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Abstract

The electrical performance of solution-processed, small-molecule organic semiconductors is largely restricted by their severe
charge carrier mobility variations. In this work, we demonstrate an effective method to reduce such variations of the semi-
conductor mobilities and improve the performance consistency of organic thin film transistors (OTFTs) by adding poly(o-
methylstyrene) (PaMS) as a polymer additive. By using 6,13-bis(triisopropylsilylethynyl) pentacene (TIPS pentacene) as
an example, we found that while pristine TIPS pentacene film exhibited random crystal orientation and large film gaps, the
addition of PaMS polymer promoted the growth of semiconductor crystals, which formed uniformly aligned needles with
significantly improved orientation and coverage within the channel regions. An ultra-low misorientation angle of 2.2°+1°
was obtained from TIPS pentacene/PaMS blend film, which is a 20-fold reduction as compared to pristine TIPS pentacene.
Bottom-gate, top-contact OTFTs with TIPS pentacene crystals aligned perpendicularly from source to drain contact electrodes
demonstrated a hole mobility of up to 0.26 cm?/V s, as well a 6-fold enhancement of average mobility as compared to the
pristine TIPS pentacene based counterparts. Notably, the addition of PaMS led to a performance consistency factor of 3.35,
as defined by the ratio of the average mobility to standard deviation, implying a great reduction of charge carrier mobility
variations. The improvement of electrical performance of OTFTs can be attributed to the combined outcome of crystal rigid
alignment, extended long-range order, and almost full coverage of charge transport channel.

1 Introduction

The study of solution-processed small-molecule organic
semiconductors has attracted great attention in recent years,
unlocking potential applications in high-performance
organic electronics devices on large-scale, low-cost flex-
ible substrate [1-8]. Despite much progress achieved in the
study of their charge carrier mobility [9-13], the random
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crystallization of these organic semiconductors still remains
as a major problem. For example, the small-molecule
organic crystals from drop casting in solution tended to
grow in random directions, resulting in a film with crystal
misorientation and extremely low coverage on substrate [14,
15]. The charge transport based on this type of morphology
exhibits significant variations as the mobility measured from
device to device would greatly vary [16, 17].

In order to address these aforementioned problems, vari-
ous external alignment methods have been applied by dif-
ferent groups to physically control the crystal growth of
the small-molecule organic semiconductors. For example,
Asare-Yeboah et al. reported a temperature gradient tech-
nique to control the crystal orientation of a p-type small-
molecule organic semiconductor 6,13-bis(triisopropylsily
lethynyl) pentacene (TIPS pentacene). The application of
the temperature gradient technique tuned the solute solu-
bility and created a higher nucleation seed density at the
lower temperature side due to supersaturation, from which
TIPS pentacene crystals were promoted to grow oriented
towards the higher temperature side [18]. Bi et al. reported
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a “controlled evaporative self-assembly (CESA)” method,
which combined a capillary force alignment setup and a
double-solvent scheme, to grow a (2,5-di-(2-ethylhexyl)-3,6-
bis(5"-n-hexyl-2,2',5',2" Jterthiophen-5-yl)-pyrrolo [3,4-c]
pyrrole-1,4-dione) (SMDPPEH) semiconductor with aligned
crystal orientation and enhanced film coverage [19]. The use
of double solvent led to the formation of crystal nucleation
seeds, from which the SMDPPEH crystals grew into well-
aligned, elongated needles, as aligned by the capillary force.
Apart from the external alignment methods, polymer
additives have been demonstrated as a useful tool to tune the
crystal growth and charge transport of the small-molecule
organic semiconductors. The semiconductor/polymer blends
benefit from the following aspects. First, the blend system
can take advantage of both the high charge transport from
the semiconductor and uniformity property from the poly-
mer [20]. Second, certain polymer additives were known to
induce a vertical phase segregation between the polymer and
semiconductor, providing a three-dimensional confinement
of the semiconductor charge transport [21, 22]. For exam-
ple, a series of the polyacrylate polymers were reported to
blend with TIPS pentacene. The resultant semiconductor/
polymer blend system exhibited different forms of phase
segregation, which ranged from lateral phase segregation, to
vertical segregation, and to a combination of both, depend-
ent upon the length of the alkyl side group of polyacrylate
polymer additive [23]. In addition, polystyrene (PS) was
reported to be blended as a polymer additive with small-
molecule organic semiconductors [24-29]. Particularly, a
vertical phase segregation was found to be existent from a
spin-coated TIPS pentacene/PS blends [30]. Third, conju-
gated polymers were reported to provide a unique pathway
to modify the polymorphism and thin film morphology of
semiconductors via the intermolecular interactions between
the polymer and semiconductor. Chen et al. for the first time
studied the influence of different extent of intermolecular
interactions on the charge transport of semiconductors [20].
By blending TIPS pentacene with two different conjugated
polymers, i.e. poly(3-hexylthiophene) (P3HT) and regioran-
dom pentacene-bithiophene (PnBT-RRa), it was found that
PnBT-RRa provided a stronger intermolecular interaction
resulted from both m—x and hydrophobic interactions, and
correspondingly provided a more effective crystallization
confinement and facilitated the semiconductor to form ori-
ented needles with long-range order and rigid uniformity.
In this work, we reported the addition of poly(a-
methylstyrene) (PaMS) as a polymer additive to control
the crystal growth and modify the charge transport of
small-molecule organic semiconductors. With TIPS penta-
cene studied as an example, we showcased that while the
pristine TIPS pentacene crystals exhibited random crys-
tal orientation and very low film coverage, the addition of
the PaMS polymer resulted in a drastic 20-fold reduction
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of misorientation angle to 2.2° + 1°, indicative of a great
enhancement of crystal orientation. In addition, the addi-
tion of PaMS polymer led to an almost full coverage within
the charge transport channel of organic thin film transis-
tors (OTFTs). As a result, the TIPS pentacene/PaMS blend
based OTFTs with a bottom-gate, top-gate configuration
showed a mobility of up to 0.26 cm?/V s, as well as a 6-fold
enhancement of average mobility as compared to the pristine
TIPS pentacene based counterparts. Notably, the addition of
PaMS polymer led to an enhanced performance consistency
factor of 3.35. The improved electrical performance of the
TIPS pentacene/PaMS OTFTs was mainly attributed to the
rigid crystal alignment with extended long-range order and
full coverage within the charge transport channel.

