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New Semiconducting Multi-branched Conjugated Molecules Bearing 3,4-Ethylene-
dioxythiophene-based Thiophenyl Moieties for Organic Field Effect Transistor
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Abstract: New 7-conjugated multi-branched molecules were synthesized through the Horner-Emmons reaction
using alkyl-substituted, 3,4-cthylenedioxythiophene-based, thiophenyl aldehydes and octaethyl benzene-1,2,4,5-
tetrayltetrakis(methylene) tetraphosphonate as the core unit; these molecules have all been fully characterized. The
two multi-branched conjugated molecules exhibited excellent solubility in common organic solvents and good self-
film forming properties. The semiconducting properties of these multi-branched molecules were also evaluated in
organic field-effect transistors (OFET). With octylirichlorosilane (OTS) treatment of the surface of the SiO, gate
insulator, two of the crystalline conjugated molecules, 7 and 8, exhibited carrier mobilities as high as 2.4 ( 0.5)x107
and 1.3 (= 0.5<10™ cm?V™'s™!, respectively. The mobility enhancement of OFET by light irradiation (A = 436 nm)
supported the promising photo-controlled switching behavior for the drain current of the device.

Keywords: conjugated semiconductor, multi-branched molecule, mobility, organic field effect transistor, organic pho-

totransistor.

Intreduction

Organic semiconductor materials based on extended lin-
ear 7-conjugated systems have been very intriguing and sig-
nificant developments have been achieved in these materials
over the last several years.'” In the exploration of the appli-
cation of organic semiconductors in electronic devices, the
organic field effect transistor (OFET) is an important com-
ponent for developing future flexible displays, accompanied
by organic light emitting materials. *’

To develop a flexible field effect transistor, a,a-dialkyl-
sexithiophene and its derivatives have been intensively
employed as an active layer material in OFETs*" How-
ever, there is still a lack of sufficient solubility for an effi-
cient solution process.

Compared with the linear organic conjugated oligomers
and polymers used in OFETS, multi-branched molecules
have a number of advantages, including the ability of a sin-
gle molecule to demonstrate multi-functionality. The syn-
thesis of 7#conjugated multi-branched molecules raises the
possibility of creating thiophene derivatives that are fully
tethered to the aromatic core, which can be synthesized by a
convergent route. Furthermore, the solubility problem in
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conjugated linear oligothiophene is mostly overcome under
a dendritic architecture.”” Recently, we also demonstrated
some soluble star-shaped molecules that showed good solu-
bilities, film forming properties, and reasonably high field
effect carrier mobilities.”

In the past, the EDOT unit has been employed to improve
the conjugative effect and planarity of conjugated thiophene-
based oligomeric molecules. Turbiez ef al." suggested that
the analysis of the crystallographic structure of two hybrid
quaterthiophenes confirms that the insertion of two adjacent
EDOT units in the middle of the molecule leads to a self
rigidification of the conjugated systems by intramolecular
S++Q interactions. We also designed multi-branched mole-
cules bearing ethylenedioxythiophene (EDOT) moieties in
the periphery. An improvement in the planarity and conju-
gation effect could be expected and this can affect the car-
rier mobility in two star-shaped molecules.

Another interesting feature of the synthesized molecules
is the ability to exhibit photosensitivity, to increase the drain
current in OFET devices under light irradiation. The control
of charge transport properties, including the charge concen-
tration in the active layer of OFETs through both the gate
bias and incident light, can lead to an enhanced mobility for
OFETs and/or to the development of new types of optoelec-
tronics, such as photo-transistors, photo-controlled memory
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devices, etc.!>1

In this study, we prepared crystallizable multi-branched
conjugated molecules containing EDOT-based thiophenyl
or bithiophenyl moieties as dendritic wedges. We employed
the Horner-Emmons method to tether the dendritic wedges
to the core, which was free from the transition metal catalyst.
Octaethyl benzene-1,2,4,5-tetrayltetrakis(methylene)tetra-
phosphonate was used as the core unit for the new semicon-
ducting dendritic molecules. We then investigated the opti-
cal properties, thermal properties, electrochemical properties,
and photophysical properties of the new multi-branched
molecules. OFETs based on these molecules were fabri-
cated using a spin-coating method on bare silicon oxide.
Si0, treated with octyltrichlorosilane (OTS) was also em-
ployed to enhance the field effect carrier mobility. They
exhibited interesting light harvesting properties and a pho-
tosensitivity that could be used to increase the drain current
in the phototransistor devices by the irradiation of light. A
promising drain current switching behavior was observed,
raising the possibility of applying them to optoelectronic
memory devices.

