patterning meth{félg. 2-3] which has been used by several groups
[4-6]. It is a well established method that usesstéyg tools and processes what are
commonly used within the inorganic semiconductatustry. A large area, high resolution
lithography system that may be used for high volumaodi-to-roll production of organic
electronic devices has been demonstrated [7]. Rinatgraphic patterning allows relatively
complex circuits in which need multiple layers preses and modest alignment tolerances
that are required to approach performance goals.

Another promising method is self-organized metfted. 2-4] for patterning the active
region. In this method, the semiconductor ‘solutisndeposited by drop- casting or
spin-coating and self-organized only in the.desaeeh, therefore excludes material wasting
and the subsequent active region patterning. $g#drozed process for organic materials,
such as certain regionregular polymers, and liquidstals polymers leads to superior
performance in organic field effect transistorsptolvoltaic cells, etc. which are candidates
for the next generation of cost-effective optoelaeic materials. Molecular self-organization
in soft condensed phases enables creation of fovetional materials with unique properties.
Furthemorer, self-assembly process of organic namgdsres in solution leads to novel
architectural concepts in optoelectronic applicaio In this method, we chose two
Self-Assembled Monolayers (SAMs) to modify the aetiegion surface step by step. At first,
we deposited the hexmethyldisilane (HMDS) SAMs, ntheleposited the second
octadecyltrichlorosilane (OTS) SAMs. Here we alkose the different second SAMs , if the
surface energy is different from the first one.

We need to consider about source/drain metals lidaiting an ohmic contact with

P3HT that is an important issue for our devices ttu¢he contact resistance between the
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source/drain electrodes and the organic semicoadutilso becomes increasingly important
to device performance as the channel length dezse®s is a well-known material applied in
OTFTs as the contact material because it is psgigle in the air and its work function is
match with P3HT. Therefore, we just change the natef adhesion layer and adjust its
thickness to check its effect to the contact rasst and the drain current. However, Pt is
hard to deposit on SiOsurface so that we needed to add an adhesion beyeeen Pt and
SIiO, interface, for example Cr or Ti adhesion layeraduse these two kinds of metal are not
only noted for good adhesion to Siut also have similar work function.

Oxide surfaces are treated with some modificatiyer to improve the performance and
adhesion between the polymer and the oxide surfaeeause the modification of the
substrate surface prior to depose the regular P3$Talso been found to influence the film
morphology so that we use different kinds of madifion layer to discuss effect of this thin

layer.

2.2 Device Fabrication of RIE-Patterned OTFTs

2.2.1 Device Structures

P3HT OTFTs are usually fabricated in either thelaagr or staggered geometry for
bottom gate devices as showrfion 2-2 The staggered geometry called top contact deiace,
generally less susceptible to high contact resistahan the coplanar one (bottom contact
device), because the effective contact area oftwisienuch larger. However, there might be
some physical damage when using sputtering systeteposit metal contact, or even some
metal-semiconductor reactions to influence the axntesistance. The coplanar structure is
desirable for its ease of fabrication and compatiith conventional lithography technique,

so it is valuable to study the resistance properaé the different types of contact and
9



understand their role in the device performance.

Due to the reason mentioned above, so we fabricatedevice with coplanar structure.
The schematic diagram of the device in this chaptehown irfig. 2-5 First, a thermal oxide
layer with a thickness 1000 nm was grown in a foenan an n+ type low-resistance wafer
which acts as a common gate electrode. Afterwamsice/drain regions were defined using
photolithography process. There are two kinds pdud for source/drain electrode, strip type
and finger type as shown Ihg. 2-6 Finger geometry for the source/drain contacttis
minimize the device area and the associated gaseurmce/drain leakage current. The linear
type: the channel length (L) is in a range of 1Qw#BGand the channel width is in a range of
300~100@m. The finger type: the channel length (L) is iramge of 10~50m and the
channel width is in a range of 500~508@ Finally, the device is finished after

spinning-coating the P3HT for active layer.

2.2.2 Process Flow of RIE=RPatterned OTFTs

2.2.2.1 Process Flow of Non-Patterned OTFTs

1. Initial RCA cleaning

2. 100 nm field-oxide layer: furnace wet oxidatatro80 C

3. Mask #1: Source/Drain electrodes definition

4. Ti/Pt=2nm/ 20 nm as the adhesion/eleetilagler: Sputter system at base pressure = 2
x 10° torr; metals were deposited continuously withaealing vacuum

5. Photo Resistor (P. R.) lift-off to form soumdedin electrodes: in acetone (ACE) with
ultrasonic agitation

6. ACE + Isopropyl Alcohol (IPA) cleaning

7. Surface modification layer deposition

10



8. Spin-on P3HT: 0.5 wt. % P3HT in chloroform, 50@000 rpm for 40 seconds, and then
baking in a vacuum chamber at $2For 45 minutes.

The descriptions above is showrfim 2-7

2.2.2.2 Process Flow of Non-Patterned Gate and Pathed Active
Region OTFTs

1. Initial RCA cleaning

2. 100 nm field-oxide layer: furnace wet oxidatatro80 C

3. Mask #1: Source/Drain electrodes definition

4. Ti/ Pt =2 nm/ 20 nm as the adhesion/electtager: Sputter system at base pressure = 2
x 10° torr; metals were deposited continuously withaealing vacuum

5. P. R. lift-off to form source/drain electrodesACE with ultrasonic agitation

6. ACE + IPA cleaning

7. HMDS layer deposition

8. Spin-on P3HT: 0.5 wt. % P3HT in chloreform, 10@0n for 40 seconds, and then baking
in a vacuum chamber under 1ZDfor 45 minutes.

9. Spin-on passivation layer (PVP liquid : 2.67%MP¥.33% PMF, 0.8% PAG in three kinds
of solvent: PGMEA, BuOH, and IPA), 1500 rpm for 88conds, exposing under 365nm
UV light for 1 minute to make PVP cross linked ahdn baking in a vacuum chamber at
120°C for 10 minutes.

10. Spin-on thick PR (AZ-4620) and patterned thevagegion as a hard mask.

11. HDP-RIE in an @plasma etcher for the dry etching of PR, PVP aBid TP
(ICP RF Power: 500 W, bias RF Power: 100 W, pro€agsssure: 10 m Torr,,0 40 sccm
for 200 s)

The descriptions mentioned above is showigin2-8
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2.2.2.3 Process Flow of Patterned Gate and Pattemhé\ctive Region
OTFTs

1. Si-Wafer with 1000nm thermal oxide as bufferdexi

2. Ti/ Pt=2nm/ 20 nm as the gate adhesiomtrede layer: Sputter system at base pressure
= 2 x 10° torr; metals were deposited continuously withaeling vacuum

3. Depositing 100nm PECVD oxide.

4. Ti/ Pt =2 nm/ 20 nm as the adhesion/electtager: Sputter system at base pressure = 2
x 10° torr; metals were deposited continuously without breaking vacuum

5. P. R. lift-off to form source/drain electrodesacetone (ACE) with ultrasonic agitation

6. ACE + IPA cleaning

7. HMDS layer deposition

8. Spin-on P3HT: 0.5 wt. % P3HT in chloroform, 10@0n for 40 seconds, and then baking
in a vacuum chamber at 120 for 45 minutes.

9. Spin-on passivation layer (PVR.liquid-.-2.67%MA>\1.33% PMF, 0.8% PAG in BuOH),
1500 rpm for 30 seconds, exposing under 365nm gkt lfor 1 minute to make PVP
cross linked and then baking in a vacuum chamb&2@fC for 10 minutes.

10. Spin-on thick PR (AZ-4620) and patterned the/acegion as a hard mask.

11. HDP-RIE in an O2 plasma etcher for the dryietglof PR, PVP and P3HT.

(ICP RF Power: 500 W, Bias RF Power: 100 W, Pro&esssure: 10 m Torr,
O, :40 sccm for 200 s)

The structure of patterned gate & patterned acaegeoon OTFTs is shown ifig. 2-9

2.2.3 Scanning Electron Microscope (SEM) Analysis

Fig. 2-1Q Fig. 2-11,andFig. 2.12showed OTFTs with patterned P3HT. In graphigf

2-10 we found that the position of channel was soafaay from the edge of the residual

polymer. The channel damage from sidewall was lofluénce. But it's too thick that can't
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fabricate electrical circuitHig. 2-11], and there was likely merge with cross-linked PaAffel
P3HT. Even if after RIE etching, the cross-linked PVP wtl on the P3HT film. The photo
resist thickness is about 3.88um, PVP-PMF thickimseadout 1.62um, and P3HT thickness is

about 227nm.

2.2.4 Electrical Characteristics of OTFTs

2.2.4.1 Measurement

Current-voltage characteristics of OTFTs was meabkuunder ambient with a
semiconductor parameter analyzer HP4156C. All measents were carried out in an
electrically shielded box. The drain-source: curréss, was measured as a function of the
drain-source voltage, pé, to observe FET:like characteristics. Ang Was measured as a
function of the gate voltage, gy at small drain-source voltage, which was consgdido
determine the gate bias modulation of the FET cotndl channel. Three parameters were
extracted from the experimental I-V curves: (1) theeshold voltage (M), (2) the current
modulation (the ratio of the current in the accuatioh mode over the current in the depletion
mode, also referred to as on/off current ratio)] &B) the field effect mobility (). The

detailed extraction method will be discussed inftliewing section.