2 Experimental section

TIPS pentacene, PaMS and toluene were purchased from
Sigma Aldrich. To grow the crystals, TIPS pentacene and
PaMS were separately dissolved in the solvent toluene
with a concentration of 5 mg/ml, before they were mixed
in solution at a volume ratio of 1:1. Prior to the deposition
of semiconductor materials, the substrates were performed
with hexamethyldisilazane (HMDS) surfactant treatment
by heating up the HMDS solution up to a temperature of
140 °C, keeping the substrate in an environment rich of
HMDS vapors and then rinsing with IPA solution.

Approximately 300 pl of TIPS pentacene/PaMS mixture
solution was drop casted onto a heavily-doping n-type sili-
con substrate which has a 250 nm thickness of thermally-
grown silicon dioxide layer as gate dielectric. Two types
of substrates were studied in this work, including with and
without HMDS treatment prior to the deposition of the
semiconductor materials. The substrate was placed inside
a Petri dish and covered with a cap, which enabled a sol-
vent rich environment. A small angle of tilting was added
to the substrate to facilitate the crystals to grow along the
specific direction. A typical crystallization process usually
takes 0.5-1 h.

After the crystallization of the semiconductor TIPS pen-
tacene materials was completed, OTFTs with a bottom-gate,
top-contact configuration were fabricated to measure charge
transport. In particular, gold (Au) was deposited through a
shadow mask with an Angstrom Engineering thermal evapo-
rator as source and drain contact electrodes. The deposition
rate of gold was 1 Als ata pressure of 10~ Torr. A large
channel size was used in this work in order to showcase
the extended orderliness of the crystals. The channel width
as defined by the shadow mask was 2000 pm, whereas the
channel length was from 25 to 100 pm. I-V measurement of
OTFTs, including both output and transfer characteristics,
was conducted using a Keithley 4200 model semiconductor
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parameter analyzer in an ambient environment. All OTFTs
were measured for five time to ensure consistency. Optical
images were taken by using a polarized optical microscope.

