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Abstract 

This paper investigates approaches for improving 

effective mobility of organic thin film transistors 

(OTFTs). We consider gate dielectric optimization, 

whereby we demonstrated >2x increase in mobility by 

using a silicon-rich silicon nitride (SiNx) gate dielectric 

for polythiophene-based (PQT) OTFTs. We also engineer 
the dielectric-semiconductor (SiNx-PQT) interface to 

attain a 27x increase in mobility (up to 0.22 cm
2
/V-s) 

using an optimized combination of oxygen plasma and 

OTS SAM treatments. Augmentative material systems by 

combining 1-D nanomaterials (e.g., carbon nanotubes, 

zinc oxide nanowires) in an organic matrix for 

nanocomposite OTFTs provided a further boost in device 

performance. 
 

 

1. Introduction 

 

Organic electronics is unleashing new opportunities in 
application areas that demand mechanical flexibility, 

large area coverage, low-temperature processing, and 

overall low cost [1,2]. In particular, the application of 
organic thin film transistors (OTFTs) in flat panel 

active matrix displays has proved to be very 

promising especially for E-book applications. 
Integration of OTFT circuits and systems for these 

applications requires an appropriate choice of material 

systems, fabrication techniques, and device/circuit 
architectures. While a broad range of solutions are 

being explored [2,3,4], efforts are still essential to find 

a long-term solution for manufacturing reliable and 
functional organic devices that lends itself to easy and 

reliable integration of circuit/systems. This paper 
investigates practical strategies for improving the 

performance of OTFTs, which include gate dielectric 

optimization, interface engineering, and 
semiconductor channel enhancement. In this vein, we 

explore the use of plasma enhanced chemical vapor 

deposited (PECVD) silicon nitride (SiNx) films as gate 
dielectrics for OTFTs. PECVD SiNx has a number of 

attractive processing merits, including relatively low 

deposition temperatures, large-area deposition 
capability, and high throughput. Moreover, SiNx films 

possess excellent electrical properties and dielectric 

strength, and have been a prevalent choice of gate and 
passivation dielectric material for active matrix TFT 

backplanes for flat panel displays and imagers [5-7].  

To evaluate the compatibility of SiNx as gate 
dielectric for OTFTs, we focus on optimizing the SiNx 

composition for poly[5,5’-bis(3-dodecyl-2-thienyl)-

2,2’-bi-thiophene] (PQT) OTFTs, as reported in 
Section 3.1. Since interfacial compatibility is critical 

in TFTs, we examine various surface treatment 

techniques to engineer the dielectric-semiconductor 
(SiNx-PQT) interface. These results are reported in 

Section 3.2. In the quest for higher performance 

semiconductors, augmentative material systems are 
investigated in which we combine one dimensional 

(1-D) nanostructures, such as carbon nanotubes 

(CNTs), in an organic semiconductor matrix for 
fabricating inkjet printed nanocomposite OTFTs. It is 

well-known that charge carrier mobilities of inkjet 

printed organic semiconductors are generally limited 
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because of fast solvent evaporation rate of organic 
droplets. Although efforts have been focused on 

molecular self-organization, solvent effects, contact 

resistances engineering, and channel length 
downscaling, only a few inkjet printed devices exhibit 

mobilities beyond ~0.1 cm2/V-s. In this work, we 

demonstrate a means of enhancing mobility of inkjet 
printed OTFT devices by introducing random arrays 

of carbon nanotubes (CNTs) in an organic 

semiconductor (PQT) host matrix. This is discussed in 
Section 3.3. A similar strategy of introducing n-type 

nanostructures in an n-type organic matrix for 
performance enhancement is considered in Section 3.4, 

in which we examine n-type nanocomposite OTFTs 

composed of zinc oxide (ZnO) nanowires in an n-type 
solution-processed organic semiconductor (PCBM) 

host matrix. 
 

 

2. Experimental  
 

Experiments were conducted using bottom-gate 

bottom-contact OTFTs. Highly doped silicon wafers 
served as a common gate substrate. PECVD SiNx of 

varying film composition or thermal SiO2 formed the 

gate dielectric layer. Thermally evaporated gold (Au) 
or chromium (Cr), patterned by photolithography and 

a lift-off process, formed the source/drain contacts. 