Experimental

Synthesis. Compounds 1, 2, 3, and octaethyl benzene-
1,2,4,5-tetrayltetrakis(methylene)tetraphosphonate, 6 as a core
unit were synthesized by following the method described in
the literature, along with a modified method.!”"®

5-(7-Hexyl-2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yDthio-
phene-2-carbaldehyde, 4. A mixture of 1 (4.20g, 8.13
mmol), 2 (1.85 g, 9.75 mmol), and [Pd(PPh;)] (0.18 g, 0.16
mmol) in dry DMF (50 mL) was heated to 80°C under
argon. After completing the reaction in 24 h, the reaction
mixture was cooled to room temperature. After 100 mL of
water were added, it was extracted with chloroform. After
drying the solution with sodium sulfate, it was concentrated.
The resulting crude product was then purified by silica gel
column chromatography (eluent; chloroform) to yield 2.29
2 (84%) of 5-(7-hexyl-2,3-dihydrothieno[3,4-b][1,4]dioxin-
5-ylthiophene-2-carbaldehyde, 4.

' NMR (400 MHz, CDCL): 6 (ppm) 9.85 (s, 1H), 7.66
(d, J=4.0 Hz, 1H), 7.20 (d, J= 4.0 Hz, 1H), 4.38 (m, 2H),
4.28 (m, 2H), 2.68 (1, /= 7.3 Hz, 2H), 1.59-1.67 (m, 2H),
1.25-1.39 (m, 6H), 0.87 (t, /= 8.0 Hz, 3H).

BC NMR (100 MHz, CDCly): § (ppm) 182.69, 145.89,
140.46, 14022, 138.10, 137.29, 122.23,120.68, 107.54,
66.56, 64.62,31.72, 30.42, 28.99, 26.16, 22.80, 14.31.

HRMS m/z caled for C;Hy0sS,. [Nal+, 336.08, found
336.10. )

"-(7-Hexyl-2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yI)-2,2 -
bithiophene-5-carbaldehyde, 5. The preparation method
was the same as that for 4. Instead of 5-bromothiophene-2-
carbaldehyde, 2, 5-bromo-2,2“bithiophene-5-carbaldehyde,
3 was employed. The resulting crude product was then puri-
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fied by silica gel column chromatography (eluent; chloro-
form) to yield 0.97 g (80%) of 5'-(7-hexyl-2,3-dihydrothi-
eno[3,4-b][1,4]dioxin-5-y1)-2,2 “bithiophene-5-carbaldehyde,
5.

"H NMR (400 MHz, CDCL): 6 (ppm) 9.83 (s, 1H), 7.65
(d, J=4.0Hz, 1H), 7.25(d, /J=4.0 Hz, 1H), 7.21 (d, /= 4.0
Hz, 1H), 7.07 (d, J= 4.0 Hz, 1H), ), 4.34 (m, 2H), 4.26 (m,
2H), 2.65 (t, J = 8.0 Hz, 2H), 1.58-1.63 (m, 2H), 1.22-1.39
(m, 6H), 0.89 (t, /= 8.0 Hz, 3H).

BC NMR (100 MHz, CDCL): & (ppm) 182.52, 147.92,
141.14, 138.60, 137.70, 135.22 133.08, 126.66, 123.55,
128.20, 120.22, 118.20, 107.64, 65.49, 64.69, 31.75, 30.53,
29.02, 26.05, 22.81, 14.32.

HRMS m/z caled for C21H2203S3. [Na]+, 41807, found
418.07.

