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ABSTRACT  

Achieving a nanoscale control over the crystalline structure and morphology of electroactive 

polymer films as well as the possibility to transfer them onto any solid substrates are important 

tasks for the fabrication of high-performance organic/polymeric field-effect transistors (FETs). 

In this work, we demonstrate that ultra-thin active layers pre-assembled at the water/air interface 

can possess high, anisotropic and substrate-independent mobility in polymer FETs. By exploiting 

a modified approach to the Langmuir-Schaeffer technique, we self-assemble conjugated 

polymers in fibrillar structures possessing controlled thickness, nanoscale structure and 

morphology; these highly-ordered nanofibrils can be transferred unaltered onto any arbitrary 

substrate. We show that FET based on these films possess high and anisotropic hole mobility 

approaching 1 cm2V-1s-1 along the nanofibrils, being over one order of magnitude beyond the 

state-of-the-art for Langmuir-Schaefer polymer FET. Significantly, we demonstrate that the FET 

performances are independent on the chemical nature and dielectric permittivity of the substrate, 

overcoming a critical limit in the field of polymer FETs. Our method allows the fabrication of 

ultra-thin films for low-cost, high-performance, transparent and flexible devices supported on 

any dielectric substrate. 
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In the last decade, the performance of polymer field-effect transistors (FETs) have steeply 

improved, making them a real alternative to amorphous silicon.1-5 Polymer FETs with p-type and 

n-type mobility exceeding 10 and 5 cm2V-1s-1, respectively,6-8 have been demonstrated,  being 

over two orders of magnitude larger than just a decade ago.9 Such performance improvement was 

made possible not only through the progress in the molecular design of the semiconducting 

polymer,10-12 but also by optimizing the crystalline structure and film morphology of the active 

layer,13,14 and by tuning its interfacing with the electrodes15 and dielectric substrate.16 In 

particular, the molecular self-assembly at surfaces to form semiconducting nanostructures to be 

integrated in working devices depends primarily on the chemical and morphological properties 

of the chosen substrate and on the processing method employed for the film preparation. 

Different processing methods have been so far employed to fabricate high-performance 

polymer FETs including dip-coating,17,18 zone-casting,19 capillarity on pre-engraved substrates20-22 

and bar-coating.23 All these sophisticated wet-chemistry processing methods provide film 

morphologies optimized for charge transport, in which uniaxially-aligned polymer chains 

assemble into highly-ordered parallel nanostructures. Such film structures are highly anisotropic, 

with charge mobility being higher along the polymer chains direction and lower in the direction 

perpendicular to them.17,19,20,23 Although being very intriguing, these techniques are not widely 

applicable: they are complex and not universal since they frequently require dedicated substrate 

treatments and are therefore compatible with a limited range of substrates. More generally, the 

choice of a suitable substrate is a major hurdle in organic electronics because the molecule-

substrate interaction is a key parameter governing the self-assembly process during the film 

formation.24,25 For example, one of the major drawback of the widely-used strategy for modifying 

the dielectric/semiconductor interface via chemisorbed self-assembled monolayer (SAM), is its 
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high specificity that prevents the same polymer from forming similar structure when adsorbed on 

different SAMs.26 Likewise, the possibility of obtaining the same supramolecularly engineered 

organic thin-film onto any arbitrarily solid support is of notable importance because the 

dielectric permittivity of the substrates when it is employed as gate dielectric, strongly effects the 

charge carrier mobility of the OFET.27-30 Moreover, ad hoc orthogonal solvents are required to 

spin-coat semiconducting polymer onto organic substrates.31  

In this work, we demonstrate high, anisotropic and substrate-independent hole mobility in 

polymer films obtained by a modified approach to the Langmuir-Schaeffer (LS) technique.32,33 