2.2.4.2 Extraction of On/Off Current Ratio, Mobility and Threshold
Voltage
Devices with high on/off current ratio represemgé& turn-on current and small off
current. It determines the gray-level switchingha displays. High on/off current ratio means
that there are enough turn-on current to drivepilkel and sufficiently low off current when

the device is turned off.
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Mobility is an important parameter for carrier tsport because it describes how strongly
the motion of an electron or hole is influencedamyapplied gate electric field. OTFTs are
adequately modeled by standard field-effect tréamsisquations and the P3HT used in the
present devices behave as a p-type semiconductbenWhe gate electrode is biased
negatively with respect to the source electrodeygd), OTFTs operate in the accumulation
mode and the accumulated carriers are holes. Mypbiiuld be extracted from the maximum

transconductor (g at Vo = - 40 V in our experiment.

g dp | —W Y, [Equation 2-1]
= _ — UV it u | -
m N Vp=const= - HVD q

where L is the channel length, W is the channethyi@i is the capacitance per unit area of
the insulating layer, and is the field effect mobility.

The threshold voltage of an organic thin film tiater is also a very vital device
parameter, since it is directly related to the:posugply requirements. The interface between
the dielectric and organic-semicenductor.contrdls transistor I-V characteristics. The
density of charges trapped in the bulk and at therface, as well as the mobile and fixed
charges in the dielectric directly affects the shi@d voltage. For a given dielectric thickness,
the presence of higher charge results in a higimeshold voltage. This because the charge
carriers get trapped and larger voltage is requieednvert the semiconductor surface.

Threshold voltage M can be extracted from the following equation.

ID% = %yci %(VG “Vin) e [Equation 2-2]

Using linear fitting of the plotl® vs. Vi in saturation region to from the slope and the
horizontal axis intercept at point A, which was #wracted threshold voltage {\= Vg at
IDlIZ :O)

2.2.4.3 The Electrical Characteristics Comparison fo All Kinds’

Structures
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The distortion of the -V curves in the linear mgibecause of the, loffset can be
clearly seen. The gate induced leakage (i.e. thee @arent) (§) increases with gate bias and

is much higher at lower 34 and peaks at ps = 0 V[Fig. 2-13 (a) and (b)] These kinds of

OTFTs share a common gate and a common active fy¢hat there were many current
paths from drain to gate that result in large ded&age current. ThedVp curve of patterned

active layer OTFT was shown ifig. 2-13 (c) (d) The electrical characteristics of the

patterned P3HT device was represented infidpe2-14(a) show an OTFT with low gate
induced leakage current. While thedffset is reduced significantly, the drive currémt the
transistor is comparable to the non-patterned ésvic

We suggest that the major source pbffset is the effective expansion of source/drain
electrodes from the un-patterned P3HT conductingumalation layer. By patterning the
P3HT film, Ip offset in OTFT can be reduced:.significantly. Patirey the P3HT film and
limiting the film to the channel-area eliminatelsae source ofyl offset.

We measured theW/logr ratio, mobility-and threshold voltage of conventad patterned
P3HT device without patterned gate and patternddlflREvice with patterned gate shown in
table 2-1 Patterned Gate & Patterned Active Layer OTFT tatsd characteristics were
degraded compared to the non-patterned gate witkrpad active layer one. The possible
reason was that there was very rough surface b coating, leading to P3HT could not
arrange well on the surface. Several reports hadieated that P3HT polymer is sensitive to
the presence of oxygen [8-9]. It has been showhdkggen is a kind of doping for P3HT
polymer. Moreover, if there are oxygen atoms in P3pdlymer, carriers scattering would
occur and the field-effect mobility would decreassince our P3HT OTFTs were not
fabricated in vacuum, the influence of oxygen te thmaracteristics of organic transistors is
inevitable.

Fig. 2-14(b) shows the decrease in accumulatioraatgnce with an increase in

frequency for an undoped material. This is belietede at least partly associated with the
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transit time for a majority carrier to the interdaftom either the back of the film or along the
accumulated interface. Of particular importancehegse plots is the value of flat band voltage,
which is in all cases close to zero.

High oxide leakage currents have been observed @SMapacitors as a result of
polymer deposition. The current increased furthieh an increase in polymer film thickness
and also with increase in percentages of 3 timag dxide current is believed to be due to

the displacement of dopant ions or impurities pnesethe polymer film. [20]

2.3 Critical Issues for Fabrication OTFTs on Plast

Substrates

2.3.1 Mask Alignment

A conventional plastic substrate has high thermphasion coefficient that is about one
order of magnitude larger than siliconiand glasbssates. This feature makes mask
alignment and thin-film patterning very difficulh ilayer by layer during the pre-baking and
post baking processes of photolithography. In @&dithe difference between expansion and
contraction of the conventional plastic substrate tb water absorption becomes more than
3000ppm.Fig. 2-15 depicts variations of substrate length during @lbual OTFT process
[10]. By controlling the temperature and humidity the OTFT process, the maximum
allowance of the mask alignment can decrease tOd@8. However, a conventional OTFT
array structure requires alignment allowance witkisppm. Thus, mask alignment in each
layer is one of the most serious problems to fabeiprecise OTFT structure on the plastic

substrate.
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2.3.2 Thermal-Mechanical Problems with Plastics

If the thermal expansion coefficient of a substrate differs from the thermal expansion
oy of a layer on that substrate, then the overallibens.: in the layer, including its intrinsic
tensiona; at room temperaturgz, changes for a process temperafiéo [11]:

ot = 0 + (ou—0)(TP—TR)E/(1-M).eveeneent e [Equation 2-3]
whereE, stands for the modulus of elasticity andor the Poisson’s ratio of the layer. As a
rule, whenoy < asandTr < Tp, result in a decrease dry, indicating an additional compressive
stress. This stress may lead to crack or delamindtes layer and also result in a curvature of

the substrate with the raditsvalid for Esds much larger thak,d,.

EsdZ

=8 S s [Equation 2-4]
6d, oot 1—Vs)

In Equation 2-4,Es is the modulus of 'substrate elasticitl, is the thickness of the
substrateys is the Poisson’s ratio of the substratiejs the thickness of the layer, andoig;
taken from equation 2-3. For silicon wafét,ds >> Ed, the radius is so large that the
substrate remains planar. However, for flexiblespitasubstrate with thickness is only 100 ~
200 um and with a relatively low Young’s modulus, sesgobending of the substrate may
occur after multiple thin-film deposition, suchRR3HT, ZnO ,and F8T2 dip casting curing in
the process temperature of 140~200 General manufacturing equipments could not teandl

the wrapped substrate, much less fabricating thETOT

2.3.3 Plastic Substrate and Their Properties

Direct fabricating OTFTs on plastic substrate hasnynproblems. These problems
mostly arise from the unique physical and chemigedperties of plastics. Polymeric
substrates applied in displays are polycarbona®),(Polyarylate (PAR), polyimide (PI),
poly(ethylenterephtalate) (PET), poly(estersulfofiRES), and polyolefin, etG.ables 2-2ists

general requirements of plastic substrate for LEIZ and Table 2-3summaries substrate
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properties for organic polymeric backplanes spbc@inthesized for display fabrication [13].
From these tables, one can find that the majoermifices between plastics are the Young’s
modulus, melting/glass-transition temperature, rttadr expansion coefficient and thermal
conductivity; some plastics even have native cdkince the strain is inversely proportional
to the Young’'s modulus of the substrate, defornmattw these flexible plastic materials could

be easily observed and requires delicate posteeds.

2.3.4 The Choice of the Plastic Substrate

Some of the important features of PET film wereelisbelow:

1. High total light transmittance above 89%

2. Coefficient of thermal expansion ahout 15pfin /

3. Very low water absorption 0f'0.14%

4. Good adhesion to layers such'as hard coatimdify inks and ITO, etc.

Moreover, the transmittance and reflectance ofsgl®€, PET and ARTONTM films were
illustrated infig. 2-16 The thicknesses:of these plastics were all aB6Qim.One can find
the transmittance of PET is good while the reflectawas the lowest among those plastic
substrates, and its performance is even betterdlass. Additionally, the PET film has good
resistance to most chemicals used in the semicomdiadrication such as ACE, IPA, TMAH
(developer), KOH, HF, etc .and moderate resistaaddNO3 (becoming slightly yellowish
after immersion in it for a long time). Althoughetinequirements for plastic substrates in the

process are not strictly constrained, we still @BET film as the substrate in this work.

2.3.5 Polymer Dielectric

The dielectric systems discussed above have alh Ipeet of bottom gate devices.

Deposition of inorganic dielectrics would be ditficon top of the organic active layer. The
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surface treatments employed on inorganic wouldriaetjgally impossible to use in top gate
devices. Organic dielectrics, however, offer theeffom to build both top and bottom gate
devices by the use of solution coating techniguelspainting.

Solution-process enable easiness for applicationglectronics, the resulting films
exhibit good characteristics simply by spin-coatinginting, or dip casting at room
temperature under ambient conditions. Of coursée gielectrics are not an exception.
Furthermore, this capability has practical meriteew couple with low-cost patterning
techniques for dielectric and for other materisdeded for TFT fabrication. From this point
of view, polymer dielectrics really have great aggion potential.

However OTFTs with both the semiconductor ahd insulator are polymers have
shown limited success in contrast. An inherent lerobin the fabrication of these polymer
TFTs is that the polymer semiconductor layer.ornnsalating layer can get damaged when
the other layer is spin-coated onto the existingdeulying layer for the fabrication of the
transistor.