For p-type TFTs, PQT thin film was used in pristine 
form by spin-coating in atmosphere [8,9], or in 

combination with non-percolating networks of single-

walled CNTs to form nanocomposite CNT-PQT TFTs 
by inkjet printing [10]. For n-type TFTs, solution-

processed [6,6]-phenyl C61-butyric acid methyl ester 

(PCBM) was deposited in pristine form by spin-
coating in a nitrogen ambient, or in combination with 

a stamped network of ZnO nanowires to form 

nanocomposite ZnO-PCBM TFTs [10]. For the study 
on interface treatment, the SiNx dielectric surface was 

functionalized using oxygen (O2) plasma exposure, 

octyltrichlorosilane (OTS, CH3(CH2)7SiCl3) self-
assembled monolayer (SAM), or a combination of 

both. The treatment conditions were reported in [8]. 

Device characterization was carried out in atmosphere.  

 

 

3. Results and discussion 
 

3.1  Optimization of PECVD SiNx Gate Dielectric for 
PQT OTFTs 

To determine the optimal composition of SiNx gate 

dielectric for OTFT applications, PECVD SiNx films 
of varying stoichiometry (deposited at various 

NH3/SiH4 gas flow ratio) were considered [8]. Fig. 1 

compares the effective field-effect mobility (µFE) and 
on/off current ratio (ION/IOFF) of PQT OTFTs with 
various SiNx gate dielectrics, plotted as a function of 

the nitrogen-to-silicon ratio ([N]/[Si]) in the SiNx film. 

A ~2.3 times improvement in µFE was observed using 
silicon-rich (i.e., lower [N]/[Si] value) SiNx than 

nitrogen-rich SiNx as the gate dielectric layer. These 

results suggest that silicon-rich SiNx gate dielectric is 
a preferable choice for attaining higher mobility 

polythiophene OTFTs. The data presented here 

showed that OTFTs implemented on 150°C SiNx give 

rather promising mobility (of 0.14 cm2/V-s) for 
solution-processed OTFTs. This is encouraging as 

implementation of high performance OTFTs with low 

temperature dielectric on plastic substrates is 
attractive for flexible electronic applications. 
 

 
Fig. 1.  Effective field-effect mobility (µFE) and 

on/off current ratio (ION/IOFF) of PQT OTFT as a 

function of composition of PECVD SiNx gate 

dielectric 
 

 

3.2  Optimization of PQT-SiNx Interface via Surface 

Treatment 
To further improve performance of PQT OTFTs, we 

systematically introduced various surface treatments 

to the dielectric-semiconductor (SiNx-PQT) interface 
and evaluated their impact on OTFT characteristics. 

Four types of dielectric surface conditions were 

investigated: no treatment (i.e., bare SiNx), O2 plasma 
treatment, OTS SAM treatment, and combined O2 

plasma/OTS treatment. Improvements in µFE and 
ION/IOFF after surface treatment are evident in Fig. 2. In 

particular, the combinatorial treatment using O2 
plasma and OTS SAM generated the largest 

enhancement, with a 27 times increase in µFE 
compared to an untreated device. The different device 

behavior can be understood by examining the changes 
in interfacial properties, such as surface energy (via 
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contact angle measurement) and surface roughness. 

The champion device (with highest µFE) is attained 
with the combined O2 plasma/OTS treatment, where 

the dielectric surface is simultaneously characterized 

by a large contact angle and a low surface roughness.  
Therefore, high contact angle and low surface 

roughness are the most favorable combination for 

achieving high mobility PQT OTFTs. 
To further optimize the surface treatment process, 

we evaluated the impact of O2 plasma exposure 

duration on PQT OTFT performance, as shown in Fig. 
3. A “turn-round” effect is observed in Fig. 3, where 

µFE and ION/IOFF peaked at exposure duration of ~80 

sec. The data revealed improved µFE and ION/IOFF with 
increasing O2 exposure duration from 0 to 80 sec; this 

was accompanied by a reduction in inverse 

subthreshold slope, suggesting improved dielectric-
semiconductor interface properties as a result of the 

treatments.  However, for longer exposure duration 

of 80 to 900 sec, a gradual reduction in µFE and 

ION/IOFF is observed. The variation in µFE with O2 
plasma exposure time can be largely explained by the 

dependence on surface roughness. Surface roughness 
of the SiNx dielectric reached a minimum for oxygen 

plasma exposure duration of 80 sec, which coincided 

with the point of maximum µFE of 0.22 cm2/V-s.  
 

