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summary of the key findings presented throughout this thesis 
and discusses the potential future directions for my research. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 



 



 

Further, I have successfully fabricated a near-infrared (NIR) sensitive organic 

phototransistor (OPT) with low operating voltage, using the UFTM to improve charge 

transport in the active layer. In this work I integrated sol-gel derived Li-

dielectric into an organic semiconductor device. This ion-conducting oxide thin film shows 

areal capacitance of 410 nF/cm² that enables me to achieve a stable, low-voltage operation 

voltage (~2.0 V) OPT. The UFTM approach enabled the formation of a highly oriented 

organic semiconductor layer with a notable dichroic ratio of 1.76, facilitating enhanced 

charge mobility (0.21 cm²/V·s) through the channel. This precise alignment of polymer 

chains contributed to the OPT's impressive photosensitivity (97%) at low NIR power (120 

µW/cm²) and high photoresponsivity (~77 A/W), along with a specific detectivity of 1.4 × 

Jones under accumulation mode. The study highlights the potential of integrating ion-

conducting dielectrics with unidirectionally oriented organic films to fabricate high-

performance, low-voltage optoelectronic devices. This unique approach not only advances 

the functionality of organic semiconductor devices but also paves the way for scalable, 

cost-effective, and energy-efficient solutions in flexible electronics.  

Finally, OFETs have been fabricated through the integration of an organic/inorganic 

composite material. This development and analysis of OFETs has been made through the 

integration of a composite material comprising DPP-TTT and C3N5. The strategic 

incorporation of C3N5 nanoflakes within the DPP-TTT matrix significantly improved 

carrier mobility of the transistor, as indicated by a fivefold increase in average saturation 

mobility to 0.41 cm²/Vs. This enhancement was extensively evaluated using EFI-SHG 

measurements, which offered a clear visualization and quantification of the enhancement 

of mobility. The improvements in mobility are attributed to the structural role of C3N5, 



which promotes a more orderly lamellar packing, facilitating efficient charge transport 

while reducing trap densities within the OFETs. This work highlights the importance of 

composite material design in optimizing the performance of organic electronic devices. By 

demonstrating how C3N5 nanoflakes act as templates to enhance charge transport and 

stability, our findings contribute valuable insights to material science and organic 

electronics, setting a foundation for future developments in high-performance, efficient 

organic devices. 

7.2 Future Prospects: 

This thesis works successfully demonstrated that without relying solely on traditional 

electrical measurements, we can gain a direct, non-invasive view of charge transport 

dynamics at the nanoscale by incorporating methods such as time-resolved second 

harmonic generation (TRM-SHG). Real-time probing of molecular orientation and the 

associated anisotropic charge carrier mobility by TRM-SHG provides critical information 

on the underlying connection between polymer ordering and device performance. This 

method makes it possible to precisely adjust molecular alignment, which directs the 

creation of flexible electronics and optoelectronics with great performance. The prospects 

for the future of the current work include: 

 

 

 



UFTM deposition method. 

 

 

 

 

 Neuromorphic computing components can also benefit from the improved charge 

dynamics and accurate molecular alignment made possible by UFTM. Strong, 

energy-efficient charge transfer is necessary for these devices, and the controlled 

anisotropy may help create artificial synapses and neurons that more closely 

resemble organic neural networks. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