3 Results and discussion

TIPS pentacene was used an example to generally repre-
sent solution-processed, small-molecule organic semicon-
ductors, primarily due to the following semiconductor and
materials properties of TIPS pentacene. As shown in its

b CH,
n
“PaMS”
i c
X s
H,C~  CH,
“TIPS Pentacene” “Toluene”

Fig. 1 Molecular structure of a TIPS pentacene, b PaMS polymer,
and c solvent toluene

Fig.2 Polarized optical micros-
copy images of a—b pristine
TIPS pentacene film and c—-d
TIPS pentacene/PaMS blend
film with a 1:1 weight ratio.
The red arrows indicate the
directions of long axis [210]

or charge transport directions
of TIPS pentacene crystals. In
a-b the tilting rods within the
crystals represent the back-
bone direction, while the white
triangles mark the bare substrate
surface SiO, without the cover-
age of TIPS pentacene crystals.
All four images have the same
scale bar of 50 pm as shown in
d (Color figure online)

molecular structure of Fig. 1a, TIPS pentacene is a p-type
small-molecule semiconductor with high mobility, thanks
to its m—x stacking; in addition, the attachment of bulky side
groups results in a disruption of the herringbone packing
motif, leading to improved solvent solubility [14, 31-35].
The molecular structure of PaMS and toluene are shown in
Fig. 1b and c, respectively.

When TIPS pentacene was drop casted in toluene, the
semiconductor grew into randomly-oriented crystals, which
were shown in the optical images of Fig. 2a, b. The charge
transport based on such misoriented crystal needles is essen-
tially anisotropic, which is indicated by the various direc-
tions of the long axis [210] or charge transport directions as
represented by the red arrows. Apart from the crystal misori-
entation, the TIPS pentacene film also had poor coverage on
the substrate, indicated by the white triangles. The measured
hole mobility based on such thin film morphology exhibited
a significant variation, leading to poor performance consist-
ency of the TIPS pentacene based OTFTs [36]. In contrast,
when PaMS was added to tune the thin film morphology of
TIPS pentacene, the polymer additive facilitated the semi-
conductor to grow into elongated needles that extended in
long-range order across the substrate. As indicated by the
red arrow directions of Fig. 2c, d, the charge transport based
on this morphology became more uniform as compared to
pristine TIPS pentacene. In addition, the polymer additive
results in almost a full coverage of TIPS pentacene on the
substrate.

50 um
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As can be seen from the optical images of Fig. 2, the addi-
tion of PaMS polymer additive has effectively improved the
crystal alignment and tuned the crystal size. To more accu-
rately measure such changes in the crystal orientation and
size, we employed “grain width” and “misorientation angle”.
The grain width of a TIPS pentacene crystal is measured
along its short axis [120] as shown in the inset of Fig. 3b.
Based on the calculation of 15 crystals, the TIPS pentacene
crystals exhibited an average grain width of 38.9+16.3 um.
As a comparison, the addition of PaMS polymer led to an
average grain width of 25.7+5.4 pm, as shown in the plot
of Fig. 3a. Since the crystalline defects and trap centers are
located at the grain boundaries of the TIPS pentacene crys-
tals [37], reduced grain width would essentially introduce
more defects and negatively impact charge transport of TIPS
pentacene crystal based OTFTs.

In addition, we use the concept of misorientation angle to
demonstrate improvement of crystal random orientation. The
misorientation angle of the crystals is calculated by using the
angle between a particular crystal and another crystal that is
picked as a measurement baseline. As can be seen from the
optical images, the pristine TIPS pentacene exhibited severe
random crystal misorientation, which led to a large misori-
entation angle of 43.9°+27.8° based on 15 measurement
of TIPS pentacene crystals from Fig. 2a, b. The addition
of PaMS polymer reduced the misorientation angle to an
ultra-low value of 2.2° + 1°, also based on 15 crystals from
Fig. 2c, d. Impressively, it can be inferred that the addition
of the PaMS polymer led to a 20-fold reduction of the mis-
orientation angle.

To test the charge transport, bottom-gate, top-contact
OTFTs were fabricated based on TIPS pentacene/PaMS
blends. Two types of OTFTs were tested, with and with-
out HMDS treatment. Figure 4 shows the optical images
of the different devices from the same substrate with TIPS
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Fig.3 a Grain width (W) and b misorientation angle measurement
of TIPS pentacene crystals, with and without PaMS polymer addi-
tive. The average and standard deviation results were both based on
the measurement of 15 TIPS pentacene crystals. As indicated in by
the inset of b, a TIPS pentacene crystal has [210] long axis, which is
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Fig.4 a-d Optical images of different OTFTs from a substrate based
on TIPS pentacene/PaMS blends, showing an almost crystal cover-
age in the charge transport channel and rigid crystal alignment that
extended in long-range order for multiple devices across the same
substrate. The regions highlighted in the red, dotted line in a refer to
the source (S) and drain (D) contact electrodes. All images share the
same scale bar of 50 pm as indicated in d (Color figure online)