 
Fig. 2.  Mobility and on/off current ratio of PQT 
OTFTs for various surface treatment conditions. 
 

 

3.3  Inkjet Printed P-type Nanocomposite Bilayer 
PQT-CNT TFTs 

To enhance device mobility of inkjet printed p-type 

OTFTs, we introduced an inkjet printed bilayer active 
channel containing a randomly dispersed non-

percolating network of CNTs as mobility enhancer 

and a PQT organic semiconductor as host matrix. 
With an appropriate loading of CNTs, inkjet printed 

nanocomposite PQT-CNT TFTs achieved µFE of 0.23 
cm2/V-s, which is an enhancement of a factor of more 
than 7 over inkjet printed pristine PQT TFTs. As 

shown in Fig. 4, there is an increase in µFE as CNT 
loading increases from 1 to 5 inkjet printed 

depositions, reaching maximum µFE at 5 CNT 
depositions. Further additions of CNTs caused a 

reduction in µFE.  Therefore, the density of non-
percolating CNTs at the semiconductor-dielectric 
interface plays an important role in altering the 

morphology and microstructure of the PQT polymer 

as well as the transistor performance. Careful 
optimization is necessary to maximize the positive 

contribution of CNTs on device enhancement. To the 

best of our knowledge, this is one of the best results 
reported to-date for inkjet printed transistors [10].  
 

 

 
Fig. 3.  Mobility and on/off current ratio of PQT 

OTFTs as a function of O2 plasma exposure 

duration. All samples were treated with O2 plasma 
followed by OTS SAM. 
 

 
Fig. 4.  Saturation field effect mobility (circles) 

and on/off current ratio (squares) of the 
nanocomposite PQT-CNT TFTs with various inkjet 

printed CNT loading. 
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3.4  N-type Bilayer ZnO-NW/PCBM TFTs 
The shortage of high performance, air-stable n-type 

organic semiconductors poses an ongoing challenge 

for the realization of complementary logic circuits 
based on OTFTs. We investigated the incorporation of 

semiconducting zinc oxide nanowires (ZnO-NWs) as 

a mobility enhancer for n-type organic 
semiconductors. N-type composite OTFTs based on a 

stamped (similar to shear-sliding technique) single 

layer network of ZnO nanowires in an n-type solution-
processed PCBM organic semiconductor host matrix 

exhibited electron field effect mobilities in the range 
0.3 to 0.6 cm2/V-s, representing an enhancement by as 

much as 40 times over pristine PCBM OTFTs. Fig. 5 

shows the transfer characteristics and surface 
morphology of an n-type ZnO-NW/PCBM composite 

transistor, exhibiting high mobility of ~0.6 cm2/V-s, 

ON/OFF current ratio in the order of 106, low OFF 
currents of the order of 10 pA, low threshold voltage 

(close to 0 V) and a steep subthreshold slope 

(indicating a fast turn on time for the device). The 
results presented here demonstrate a highly promising 

enhancement, which can be further improved and 

optimized for the realization of high performance 
solution-processible n-type TFTs [11].   

 

 

 
Fig. 5. (a) Transfer characteristics of pristine 

PCBM and ZnO-PCBM TFTs. (a) Atomic force 

microscopy (AFM) image illustrating the surface 
morphology of ZnO-PCBM layer.  
 

 

4. Summary 

 

This paper showcased various approaches to 

enhance the performance of solution-processed 

OTFTs, related to optimization of gate dielectric, 
semiconductor layer, and associated interface. The 

resulting solution-processed organic-based TFTs 

displayed mobility approaching that of amorphous 
silicon TFTs. In particular, the results demonstrated 

the viable use of SiNx as a gate dielectric for reliable 
and functional OTFTs that lends itself to easy and 

reliable integration of circuit/systems for E-book and 

related applications.  
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