Poly (4-vinylphenol) (PVP), ‘as.shown flg. 2-17 is one of the most popular gate
insulator materials. OTFTs with PVP gate dielecimd opaque noble-metal source/drain
contacts showed a pretty good performance. Howdtliergate dielectric capacities of the
polymer gate dielectric are still inferior to thoskinorganic dielectric materials. Moreover,
sensitivity to gate bias stress in OTFTs with tlwdymer dielectric, resulting in threshold
voltage shift depending on the direction of gatéage sweeping, has been often found and
reported[14]. Cross-linked PVP is that PVP blendsh wome cross-linking agent and then
treats with UV light or thermal curing to make P\@ross-linked. Cross-linked PVP is
insoluble in common solvents, and it could be pa#dé using standard microelectronic
etching methodologies, moreover, it has a pretiydgmechanical strength and flexibility so
that it is one of the prospective materials as gattectric. Few studies reported the reasons

of the threshold voltage shift and the unreliabdddvior of OTFTs with organic dielectrics
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[15]. Hence, no report has mentioned about optinfRu® curing conditions for cross-linked
of polymer chains, which may substantially influeribe electrical properties of polymer gate

dielectric films and further influence the reliatyilof the OTFTs with polymer gates.

2.4 Device Fabrication of Self-Organized TFTs on tnPET

Substrate

2.4.1 Process Flow of Self-Organized TFTs

1. PET substrate adhesion on the silicon wafer vattuum tape.

2. Substrate cleaning with deionized (DI). water

3. Deposition Ti/ Pt = 2 nm / 20 nm as the. gateeawn/ electrode layer: Sputter system at
base pressure = 2 x 4@rr; metals were déposited continuously withowaliing vacuum

4. Spin-on dielectric layer (PVP liquid: 8 wt% BVPwt% PMF, 2.4 wt% PAG in the solvent
of PGMEA), 1000 rpm for 60 seconds, exposing urg&snm UV light for 1 minute and
then baking in a vacuum chamber under 42@or 10 minutes to make PVP cross linked.

5. Ti/ Pt =2 nm/ 20 nm as the adhesion/electtager: Sputter system at base pressure = 2
x 10°%orr; metals were deposited continuously withoetaling vacuum

6. P. R. lift-off to define source/drain electrodesACE with ultrasonic agitation

7. ACE + IPA cleaning the surface.

8. The first HMDS SAMs growth in a high temperat(#&dC) and low pressure (lower than
20 torr) in oven which was full of HMDS steam.

9. Spin-on photo resist (FH6400), 1000 rpm for #0osids, then 4000rpm for 30 seconds
(uniformity and thickness consideration) and litregghy (with active region mask)

10. HMDS removing from surface excluding activeioegwith PDC-3XG Q plasma, the
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power about 5.4 Walt.

11. Growth the second OTS SAMs: putting the samghel 1 ml OTS liquid in a
negative-pressure box in R.T for 45 minutes and tiaking in vacuum chamber (180
for 1 hour).

12. P.R removing by A.C.E with wet striping.

13. Dip casting P3HT: 0.5 wt. % P3HT in DCB solveahd then baking in a vacuum

chamber under 12T for 1 hour.

We can simply present this process with diagranmopatbcess flow irfig. 2-18

2.4.2 Physical Properties of TFTs

2.4.2.1 Optical Microscopy Images

In the optical microscopy, we took four pictureswh infig. 2-19 fig. 2-20fig. 2-21,

andfig.s 2-22(a)(b)which proved some obvious phenomenon in thesedmég fig. 2-19

the device was fabricated on the PET substratdepss on silicon wafer by vacuum tape.
The silicon wafer (holder) could be re-used, if want to manufacture the device again. This
is for cost down and environmental consciousnEgs.2-20shows the PET substrate which
was bended 180 degree. The curvature is an imggortaameter for flexible substrates. The
flexible PET substrate can be applied on the teldthes, RFID card and flexible electronic
newspaperskig. 2-21 shows the image of P3HT OTFT device clearly wighf-erganized
method. The P3HT polymer was deposited self-orgagl where the active region was with
lower surface energy. The reason for self orgaiimatvill be discussed physically with

surface energy later.

2.4.2.2 AFM and SEM Analyses
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In the AFM imagesfig. 2-23showed that the polymer were assembled at the @&ttpe
active region. The possible direction of self-ongation is from center to the edge. The
vertical distance of green dot is 90.726 nm anddadis 66.742 nm. The gap of two dots is
23.258 nm. We could also analysis the phenomermm 8EM images. The tilt view and top

view of the devicef{g. 2-25, fig. 2-24)show that the P3HT film on the cross-linked PVP

dielectric was confined at the edge of active regio

2.4.2.3 The Thickness and Roughness of PVP and P3HT

The thickness of PVP and P3HT are 635nm and §Emps 2-26 (a), (b)] Cross-linked

PVP dielectric constant is 4.1, so that the dielecapacitance is calculated by the formula:
Crvp= exeoXtyyp (flc?). It is believed that the conducting channel inFJ% is confined to a
few monolayers at the organic dielectric interf§t@]. Studies on pentacene-based devices
showed 0.9 and 2-3 nm accumulation layers deperatirtpe dielectric and the applied gate
bias [17-18]. Even though working OTETs have beedenwith a monolayer of P3HT, the
semiconductor layer in most OTFTs has a thicknasging from a few tens of nanometers to
hundreds of nanometers which is much larger tharatcumulation layer thickness [19]. The

roughness of PVP and P3HT are few nanomdtéis 2-27, 2-28] It is obviously to be

observed that film deposited on the PET substesidd to a rough surface. It might be the

adhesion of the adhesion titanium metal gate lsypot as well as that on the silicon wafer.

2.4.3 Electrical Characteristics of OTFTs on PET Shistrate

According to these measurements, the Self-Organizds exhibited superior electrical
characteristics to those of other active layergoaétd OTFTs on the plastic substriggy.s

2-29, 2-30] The measured device's width (W) is 1000um anchobhlength (L) is 2pm,

This Self-Organized device's is about 5.73%16nf/V-s. The threshold voltage is about
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2.66V (Vbs=40V). The \, is low and could be applied in the some low pow@isumption
electronic products. ThewWlorr ratio is 2.04x1H(A/A). And organic polymer is easier doped
by oxygen molecules under ambient. Thg/lbrr ratio of all recent cross-linked PVP
dielectric OTFTs researches is fronT 16 1¢f, and our results could be compared with other

ones.

2.4.4 Energy Dispersive Spectrometer (EDS) Mapping

Analysis
In order to observe whether the P3HT molecule degmbsself-organizingly only in

active region corresponds to the previous reporhatt The EDS mapping was used to

confirm it. Fig. 2-32 Fig. 2-33 showed the'EDS mapping result of self-organizethate

The chemical structure of the P3HT had been shoviaigi. 2-34 In P3HT skeleton, it shows
the chemical formula with {gH12S.

Because of PVP and P3HT molecules also containonadmd hydrogen atoms. The
P3HT molecules contain sulfur atoms, but the PVReowes don’t contain it. That is the
difference between the P3HT and PVP molecules.hi8oBDS spectroscopy was used to
detect the sulfur(S) distribution among the PETstalbe.Fig. 2-31 showed the SEM image
of the Self-Organized TFTs. Two reference bloclkgae were selected, one was inside the
active regiorFig. 2-31(a)and the other one was outside the active reffan 2-31(b)], and
then EDS analysis was performed to reveal the coeoof the element within the block
region. The signal of sulfur(S) atom was detecteside the active region and fitted
automatically by computer prograrkig. 2-32 showed the relative abundance of sulfur
distribution.Fig. 2-33showed the EDS analysis outside the active rediba.result indicated

that no sulfur atoms existed outside the activéoreg
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Chapter 3
Different Structures of Self-Organized
Organic/Inorganic TFTs

3.1 Background

Patterning of liquid films using nonlithographickamiques has attracted interest due to
lower cost and better suitability to devices madeomanic or inorganic which can be
dissolved in the solvent [3.1]. Liquid patterning essential for fabrication of electronic
devices, optical storage media and mechanical de\&:2]. Additionally, liquid patterning is
important for improving the practical performanderocro-nanomechanical devices.

In this chapter, we discussed the :different kindd ehickness of thermal oxides to see
what do they affect the performance .of the P3HT TsIH hen we optimized the dielectric
deposition parameters to obtaifn the better elecharacteristics for further electrical circuit

application.