Our facile, efficient and generally-applicable strategy allows us to pre-assemble polymer films at 

the water-air interface, and transfer them easily onto very different substrates, overcoming the 

need of orthogonal solvents. In particular, we go beyond standard LS method, by exploiting its 

potential not only to form a monolayer but also to generate thicker high-performing films with 

active control over their nanostructure and morphology. By tuning two simple experimental 

parameters such as the volume of the polymer solution spread onto the water and the surface 

pressure selected to transfer the film onto the solid substrate, we demonstrate the ability to obtain 

ultra-thin layers (at the monolayer limit) or thicker (2-to-3 layers) and denser films. A combined 

optical and micro-structural analysis of the transferred films provides evidence that the films are 

characterized by long-range well-ordered nanofibrils, resulting in a highly-anisotropic structure, 

independently on the nature of the substrate. While FETs based on polymer monolayers possess 

rather poor electrical performances (hole mobility µ ≈ 0.04 cm2V-1s-1), those based on thicker 

films possess a remarkably-high anisotropic hole mobility approaching 1 cm2V-1s-1along the 

nanofibrils. The latter value represents a record for Langmuir-Schaefer polymer FETs, being 

almost two orders of magnitude beyond the state-of-the-art,34-37 thus highlighting the importance 
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of our modified approach to the LS technique. Moreover, we have fabricated FETs based on 

polymer films transferred on three different organic dielectric substrates without using specific 

orthogonal solvents. Interestingly, we demonstrate that the FET performances are independent 

on the chemical nature of the dielectric substrate and of its dielectric permittivity, since the 

assembly of the active layer is pre-determined at the water/air interface. In perspective, our 

approach enables the fabrication of multi-layered heterostructures composed by layers of 

different polymers, resulting in an artificial multicomponent materials featuring unconventional 

properties. 

 

RESULTS AND DISCUSSION 

Langmuir-Schaeffer is a technique to form molecular monolayers. In its standard use, a diluted 

solution is spread onto the water surface, forming an expanded phase possessing a low areal 

density. The movement of the barriers compresses the material to form a monolayer 

characterized by higher areal density, which is transferred onto the target substrate (Figure 1a).32 

Herein, we adopt a different strategy by starting from a higher amount of material spread on the 

water surface, forming an already-condensed phase before compression (Figure 1b). The barrier 

movement is used to increase the thickness and the density of the polymer film, conferring it a 

structural anisotropy by forcing the polymers to self-assemble into parallel nanofibrils (Figure 

1b).   
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Figure 1. (a) Schematic illustration of the standard Langmuir–Schaefer (LS) transfer process. (b) 

Schematic illustration of our Langmuir–Schaefer (LS) strategy. (c) Chemical structure of 

IIDDT-C3 polymer.  

 

Among the high performing semiconducting polymers available, we have focused our attention 

on an isoindigo-based conjugated polymer (IIDDT-C3) characterized by a branched alkyl chain 

substituent (Figure 1c).38 In particular, Lei et al. have recently reported that such polymer shows 

high hole mobility upon high temperature annealing, which deeply modifies the polymer 

structure.39,40 In particular, the presence of symmetric branched alkyl side chains makes IIDDT-

C3 polymer an ideal candidate for forming a highly ordered assembly at water/air interface.34 

Moreover, the already reported long-time ambient stability39 guarantees minor performance 

degradation due to possible water residuals. 

In order to assess whether IIDDT-C3 is a suitable candidate to form transferable self-

assembled layers with our strategy, we prepared films by varying (i) the volume of IIDDT-C3 
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solution (solvent: chloroform; concentration: 0.5 mg/mL) spread over the water sub-phase, and 

(ii) the surface pressure. In particular, we have focused our attention on three films obtained in 

different conditions, which will be called hereafter LS1, LS2, LS3. For LS1 the isotherm curves 

show a gradual transition from an expanded to a condensed state, indicating the presence of a 

monolayer film with an edge-on molecular packing at the air/water interface (see Supporting 

Information), as already reported for polymer films obtained by the standard LS technique.34 

Instead, to form LS2 and LS3 we have spread a greater amount of materials on the water surface. 