1,2,4,5-Tetrakis((E)-2-(5-(7-hexyl-2,3-dihydrothieno{3,4-
b][1,4]dioxin-5-yl)thiophen-2-yl)vinyl)benzene, 7. An oven
dried, mag, stirred, 100 mL of round bottom flask (RBF)
was charged with 4 (0.56 g, 1.67 mmol) and 6 (0.27 g, 0.4
mmol) in 50 mL of freshly distilled THF. The reaction was
stirred for 0.5 h followed by the addition of potassium fert-
butoxide (1.12 g, 10.0 mmol). After completing the reac-
tion, the solution was poured into ethanol to collect the pre-
cipitates. Purification was performed by reprecipitation into
ethanol. Yield 0.33 g (60%).

'H NMR (400 MHz, CDCL): & (ppm) 7.65 (s, 2H), 7.21
(d, J=12.0 Hz, 4H), 7.16 (d, J= 12.0 Hz, 4H), 7.06 (d, /=
3.6 Hz, 4H), 7.01 (d, J=3.6 Hz, 4H), 433 (m, 8H), 4.24
(m, 8H), 2.64 (t, J= 8.0 Hz, 8H), 1.56-1.63 (m, 8H), 1.28-
1.39 (m, 24H), 0.89 (t, J= 8.0 Hz, 12H).

BC NMR (100 MHz, CDCL): 6 (ppm) 140.76, 137.99,
137.86, 135.01, 134.88, 127.98, 127.37 124.78, 124.59,
122.61, 117.06, 108.50, 65.39, 64.76, 31.80, 30.63, 29.93,
26.03,22.85, 14.37.

HRMS m/z caled for CH»05S;. [Nal+, 1406.40, found
1406.37.

1,2,4,5-Tetrakis((E)-2-(5-(7-hexyl-2,3-dihydrothieno[3,4-
bl[1,4]dioxin-5-yI)-2,2 -bithiophen-5-ylvinyl)benzene, 8.
The preparation method was the same as that for 7. Instead
of 5-(7-hexyl-2,3-dihydrothieno[3,4-b][ 1 ,4]dioxin-5-yl)thio-
phene-2-carbaldehyde, 4, 5-(7-hexyl-2,3-dihydrothieno[3,4-
b][1,4]dioxin-5-y1)-2,2 ~bithiophene-5-carbaldehyde, 5 was
employed. After completing the reaction, the solution was
poured into ethanol to collect the precipitates. Yield 0.16 g
(65%).

'H NMR (400 MHz, CDCL): & (ppm}) 7.62 (s, 2H), 7.16
(d, J=12.0 Hz, 4H), 7.13 (d, J= 12.0 Hz, 4H), 7.09 (d, J=
4.0 Hz, 4H), 7.06 (d, J=4.0 Hz, 4H), 7.03 (d, /=4.0 Hz,
4H), 7.00 (d, J = 4.0 Hz, 4H), 430 (m, 8H), 4.22 (m, 8H),
2.65 (t, J=8.0 Hz, 8H), 1.60-1.65 (m, 8H), 1.23-1.39 (m,
24H), 0.91 (t, /= 8.0 Hz, 12H).

BC NMR (100 MHz, CDCL): & (ppm) 141.79, 137.90,
137.25, 134.95, 134.86, 133.07, 12745, 126.78, 124.56,
124.50, 123.66, 123.12 122.80, 122.11, 116.98, 108.24,
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65.36,64.72,31.71, 30.48,29.85, 26.03, 22.72, 14.11.

HRMS m/z caled for CyH,,0,8;5. [Nal+, 1734.35, found
1735.17.

Instrumental Analysis, The thermal properties were
studied in a nitrogen atmosphere on a Mettler DSC 821¢
mstrument. A thermal gravimetric analysis (TGA) was con-
ducted on a Mettler TGAS0 (temperature rate 10°C/min
under N,). The redox properties of the multi-branched mol-
ecules were examined by using cyclic voltammetry (Model:
EA161 eDAQ). Thin films were coated on a platinum plate
using chloroform as a solvent. The electrolyte solution
employed was 0.10 M tetrabutylammonium hexafluoro-
phosphate (BuyNPF,) in a freshly dried MC. Ag/AgCl and
Pt wire (0.5 mm in diameter) electrodes were utilized as the
reference and counter electrodes, respectively. The scan rate
was 30 mV/s, Atomic force microscopy (Digital Instru-
ments Multimode equipped with a nanoscope IlTa control-
ler), operating in a tapping mode with a silicon cantilever,
was used to characterize the surface morphologies of the
samples. The film samples were fabricated by spin-coating
(1,500 rpm) on silicon wafer followed by drying at 70°C in
a vacuum (solvent: chloroform, conc. of the solution: 5 mg/
mL).