3.2 Non-Patterned Gate and Patterned Active Region

Self-Organized OTFTs

How to pattern the organic semiconductor activeeday organic devices is a really
critical issue. It is required in applications swahflexible color displays or polymer/organic
light emitting diode displays or backlight [3.3-B.#he purpose of patterning the active layer
is to reduce the leakage currents, crosstalk betwd@cent devices, and unwanted parasitic
capacitance, these led to not only a higher cirepérating speed but also better performance

characteristics gn/lorr ratio, for instance). Patterning the active regisneven more
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important to self-organized OTFTs when they shamedommon gate, in which case the
leakage through the gate dielectric is more sigarft [3.5]. Several methods of patterning
small molecules can be seen in the literature,deposition through a shadow mask [3.6],
integrated shadow mask [3.7], or patterned growtB][ However, these kinds of patterning
methods could not be applied to polymer semicormu@TFTs because the polymer
semiconductor’s un-evaporation physical quality emdvacuum. Here we used the
spin-coating technique to deposit the active lafeBelf-Organized OTFTs instead of vacuum
deposition which was comparable with the pattertechnology through shadow mask.
Furthermore, one of the most common methods falepahg OTFTs consisted of either a
water-soluble resist or a protective paryldager followed by a regular photoresist p of
the polymer, which was acted as an etch mask. §ubs#y the polymer layer is etched by
oxygen plasma. [3.9-3.10]

In this thesis, we employed.a self-organized paittgr process for P3HT OTFTs. The
process described in this thesis could-also, applgther organic semiconductors and we
discussed in Chap. 4. One of the handicaps ofptiltisess was the observed degradation of
the photolithographically patterned transistor parfance. Recent reports showed a mobility
of 6.1 x 10° cnf/V s and 16 cnf/V s for the photolithographically active layer f@ahed
pentacene and P3HT OTFTSs, respectively [3.11-3@@hsidering a typical mobility of 0.1
cnf/V s and 0.01 cAiV s for un-patterned pentacene and P3HT OTFTgertively
[3.13-3.16], there were more than two orders of iltgldegradation after the patterning
process. Therefore, we focused on not only howet@ldp a low cost and convenient process
that is compatible with inexpensive plastic sulisgabut also the electrical characteristic

enhancement of OTFT devices such as mobiliy] e ratio, and operating frequency etc.

3.2.1 Process Flow
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[ —

. Initial RCA cleaning

N

. 100 nm thermal-oxide layer: furnace wet oxidaiad 980 C

3. Ti/ Pt =2 nm/ 20 nm as the adhesion/electtager: Sputter system at base pressure = 2
x 10°torr; metals were deposited continuously withoegling vacuum

4. P. R. lift-off to form source/drain electrodesACE with ultrasonic agitation

5. ACE + IPA cleaning

6. HMDS modification layer growth in a high temptera (156C) and low pressure (lower

than 20 torr) oven which was full of HMDS steam.

\‘

. Spin-on passivation layer for active region withography (active region mask) via photo
resistance FH6400, 1000 rpm for 10 seconds to eromand 4000rpm for 30 second to
control thickness about/dm.

8. HMDS removing from surface excluding active oegwith PDC-3XG Q plasma with

power of 5.4 Walt.

9. To grow OTS modification  layer,—-we_put the saen@gind 1 ml OTS liquid in a
negative-pressure box in R.T for.45 minutes and theking in vacuum chamber (X0
for 1 hour).

10. P.R removing by A.C.E with wet striping.

11. Dip casting of P3HT with 0.5 wt. % P3HT in DGBIvent, and then baking in a vacuum

chamber under 120C for 1 hour.

We can simplify this process to diagrammatic predsv infig. 3-1.

3.2.2 Scanning Electron Microscope Analysis

Here showed the images of devices with the patteraetive regions via this
self-organized method on the thermal oxide. Thenobhlength is about 10uffig.3-2]. The

evaporation mechanism of the solution is from cetdesidewall. And the average P3HT
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thickness on the channel is about 80piw. 3-3 (a)]. Even if the scale is to 200nm, the

thickness outside the active region is to be dosgero.[Fig. 3-3 (b)]

3.2.3 Electrical Characteristics Analysis

Fig. 3-4showed the transfer characteristics of two P3HTFTS[ one was without active
region patterning and the other was with activaomegatterning. The non-patterned P3HT
device showed thesi/loer ratio of 13. After patterning the active region, theullorr ratio
was dramatically improved from 1o about 10 because of the reduction of the P3HT film
coverage, which was confined only between the sddrain electrodes. The mobility of
patterned Self-Organized OTFT was slightly increfisen 0.00038 to 0.00279 (éfW-s)
compared with non-patterned one. The. characten$tibese two OTFTs was listed tiable

3-1

3.2.4 Modification of Oxide Surface

The SAM modification on the SiOgate dielectric surface improved the molecular
ordering of semiconducting layer in OTFTs, leadea tsignificant improvement in transistor
performance. Similarly, the mobility of P3HT TFTashalso been reported to improve by
orders of magnitude upon modification of the S@ate dielectric substrate by hydrophobic
SAM, possibly through lowering of the surface eneod the gate dielectric and removal of
residual surface water and other polar groups poiateposition of the polymer [3.17], or by
inducing microstructure changes through specifteractions with functional groups of the
polymer [3.18]. Molecular ordering in semicondust@an be manipulated to vary degrees
through controlled solvent evaporation [3.19], pdsposition annealing [3.20], and substrate
surface chemistry [3.21-3.24]. For example, modifan of the gate dielectric surface with

HMDS, as shown ifig. 3-5(a) led to improved OTFT performance [3.25]. The nataf
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these groups apparently attracts the hexyls sidenstof P3HT heat to tail (HT) in electrical
structure and transport. Similarly, a significarttigher mobility of F8T2-TFTs was obtained
using a dielectric surface modified with OTS, asweh infig. 3-5(b)[3.26]. Because of these
reasons, in our research, we discuss two conditbadgferent modification layers as below:
1. HMDS layer; 2. @ plasma treatment add OTS layer. There are HMD®r lay oxide
surface after source/drain deposition duo to tleeess of lithography, so the purpose of O
plasma treatment is to destroy the HMDS layer amowe other chemicals on the oxide
surface.

The detail experimental method was described bel$iMDS molecules were
chemically bonded with the hydroxyl groups on tixé&e surface in a high temperature (150
°C) and low pressure (lower than 20 torr) oven whics full of HMDS steam. In order to
remove the HMDS from the process of lithography,emgployed Q plasma for ten minutes
to make the surface of SiCclean and without-any organic chemicals. To growSO
modification layer, we put the-sample-and-1. ml/@dsid in a negative-pressure box in R.T
for 60 minutes and then baking in‘vacuum ehamb@® {C for 30 mins).

Fig. 3-6 showed that theptVs curves of OTFT with different modification layaie
found that if we treat the surface with, @lasma, W shifted to positive apparently. We
thought that if we did with @plasma treatment, P3HT not only arrange well @ndannel
region but on the top of source and drain, leadintarger leakage current from the bulk. In
order to get lower leakage current, we only treatéth HMDS to improve adhesion and
regioregularity between the polymer chain and tkide surface [3.27]. After treating SIO
surface with HMDS, the hydroxyl groups at the oxsleface would be replaced by methyl
groups and the polar nature of these groups apbaegtracts the hexyls side chains of P3HT,
favoring lamellae with an edge-on orientation.

The modification OTS molecules with long alkane inkgprovided the higher driving

current, [3.28] which allowed them to interact wdimilar features in the structure of P3HT
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via induced dipole dispersion forces. The alkarershin OTS extend perpendicularly to the
SIiO, surface. However, there must be HMDS layer onesidrface after S/D deposition duo
to the process of lithography. So the OTs layer tioale deposited after,(lasma treatment

to destroy the HMDS layer. This process causesehitgakage current and also suppresses
the bn/lorr ratio. If we deposit OTS layer on HMDS layer, theVs curves showed two

steps of increasing current because of the difteredification layer on the oxide surface.

3.3 Patterned Gate and Patterned Active Region
Self-Organized OTFTs

3.3.1 Process Flow

1. Silicon Wafer with 500nm thermal oxide as buff&ide

2. Deposition Ti/ Pt = 2 nm /°20. nm as-the gatieeatbn/ electrode layer: Sputter system at
base pressure = 2 x 46orr; metals were deposited continuously withaeaking vacuum

3. Depositing 100 nm PECVD oxide.

4. Deposition Ti/ Pt =2 nm/ 20 nm as the S/Demithn/ electrode layer: Sputter system at
base pressure = 2 x 4trr; metals were deposited continuously withoeaiing vacuum

5. P. R. lift-off in ACE with ultrasonic agitatioand then the residual Pt metal formed the
source/drain electrodes.

6. ACE + IPA cleaning

7. HMDS molecules growth in a high temperature (3&pand low pressure (lower than 20
torr) oven which was full of HMDS steam.

8. Spin-on passivation layer for active region withography used photo resistance FH6400,

1000 rpm for 10 seconds to be uniform and 4000 i@n80 second to control thickness
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about 1y m.

9. HMDS removed from surface excluding active ragwith PDC-3XG Q plasma, the
power about 5.4 Walt.

10. To grow OTS modification layer, we put the sé@mpnd 1 ml OTS liquid in a
negative-pressure box in R.T for 45 minutes and theking in vacuum chamber (180
for 1 hour).

11. P.R removing by A.C.E with wet striping.

12. Dip casting P3HT with 0.5 wt. % P3HT in DCB\sait, and then baking in a vacuum
chamber under 12T for 1 hour.

We can simplify the step process to diagrammabcess flow irfig. 3-7

3.3.2 Scanning Electron -Microscope and Energy [psrsive

Spectrometer Mapping Analyses

Here showed the images of active layer. and gaterpatl self-organized OTFTs on the
PECVD oxide. The evaporation mechanism of solut®nfrom center to sidewall, and
sidewall was thicker than the middg. 3-8]. P3HT thickness on the channel is about 87nm
[Fig. 3-9].

In order to determine whether the P3HT film wasficau in active region corresponds
to the previous report or not, function of EDS magpwas used to confirm iig. 3-11,
Fig. 3-12 showed the EDS mapping result of self-organizethate The chemical structure
of the P3HT was shown fing. 2-34 In this fig., the P3HT chemical formula isH14S.