For this reason, the isotherm curves for LS2 and LS3 do not show any initial expanded phase, 

suggesting the formation of a condensed film at the air/water interface even prior to 

compression. Yet, LS2 possesses a lower areal density compared to LS3. All the as-obtained 

films assembled at the water-air interface were transferred onto a substrate kept parallel to such 

interface and moved vertically until reaching the polymer beneath (Figure 1b). The transfer is 

performed at ambient conditions and, remarkably, only a mild thermal annealing at 40 ˚C for 6h 

is used before the electrical characterization to guarantee full evaporation of residual solvent and 

water. Further details on the three different types of films are provided in Figure S1 in the 

Supporting Information.  
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 Figure 2. (a) Linearly-polarized light absorption spectra of IIDDT-C3 LS2 film with the 

polarization oriented parallel (continuous line) or perpendicular (dashed line) to the direction of 

the LS barrier closure. (b) Atomic Force Microscopy topography image of LS2 thin film on a 

HMDS-treated SiO2 substrate. Black arrows indicate the direction of the barrier motion. (c, d) 

2D-GIXRD patterns of LS2 film deposited by LS on a HMDS-SiO2 substrate recorded with the 

X-ray beam (c) parallel or (d) perpendicular to the average orientation of the nanofibrils. (e, f) 

Transfer curve recorded on the LS2 film serving as the active layer in a three-terminal device 

with carrier transport (e) parallel or (f) perpendicular to the orientation of the polymer 

nanofibrils. 
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In order to attain a full characterization of the transferred films, we have studied their optical, 

morphological, structural and electrical properties. The results of this multi-techniques 

characterization is displayed in Figure 2 for LS2. Figure 2a portrays the linearly-polarized light 

absorption spectra of IIDDT-C3 LS films. It reveals a macroscopic optical anisotropy that is not 

observed in spin-coated films obtained from the same solutions (Figure S3, Supporting 

Information). In particular, when the incident light is linearly polarized along the direction of the 

barrier motion (named b
!

 in Figure 1), the absorption band of the LS film is less intense and less 

structured than when the polarization is perpendicular to it (absorbance ratio being 

approximately 4.5). This optical anisotropy can be explained by the presence of one-dimensional 

supramolecular nanostructures, highly oriented perpendicularly to the barrier motion, as already 

observed in aligned fibrils obtained by other solution processing methods.41-44  

The Atomic Force Microscope (AFM) topography images recorded in intermittent contact 

mode further confirm that LS films are highly anisotropic. In particular, Figure 2b exhibits 

polymer nanofibrils aligned along the direction perpendicular to b
!

(black arrows) with a 

measured width of ca. 30 nm and length exceeding 1 μm (Figure S4, Supporting Information), 

being in stark contrast to the random orientation of the polymer aggregates in spin-coated films 

(Figure S3 and S4, Supporting Information). These features suggest that the compression exerted 

by the barriers is responsible for the formation of the uniaxially aligned polymer nanofibrils 

starting from a pristine otherwise-disordered film.45 Detailed insight into the polymer assembly 

inside fibrils was obtained by Grazing Incidence X-Ray Diffraction (2D-GIXRD) measurements 

recorded with the incident X-ray beam aligned either perpendicular (Figure 2c) or parallel 

(Figure 2d) to b
!

 (i.e. parallel or perpendicular to the nanofibrils direction). Along the qz 

direction, several (h00) reflections related to the lamella stacking are observed regardless of the 
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X-ray beam orientation (Figure 2c,d and Figure S5c in the Supporting Information). On the other 

hand, on the surface plane direction, a rod (qxy  = 1.74 Å-1) ascribed to the π-π stacking between 

adjacent backbones is observed only when the X-ray beam is oriented parallel to the fibrils 

orientation (Figure 2c and Figure S5d in the Supporting Information). These results indicate that 

(i) IIDDT-C3 lamella tend to organize according to an edge-on configuration with lamella 

stacking of 2.5 nm and π-π distance of 3.6 Å, and (ii) the LS technique forces the formation of 

nanofibrils inside which the π-π stacking lies preferentially in the direction perpendicular to the 

fibrils’ long axes. Similar measurements carried out on spin-coated films revealed a marked 

isotropic features and amorphous structure (Figures S6a, S12b and S13a in the Supporting 

Information).  