Absorption and Photoluminescence (PL) Spectros-
copy. In order to study the absorption behavior, films of two
molecules were fabricated on quartz substrates as follows.
The solution (3 wi%) of each molecule in monochloroben-
zene was filtered through an acrodisc syringe filter (Milli-
pore 0.2 um) and subsequently spin-cast on quartz glass.
The films were dried overnight at 70°C for 48 h under vac-
uum.

Absorption spectra of the samples in the film and solution
states (chloroform, conc. 1% 107 mol/L) were obtained
using a UV-VIS spectrometer (HP 8453, photodiode array
type) in a wavelength range of 190-1,100 nm. PL spectra of
the solutions were acquired on a Hitachi F-7000 FL Spec-
trophotometer.

OFET Fabrication. Bottom-contact OFET devices were
fabricated using gold source and drain electrodes, which
were thermally evaporated using the conventional method.
A p-doped polycrystalline silicon was used as a gate elec-
trode, with a 250 nm bare and surface modified SiO, layer
used as a gate dielectric insulator. The deposition of a self-
assembled monolayer (SAM) with OTS on the SiO, gate
dielectric was performed by following the method described
in the literature.”®

The gold was deposited onto the untreated and OTS-
treated Si0, surface via thermal evaporation. A 400 nm
thick film of the semiconductor layer was deposited at 25 °C
by spin coating a 2 wt% monochlorobenzene solution of the
multi-branched molecule. It was then dried and annealed at
a specific temperature for 1-0.5 h.

The current-voltage (/-¥) characteristics of the OFETs
using PATE-H and P4TTE-H molecules were measured
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under a vacuum below 107 Torr by using a Keithley 237
SMU. A wire bonder (Kunche & Sona 4524) was used for
the electrical path between the Au electrodes and the chip
carrier for the OFETs. A mercury-xenon lamp (Spectra-
Physics 66902} and monochromator (Newport 77250) were
employed for the light source. The optical power was mea-
sured by using an optical power meter (Thorlabs PM120)
connected to a sensor {Thorlabs §130A).

Results and Discussion

Synthesis. We report here the facile and high-yield syn-
thesis of new p-type EDOT-based multi-branched semicon-
ducting molecules. Scheme I illustrates the synthetic routes
for molecules 7 and 8. These four-armed crystalline multi-
branched molecules contain 5-hexyl-7-(5-vinylthiophen-2-
y1)-2,3-dihydrotheno{3.4-b][1.4] dioxine or 5-hexyl-7-(5"vinyl-
2,2 “bithiophen-5-y1)-2,3-dihydrotheno[3,4-b][ 1,4] dioxine as
the dendritic wedge, respectively.

5-Bromothiophene-2-carbaldehyde, 2 and 5-bromo-2,2*-
bithiophene-3-carbaldehyde, 3 were prepared by following
the method described in the literature.'™® Two bromo
aldehydes were condensed with tributyl(7-hexyl-2,3-dihy-
drothieno[3,4-b][1,4}dioxin-5-y1)stannane to yield 4 and 5
via the Stille coupling method.

Horner-Emmons coupling of octaethyl benzene-1,2.4,5-
tetrayltetrakis{methylene) tetraphosphonate, 6 and EDOT-
thiophene-based carbaldehyde produced the conjugated mole-
cules, 7 and 8, with a good yield of 60-65%. The resulting
material was then purified by silica-gel column chromatog-
raphy or reprecipitation into ethanol. The identity and purity
of the synthetic materials were confirmed by 'H, C NMR,
and high resolution mass spetrometer (HRMS). They were
found to have good self-film forming properties and were
well soluble in various organic solvents, such as chloro-
form, xylene, MC, chlorobenzene, and THF.

