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Editorial on the Research Topic 
Physical Model and Applications of High-Efficiency Electro-Optical Conversion Devices

MODELING OF HIGH-EFFICIENCY ELECTRO-OPTICAL CONVERSION DEVICES
To improve the performances of an electro-optical conversion device, a physical model of the same is needed. In fact, once an appropriate model is built, the optimization of the device design is possible. In particular, electrochemical properties are very relevant to the efficiency of electro-optical conversion devices. It has been shown that impurity doping is an effective method of improving electrochemical performance [1–4]. An Al-doping ternary cathode material model based on first principles density functional theory is proposed to improve the electrochemical performance of the device (Gao et al.). In this model, Al doping provides the ternary cathode material with better electrical conductivity and cycling ability, therefore results in a significant improvement in the rate performance of the material. On this basis, considering that Li-rich Mn-based oxides are also commonly used cathode materials for battery modules of electro-optical conversion devices, a similar model is established to simulate the effects of changing sodium doping amounts on the electrochemical properties of the oxide (Gao et al.). The results show that the conductivity is larger when the sodium doping amount is 0.1 mol. In addition, a model is developed to prepare n−-n+ photodiodes by growing Bi-doped MAPbCl3 epitaxial layer on MAPbCl3 single crystal substrate (Zhao et al.). Specifically, impurity doping can improve the physical and electrochemical properties of conventional materials, leading to an increase in the efficiency of electro-optical conversion devices [5, 6].
At the same time, high self-heating and low heat dissipation are the critical issues needed to be addressed during the operation of electro-optical conversion devices. Heat is generated during devices operation, resulting in higher device temperature and thermal droop. Building some specific models to reduce the thermal droop can effectively boost the efficiency of the devices and promote the energy saving [7–9]. A model based on thermal transport effects is proposed to study electron transports and transport efficiency of LEDs under high and low bias voltages. When the applied voltage is lower than the photon voltage, heat generated in the circuit is exchanged and absorbed by carriers. This allows to improve the efficiency of the whole system through energy recovery and heat collection (Lu et al.). The new model can act as the research prototype to design high-efficient LED arrays for better energy recycling and thermal control. Based on the concept of heterostructure, a model is proposed to obtain a new type of nanowire (NW) photoanode by strong enhancement of the photocurrent in solar water splitting. A heterostructure with correct staggered band arrangement greatly enhances the separation and transmission of photogenerated carriers. It not only improves the efficiency of n-type photoanode, but also solves the problem of p-type doping that has a great impact on the device (Zhao et al.).
The presence of Majorana bound states (MBSs) in the circuits can greatly affect the value of the currents. Therefore, accurate detection of MBSs is one of the core issues addressed by modeling electro-optical conversion devices [10]. In the framework of the nonequilibrium Green’s function, a new model is established to investigate electronic transport in a quantum dot (QD) which is coupled to a phonon bath and MBSs simultaneously (Wang et al.). With a certain bias voltage, by selecting correct parameters, heating can be suppressed even if the current is increased. This permits to eliminate the waste heat generated by the current through the low dimensional circuit. Properties of spin Seebeck effect in a quantum dot coupled to topological superconductor hosting a pair of MBSs are theoretically studied by nonequilibrium Green’s function method (Sun et al.). This model may have practical applications in the detection of MBSs and be used in highly efficient spin-thermal devices. It is an ideal choice for designing energy-saving devices. Based on the characteristics of MBSs in photon-assisted tunneling (PAT) process, it is valuable to study the influence of MBSs on thermoelectric properties by using optical technology [11–14]. Considering the irradiation of photon field, conductivity and thermoelectric properties of a QD coupled to MBSs are studied (He et al.). As the coupling strength between the QD and MBSs increases, the combined action of MBSs and PAT can significantly improve the thermoelectric energy. Meanwhile, a sign change of the thermopower induced by changing either dot-MBSs coupling or temperature is analyzed. This can be used as the evidence of the existence of MBSs. In spintronic devices, a key quantity is the relative change of current called tunnel magnetoresistance (TMR). A model of double quantum dots in series is established, and the properties of electrical current and TMR in the model are studied theoretically (Tang et al.). The magnitude of currents can be changed by adjusting the sign of spin polarization and the arrangement of magnetic moments. When two spin polarizations are the same in sign, a negative TMR emerges which is useful in detection of the MBSs. This tunable current and TMR can also be used for efficient spintronic devices or information processing. The properties of local heat originated from energy exchange are studied theoretically in a quantum dot (QD) (Wang et al.). A dual negative differential of heat generation (NDHG) effect is found in the model. In addition, the simulation results show that the dual NDHG effect is robust against the variation of intradot Coulomb interaction strength, and may remedy some limitations of tunneling spectroscopy technique.