The electrical performances of LS2 films were characterized by integrating such films as 

active layer in bottom-gate top-contact FETs fabricated by using hexamethyldisilazane (HMDS)-

treated SiO2 substrates. In order to explore the charge transport anisotropy, the source and drain 

Au contacts were deposited on top of the same LS film, in the direction either parallel or 

perpendicular to the main axis of the IIDDT-C3 nanofibrils. The comparison of Figure 2e and 2f 

provides unambiguous evidence that the hole field-effect mobility is higher when measured 

along the direction parallel to the main axis of the nanofibril and it amounts to μ = 0.25 cm2V-1s-1 

(0.08 cm2V-1s-1). Isotropic transport was instead observed for spin-coated FETs which exhibited 

hole mobility amounting to μ = 0.025 cm2V-1s-1 (Figure S7, Supporting Information). Such 

mobility dependence from the fibrils' orientation in the LS film is in excellent agreement with the 

results of the structural, morphological and optical characterizations. It is therefore fully 

consistent with an alignment of the IIDDT-C3 backbone along the nanofibrils which is favorable 

for charge transport.14 Moreover, the hysteresis recorded on the transfer curves of LS-based 
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transistors was found to be negligible when compared to that of devices prepared by spin-coating 

(Figure S8 in the Supporting Information). This finding can be attributed to the higher degree of 

crystallinity which contains less structural defects acting as trapping centers.   

 

Figure 3. (a) Integrated absorption spectra (blue square) and thickness (red triangle). (b) Hole 

mobility (blue square) and threshold voltage (red triangle) in saturation regime. (c) ION/IOFF of LS 

films of IIDDT-C3 as a function of the areal density ρ [VDS = -40 V; L = 80 μm; W = 10 mm; 

Ci[SiO2] = 1.5×10-8 F cm-2] 

Figure 3 displays a comparative analysis of the dependence of relevant optical and electrical 

parameters on the areal density within the formed LS films. Such results were gathered on 

samples/devices LS1, LS2 and LS3, by performing a thorough characterization analogous to the 

one presented above for LS2. On the basis of the volume of solution spread over the water 

surface and the barrier position at the target pressure, we have estimated the areal density ρ 

(expressed in μg/cm2) for each transferred film, which results in ρ1 = 0.48 μg/cm2, ρ2 = 0.71 

μg/cm2 and ρ3 = 1.19 μg/cm2 for LS1, LS2 and LS3 respectively (Figure S1 in the Supporting 

Information). The modulation of the areal density ρ during the LS film growth allows to tune 

various physical properties of the film and, on the same time, to explain the correlation between 

the IIDDT-C3 assembly and the device performances. Morphological and structural 

characterizations reveal that all the LS films are characterized by aligned nanofibril bundles, 

similarly to those displayed in Figure 2 for the LS2 film (AFM images in Figure S3 in the 
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Supporting Information); moreover, XRD patterns confirm an edge-on packing within all the LS 

films (Figure S6 in the Supporting Information). We highlight that these data confirm that only 

LS1 is a monolayer thick film, since its thickness (4.6 nm) is compatible with the one expected 

for the edge-on configuration of the polymer. Conversely, the thickness of LS2 and LS3 is in the 

range of two-to-three monolayers. Figure 3a displays the dependence of the integrated intensity 

of the absorption spectra and of the thickness of the different LS films on the areal density (ρ). 

Interestingly, the absorbance increases linearly with ρ, and in particular LS3 absorbs three times 

more than LS1, indicating that the quantity of polymer on the substrate in LS3 is three times 

greater than in LS1. Instead, the thickness of the LS3 film is only twice that of LS1 highlighting 

that LS3 film is not only thicker but also denser. This higher density implies a tighter inter-fibril 

packing, as evidenced in the AFM images in Figure S3 and Table S1 in the Supporting 

Information.  

The different film density strongly influences the electrical performances of the devices. 