In particular, the solubility of thiophene based multi-
branched molecules by inserting an EDOT unit proved to be
considerably better than those we reported in the past.”” The
solubility of the synthesized molecule is higher than 2.0 g/
100 mL chlorobenzene at RT.

Thermal Analysis. When we employed the EDOT-based
thiophenyl multi-branched molecules for OFET applica-
tions, their thermal stabilities and dynamic behaviors were
emphasized for device fabrication. The thermal properties
of 7 and 8 were characterized by differential scanning calo-
rimetry (DSC) and thermogravimetric analysis (TGA). DSC
measurement was performed at a heating (cooling) scan rate
of 10 (—10) °C/min under nitrogen with the highest tempera-
ture limited to below the decomposition temperature. The
P4TE-H and P4TTE-H exhibited distinct crystalline-isotro-
pic transitions at 261 and 166°C, respectively. Exothermic
peaks at 184 and 102°C in P4TE-H and P4ATTE-H, respec-
tively, were thought to be cold crystallization temperatures
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Scheme 1. Synthetic procedure for new conjugated multi-branched molecules. PATE-H, 7 and PATTE-H, 8.
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Figure 1. DSC thermograms of two conjugated multi-branched molecules. (a) PATE-H; (b) P4TTE-H.

(see Figure 1).

TGA measurements at a heating rate of 10°C/min under
nitrogen revealed that 7 and 8 had good thermal stabilities.
Compared to the onset decomposition temperature of DH-
6T, which is around 309°C, these crystalline molecules have
enhanced onset decomposition temperatures (~381-388°C).
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Optical and Photoluminescence (PL) Properties.
Figure 2 shows the absorption and emission spectra for the
solutions and thin films of the two molecules. Compared to
DH-6T (CHCI; solution, A%& =438 nm; A7 =517, 550
nm), the maximum absorption of PATE-H displayed a blue
shift of 7 nm in a solution state, with a value of 431 nm. At
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Figure 2. Optical absorption (UV/Vis) and emission (PL) spectra of PATE-H and P4TTE-H. *Sample: solution and thin film. (a)
P4TE-H, excitation wavelength: 420 nm. (b) PATTE-H, excitation wavelength: 420 nm (solution); 440 nm (film).

the same time, PATTE-H showed a maximum absorbance at
452 nm, which is highly red-shifted. This can be mainly
attributed to the longer conjugation length of the molecule.

We observed a drastic spectral change in the film states of
P4TE-H and P4TTE-H, which was attributed to a high
degree of intermolecular interaction. For instance, in the
P4TE-H thin film after annealing at 150 °C, the absorption
spectrum was significantly red-shifted, with clear vibronic
transitions at 405, 498, and 535 nm, which are attributed to
the formation of an ordered structure with intermolecular 7
stacking.?®@ (see Figure 2(a)).

However, no vibronic absorption peaks were discernible
for the PATTE-H thin film, possibly due to the small extent
of the intermolecular interaction, and no annealing effect
was observed.

The two molecules, PATE-H and P4TTE-H, exhibited
featureless PL spectral behaviors with emission maxima at
557 and 561 nm in solutions, respectively, as seen in Figure
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2. The PL emission maxima showed a bathochromic shift
with increasing conjugation lengths. The longer conjugation
length in P4TTE-H induced a distinct red-shifted emission
wavelength.

The PL spectra in solution states revealed a smaller
Stokes shift for PATTE-H (ca. 109 nm) than for PATE-H
(ca. 126 nm) on photoexcitation due to a more rigid ground
state geometry, which was consistent with less structural
reorganization. In addition, the emission shoulder was
observed at 625 nm, which is due to intermolecular interac-
tion, This implies that the close placement of the EDOT and
thiophene ring is more effective at enhancing the planarity
of the molecules and self-rigidification in PATTE-H.