The function of EDS was used to detect the suljuaf® carbon(C) distribution on the
SIiO, surface.Fig. 3-10(a) showed the SEM image of the self-organized TFTsef@rence
block region was selected to across the activeregnd outside active regidirig. 3-10(b)],

and then EDS analysis was performed to reveal kwmesmt component inside the block
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region. The signal of sulfur(S) and carbon(C) eletsavas detected and fitted automatically
by computer progrankig. 3-11showed the relative amount of sulfur distributiéig. 3-12
showed the EDS analysis outside active region. fHsailt indicated that no sulfur atom

existed.

3.3.3 Electrical Characteristics Analysis

Fig. 3-13 showed the transfer characteristics of two OTHIsth of OTFTs W/L was

1000um/10um, one was patterned with RIE system #ned other one was with this
self-organized method. We had been discussed abewutxygen influence for P3HT lifetime
with RIE etching by oxygen plasma. And the leakageent of the RIE patterned device will
be serious increased. Thalloer ratio of the device was both about 2 X.1But the mobility

of Self-Organized OTFTs was increasesfrom 0.00@1@.00075 (cAiV-s). The characteristic
of these two OTFTs was listed Tiable 3-2n this €lectrical characteristic analysis, thiere
an issue of OTFTs dielectric. The- dielectric caafford high voltage. We will discuss and

optimize in the next section.

3.4Dielectric Optimized for OTFTs Applications
The experiment for dielectric optimization was &alize electrical circuit application.
We have four oxide deposition parameters. Theres wdferent PECVD (Sik#N,O at 300

°C) oxide thicknesses with 100nm, 200nm and 30(QRig. 3-13 ~ Fig. 3-15]

3.4.1 Breakdown Mechanism

The breakdown phenomenon determines the highedicalple voltage and limits the

power-handling capacity of the devices. Therefdm@akdown voltage is as important as
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transconductance or threshold voltage in OTFTsriéfly introduction will be made to the
mechanisms of avalanche breakdown, gate oxide #ogakand punch-through breakdown.

Avalanche breakdown: when the drain of an OTFTiasdd at high voltage (negative
voltage for \b), a high electric field is built up in the deptatiregion at the junction between
channel and P3HT bulk drift region. Carriers in thepletion region, either thermally
generated or drift current from channel regionndanetic energy from the electric field. If
the field is sufficiently high, these energeticras can create new electron-hole pairs by
impact ionization. The newly created electrons hatés also gain kinetic energy from the
electric field and create additional electron-hodérs. These electrons and holes in turn create
other electron-hole pairs through the same ways Tdarrier-creating process is called
avalanche multiplication. Eventually, device breakd occurs due to the high current result
from this avalanche multiplicatiofig. 3-18shows an OTFT transistor operated a&\¥25,
Vp=0V, which is a near breakdown condition. The maximimpact ionization generation
rate is taking place near the silicon.surface-uiitells beak.

Gate oxide breakdown: Gate oxide breakdown is plessi the gate bias is pushed
beyond the supply voltage limit. The typical valaé electric field that gate oxide can
withstand is around 10 MV/cm. If the electric fiall the gate oxide exceeds this value, a
leakage path may appear and cause device break@atm.oxide breakdown is a destructive
process. Once it occurs, device is destroyed.

Punch-through breakdown: punch-through is a phenomassociated with the merging
of the source and drain depletion regions in thFkQTONce punch-through occurs, any
increase in the applied drain voltage will lowee thotential energy barrier for majority
carriers in the source. With the lowering of theriea, carriers can be easily injected in to the
channel region and collected by the drain. Thusparease in drain current with increasing

drain voltage is observed. Device under this caoiteferred as punch-through breakdown.
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3.4.2 Electrical Characteristics Analysis with Diferent Oxide

The gate bias applied to an OTFT can vary from -49®¥40V or more depending on its
various applications. With this wide range of apg@lvoltages, it is obvious that a single gate
oxide thickness may not equally meet the requiré¢ragall these applications. For this reason,
OTFT with different gate oxide thickness are fafrgxl for different levels of gate biaAll
measurements were performed on OTFTs with W/L=11ID@hder room temperatureFig.

3-17 andFig. 3-18showed the breakdown characteristics of devicéis eviferent gate oxide

thickness. An approximate expression for the breakdvoltage is given by [29], which can
be used to qualitatively understand the correlabetveen breakdown voltage and gate oxide

thickness:

Ecr +i]........................[EquationS-l]
20Ng. Cox

VD= £sEarl
E. is as critical electric field ‘of avalanche breakto Vgp: Vs of the point at whichd
reaches 50uA when p# -25V: The only term related to gate oxide thicknés Cox. As
discussed earlier, Cox decreases with thicker gaite thickness. Thus, as depicted in the
equation, device with thicker gate oxide has highexakdown voltage As gate oxide
thickness increases, gate capacitance per unit(@awes e ox/tox) decreasedrig. 3-19shows
the b-Vs characteristics of different gate oxide thickneseasured at y= -40V. The
decrease in transconductance is caused by thersanfenism that degrades drain current in
thicker gate oxide. Also shown in the fig. is aftsim the characteristic curves. This implies a
different threshold voltage in different gate oxitl@ckness. As mentioned earlier, the
threshold voltage of an OTFT can be expressed as:

V2NA -2 ¢ ~ Qox
C

0X COX

Virmfmst2 f+———————————— o [Equation 3-2]

dms - Work function difference between metal and silicon

qés : Energy difference between Fermi level & intrinserfai level
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As gate oxide thickness increases, gate capacitpeceunit area (COxT ox/tox)
decreases. Consequently, Yhcreases with increasing gate oxide thickngéable 3-3shows

measured ¥ increases with gate oxide thickness.

3.4.3 Atomic Force Microscope (AFM) Analysis

The AFM graphs with different thicknesses of oxidese shown ifig. 3-20 (a) (b) (c)

As gate oxide thickness differed, the variatiomhi@ vertical electric field was responsible for
all the changes in parameters. The edge of 100k glate oxide was 121.03nm high, so that
there will induce to a large electric field in thdge protrusion region. That led to an easier
oxide breakdown source when applied gate bias.lIirntde optimum oxide thickness for
application was a critical issue. The gate oxidekitess of 300nm can be employed in driver

circuits where the high stability,was obtained vagplying high gate bias.

3.5 The Surface “Energy Calculating Via Contact

Angle Measurements

The sessile drop contact angle method with twaeckfiit probe liquid§Table 3-4] was
used to measure the surface energy of HMDS and $A\&s treatment oxide surface. Probe
liquids (10 pul, 0.010 ml) were transferred with &mpipette onto the oxide and Pt electrode
surfaces with different SAMs treatment. Two secoafier placement of the liquid droplet, a
digital (pseudo static) image of the droplet wapteeed utilizing a computer-based digital
image acquisition card (frame grabber) and a cheogled device (CCD) camera. Using the
digitally recorded images, the contact angles efdlops on both sides (left and right) were
measured and averaged with digital image analysfisvare [Fig. 3-21]. Each drop was
placed on a wafer portion of a growth ring on thegential surface for HMDS and on the

other surface for OTS. After each drop, the expental strips were moved to obtain a new
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surface under the pipette tip for repetitive measwents (Shen et al. 1998). The
Good-Girifalco (geometric mean) and Chang equatiwwase used to calculate the surface

energy of HMDS and OTS treatment composite surf@agdner et al. 1999).
D__D P__P :
W=@+cos)p, =2(r O xr Y2+ xr Y2 [Equation 3-3]

where:6 = contact angle,

yL = surface tension of the liquid (mJm

vs = surface energy of the solid (m3jm

d = non-polar (dispersive) component of surface gnerg

P = polar component of surface energy.
The average measured contact angles obtained frifferedt HMDS and OTS SAMs
treatment surfaces utilizing a series of probeidigwere summarized ihable 3-5 In general,
the HMDS treatment surface,*an organometallic pvas®e, resulted in an increase in
contact angles of water (74% and diodomethane: (59% compared with the bared oxide
surface ((water (61.8 and diodemethane (53%). This was expected due to the different
physical and chemical characteristics'of both sadatested. In the OTS treatment surface,
however, both water and diodomethane contact angges increased even more than that of
of HMDS treatment surface. The increase in congexgjle on surfaces tested represents a
reduction of surface energy (Pocius 1997).

Known values ofy., y.°, y." for the probe liquids (water and diodomethanewshin
[Table 3-4] and their actual measured contact angles on HMISQA'S treatment surfaces
[Table 3-5] were used to calculate the total surface eneydl) (of the different SAMs
modificated solid surfaces including polag) and the dispersiveyf) component§Table
3-5], as described by Gardner et al. (1999). The disperenergy was elevated using the
geometric mean formula [Equation 3-4]. At firste tthiiodomethane contact angle was used to

)1/2

determine thes” value Assuming 1.° y&)*? = 0, simplifies as:
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(1+cos€)rL=2(rE><r[S))1/2......................... [Equation 3-4]

Rearranging term results in:

r g = %r L L+ cos@)2 ............................... [Equation 3-5]
Where:y, =y,° for non-polar liquids.
So we can obtain the the dispersiy€’ component in equation 3-5. Then the water contact
angle was used to elevate the pofdr) component with the known®, y.° , v.” , 1.
Total surface energy results afigr calculation with the dispersives{) component:

Total D
's =rs

FL e, [EQuAtion 3-6]
The surface energy values in the OTFT device wsted inFig. 3-22 The surface energy
of active region (HMDS region: Si037.4 nd/crhand Pt, 40.7 nJ/cnin P3HT OTFT
was higher than that of the non-active region’(@dgon: SiQ, 24.5 nJ/crhand Pt, 31.9
nJ/icnf). The surface energy-is related to the wettabiifythe surface with different
chemically SAMs modifying, -ex. iIHMDS-and OTS. Therfage with higher surface
energy is easy to wet with the".contact liguid. léans that the contact liquid easily
adheres to the substrate surface with higher su@ergy than that with lower surface
energy. When P3HT solution flowed across the desigbstrate surface, it selectively
wetted the active region (HMDS modified surfaceghleir surface energy) and dewetted
the non-active region (OTS modified surface, lowerface energy). The P3HT solution
was trapped (wetted) in the higher surface energg,at was difficult to escape because
the lower surface energy (dewetted) area was ardui®b the P3HT active region was
confined after this self-organized process. The ®EIPSS water solutions were also
compatible with this method. Because the HMDS @i modified surfaces both are
hydrophobic. Water solution cannot stay at theirfames any more. So the simple

hydrophilic and hydrophobic theory can’t explaire teelf-organized phenomenon well.

