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Calligraphic Thin-Film Transistors
A facile approach to improving molecular alignment for high-performance thin film transistors.

S olution-processed, conjugated polymer thin film 
transistors (TFTs) have received considerable at-

tention due to their promising application in display 
backplanes and optoelectronic devices. Significant 
advance has been made in organic thin-film transis-
tors with a high charge carrier mobility as a result of 
the excellent microstructure of the thin films. These 
new films have a high co-planarity and preferred 
oriented polymer with proper side chains. Aligning 
polymer chain axis towards the source and drain elec-
trodes is crucial to further improve efficient charge 
transport.1 The secret of preparing a highly oriented 
polymer thin film is how to control the wetting (solu-
tion casting) and dewetting (evaporation) process. 
This is the advancing and receding of the three-phase 
contact line (TCL) at the front edge of the liquid film, 
when the polymer solution is deposited onto the 
substrate. Well-controlled advancing and receding of 
the TCL encourages sufficient directional self-assem-
bly process and facilitate the formation of optimal 
microstructure of the oriented films. Thus, developing 
a facile approach, that enables the aligning of poly-

mer chains on either large or small area, is needed. 
The ability of a technique to align the polymer back-
bones is evaluated by the crystalline morphologies 
of polymers and these can be further correlated to 
the device performance. Grazing-incidence wide-an-
gle X-ray scattering (GIWAXS) at TLS 01C2 is able to 
capture the nanostructures of D–A polymers in the 
polymer TFT devices.

An international research team led by Chain-Shu 
Hsu (National Chiao Tung University) and Huan Liu 
(Beihang University) performed a detailed study of 
directional solution coating by the Chinese brush to 
improve the performance of polymer TFTs (Fig. 1(a)).2 
In their work, the Chinese brush enables directional 
wetting and detwetting confined by a micro-fibers 
array, which promises to guide the self-assembly of 
polymer chains via certain orientation during the 
brushing process. Two diketopyrrolopyrrole (DP-
P)-based conducting polymers (DPPDTT and DPPBT) 
were selected as donor-acceptor (D–A) c–polymers 
(Figs. 1(b) and 1(c)), to fabricate orientated polymer 

Fig. 1: (a) Schematic diagram of the brush-coating process. The chemical structures of the polymer (b) DPPDTT and (c) 
DPPBT. 2D GIWAXS pattern of the brush-coated (iii, iv) (d) DPPDTT and (e) DPPBT films. The corresponding in-
plane profiles of 2D GIWAXS patterns in (d) and (e). The pattern (iii) was recorded with the incident X-ray beam 
parallel (//) to the source-drain axis, whereas the pattern (iv) was recorded with the incident X-ray beam perpen-
dicular (┴) to the source-drain axis. [Reproduced from Ref. 2]
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thin films due to their crystallinity and coplanar prop-
erties.

Alignment of conducting polymers in the thin films 
was revealed with a polarized light optical micro-
scope, an atomic-force microscope and GIWAXS 
(Figs. 1(d) and 1(e)).  Figures 1(d) and 1(e) show 2D 
GIWAXS patterns of the DPPDTT and DPPBT films of 
conducting polymers after annealing. Peaks at (100), 
(200) and (300) along the out-of-plane direction and 
one at (010) in the plane indicate an edge-on packing 
orientation of both DPPDTT and DPPBT crystals of the 
copolymers when the pattern (iii) was recorded with 
the incident X-ray beam parallel to the source-drain 
axis. However, the in-plane diffraction of (010) disap-
pears when the pattern (iv) was recorded with the in-
cident X-ray beam perpendicular to the source-drain 
axis. This result demonstrates that the brush-coating 
can align polymer backbone and molecular packing. 

The orientation of molecular packing dominates the 
electrical properties of the polymers. The brush-coat-
ed, conducting polymer films show a drastically 
enhanced hole mobility of 11.2 cm2V-1s-1 (Fig. 2(a)). 
When the brushing is not parallel to source-drain 
axis, the performance of the OTFT devices decreases to1.8 
cm2V-1s-1 (Fig. 2(a)). Thus, the ability of Chinese brush 
in generating highly oriented polymer film is attrib-
utable to the confined wetting and dewetting under 