pentacene/PaMS blend, which showed that the crystal align-
ment was achieved for each OTFT and extended in long
range-range order. Apart from the improved alignment, the
addition of the PaMS polymer additive has greatly increased
the areal coverage within the semiconductor channel, where
charge transport takes place. A fully covered channel with
crystals aligned perpendicularly from source to drain contact
electrode is beneficial for the charge transport and device
performance of TIPS pentacene based OTFTs. The meas-
ured mobility largely depends on the angle (0) between the
crystal orientation (also the long axis [210]) and the direc-
tion from source to drain contact electrodes. In particular,

b g0
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5
g4 N -
Wk [120]
$ 204
=

0 $RRKS —

TP TP/PaM$S

represented by the red arrow and indicates charge transport direction,
as well as a [120] short axis. The grain width in a is calculated as the
crystal width along the short axis. The misorientation angle in b is
calculated as the angle between a crystal and another crystal which
was picked as a baseline (Color figure online)
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the measured mobility can attain values 10 times higher
when the crystal orientation and the source to drain direc-
tion are in parallel (8 =0°) than when they are perpendicular
to each other (6 =90°), according to a previous study [38].
Therefore, it is ideal to align the orientation of bulk TIPS
pentacene crystals to be uniformly in parallel with the direc-
tion from source to drain electrodes, in order to maximize
the charge transport.

The representative output characteristics and transfer
characteristics of TIPS pentacene/PaMS based OTFTs
were shown in Fig. 5. In particular, Fig. 5a, b were based on
devices without HMDS treatment on the SiO, gate dielec-
trics, whereas Fig. 5a, b were based on devices with HMDS
treatment. From the transfer characteristics, the field-effect
mobilities of OTFTs were extracted based on the following

Eq. (1):

W

zzL(VGS - VT)Z’

Ips = uC 1)
where u means the OTFT field-effect mobility, C; means
the capacitance of gate dielectrics (~13.8 nF/cm? for SiO,
in this work); W and L means the width and length of the
semiconducting channel, respectively, which were defined
by the dimension of the shadow mask, V; means the thresh-
old voltage.

Figure 6a shows an illustration of the device structure
of OTFTs with a bottom-gate, top-contact configuration.

Fig.5 The representative a and a

The average mobilities of TIPS pentacene/PaMS blend
based OTFTs with and without HMDS treatment were
compared with the mobilities of the devices based on
pristine TIPS pentacene in Fig. 6b. While TIPS pen-
tacene based OTFTs exhibited an average mobility of
0.03+0.03 cm?V s [36], the addition of PaM$S polymer
additive led to an average mobility of 0.071+0.027 cm?/V s
and 0.185 +0.055 cm%/V s, which is based on with and
without HMDS treatment. In particular, the devices with-
out HMDS treatment demonstrated a 6-fold enhancement of
average mobility, which we contributed to the combined out-
come of rigid crystal alignment, full charge transport chan-
nel coverage, film uniformity and extended long-range order,
due to the addition of PaMS polymer additive. The lower
average mobilities from the devices with HMDS treatment
can be attributed to the fact that the HMDS surfactant treat-
ment increased the hydrophobicity of the gate dielectrics,
which caused a lower film coverage of TIPS pentacene in
the channel and contributed to lower mobilities.

Figure 6¢ compares the variation of measured mobilities
from device to device. The pristine TIPS pentacene based
OTFTs showed mobilities that varied from 8.4 X 1072 to
9.8 107> cm?/V s, indicating poor consistency of TIPS pen-
tacene OTFTs [36]. The addition of the PaMS polymer has
led to mobilities of 0.12-0.26 cm?/V s based on OTFTs with-
out HMDS treatment, and mobilities of 0.52-0.11 cm%/V s
based on OTFTs with HMDS treatment. Notably, while the
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Fig.6 a A schematic of the a

bottom-gate, top-contact OTFTs
used in this work, where “S”
and “D” refers to the “source”
and “drain” contact electrodes,
respectively. b Average mobili-
ties of OTFTs based on pristine
TIPS pentacene crystals, TIPS
pentacene/PaMS blends with
and without HMDS treatment.
¢ Variation of measured mobil-
ity of TIPS pentacene/PaMS