Properties of OFET Made of Multi-branched Conju-
gated Molecules. Bottom-contact OFET devices were fab-
ricated using gold source and drain electrodes which were
thermally evaporated using the conventional method. P-
doped polycrystalline silicon was used as the gate electrode,
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Figure 3. Output (a) and transfer (b) characteristics of OFET made by spin coating of P4TE-H from a monochlorobenzene solution,

annealed at 100 °C for 30 min.
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Figure 4. Output (a) and transfer (b) characteristics of OFET made by spin coating of P4TTE-H from a monochlorobenzene solution,

annealed at 150°C for 30 min.

with a 250 nm bare and OTS-treated Si0, surface layer used
as the gate dielectric insulator. The gold was deposited
onto the bare and OTS-treated SiO, surface via thermal
evaporation.

A 400 nm thin film of the semiconductor was deposited
by spin coating a 2 wt% monochlorobenzene solution of the
molecules. In order to achieve optimal performance, the
P4TE-H and PATTE-H OFET devices were further annealed
at 150 and 100°C, respectively, for 30 min.

The output characteristics showed very good saturation
behaviors and clear saturation currents that were quadratic
to the gate bias (Figures 3 and 4). The field-effect mobili-
ties, prpp can be calculated from the amplification charac-
teristics, by using the classical equations describing field-
effect transistors.”! The average mobility values obtained
from the measurement of 10 samples are listed in Table L.
The transistor devices made from P4TE-H and PATTE-H
with OTS treated SiO, provided field effect average mobili-
ties of 2.4 x 107 and 1.3 x 10 cm®V7's™,, respectively,
together with current on/off ratio of around 10° and low
threshold voltages (V< —15 V). The best mobilities for the
devices made of 7 and 8 were 2.9 x 10~ and 1.8 x 107
cm*V's™, respectively, which are an order of magnitude
higher than those obtained with devices using a bare SiO,
layer. When using the bare SiO, gate insulator, the mobili-
ties were much lower than those with OTS-treated SiO,
(Table I). The device fabricated with P4TE-H exhibited
higher carrier mobility, even though the conjugation length
was relatively smaller. The intermolecular interaction was

clearly evidenced by absorption spectroscopy in the film
state. This resulted in a highly efficient carrier transport
phenomenon in the device made of PATE-H.

To explain why 7 exhibited the higher mobility, we inves-
tigated the surface topography and coverage of the dielectric
layer using AFM. In addition to the long-range molecular
structural organization, the AFM micrographs display well-
resolved surface structures on the dielectric layer. There-
fore, we analyzed the topography of the semiconducting
layer on the SiO, layer. We prepared a solution of each mol-
ecule and then performed spin coating to cover the dielec-
tric surface with the respective molecule. After drying and
annealing were complete, we took the two micrographs
shown in Figure 5. '

7 shows a compact surface structure with larger crystal-
lites. 8 is comprised of smaller crystallites than 7. It can be
assumed that the highly packed crystalline molecules on the
dielectric layer and the larger size of the crystallites helps
the carrier transport by facilitating good connections and
transport behavior. The novel multi-branched architecture
provides a clear confirmation of the considerable improve-
ment in charge-transport efficiency obtained.

Photo-controlled Properties of Organic Thin Film
Transistor. Figure 6(a) compares the source-drain current
characteristic curves as a function of gate bias (I-V},) for the
P4TE-H based OFET devices in dark and light (4., =436
nm, power =362 uW/cm?) conditions. In this experiment,
we used an OTS-treated SiO, gate insulator in the TFT
device. Typical p-type transfer characteristics were observed

Table 1. Measured and Calculated Parameters of New Star-shaped Molecules

T, T abs o o Energy Level omax (€ V) L/lLg

€O (O @m) @V () THoMO(eV) LUMO (eV) Si0,  OTS-8i0, Si0, OTS-SiO,
PATE-H 261 381 431 217 557 -5.13 296 63x 107 24x10° =100 210°
PATTE-H 166 388 452 202 561 -5.07 ~3.05 40x10°  13x10° 2100 210°

“HOMO-LUMO gap (£,) measured according to the cutoff wavelength of absorption spectrum (E, = 1,240/ 4,7 €V).
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(b)