Figure 3b shows the dependence of field-effect mobility of LS films on the areal density ρ (with 

carrier transport parallel to polymer nanofibril bundles orientation). A strong correlation between 

the density of the polymer films and the mobility within such films is observed. In particular, the 

performance of the devices based on LS films increase almost linearly with increasing ρ from an 

average mobility of 0.025 cm2V-1s-1and ION/IOFF of 3.6 x 104 for LS1, up to 0.9 cm2V-1s-1and 

ION/IOFF of 1.4 x 107 for LS3. The improved ION/IOFF can be explained by the higher current 

flowing in ON state for LS3. Instead, the mobility enhancement can be attributed to the tighter 

inter-fibrils packing and thus to the lower defective nature of the films, in excellent accordance 

with AFM results (Figure S3 in the Supporting Information). In addition, the transition from 

monolayer LS1 towards more 3D systems (LS2 and LS3) determines a charge transport scenario 
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where the carriers can additionally hop along the Z-axis, offering more percolation pathways 

around structural and electronic defects within the films, which results in a higher field-effect 

mobility. The threshold voltage exhibits negligible variations with ρ and it tends to be higher in 

LS1 film where some voids, imaged by AFM, could possibly act as source of charge trapping. 

Remarkably, a maximum mobility as high as 2.7 cm2V-1s-1 and an ION/IOFF up to 2.5 x 108 was 

measured on LS3 devices (Figure S10, Supporting Information).  

 

 Figure 4. Atomic force microscopy images of (a, c, e) spin-coated IIDDT-C3 films and, (b, d, 

f) LS films on different substrates. In particular, (a, b) OTS-treated SiO2, (c,d) SiO2 covered with 

a PMMA layer, and (e,f) SiO2 covered with a CYTOP layer. (g) Comparative mobility plot of 

IIDDT-C3 based devices with either spin-coated (white circle) or LS (black square) films 

deposited on different substrates.   

In order to cast light onto the influence of the substrate type on our films, we have transferred 

the LS films onto dielectric substrates exposing different chemical groups as well as possessing 

different wettability and dielectric permittivity (Table S2, Supporting Information). AFM 
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imaging of the IIDDT-C3 LS films transferred onto octadecyltrichlorosilane (OTS), poly(methyl 

methacrylate)(PMMA), CYTOP and UV-Ozone -treated SiO2 substrates confirm the presence of 

the typical highly oriented polymer nanofibrils perpendicularly aligned to b
!

(Figure 4b,d,f) as 

reported above for the HMDS-treated SiO2 substrate.  Importantly, the thin-film deposited by 

spin-coating on the same substrates clearly shows a markedly different morphology, which is 

characterized by isotropic structures of polymer aggregates randomly oriented. In particular, 

when the highly hydrophobic CYTOP substrate is employed no trace of the spin-coated IIDDT-

C3 polymer could be imaged by AFM, confirming the versatility limits of this deposition method 

(Figure 4e). Regardless the nature of the substrates, 2D-GIXRD images of LS films exhibit 

lamellar peaks along the out-of-plane direction and π-π stacking peak along the in-plane 

direction when the incident beam is parallel to the nanofibril long axis direction (Figure S13-16, 

Supporting Information). These findings confirm the independence of the IIDDT-C3 

supramolecular structure on the nature of the substrate, and importantly it confirms the presence 

of the structural anisotropy within the LS polymer film in all the different samples. Conversely, 

2D-GIXRD images collected for spin-coated films do not show any Bragg reflections coming 

from the films, confirming their amorphous nature as identified from XRR analysis (Figure S12 

in the Supporting Information).   The electrical properties of these LS films were compared with 

those prepared with spin-coating on the same substrates (see, Figure S17-19 in the Supporting 

Information). Interestingly, electron transport seems to be enhanced in LS versus SC films. 

While its investigation is beyond the scope of this work, it will be the object of future work. In 

all cases, hole mobility was found to be higher in LS films compared to spin-coated ones; in the 

latter one a highest field-effect mobility of 0.03 cm2V-1s-1 on OTS-treated substrates was 

measured. An extreme case is when a CYTOP substrate is employed because no source-drain 
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current was measured in spin-coated films confirming the absence of a continuous IIDDT-C3 

film on top of the dielectric layer. On the contrary, mobility is nearly unchanged in devices 

prepared by LS deposition regardless of substrate used (Figure 4g and Figure S20 in the 