The previous physical models can determine the properties of electro-optical conversion, electrochemistry and heat generation, etc. Selecting right parameters to optimize models can lead to higher efficiency in electro-optical conversion devices. As electro-optical devices continue to shrink in size, increasing the conversion efficiency of devices will not only allow for better performance, but also expand their application in new materials and structures.
APPLICATIONS OF HIGH-EFFICIENCY ELECTRO-OPTICAL CONVERSION DEVICES
The development of new materials and structures is needed for the application of electro-optical conversion devices [15, 16]. III-V multijunction solar cells are widely used in space applications due to their super high electro-optical conversion efficiency and radiation resistance (Li et al.). The need of a tradeoff between bandgap matching and lattice matching promotes the development of new structures and materials of solar cells (Li et al.). The conversion efficiency can be effectively improved by crystalline silicon heterojunction solar cell. Furthermore, latticematched GaInP/GaAs/Ge triple junction solar cell fabrication technology is mature and can be used in large-scale production. A polychromic macromolecular dye system using azopyrazolone as chromophore is proposed (Deng et al.). The dye system is constructed with azopyrazolone dye as the chromogenic matrix. The binding effect of the bridge group in space is used to reduce the dipole moment of the entire molecule and the backflow effect of oil with external electric field. This method can effectively improve the solubility, absorption coefficient and light stability of dyes. In addition, an ultrafast modulation effect on local magnetization orientation in the GdFeCo layer is obtained when it is triggered by the femtosecond laser pulse and driven by the effective exchange field (Xie et al.). This method is conducive to the development of exchange-coupled composites.
The optimization of algorithms is of great significance to promote the application of high-efficiency electro-optical conversion devices (Liu et al.). In order to measure the actual driving distance of vehicle ahead, an improved sum of squared difference (SSD) algorithm is proposed (Lin et al.). Gaussian blur and gray conversion are used to optimize images, and then the improved SSD is used for stereo matching and disparity calculation to obtain the corresponding distance value of each point. This method can effectively improve the accuracy of stereo matching and disparity calculation, and can be applied to license plate recognition and other fields. A novel generation and transmission method of 400G signal is demonstrated with single discrete Fourier transform-spread (DFT-spread) band to avoid multi-band inter-sub-band interference (Liu et al.). The problem of increasing bandwidth brings about by the development of mobile Internet can be solved by this technology. The optimization of algorithms can also be used to improve the performance of electro-optical conversion devices, such as electrophoretic displays (EPDs) and electrowetting displays (EWDs) (Tian et al.) [17, 18]. A driving waveform based on driving process fusion and black reference gray scale is proposed to improve the performance of EPDs (Wang et al.). In this driving waveform, the DC balance rule is used to prevent the display breakdown caused by charge trapping, and the black state is used as the reference gray scale to reduce the driving time. Similarly, some driving waveforms are proposed to reduce contact angle hysteresis, response time and charge trapping, and improve the aperture ratio of EWDs (Yi et al.) [19]. A driving scheme for EWDs using alternating current (AC) voltage is proposed and the inhibitory effect of AC voltage on contact angle hysteresis is proved (Wang et al.). As for reducing response time, a driving waveform based on overdriving voltage is proposed to increase the response speed of oil (Zeng et al.). The influence of different overdriving voltages on response time is tested. The experimental results show that overdriving the voltage can effectively reduce the response time. The charge trapping of EWDs also needs to be solved. A method shows that charge trapping can be reduced by a periodic reset signal, and the oil backflow can also be reduced by the reset signal (Zhang et al.). In a previous study, it has been proven that oil splitting is one factor which can lead to the decrease of aperture ratio [20]. A driving waveform with a narrow falling ramp, low-voltage maintenance, and a rising ramp is proposed to reduce oil splitting (Lai et al.). The low voltage maintenance stage in this driving waveform can effectively suppress the oil splitting. In addition, the inhibitory effect of rising gradient voltage on oil splitting is shown in another driving scheme (Tian et al.).
The latest progress of applications of electro-optical conversion devices was discussed in this section. Study on new materials, structures and algorithms can effectively improve the electro-optical conversion efficiency and increase the various possible applications of electro-optical conversion devices, which may enable new technologies to facilitate people’s lives and promote further industrialization.
CONCLUSION
The latest technology developments impose tighter requirements for the conversion efficiency of electro-optical conversion devices. In this reserch topic, new high-efficiency electro-optical conversion devices are described. At first, the impact of the latest models of electro-optical conversion devices on their performance is introduced. Then, the new materials, structures and algorithms of electro-optical conversion devices are classified and summarized, which provides reference value for increasing their performance and application scenarios. In the future, the rapid development of electro-optical conversion devices is expected to bring technological breakthroughs in the fields of solar cells and new displays.
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