Here, this surface theory is better to explain gda-organized phenomenon and makes
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someone understand clearly. Despite the differensarface energy values with different
chemical modifications, the solution will wet therface with higher surface energy when
it has choice. We had demonstrated a unique, ngadterning plat-form for

dissolved/well-dispersed solutions via two-stepnaisal modification layer growth.
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Chapter 4
Novel Self-Organized Method Applied on
Different Organic/Inorganic Materials

A novel double gate structure of P3HT OTFT was d#dwricated, the purpose of this
structure to control the threshold voltage by Imgsihe top gate voltage. Moreover, several
other active materials were also applied, such F&r® and Pentacene Precursor. Those
intentions let us manufacture the N-type TFT angde TFT and combine them to act as the

complementary TFTs.

4.1 Double Gate Qrganic Thin-Film Transistor

4.1.1 Background

Recent advances in material development and priogesschniques [4.1] have resulted
in significant performance gains of solution-pramas OTFTs. Throughout this progress,
despite proposed new geometries, such as verticainel OTFTs, [4.2] the standard planar
devices remained basically unchanged, with TFTcatres, implemented in bottom gate (BG)
or top gate (TG), as the most common configuratidlesw structures and geometries, such as
the double-gate-OTFT (DG-OTFT), which is already edis in the inorganic
metal-oxide-semiconductor field-effect transist®fqSFET) research field, [4.3] could help
to achieve further performance improvements withsighificantly affecting the process
complexity. The main application for OTFTs are siwés, [4.4] which require high values of

lonloee ratio (16) and reduced power dissipation in the off statewever, the leakage
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currents through solution-processed polymeric sisus and processing issues often limit the
minimum insulator thickness and consequently tlededtric capacitance Ci. High values of
Vg and \b are then required to achieve the desired drairentitevel, which is intrinsically
limited by the low carrier mobility of conjugatedlgmers. We demonstrated the DG-OTFT
structures, an increased drain current can be \&hias a consequence of two effects: The
accumulation of carriers at the second semiconducsnlator interface; and under specific
conditions, the capacitive coupling between on¢heftwo channels and the opposite gate.
Furthermore, since the electrostatic potential thiedcarrier density in the whole film became
a function of the second gate bias, to a certatenéxthe threshold voltagenand the
off-state current can be tuned.

The DG-OTFTs with simplified geometry was descriliefig. 4-1(a) with a combination
of a TG stacked on a BG OTFT; the two devices sh#re source and drain electrodes and
the semiconductor layer, while the two gates caddssgned to be independent or electrically
connected. In our case, the DG-OFET.-structure Wwaagy asymmetric, due to differences
between the production processes of bottom andgatp OTFT structures. Two different
insulators with different dielectric constants dhatknesses have been used in this study, led
to different capacitances and different insulaEmgonductor interfaces. The gate controlled
the metal-insulator-semiconductor structure wita bigher capacitance (Ci), which will be
responsible for the higher contribution to the drairrrent, and be referred to as the primary
gate. In our study the primary gate was the botjate. The top gate in our study therefore
was referred to as the secondary gate. The ratwelea the top and bottom capacitances C
/Cgi significantly affectsedthe device operation. Tlious operation modes for the device
can be separated into single-gate and double-d@x® (modes. For single gate operation,
either a TG or BG was obtained when the correspgngate was biased while the other gate
was connected to ground. The DG bias modes fopitype DG-OFET were describedfig.

4-2. Applying simultaneously different independentsbiavels to the TG and BG (¥, Vge)
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d

rove the device in an asymmetric bias mode (ABYoth gates were connected to the same

voltage source, the DG-OTFT was operated in thensgtmc bias mode (SB). In both cases,

the double accumulation regime 1340, Vgs<0) or the double depletion regime +3»0,

Vec>0) were obtained, respectively, when both gate® wesed with the same polarity; the

application of opposite bias polarities to the gaabowed one to operate a depletion OTFT,

where the device (on) were switched off by biaging of the gates positively; we called this

the mixed mode.

4.1.2 Process Flow

The DG-OTFT structure was based on the Non-Patayate OTFT.

1.

2.

Initial RCA cleaning

100 nm gate-oxide layer: furnace wet-oxidatb880 ‘C

Ti/ Pt =2 nm/ 20 nm as the adhesion/eleetlagier: Sputter system at base pressure = 2

x 10°%orr; metals were deposited continuously withoetaling vacuum

P. R. lift-off to form source/drain‘electrodesACE with ultrasonic agitation

ACE + IPA cleaning

. HMDS molecules growth in a high temperature {C30and low pressure (lower than
20torr) oven which was full of HMDS steam.

. Spin-on passivation layer for active region withography used photo resistance FH6400,
1000 rpm for 10 seconds to be uniform and 400080 second to control thickness
about um.

. HMDS removing to from surface excluding actiegion with PDC-3XG @ plasma with
power of 5.4 Walt.

. To grow OTS modification layer, we put the san@nd 1 ml OTS liquid in a

negative-pressure box in R.T for 45 minutes and theking in vacuum chamber (@D
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for 1 hour).

10. P.R removing by A.C.E with wet striping.

11. Dip casting P3HT with 0.5 wt. % P3HT in DCB\sait, and then baking in a vacuum
chamber under 12G for 1 hour.

12. Spin coating PMMA with EA as the solvent asletiric buffer layer, then baking in a
vacuum chamber under 1@for 0.5 hour.

13. Sp coating the PVP dielectric layer (PVP liquBlwt% PVP, 4 wt% PMF, 2.4 wt% PAG
in cyclohexanol), 1000 rpm for 60 seconds, exposinder 365nm UV light for 1 minute
and then baking in a vacuum chamber under’@20r 10 minutes to make PVP cross
linked.

14. Ti/ Au = 2 nm/ 20 nm as the adhesion/eledriager: Sputter system at base pressure =
2 x 10%orr; metals were deposited contintiously withoeling vacuum

15. P. R. lift-off to form source/drain electrode@sACE with ultrasonic agitation.

We can simplified the step process:flow. 1o-a-diegretic process flow shown fig. 4-3

4.1.3 Result and Discussion

A set of output curves measured for a p-type DG-DWere shown irfig. 4-4 and fig.
4-5, where the bias of the TG is floating and the B&wsed as “control” electrode. The
threshold voltage was 2.6V, mobility is 0.002%¥s, current on and off ratio were 3.5X10

The output curves showedfig. 4-6 andfig. 4-7 when BG was floating and TG was used as

“control” electrode. The threshold voltage is 3.4%bility is 0.01 crfYVs, current on and off

ratio is 1.2x18. We have got high mobility in this biased voltagée contact resistance of
source and drain was lower than first biased m@te.cross-linked PVP dielectric will trap a
lot of carriers. With respect to the case whereBReelectrode was floating diamonds, the

output curves, measured with the BG negativelydalasquares were shifted toward higher
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current values.

The transfer characteristics of the DG-OTFT wasshawFig. 4-8 where the 4% was
plotted, respectively, for the asymmetric bias m@adB) and symmetric bias mode (SB)
(inset) accumulation bias modes. For asymmetrisifig the BG voltage was swept from
+40V to —40V, while the TG was biased with differeonstant negative and positive voltage.
The field effect mobility was estimated from thenas with Vtc= 0 V in the saturation
region (\bs= —40 V) by invertinggquation 4-1[4.5]

Ip = (W/2L) -1 Ci(Vg = Vin)® cv oo [Equation 4-1]
Where W=1000 um, L=10 um, and€6.4 X 10° flcn?, was the measured capacitance per
unit area; the field effect mobility was about 3Xi@nf /Vs. The transconductance in

saturation, defined as:
ol .
Om = (aTD)Vchonst: W/L)xuxCi x(Vg =V1H) ---+--...... [Equation 4-2]
G

It remained the similar slopes-of'the curves indgbadratic region. Frorfig. 4-9, it was clear
that the set of curves was shifted. “up-and left"ewhincreased negativery voltages.
Consequently, the threshold voltage, indicatedhayintercepts of the dashed lines with the
Vg axis, moved from a value of 32.8 V to a value 8f7~V for Vpb=—40 V. We interpreted
this shift of i, as the result of an increasing hole carrier denkibugh the whole P3HT film,
including the top interface, resulting in the fith of traps at lower TG voltages. This is
confirmed by the off current shift iing. 4-9which was dependent on the BG bias. In this case,
no significant improvement of the on/off ratio da@ expected, due to the increase of the off
current. Here we had successfully modulated thestiold voltage from 32,8 V to -3.7 V by
biasing different top gate voltages. Moreover, thisiple DG-OTFT structure has a great

potential in circuit applications which need a ltweshold voltage.
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4.2 Other Soluble Active Materials fabricated by
Self-Organized Methods

4.2.1 [9,9]-DioctylfluoreneCo-Bithiophene Copolymer (F8T2)

Deposition
We deposited the F8T2 active material with 1 wt%d Z& CHC} solvent, then cured at
28) ‘C for 1 hour. Polymer thin film transistors basedtha polyfluorene F8T2 exhibit a
nonohmic contact resistance, particularly wherha ¢oplanar device geometry. We showed
F8T2-TFT b—Vg transfer curve ijFig. 4-13] with W/L is 1000um/10um. The diode-type
relation was attributed to the contact injectioopgarties of the metal Schottky barrier. No
significant increase in mobility:with gate or drdield was observedtig. 4-10showed image

of F8T2-TFT with self-organized method.