\
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I
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blends with and without HMDS
treatment on the SiO, gate
dielectrics, showing mobili-

Substrate Type

ties varying within one order
of magnitude. d Performance
consistency factor [calculated
by the ratio of average mobility
(u4yp) to standard deviation
(usrpey)] of OTFTs. Both
average and standard deviation
mobility are based on the meas-
urement of six OTFTs on each
type of substrate. “TP” refers to
TIPS pentacene in a—d
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pristine TIPS pentacene OTFTs exhibited mobilities that
ranged by three orders of magnitude, the addition of the
polymer has reduced such significant variation to within one
order of magnitude for OTFTs both with and without HMDS
treatment.

To investigate how the reduced mobility variation
impacted the device performance consistency, we calculated
the ratio of average mobility to standard deviation of mobil-
ity (uave/tsrpey) and used this factor as a metric to evaluate
the change of performance consistency. Without the addi-
tion of the polymer additive, the pristine TIPS pentacene
based OTFTs exhibited a u v/t srpey factor of 1. In con-
trast, the TIPS pentacene/PaMS OTFTs showed an improved
Haveltstpey factor of 2.69 and 3.35, respectively, which is
based on with and without HMDS treatment. Impressively,
the addition of polymer led to a 3-fold enhancement of per-
formance consistency for OTFTs without HMDS treatment.
It can be inferred that the reduced mobility variation can
effectively enhance the performance consistency of TIPS
pentacene crystal based OTFTs.

We use a schematic to illustrate how the addition of
PaMS polymer additive affected the crystal growth, thin
film morphology, charge transport and device performance
of TIPS pentacene. As shown in Fig. 7a, the pristine TIPS
pentacene has randomly-oriented crystals with a low areal
coverage on the substrate, leading to significant measured
mobility variations from OTFT to OTFT. The addition of
the PaMS polymer has effectively addressed these issues

@ Springer

. B Substrate Type

- Crystal

y

2

SiO, substrate

Fig.7 A schematic illustrating a TIPS pentacene crystals with ran-
dom orientation and poor coverage on substrate, and b TIPS penta-
cene/PaMS polymer blend crystals rigidly aligned in long-range
order with increased substrate coverage. The red arrows in a and b
refer to the direction of crystal long axis [210] of TIPS pentacene.
The tilted rods in blue refer to the orientation of TIPS pentacene
backbones (Color figure online)

from the following aspects. First, blending PaMS has
improved the orientation of TIPS pentacene crystals, lead-
ing to the formation of elongated crystal needles with long-
range order. Second, thanks to the uniformity property of
the PaMS polymer, the TIPS pentacene/PaMS blend film
exhibits almost a full coverage on the substrate, which was
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a tremendous enhancement as compared to inferior areal
coverage of pristine TIPS pentacene crystals, as shown in the
schematic of Fig. 7b. Third, blending TIPS pentacene with
PaMS contributes to a vertical phase segregation between
the semiconductor and the polymer, forming a trilayer
structure with TIPS pentacene/PaMS/TIPS pentacene rich
section from top to bottom of the active layer [21]. A thin
layer with elevated concentration of TIPS pentacene was
facilitated to form near the semiconductor/substrate interface
where charge transport takes place, which is beneficial for
charge transport and device performance of OTFTs [22].

The addition of PaMS polymer is expected to improve
the stability of the TIPS pentacene based OTFTs. The
effect of PaMS additive on the OTFT stability has been
studied in a few previous reports. For example, Kim et al.
reported improved operational stability of 2,8-difluoro-
5,11-bis(triethylsilylethynyl) anthradithiophene (diF-
TESADT)/PaMS based OTFTs [39], which was attributed
to the block of oxygen and moisture from the ambient envi-
ronment. Kang et al. reported improved stability of OTFTs
with TIPS pentacene/PaMS thin film as an active layer,
which was accredited to the formation of a polymeric encap-
sulation layer of the semiconductor channel [22]. Also, in
our previous work, enhanced air stability was observed for
N,N'-1H,1 H-perfluorobutyl dicyanoperylenecarboxydiimide
(PDIF-CN,) based OTFTs with PaMS as a polymer additive
[40]. Such stability improvement was attributed to the hydro-
phobicity nature of the PaMS polymer, which effectively
decreased the adsorption of moisture and thereby reduced
the degradation of the semiconducting channel of PDIF-
CN,. Therefore, we expect the addition of PaMS polymer
as an additive to enhance the air stability of the TIPS pen-
tacene based OTFTs.

