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Abstract 

Solution-processed semiconductor materials have intriguing optical and electrical characteristics and have found use in solar energy 

harvesting, display technologies, and bioelectronics. Organic Semiconductors (OSC) have sparked considerable interest in this context 

due to their incorporation into a variety of optoelectronic devices such as Organic Light-Emitting Diodes (OLED), Organic Photovoltaic 

(OPV), Organic Field-Effect Transistors (OFET), and emerging technologies such as wearable electronics. The advantages of OSCs for 

such applications include cheap synthetic cost, light weight, and great synthesis scalability, as well as simple deposition processes for 

printed electronics, big area, and flexible solar cells. OLEDs are the most commercialized of the aforementioned technologies, appearing 

in items such as smartphones and screens. Power Conversion Efficiencies (PCEs) of more than 18% have recently been recorded in single 

active layer devices, indicating that OPV technology is becoming more practical. Furthermore, due to the adjustable energy levels of 

organic materials to match the indoor spectrum, Indoor OPV (IPOV) technology is gaining traction. 
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Introduction 

Organic Semiconductors (OSCs), whether single molecules or polymeric, are made up of conjugated donor and acceptor building 

components. The energy gap between electronic states of conjugated building blocks, as well as the flexibility of this energy gap, is 

a critical element in developing OSCs for certain applications. This is achievable through the chemical design of tiny molecules, 

building blocks, and polymeric OSCs. The compositional and structural heterogeneities associated with these building components, 

as well as deposition methods like as vapors deposition and solution processing procedures, influence the OSC thin film 

morphology. Furthermore, the material's molecular self-assembly and solid-state organization impacts the overall optoelectronic 

characteristics that enable device performance (for example, charge transport, photoinduced charge production, and/or optical 

performance). For example, the efficiency of charge production, separation, and how the resultant charges transit to the electrodes 

is determined by an OSC-based photoactive layer. The establishment of accurate structure-processing-property connections is a 

bottleneck problem. 

Polymer crystallization plays an important role in shaping their architectures, degree of order, and functional characteristics. To 

tailor the sizes and forms of molecular assemblies at different length scales, additives can be added to regulate crystal formation. It 

is demonstrated that by adding a p-type semiconductor to a processing solvent, massive (up to micrometer size) crystals of n-type 

OSC inks may be produced. Using Poly (3-hexylthiophene) (P3HT) and Polyethylene Glycol (PEG) additives in an aqueous 

solution, this method was utilized to control the crystallization behavior of N, N′-dioctyl perylene diimide (C8PDI). C8PDI crystals 

of sub-micro to micrometer (0.4 m-2 m) length and (35 nm-210 nm) width have been created. Using this method, stable and 

pollution-free aqueous OSC inks for large-area printing of electrical devices were created. 

Organic solar cell research is intriguing. The Bulk-Hetero Junction (BHJ) shape, with appropriate donor-acceptor intermixes and 

phase separation, is critical to the performance of organic solar cells and contributes to the overall optoelectronic characteristics. 
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With the introduction of Non-Fullerene Acceptors (NFAs) and high efficiency donor polymers, single-junction solar cells may 

attain PCEs of more than 18%.There is a lot of interest right now in developing NFAs for BHJ-based organic solar cells. It has been 

demonstrated that fluorinating IDIC NFA end groups improves miscibility when combined with polythiophene-based donor 

polymers, therefore increasing the PCE values of solar cells. The increased amount of fluorine atoms in IDIC resulted in improved 

miscibility with the PDCBT-Cl donor polymer and significantly decreased domain sizes in the BHJ blend films. To demonstrate a 

link between the amount of fluorine atoms, miscibility, and device performance in PDCBT-Cl: IDIC solar cells, a multi-technique 

characterization method employing calorimetry, electron microscopy, and X-ray scattering were utilized. 

The development of OSC materials and their mixes for indoor photovoltaic applications is gaining traction. Indoor photovoltaic 

cells with PCEs of 9.6% (AM 1.5 G sunlight) and 24.27% (under 1,000 lux, LED 2,700 K) were created using BHJ blends based on 

Polythiophene vinylene (PTV) donor polymers and ITCC NFAs. When the ethylene groups in the backbones of PTVT-V were 

replaced by thiophene moieties in the backbones of PTVT-T, the preferred orientation of the crystallites changed from edge-on to 

face-on alignment, revealing structure dependent optoelectronic characteristics in IOPVs. Notably, PTVT-T:ITCC BHJ blends had 

lower energetic disorder (58 meV) than PTVT-V:ITCC blends (70 meV), resulting in reduced recombination rates and improved 

charge transfer. These findings suggest that chemically designing PTV-based polymers might improve photovoltaic characteristics 

by reducing energy disorder, which is a viable method to create low-cost IOPV cells. 

The development of optical sensors based on OSCs is gaining traction. Given the vast range of uses for Circularly Polarized Light 

(CPL) in photonics, integrated photoelectric sensors capable of directly detecting CPL are required for the development of photonic 

devices. Photo detectors based on chiral OSCs, for example, that can detect CPL directly would improve photonics applications. 

Methods for producing photosensitive CPL materials and detector performance have considerably improved; for example, the 

sensing region of CPL detectors based on chiral nanostructured materials has been extended to 1,340 nm, and the Responsivity (R) 

has been increased to 300 A W-1. CPL photo detectors anisotropy factor (gres) has grown to 1.9, exhibiting good discrimination 

between LCP and RCP photons. These advancements in device performance and preparation processes have a significant impact on 

CPL photo detectors practical uses. 
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