Figure 5, AFM height images (10 pm x 10 um). (a) P4TE-H, 7; (b) PATTE-H, 8.
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Figure 6. (a) Comparison of IV, characteristic curves on a logarithmic scale for the y-axis of PATE-H based OPT devices in dark and
light (4,,= 436 nm, ~361 pW/cm?) conditions. Inset: Photosensitivity (4l,/P,,.) as a function of V, at V,=—40 V. (b) Comparison of L,y
switching ratios when applying only ¥, and when applying both light (power = 361 uW/cm?) and ¥, (on: ¥, =10V, off: ¥, =40 V) at

Vy=-40 V.

in the dark condition. The charge carrier mobility (u) and
threshold voltage (V,) of the OTFT devices fabricated in
this study were estimated to be ~1.7 x 107° cm*/Vs and
-8.6 'V, respectively. The measured I, increased with the
irradiation of a weak intensity of light (A.,=436 nm,
power =362 pW/cm?), as shown in Figure 6(a). When the
light was incident on the active layer, bulk conduction in the
active layer increased, because trapped charges were
excited and delocalized through the efficient absorption of
light. Both the charges accumulated in the interface region
between the active and dielectric layers through the gate
bias (V) and the excited charges induced by the light irradi-
ation contributed to the rapid increase of I, in the active
layer. We observed that the I, of the devices was saturated at
~25 pA at a large negative ¥, (<-30 V) with the incident
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light, which might originate from the traps on the interface
and from molecular structures. When irradiating with the
light, the off-current (V,= 0 V) due to bulk conduction rap-
idly increased, as shown in Figure 6(a). The ratio (J,/1,4)
of the photo-induced current to the dark current was mea-
sured to be ~13 at V,= -2V, as shown in Figure 6(a). Based
on the transfer characteristic curves, we estimated the
photo-sensitivity, defined as Al/P,,, for the OPT devices,
where Al = 1, i1y 4 and Py, is the incident optical power.
With a negatively increasing V,, the photo-sensitivity of the
OPT devices using an incident optical power of ~362 pW/
cm? at A, = 436 nm increased up to ~1.5 A/W, as shown in
the inset of Figure 6(a).

We obtained a current on/off (Z,,,) switching performance
through the high photo-responsivity of P4TE-H based OPTs.
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Figure 6(b) compares the 1., switching performance when
applying gate bias only or applying both light (Intensity
=361 pW/em®) and gate bias. In order to obtain Loy
switching, gate biases of ¥,=-10V and V= 40 V were
applied to switch the current on and off, respectively, at a
constant drain voltage (V;= —40 V).

In the light condition, the I, and ,,,,7 switching ratio were
measured to be ~4 x 10 A and ~8.63, respectively, while,
in the dark condition, the I, switching ratio was ~1.66, as
shown in Figure 6(b). The relaxation of drain current during
applying V,=-10 V might be partially due to gradual trap-
ping of photo-induced carriers, which occurs between a
dielectric layer and an organic semiconducting (OSC) layer.
For the PATE-H based OPTS, the 1,5 switching ratio in the
light condition was over 5.2 times higher than in the dark
condition.

Conclusions

We have successfully synthesized and characterized new
EDOT based multi-branched crystalline molecules that are
solution processable. They show good film forming proper-
ties and a high degree of crystallinity. The intermolecular
interaction between the molecules can be tuned by thermal
annealing processes, which changes the electronic proper-
ties. The large crystallites of PATE-H cover the substrate
uniformly and with good network interconnection between
the crystallites, which is probably responsible for the mod-
erately high carrier mobility in the solution processed
organic semiconductors for OFET. The surface treatment of
the SiO, dielectric layer enhanced the field-effect mobility
and the other device performances. It should be noted that
the reproducibility of carrier mobility is significantly better
than the materials we have used. When investigating the
enhancement of drain current in photo-sensitive organic
thin film transistors (OTFTs), we observed the promising
switching behavior under alternating device operating con-
ditions. The sensitive photo-controlled OPTS using the P4TE-
H can be promising for various optoelectronic devices oper-
ated with a low intensity of light.
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