Supporting Information). In particular, while charge transport in organic semiconductors strongly 

depends on dielectric permittivity,27-29 the devices based on LS polymer were found to feature 

charge carrier mobilities that would not vary sensibly with ε ranging between 2.1 and 3.9. The 

latter interval includes a large variety of dielectrics commonly used for organic electronics, 

therefore our findings represent a substantial progress in such field. Such result can be ascribed 

to the particular technique and polymer type employed in our study. In particular, (i) the polymer 

layer is always organized at the water-air interface in an edge-on configuration and its assembly 

is not influenced by the chemical nature of the substrate over which such layer is deposited 

afterwards, and (ii) the organic core through which the charge transport takes place is separated 

by the substrate by long alkyl chains, the latter screening the extrinsic energetic disorder 

introduced by the dielectric surface.46 Hence, our approach enables not only to control the film 

formation but also to guarantee a stronger uniformity of morphology and of transport properties 

that are not affected by the surface and dielectric properties of the gate insulating layer. 

 

CONCLUSIONS 

In conclusion, we have demonstrated that our modified Langmuir-Schaeffer LS deposition is a 

versatile method which makes it possible to self-assemble π-conjugated polymers into highly 

ordered thin-films made of tightly packed nanofibrils. When integrated as active layer in OFETs, 

these semiconducting polymer films exhibited record mobility for LS-film OFETs without the 

need of any high-temperature annealing.  Moreover, we have proved that the electrical 
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performances are independent both on the chemical nature of the substrate and on the dielectric 

permittivity of the gate insulator. Importantly, our approach to LS technique potentially enables 

the formation of large area films (up to 9 cm2) by using a tiny amount of polymer (~ 75 μg) 

spread onto the water surface to create high-performance, transparent and flexible devices at low 

cost regardless of the chemical and dielectric nature of the substrate. In perspective, the 

possibility to apply this film preparation method to other kinds of conjugated polymers will 

allow controlled fabrication of multilayered hybrid films without sacrificing morphological and 

electrical properties of each single layer.   

 

MATERIALS AND METHODS 

General: The IIDDT-C3 (Mw=58,000 Da; polydispersity, PDI = 2.4) polymer was supplied 

by 1-MATERIAL INC and it was used as received. For all the LS and SC films, a 0.5 mg/mL 

chloroform solution of IIDDT-C3 polymer was used. The polarized UV-Vis spectra were 

recorded at room temperature on a Shimadzu UV3101 spectrometer equipped with Melles Griot 

polarizer. AFM Characterizations were carried out with a Multimode V (Veeco) microscope 

equipped with a Nanoscope V controller. Commercial silicon cantilevers with a nominal spring 

constant of 40 N m–1 were used for morphological characterization in intermittent contact mode. 

Water contact angles (Table SI-2, Supporting Information) were measured by the sessile drop 

method on a DSA 100 goniometer (Krüss GmbH); milli-Q water was used and data evaluation 

was done using the software Drop Shape Analysis. The thickness of PMMA and Cytop spin-

coated films was evaluated by using an Alpha-Step IQ Surface Profiler (KLA-Tencor). 

2D-GIXRD diffraction patterns were collected using the 2D Pilatus detector at the XRD1 

beamline of ELETTRA synchrotron facility in Trieste (Italy). The X-ray beam was characterized 
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by an energy of 12.5 keV (corresponding to λ = 1 Å) and a beam size of 200x200 μm2. The 

grazing incident angle was fixed at αi = 0.18° to maximize the diffraction signal coming from the 

semiconducting layer at the top of the substrate. 

XRR and XRD measurements were carried out with a SmartLab Rigaku diffractometer 

equipped with a rotating copper anode (λCu = 1.54184 Å) followed by a parabolic mirror to 

collimate the incident parallel beam and a series of variable slits placed before and after the 

sample to control the beam size and detector acceptance respectively. The beam resolution was 

0.01deg and 0.1deg for the out-of-plane and in-plane measurements, respectively.  