4.2.2 Pentacene Precursor Deposition

We deposited the Pentance precursor active mateitbhl 10mg precursor in CHEI
solvent, then cured device 13C for 1 hour. Recent research reported the fabonatif
pentacene-TFTs via such a precursor route. [4.@] maximum charge-carrier mobilities
were about 18 cnf/Vs. Here we presented a synthetic concept towasdlble pentacene
precursor, which might also be applied to the sgsighof even higher acenes. Furthermore,
we showed the optimum the conditions for the cosieer of the precursor into pentacene
leading to a moderate value of the charge-carr@ility. Fig. 4-11 showed the good image

with this self-organized method.
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4.2.3 ZnO Deposition

We deposited the ZnO active material with 1 wt%tinoxyethanol solvent, and cured at
300°C for 1 hour. Recently research has focused on TWitls substituting traditional
amorphous silicon by a popular TCO materiaZnO. ZnO film deposited at room
temperature reveals polycrystalline with a hexagonatize structure and has a preferred
orientation with the c-axis perpendicular to théstate. Un-doped ZnO film behaves as an
n-type transparent semiconductor due to the defaath as zinc interstitials and oxygen
vacancies. It has a wide band gap (~-3.37eV) wjtical transmission about 75% in the
visible portion of the electromagnetic spectrun’[4The main advantage of using ZnO deals
with the fact that it is possible to growth highatjty polycrystalline ZnO films at room
temperature [4.8]. Besides that, thin_films basedZoO have been studied for several years
for their low cost, low photo sensitivity;rne emmental concern, and especially the high
mobility [4.9]. TFTs using ZnO as channel layeralfuexhibit normally-on state, because
the excess carries are over 4€m® in as deposited states [4.10]. We got the moderate

mobility (0.316 cri’Vs) of the ZnO device shown [fig. 4-15] and the image of it shown in

fig. 4-12.
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Chapter 5
Summary and Conclusions

In this research, the novel and unique sel&oied organic/inorganic TFT devices were
proposed. At first, we fabricated the P3HT OTFTidewn the PET plastic substrate with this
method. The patterned active layer is without ahysgal damages and the manufacturing
process is very easy and low cost under low curémgperature with 126C. The current
On/Off ratio approached {0and it might not be used in the LCD display tistass. The
OTFTs on the PET substrate showed the threshotdgehnd mobility with 2.66V and 55
10° cnf/Vs. This moderate threshold voltage could be apipiti the RFIDs, displays or some
application which needn’t high current on/off ratio

Furthermore, we optimized theithickness, of therméde with patterned active layer and
patterned metal gate OTFT devices on the silicofervdhe optimum 300nm thickness of
thermal oxide exhibited the fjowest leakage curnemtier operating that leaded to a high
breakdown voltage. Gate patterning is hecessarfuftiter application in complicated circuit.
The inverter and ring oscillator is our furtherrmland high current on/off ratio about °1i
usefully to apply to our future electrical circuit.

Threshold voltage control is also an interestingjguot in OTFT research field. Among
the OTFT devices, the high threshold voltage isgaidsue for further application. We also
fabricated the DG-OTFT devices with this simplyfseljanized process, we can modulate
the threshold voltage from 32.8V to —3.7V. Withstleixcellent controlling of the threshold
voltages, the complementary OTFT (C-OTFT) could @stan inverter which was mostly
applied in many electric circuits.

This novel self-organized method showed an importéat-top building with
inorganic/organic active materials. The organicHP3F8T2 and pentance precursor) and

inorganic (ZnO) have been deposited and confingtinvithe active region. This ZnO TFT
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showed the high mobility 0.316 éA's.
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Fig. 1-4 The schematic of vacuum evaporator.
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Fig. 1-5 A photograph of a spin-coater.
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Fig. 1-6 The schematic of spinning coating.
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Grate
Buffer Layer

Silicon Wafer

Fig. 2-1 The top contact structusghere both source and drain contact pads are tlegpas

top of an active layer through a shadow mask.

S/D S/D

Buffer Laver

Fig. 2-2 The bottom contact structure, where daaid source contact metal is patterned on

the gate dielectric prior to the active layer defos.

50



b

Fig. 2-3 The OM ‘RIE-Patterned active ragio

Fig. 2-4 The OM graph of Self-Organized active oegi
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Modification laye

Dielectric

N* Silicon Wafer

Fig. 2-5 The structure of coplanar OTFT.

(@) (b)

Fig. 2-6 The (a) finger type and (b) Stripe typearse and drain with width/length is

equal to 1000um/10um
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P.R. patterned, sputtering deposition, spin-on

Pt(50nm)/Ti or Cr(3-5nm) P3HT, baking in
for electrode and adhesion vacuum chamber,
layer (120°C,45mins)

P.R.
Thermal oxide
N+ 5i

l Lift off the P.R.

Fig. 2-7 The process flow of conventional OTFTs.

Thermal oxide
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Thermal oxide
N+ Si

Thermal oxide
N+ S§i

HDP-RIE
(O, plasma 200 s)

Thermal oXide
N+ Si
Fig. 2-8 The process flow of RIE-patterned OTFThwibn-patterned gate
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(1) Buffer Layer 1000nm (4) Patterned S/D , PYTi (7) Lithography to Patterned Active Region
, contacthole (BOE)  Thick PR 462

#3

(2) Patterned Gate

Al (2nm) (5) Spin P3HT in Tolune (8) HDP- _
a1 about 1000rpm Curing 140°C 0.5H B IB%ERI%:F%)S”WE’&- : 510000%

— Process Pressure : 10 mTorr
-0,:40 s¢c 200 s

(3)PECVD Oxide

100nm (6) Spin PMMA as passivation

Top View

Fig. 2-11 The SEM image of PR stacking on OTFT.
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Fig. 2-12 The SEM image of RIE-patterned on the P&kh.
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Fig. 2-13 (a)~(d) The gate induced leakage (i.egHte current) g) increased with gate bias
and was much higher at lowepyand peaks atps =0 V.
Io-Vp curve of patterned active layer OTFT was showthis fig..
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Fig. 2-14 (a) Thed-Ve curve. This showed an OTFT with low gate inducgkage current.
While the b offset was reduced significantly, the drive cutrdor the transistor was
comparable to the non-patterned devices. (b) TMeaDrve. CV plots of AI/AI2O3/P3HT/Au

(MOS) capacitor with undoped spun P3HT film ateli#nt frequencies. The oxide thickness

was nearly 82 nm.
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Fig. 2-15 The fig. depicted variations of substitatgth during the actual OTFT process.
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Fig. 2-16 PET film offers superior optical propesiin comparison with PC, ARTON and
glass substrates.

OH
PVP

Fig. 2-17 Poly (4-vinylphenol) (PVP) is one of tm@st popular gate materials.
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{1) PET adhere to holder (4) Patterned Source/Drain  (7) Drop Organic,

The OTS reacts with the (-OH) on

dielectric
R e B
(2) Patterned Gate - -

(5) HMDS+Active PR lithography
(3) PVP dielectrics

&O2 Plasma+OTS monolayer

- Top View

(6)PR strlpped

Fig. 2-18 The step process flow was shown intcagrdimmatic process flow.

Fig. 2-19 Device was fabricated on the PET subestnatth to plaster on silicon wafer by
vacuum tape. Holder could be re-used, if we manufadche device again.
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Fig. 2-20The fig. shows the P ate could be curvéddegree. If we called

Fig. 2-21 This number shows the method called sej&nized with P3HT clearly. P3HT
was flow into active region, where this region wath lower surface energy.
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(@)

(b)

Fig. 2-22 (a) The active layer etched by RIE-pattdr(b) The active layer patterned by

self-organized.
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Fig. 2-23 The fig. showed that the polymer was aded at the active edge of active
region. Its might be the mechanism of self-orgashisefrom center to edge. The vertical
distance of green was 90.726nm and red is 66.742Zhmvariation of two was 23.258nm.
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15.0kV 17.5mm x50.0k SE(M)

Fig. 2-24 The tilt view SEM image.

T"P“‘"" e | = = =

P3HT

Fig. 2-25 The top view SEM image.

7.5mm x150k SE(M)

Fig. 2-26 The thickness of PVP and P3HT were 63&nth81nm.
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Fig. 2-28 AFM image of P3HT film.
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Fig. 2-29 The -V curve of OTFT.on'PET substrate witlh240V, W=1000um L=25um.
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Fig. 2-30 Thed-Vp curve of OTFT on PET substrate, W=1000um L=25um.
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15.0kV 13.9mm x100 SE(M) 500um 15.0kV 13.9mm x100 SE(M)

(a) (b)
Fig. 2-31 (a) showed the SEM image of the Self-Osd TFTs. A reference block region
was selected inside the active region and (b) deitsie active region.

kel

Fig. 2-32 The fig. showed the relative countswfus distribution.
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1500,

6]
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Fig. 2-33 The fig. showed an alyses with-patterned active region.

