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Abstract 

Charge transport in semiconductor channels of organic field-effect transistors (FETs) 

depends largely on the molecular ordering of organic semiconductor molecules. This 

is particularly demanding for polymer-based FETs, where channel semiconductors 

are non-molecular in nature, and generally form semiconductor films of low 

crystallinity. As a result, great theoretical and practical interests have been directed 

towards facile solution processes that can transform a low molecular weight (MW) 

and low mobility conjugated polymer into a high crystalline order and high-mobility 

semiconductor. This research focuses on developing effective strategies for achieving 

high mobility as well as other desirable FET properties through properly controlling 

the morphology and molecular ordering of conjugated polymer channel layers. The 

relationships between morphologic/microstructural properties of the polymer 

semiconductor films and charge transport characteristics in the films are 

systematically investigated and elucidated. The purpose of this work is to achieve 

high performance solution-processed polymer FETs with high mobility, excellent 

ambient stability, and performance uniformity that display practical significance for 

application in next-generation electronics.  

In the first part of this thesis, functionalization of the gate dielectric surface by 

grafting highly ordered and dense coverage of hybrid silane self-assembled 

monolayers (SAMs) is discussed. A two-step solution-processed method using a 

combination of trichlorooctadecylsilane (OTS-18) and trichlorooctylsilane (OTS-8) 
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has been developed to create high-performance hybrid dual-silane SAM on the 

surface of silicon dioxide (SiO2), thus enabling the achievement of both high field-

effect mobility and current on/off ratio, together with other desirable FET properties. 

The hybrid SAM approach is also adopted for attaining high performing polymer 

FETs using a different SAM agent combination of phenyltrichlorosilane (PTS) and 

OTS-18. 

With the progress in functionalizing the surface of gate dielectric insulator by two-

step grafting SAMs, the advancement in enhancing the crystalline structural order of 

the polymer channel layer is highlighted. This was realized by the incorporation of 

polar insulator of polyacrylonitrile (PAN) into the polymer semiconductor solution at 

appropriate loadings, enabling the formation of excellent semiconductor films with 

high crystalline order. PAN serves as an efficient mediating medium for the 

crystallization of polymer semiconductor, leading to the creation of large crystalline 

domains within the PAN matrix. A ~10-nm thick semiconductor layer with richer 

semiconductor crystalline domains is constructed near the vicinity of the gate 

dielectric surface, facilitating efficient charge conduction in the channel 

semiconductor. Enhancements in field-effect mobility by as much as about one order 

in magnitude and current on/off ratio of two to three orders in magnitude have been 

realized in polymer FETs. PAN incorporation also dramatically enhances the stability 

and processability of semiconductor solutions, enabling rapid fabrication of channel 

semiconductors in polymer FETs via common graphic art printing techniques such as 

inkjet printing for practical adoption.  
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Another unique facile solution process which transforms a lower-MW and low-

mobility conjugated polymer, e.g., diketopyrrolopyrrole-dithienylthieno[3,2-b] 

thiophene (DPP-DTT), into a high crystalline order and high-mobility nanowire 

network for high performance polymer FETs has been also developed in this work. 

This approach involves solution fabrication of a channel semiconductor film using a 

lower MW DPP-DTT/polystyrene blend system. With the help of cooperative shifting 

motions of polystyrene chain segments, an interpenetrating nanowire semiconductor 

network is readily self-assembled and crystallized out in the polystyrene matrix, and 

thereby providing significantly enhanced mobility (over 8 cm2 V-1 s-1) and current 

on/off ratio (107). 

Finally, the concept of generating polymer nanowire network in the effective 

photoactive channel is extended for the development of highly sensitive near-infrared 

(NIR) organic phototransistors (OPTs). The NIR-OPTs based on DPP-DTT nanowire 

network exhibit high responsivity of ~246 A W-1 under an NIR illumination source 

with the wavelength of 850 nm at a low intensity of ~ 0.1 mW cm-2. This value is 

over one order in magnitude higher than that of the structurally identical planar DPP-

DTT thin film based OPTs. The high performance of the nanowire network-based 

phototransistors is attributed to the excellent hole transport ability, reduced density of 

the structural defects in the polymer nanowire network, and improved contact at the 

channel layer/electrode interfaces. The high sensitivity and low cost solution-

fabrication process render this OPT technology appealing and practically viable for 

application in large area NIR sensors.  
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