 

Substrate Cleaning and Preparation: For optical measurements, TED PELLA quartz slide 

(1x1 in, 1 mm thick) were used. For all devices, SiO2/Si-n++ substrates (230 ± 10 nm thick SiO2, 

675 ± 20 μm thick Si-n++, Fraunhofer Institute for Photonic Microsystems IPMS, Dresden, 

Germany) were used. All the substrates were sonicated for 10 min each in acetone and isopropyl 

alcohol, and dried with nitrogen. For the preparation of OTS-, HMDS- and Cytop- substrates the 

following procedures were used: the SiO2/Si-n++ substrates were cleaned with UV-Ozone 

treatment for 5 min prior to use and all the substrates were prepared in glove box under nitrogen 

atmosphere. For the preparation of OTS- treated silicon dioxide substrate, the SiO2/Si-n++ 

substrates were immersed in a 5 mM solution of OTS (Aldrich 104817) in toluene inside a sealed 

jar, then heated at 60˚C for 60 min, exposed overnight to this environment and finally, rinsed in 

pure toluene bath. For the preparation of HMDS-treated silicon dioxide substrate, HDMS 

solution (Aldrich 440191) was spin-coated (1500 rpm, 60 sec) onto the substrate and then 

annealed at 100˚C for 60 min.  PMMA (Mw = 120 kDa, Aldrich 182230) was dissolved in hot 

anhydrous n-butyl acetate (70 mg/mL) and filtered with 0.45 μm PTFE syringe before spin-
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coating (1000 rpm, 30 sec) onto SiO2/Si-n++ substrates. The samples were then annealed at 150˚C 

for 120 min (PMMA thickness  ̴ 380 nm).  Cytop CTL 809M diluted in CT-SOLV180 (190 μl/10 

μL respectively) was spin-coated (2000 rpm, 30 sec) onto the SiO2/Si-n++ substrates and then 

annealed at 150˚C for 120 sec (Cytop thickness ̴ 735 nm).  

  

IIDDT-C3 polymer film fabrication: Langmuir–Schaefer experiments were carried out in a 

KSV minitrough apparatus by employing ultrapure MilliQ water with a resistivity of 18 MΩ cm 

as a subphase. Drops of the IIDDT-C3 solution (0.5 mg/mL in chloroform) were randomly 

spread over the aqueous sub-phase with a Hamilton microsyringe. After few minutes to 

evaporate the solvent, the floating films were linearly compressed by the two mobile barriers at a 

rate of 5 mm/min. Surface-pressure versus molecular-area isotherms were recorded by film 

balance measurement (Wilhelmy plate method). The ultrathin film transfers were performed onto 

the different substrates by a horizontal deposition; a different surface pressure was used in 

function of the spread volume (i.e., 25 mN/m for 50 μL, 35 mN/m for 100 μL and 45 mN/m for 

150 μL). Taking into the account the volume of polymer solution spread at the water/air interface 

and the area between the barriers during the transfer, we estimated the areal density i.e., quantity 

of polymer for unit area in the different cases (expressed in μg/cm2). The films were dried in 

vacuum oven at 40 °C and stored in nitrogen atmosphere before characterization. Spin-coated 

(SC) films having thickness of  ̴  3 nm were fabricated at speed of 3000 rpm for 60 s, from 150 

μL of a solution 0.5 mg/mL in chloroform.  

Device Fabrication and Characterization:  Bottom-gate, top-contact long channels (channel 

lengths L = 60–120 μm, W = 10 mm) transistors were fabricated on SiO2/Si-n++ on which 35 nm 

thick interdigitated gold electrodes were thermally evaporated through a shadow mask. A 
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Keithley 2636A source meter interfaced by LabTracer™ software was employed for the OFETs 

characterization in the controlled atmosphere of a glovebox (O2 and H2O content below 10 and 2 

ppm, respectively). The field effect mobility were obtained in the saturation region of transistor 

operation by using the equation  where W/L is the channel 

width/length, Ci is the gate dielectric layer capacitance per unit area, and VGS and Vth are the gate 

and threshold voltages. The dielectric capacitance was determined by using    where 

εo is the dielectric constant in vacuum, εr is the dielectric constant of the material, A is the 

capacitor area and d is the thickness. The field effect mobilities reported in this paper were 

measured in devices with channel length, L = 80 μm. In particular, we prepared at least 3 films 

for each kind of LS films and the average mobility was measured in 2 devices for each film 

without considering in the statistic the maximum mobility of 2.7 [cm2V-1s-1] obtained for LS3 

(see the Table S3 in the Supporting Information for more details on the statistics of OFET 

measurements). 
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