A comparison of this work and selected references from
Sect. 3 was presented in Table 1.

Finally, we would like to point out that the measured
mobility of OTFTs was dependent on a few factors, includ-
ing the surfactant treatment prior to the deposition of semi-
conductor layer, the application of external alignment meth-
ods, the dimension of charge transport channel, and etc. The
OTFTs used in this work is based on a bottom-gate, top-
contact configuration, in which case the gold contact elec-
trodes were only deposited after the formation of the semi-
conductor crystals. As a result, it is not feasible to perform
a pentafluorobenzene thiol (PFBT) surfactant treatment on
the electrodes without damaging the TIPS pentacene layer,
which was used to tune the work function of gold and facili-
tate transport of charge carriers by previous studies [41-43].
In addition, a majority of previous works used the actual
dimension of the channel with crystal coverage as the chan-
nel width and length [44—46]. In contrast, we purposefully
used a relatively large channel (width of 2000 pm and length
of 25-100 pm), which was defined by the shadow mask,

Table 1 A comparison of this work and selected references cited in the Sect. 3

Mobility

Result

Process

Author

Rigid crystal alignment, extended long-range order, ~ Mobility of up to 0.26 cm?*/V s with PaM$ polymer

Growth of well-oriented TIPS pentacene crystals by

He et al. (this work)

additive

and almost full coverage of charge transport channel

was demonstrated

blending with PaMS polymer additive

Both 17 and hydrophobic interactions between TIPS Mobility of up to 0.39 cm?/V s with poly(3-hexylthio-

Growth of TIPS pentacene crystals with long-range

Chen et al. [20]

phene) (P3HT) polymer additive

pentacene and conjugated polymers contributed to

distinctive polymorphism patterns

order by blending with conjugated polymer addi-

tives

Extended length of nanofibers was demonstrated, Mobility of up to 0.087 cm?*/V s with PCL polymer

Growth of long TIPS pentacene nanofibrils in a

Park et al. [31]

which depended on the mixing ratio and PCL

molecular ratio

poly(e-caprolactone) (PCL) crystalline polymer

Mobility of up to 0.035 cm?/V s with a 5 °C/cm tem-

Growth of well-aligned TIPS pentacene crystals viaa Solubility difference facilitated TIPS pentacene to

Asare-Yeboah et al. [14]

perature gradient

grow and align from the lower temperature end of

the substrate toward the higher end

temperature gradient technique

TIPS pentacene single crystals were formed by a self- Average mobility of up to 0.75 cm?/V s from single

Growth of TIPS pentacene single crystalline micror-

Kim et al. [44]

crystal based OTFTs

assembly process when transferred from a “good”

solvent to a “poor” solvent

ibbons with a “solvent exchange” method
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in order to demonstrate the extended long-range alignment
of the TIPS pentacene crystals due to the addition of the
polymer additive. A large channel dimension may cause an
impact on the charge transport and lead to reduced mobili-
ties because of the incorporation of more grain boundaries,
where crystal defects and trap centers were typically existent
[47]. Therefore, the mobility values reported in this work
can be further increased if external alignment methods and
PFBT surfactant treatment become available based on a dif-
ferent bottom-gate, bottom-contact device configuration.

4 Conclusions

In summary, we have reported a simple method to control
the crystal growth, thin film morphology, charge carrier
transport and performance consistency of TIPS pentacene
small-molecule based OTFTs by blending TIPS pentacene
with a PaMS polymer additive. The addition of PaMS facili-
tated the TIPS pentacene crystals to attain rigid alignment
in a uniform direction, yielding an ultra-low misorientation
angle of 2.2° + 1°. Bottom-gate, top-contact OTFTs based on
the TIPS pentacene/PaMS polymer additive blends exhib-
ited a hole mobility of up to 0.26 cm?/V s and a p,yx/isrppy
factor of 3.35, which is a higher than 3-fold enhancement
of performance consistency compared to that of the TIPS
pentacene based counterparts. Our method to tune the thin
film morphology of small-molecule semiconductor and its
device performance can find applications in low-cost, high-
throughput organic electronics devices on a large-scale, flex-
ible substrate.
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