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Summary 
 

 

The imperative quest for efficient self-emissive displays and large-area illumination 

technologies has led the scientific community to investigate novel and promising 

semiconductors for the so-called next generation of solid-state light-emitting 

devices. The standardized requirements to fulfill for the next generation of light-

emission technology strongly depend on the application. For instance, a better color 

gamut and viewing angles are necessary for display technology; whereas, large-

emitting areas resembling natural daylight without sacrificing brightness are 

essential in illumination. The overall performance of light-emitting devices relies 

upon many variables, including materials, fabrication processes, and device 

architecture. Hence the synthesis and characterization of the semiconductor material 

together with a study of its implementation in electroluminescent devices are just a 

first, but still fundamental, step towards possible future commercialization of a novel 

light-emitting technology.  

 

Despite the great advances already made in the forthcoming generation of 

displays and illumination devices, there are still challenges to be addressed. The 

manufacturing cost for self-emissive displays and illumination technologies is 

considerably high and increases rapidly as the active area becomes larger since 

expensive fabrication techniques are presently required. Low-cost manufacturing 

processes, i.e., those based on solution methods, are a promising alternative to the 

current technology. While efficient green and red light-emitting devices have been 

obtained by solution-processable methods, even in large areas, the performance of 

the blue-emitting devices is still lagging behind due to the difficulty to achieve 

defect-free semiconductors with such a wide bandgap. The lack of efficient blue 

emitters has hampered the progress for full-color displays (or has required creative 

solutions as in OLED displays) and white-emitting illumination sources. For the 

above reasons, intense research is going on to fabricate efficient blue-emitting 

inorganic and hybrid semiconducting materials by solution-processable methods.  
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This thesis focuses on fabricating two prospective blue luminescent 

semiconductors prepared by low-cost techniques and their application in 

multilayered electroluminescent devices, namely thin-film electroluminescent 

devices and light-emitting diodes.  

 

Thin-film electroluminescent devices (TFEL) are comprising of a phosphor 

between two insulating layers and contacted by front and rear electrodes, of which 

one has to be transparent for the light to scape. Thus, it is arranged in a MISIM 

(metal-insulator-semiconductor-insulator-metal) structure. The phosphor is a wide 

band gap semiconductor that serves as a host material for impurities, namely color 

centers. They are activated upon the application of an alternating voltage with the 

delivering of a constant light emission at high electric fields. In chapter 2, we present 

the synthesis of a phosphor based on a well-known metal chalcogenide 

semiconductor doped with europium chloride (III). Herein, zinc sulfide (ZnS), in its 

wurtzite crystal structure, was ultrasonically pyrolyzed (pyrosol) on top of glass 

substrates forming a dense thin film. By carefully controlling the synthesis of the 

europium-doped ZnS films, we were able to reduce our europium source to its 

divalent state forming europium sulfide (EuS) bonding. The presence of divalent 

europium (Eu2+) was confirmed by EPR spectroscopy. Eu2+ is responsible for the 

broad-blue band photoluminescence when is excited with an energy of 3.75 eV, i.e., 

the band gap of the ZnS:Eu2+. The emission mechanism is governed by 5d → 4f 

transitions of the Eu2+ first excited state. 

 

In chapter 3, we present results after the incorporation of our phosphor material 

in TFEL devices. We used zirconium oxide (ZrO2) as insulating layers due to its 

relatively high κ-dielectric constant, and antimony-doped tin oxide (ATO) and 

aluminum as transparent and metallic electrodes, respectively. The device was 

fabricated using a low-cost, relatively fast, and straightforward spray pyrolysis 

technique. White-emitting electroluminescence is the result of the application of an 

alternating voltage at a fixed 10kHz sinusoidal frequency. We analyzed the 

colorimetric characteristics of the white light by modulating the square root of the 

mean (rms) AC-voltage spanning from a range of 56 V up to 77 V. The resultant 

white light at 77 V is comparable to the CIE illuminant D65, which correspond to 

the standard illumination of natural noon daylight in many countries in Northwestern 
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Europe. The origin of the white emission was speculated to arise from a contribution 

of the bulk phosphor material, impurities of Eu3+ in built-in ZnO sublayers due to 

the inherent pyrosol process, and intrinsic defects upon the formation of these 

sublayers.  

 

Light-emitting diodes (LEDs) are, as par excellence, the most studied devices for 

illumination applications. Contrary to TFEL, LEDs operate by direct voltage and 

relatively low electric fields. The emission color is directly determined by the energy 

of the band gap of the semiconductor. In a p-i-n structure, holes and electrons are 

injected into the intrinsic layer, namely, the emissive semiconductor, to prompt 

radiatively recombination of charges. In chapter 4, we fabricated LEDs using hybrid 

metal halide perovskites, which are promising hybrid semiconductors for 

optoelectronic applications. We used a quantum-confined system provided by 2D-

3D Ruddlesden-Popper perovskites phases (RP), which allow us to tune the band 

gap toward the blue, further enhancing its quantum yields (PLQYs) compared to its 

purely 3D counterparts. Nonetheless, this approach has inherent inconveniences 

regarding control phase distribution and their orientation to favor charge transport in 

a light-emitting diode. Consequently, an ideal situation will require both parameters 

to be in a good agreement to guarantee a blue emission without sacrificing the 

transport of holes and electrons to the recombination region. We fabricated 

perovskites-based light emitting-diodes (PeLEDs) using an active layer of nominal 

composition PEA2(Cs0.75MA0.25)Pb2Br7, which we compare to active layers 

incorporating isopropylammonium (iPAm) as an additive. A device structure 

comprising ITO/PEDOT:PSS/perovskite/TPBi/LiF/Al was used. Our results show a 

bright blue-emitting (493 nm) device with luminance as high as 8260 cd m-2 at an 

applied bias of 6.5 V (20.6 mA cm-2). The colorimetric characteristics were also 

assessed, showing a high color purity of 88% for our champion device. Furthermore, 

an intriguing external quantum efficiency of up to 6% was reached. PLQYs of 64%, 

on average, were achieved when the active layer with the addition of iPAm was 

deposited on PEDOT:PSS substrates (as in the PeLED structure), a 3-fold 

enhancement compared to the neat PEA2(Cs0.75MA0.25)Pb2Br7 system. Optical and 

structural investigations were performed to unveil such behavior, indicating that RP 

of predominantly n=3 domains are surrounded by higher dimensionality phases, 
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localizing the radiative recombination in very small crystalline domains with random 

orientation; thus, benefiting the PeLEDs performances.  
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