FEHT

Fig. 2-34 The chemical structure of the P3HT.
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(1)n+ silicon as gate  (4) HMDS+Active PR lithography

&0, Plasma+OTS monolayer

(2)CVD Oxide or
Organic dielectrics

(5) PR stripped

£y

(3) Patterned Source/Drain
(6) Drop Organic, The OTS reacts with the (-OH) on dielectric

Fig. 3-1 The step process flow was shown to a diagnatic process flow.

15.0kV 15.4mm x10.0k SE(M)

Fig. 3-2 Self-Organized method on the thermal oxids allowed patterned active region.
The channel length was about 10um.
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Fig. 3-3 P3HT thickness on the channel is aboutrB(a). This showed that even if the scale
is up to 200nm, the thickness outside the actig@rewas to be close to zero (b).
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Fig. 3-4 The fig. showed the transfer charactessdif two Self-Organized OTFTs, one
without and the other with the patterned P3HT.
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| Si

(a) (b)
Fig. 3-5 The monolayer of (a) HMDS (b) OTS

T T T T T T T 1
40 30 20 10 0 -10 -20 -30 -40

Vs(V)

Fig. 3-6 This fig. showed that thg-V ¢ curves of OTFT with different modification layer.
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(1) Buffer Layer (4) Patterned Source/Drain  (7) Drop Organic,
The OTS reacts with the (-OH) on

- ) =

(2) Patterned Gate

1
# (5) HMDS+Active PR lithography -

&.O2 Plasma+OTS monolayer

#1

(3)CVD Oxide or

Organic dielectri
rganic dielectrics (6)PR strlppe d

Fig. 3-7 The step process flow of patterned gatepatterned active layer with self-organized

was shown to.a diagrammatic process flow.

15,0V 15.1mm x30.0k SE(M)

Fig. 3-8 The fig. showed evaporating mechanisnoft®n which is from center to edge

sidewall.
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15.0kV 13.8mm x100k SE(M)

Fig. 3-9 P3HT thickness on the channel was aboutn87
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Fig. 3-10 The (a) showed the SEM image of the sgj&nized TFTs. A reference block region
was selected inside the active region and outbieattive region in (b).
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Fig. 3-12 The fig. showed the EDS analyses out$idective region.
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Fig. 3-13 The fig. sh

Fig. 3-14 The OM image of PECVD (SiHN,O@300 ‘C) oxide thickness with 100nm.
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Fig. 3-15 The OM image of PEC) #HN.O@300°C) oxide thickness 0f200nm.

Fig. 3-16 The OM image of PECVD (SiHN.O@300°C) oxide thicknessof 300nm.
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Fig. 3-18 The showed the-V ¢ characteristics of devices with different gatedexihickness.
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Fig. 3-19 This fig. showed__tﬁé-i\/G.cpata{pféristics of different gate oxide thickness
“ measured aty=-40V.
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Fig. 3-20 The AFM graphs which different thicknessdes were shown in this fig.s (a)
100nm, (b) 200nm and (c) 300nm.
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Fig. 3-21 The digitally recorded.images, the consagles of the drops on both sides (left and
right) were measured and averaged.with digital inagalysis software.
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Fig. 3-22 The surface energy computed values if©&RET device.
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PVP Dielectric

Dielectric
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N Silicon Wafer

.-~ Double
* Depletion

Mixed mode

- Symmetric Bias Mode (SB) (Vy¢= Vg )

Fig. 4-2 The DG bias modes for the p-type DG-OFEE wescribed in this fig..
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(1) Drop Organic (3) Pattern Top Gate, Sputter (Au/Cr)

The OTS reacts with the (-OH) on #a
dielectric

1

(2)Spin PMMA-+PVP,
Curing 100°C (0.5Hr)

PVPp
PMMA

Top View

. ) #

Fig. 4-3 The step process flow of DG-OTFT.
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Fig. 4-4 The $-V electrical characteristics of TG floating and Bi@ased.
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Fig. 4-5 The p-Vp electrical:characteristics of TG floating and Biased.
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Fig. 4-6 The p-V electrical characteristics of BG floating and Tiased.
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Fig. 4-7 The $-Vp electrical characteristics of BG floating and Tiased.
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Fig. 4-8 The transfer characteristics of the DG-DT#ere shown in this fig., where thg'F

is plotted, respectively, for the asymmetric biasde (AB).
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Fig. 4-9 From this fig., it was clear that the skturves was shifted “up and left” when

AR
Rl

1 L% oy - -I-E: &
increased _neganHgvo ltages.
Ed= 5\
o — = L =
- 7 L

Fig. 4-10 This fig. showed the successful in fadtian F8T2-TFT with self-organized

method.
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Fig. 4-11 This fig. showed successful in fabricat®kentance-TFT with self-organized

N od.

Fig. 4-12 This fig. showed successful in fabricatitnO-TFT with self-organized method.
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Fig. 4-13 The fig. showed F8T2-TF V¢ curve.
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Fig. 4-14 The fig. showed Pentance-TFT to obtanltkVs curve.
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Fig. 4-15 The fig. shewed ZnO-TFT to obtain tbeVs curve.
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Table 1-1: Comparisons of TFTs with different metisrfor the channel region.

Amorphous Si | Poly-Si Organic
Status Mature Developmentf  Result
Mobility(cm /Vs) | 0-1-1.0 50-200 0.0001-1
Uniformity Good Poor Good
Stability Poor Good Very Poor
Cost Low High Very low
lon/loff >106 >106 103-108

Table 2-1The bn/lorr, mobility and-threshold voltage of conventionaftprned P3HT

without patterned-gate and patterned P3HT withepagid gate .

(a) Conventional

(b) Patterned

(c) Patterned P3HT

P3HT and Patterned Gate
Mobility
1.2X10° 9.0x10% 1.4X10*

(cm?/V-s)
landlome 10° 5x10P 2x1(¢
Threshold

26.6 20.12 18.73
Voltage (V)
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Table 2-2: General requirements of plastic sulesrigr LCDs.

Parameter Require Standards
Temperature stability As high as possible
Thermal expansion coefficient = 50 ppm/K
Irreversible shrinking < 1/20 of pixel pitch
Surface roughness = 10 nm
Transparency = 90%

Permeation of kD

< 0.15 g/m24 hr at 46C
and 90% relative humidity

Permeation of ®

< 0.1 cr/me24 hr

Chemical resistance

etchants, solvents and other
chemicals used in display
manufacture

Table 2-3: This table summaries substrate proggeitigr organic polymeric backplanes

specially synthesized.for display fabrication.

PROPERTIES | UNIT PET| PC | PEN | PI
Density glcnt 14 | 1.2 | 136 | 1.43
Total Light

9 % 80 |90 |87 | <30
Transmittance
Tg C 78 150 | 121 410

Using Temp. T

105 | 125 180 240

Heat Shrinkage| % (Machine Direction) | 1.5 [ 0.7 | 0.03 | 0.2
(150C/30min) | %(Transverse Direction) 0.2 [ 0.5 | 0.02 | 0.1
CTE ppm/C 15 |70 |13 20
Moisture

St : % 014|104 (014 |13
Absorption
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Table 3-1: The characteristic of these two OTFTs ligied in this table.

u

W/L=1k/10 on/off ViV
(cm?/V.s) (V)
Self-Organized
. J _ 2.79x10° 1.96x10 17.44
Active Region
Conventional
Y 3.8x10* 2.1x10 26.6

(Un-Patterned)

Table 3-2: The characteristic of these two OTFTs ligied in this table.

u

W/L=1k/10 on/off Vi(V
(cm?/V.s) (V)

RIE-Patterned
_ _ 1.4x10* 2x10" 20.12

Active Region

Self-Organized
g 7.5x10% 1.95x1d 14.85

Active Region
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Table 3-3: The table showed measuregdintreases with gate oxide thickness.

W/L= u
1000um/10um | (cm?/V.s)

100nm 2.90x10° 5.14x10G

4.69x10° 1.30x16

4.24x10° 1.18x10

Table 3-4: The sessile drop contact angle methtdtwio probe liquids, there was used to
measure the surface energy of treated HMDS and Difi&ces treatment.

Probe liquid YL 'YLd 'YLd

(mIm?) | (mIin?) | (mIin?)

Diiodomethane 50.8 50.8 0
Water 72.8 21.8 51
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Table 3-5: The average measured contact anglemebtiiom differentially treated HMDS

and OTS composite surfaces utilizing a series olb@liquids.

rZOta' =r’xre | Diod'angle | H:Oangle | rg re Surtace Energy
SiO, bare 53.9 61.5 32.074 14.641 46.715

SiO, HMDS 59.46 74.8 28.886 8.524 37.409

SiO, plasma 43.15 25.76 37.991 32.009 70.001
SiO; plasma OTS | 69.67 98.2 23.058 1.514 24572

Pt bare 40.87 86.96 39.170 1.627 40.797

Pt HMDS 41.9 85.2 38.641 2.129 40.771

Pt Plasma 35.8 87.62 41.655 1.185 42.841

Pt Plasma OTS 56 95.07 30.875 1.027 31.902
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