directional stress, as schematically shown in Figs. 
2(b)–(e). A large mass of polymer solution can be 
dynamically balanced within the brush by the coop-
erative effects of the Laplace pressure difference FL, 
the asymmetrical retention force Fa and gravity G as 
shown in Fig. 2(b). Currently, the polymer chains are 
random distributed in the solution (Fig. 2(b)). When 
the brush moves at a certain speed V1, a directional 
stress is generated along the brushing direction (Fig. 
2(c)), as a cooperative effect between the solution 
shearing (FL) and the surface tension (Fγ) at each 
neighboring fibers (Figs. 2(c)–2(e)) and is confined 
between the fibers.  The number of parallel fibers in 
the brush plays a rather important role to modify the 
receding of the three-phase contact line via directions 
of multiple parallel Fγ, because the TCL can be divided 
by numerous parallel fibers into multiple short curves 
at each neighboring fibers (Figs. 2(c) and 2(e)). The 
directional stress on the polymer solution thus forces 
the polymer chain to be aligned at the edge of the 
TCLs (Fig. 2(e)). This is the crucial point to realizing 
highly oriented film and provides better controlla-
bility compared to other directional solution coating 
approaches available today. 

This work significantly enhances our understanding 
of the mechanisms involved in brush coating con-
ducting polymers, advancing our knowledge about 
how the advancing and receding of the three-phase 

Fig. 2: (a) Mobility distribution for the OTFT devices prepared by both brush-coating and spin-coating methods by using two kinds of 
substrates (G-s: nano-grooved substrate; F-s: flat substrate). The cartoons illustrate the brushing direction (green lines), groove 
direction (purple lines) and Au (yellow lines). Schematic cartoons of controllable polymer solution transfer process: (b) the static 
brush and (c) the moving brush with polymer solution, where the polymer solution was kept in a quasi-steady state under 
multiple forces. (d) The side-view cartoon of the brush-coating process, where the direction stress aroused by conical fibers and 
shearing were clearly shown. (e) The top-view cartoon of the TCLs aroused by fibers array, where multiple meniscus-shaped 
TCLs were generated because of the surface tension within two neighboring fibers, which helps to generate the direction stress 
along the fibers. [Reproduced from Ref. 2]
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contact line (TCL) influences the alignment of poly-
mer backbone and hole mobility. Such findings en-
able us to control molecular packing for polymer TFT. 
(Reported by Fang-Ju Lin, National Taiwan University)

This report features the work of Chain-Shu Hsu, Huan 
Liu and their co-workers published in Adv. Mater. 29, 
1606987 (2017).

TLS 01C2  SWLS – X-ray Powder Diffraction
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Handedness of Twisted Lamellae in Banded 
Spherulite
Systematic study of the helicity of twisted lamellae in the banded spherulite of chiral polylactide

I n this article, we present important work of Rong-Ming Ho (Nation-
al Tsing Hua University)1 and his coworkers, which demonstrates 

a systematic study of a banded spherulite resulting from lamellar 
twisting due to imbalanced stresses at oppositely folded surfaces 
for isothermally crystallized chiral polylactides and their blends with 
poly(ethandiol) (PEG). The handedness of the twisted lamella in band-

Fig. 1: Observation of banded spherulites of (a) PLLA and (b) PDLA isothermally 
crystallized at 110 oC with a polarized-light microscope (PLM) and a gypsum 
plate. Vertical sections (red delimited rectangular areas in (a) and (b)) of (c) 
PLLA and (d) PDLA spherulites examined with PLM. The sample was rotated 
along the y axis in the right-handed positive sense during the PLM observa-
tion. [Reproduced from Ref. 1]

ed spherulite was determined with 
a polarized-light microscope (Fig. 1). 
With the same growth axis along the 
radial direction evident from mi-
cro-beam wide-angle X-ray diffraction 
(WAXD) of isothermally crystallized 
samples at various temperatures (Fig. 
2), the twisted lamellae of chiral poly-
lactides (poly(L-lactide) (PLLA) and 
poly(D-lactide) (PDLA)) display oppo-
site handedness. The split-type Cotton 
effect on the C=O stretching motion 
of vibrational circular dichroism (VCD) 
spectra serves to determine the helix 
handedness (i.e., conformational chi-
rality) (Fig. 3(a)). The results indicate 
that the conformational chirality can 
be defined by the molecular chirality 
through intramolecular chiral interac-
tions. Moreover, the preferred sense 
of the lamellar twist in the banded 
spherulite corresponds with the twist-
ing direction identified in the C–O–C 
vibrational motion of VCD spectra, 
reflecting the role of intermolecular 
chiral interactions in the packing of 
polylactide helices (Fig. 3(b)). Similar 
results were obtained in the blends of 
chiral polylactides and polyethandiol 
(PEG, a polymer compatible with poly-
lactide), indicating that the impact of 
chirality is intrinsic regardless of the 
particular crystallization conditions. 
In contrast to chiral polylactides, the 
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