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					Off-lattice kMC simulation of Pt alloy nanoparticle degradation
                

					 This study focuses on understanding the degradation mechanisms of Pt3Co nanoparticles, which are crucial for fuel cell catalysts. We develop a machine-learned potential (MLP) for simulating the degradation processes, comparing its accuracy to density functional theory calculations. Utilizing off-lattice kinetic Monte Carlo simulations with the MLP, we replicate experimental trends and offer insights into atomic orderings. The findings suggest design principles for high-activity, durable Pt3Co nanoparticles and validate the method's applicability to other alloy systems like Pt3Ni and Pt3Co0.5Ni0.5. This research provides a guideline for developing MLPs for alloy electrochemical catalysts and contributes to the design of more effective fuel-cell catalysts. This work was published at ACS Catalysis 2023, 13, 16073 
				
                    				

            
            
												

				
															

			

		
 		
			
                                
					New Publication                                

                                
					New ternary metal oxide discovery with neural network potential
                                

					 Ternary metal oxides have played a crucial role in advancing technologies, but the low throughput of experimental synthesis hinders the discovery of new oxides. In this study, we utilize SPINNER, which combines neural network potential and evolutionary algorithm, to scan 181 ternary metal oxide systems that have not yet been reported and discover 45 systems containing novel oxides that are more stable than related binary compounds or elemental phases. By directly searching up to 60,000 structures, SPINNER overcomes the limitations of material discovery with data mining methods that only search for prototype structures. This work paves the way for more accurate discovery of new multielement compounds that can be synthesized prior to experimentation at modest computational cost. This study was published in Journal of the American Chemical Society, 2023, 145, 35, 19378–19386
				
                                					

                        
                        
												

				
															

			

		
   
		
						
				
					New Publication				

				
					Carrier dynamics of GaN-based micro-LEDs
				

					 The implementation of GaN-based micro-LEDs is a promising technology for next-generation displays. However, the e-h recombination on the sidewalls of device deteriorates the efficiency due to surface defects leading to Shockley-Read-Hall recombination. We demonstrate the carrier dynamics of Ga and N vacancies found on nonpolar GaN m-planes, which can greatly affect the efficiency of the device because they are produced in one-dimensional GaN structures. Using hybrid functional, we elucidate that N vacancies are crucial for device efficiency by calculating the formation energy and carrier capture coefficients. This study provides a potential solution for the creation of successful GaN-based micro-LEDs and was published in Physical Review Applied 2023 19, 014018
				
									

			
			
												

				
															

			

					

		
                        
                                
					New Publication                                

                                
					Ab initio construction of full phase diagram
                                

					 While several studies confirmed that machine-learned potentials can provide accurate free energies for determining phase stabilities, the abilities of MLPs for efficiently constructing a full phase diagram of multicomponent systems are yet to be established. In this work, by employing neural network interatomic potentials, we demonstrate construction of the MgO-CaO eutectic phase diagram including liquid phases based on free energy calculation methods. In particular, the phase diagram predicted by the NNP trained on SCAN functional closely follows the experimental data. We believe that this work paves the way to fully ab initio calculation of phase diagrams. This work was published at Physical Review Materials 2022, 6, 113802
				
                                					

                        
                        	
        				        								

                                
                                                                                                                

			

		
		
			
                                
					New Publication                                

                                
					Atomistic kMC simulation on TiN ALD
                                

					 The atomic layer deposition (ALD) process of titanium nitride (TiN) thin films is widely used in microelectronics, but the detailed growth mechanism is still elusive at the atomistic level. In this work, we carry out kinetic Monte Carlo (kMC) simulations on the ALD process using TiCl4 and NH3 precursors. Based on the on-lattice model, we sort out key reactions relevant for the ALD process. Considering the local environments, the reaction energies are calculated at the level of density functional theory (DFT) while the activation barriers are linearly fitted to sampled cases. The resulting kMC model produces the temperature-dependent growth rates and the amounts of Cl residues, which is in reasonable agreement with experiments. Our growth pathway underscores the critical role of surface Cl atoms in the ALD process by generating HCl gas molecules. By revealing the atomistic mechanisms in the TiN-ALD process, this work would help optimize material properties of TiN thin films. This work was published at Computational Materials Science, 213, 111620 
				
                                					

                        
                        
												

				
															

			

		
		
	

			
		
	


        	
	



	
		 
																		

		
		
										                			

		
	




		
		
			
				×
				Sign In

			
						
				
					
												
						
						
														

							

							
								 Keep me signed in.
																Sign Up							

							

						

						
							Find Account Info
							
							 Sign In
						

					

				

							

		

	


	
		Copyright © 2020 MDIL. All Rights Reserved.		

			　
	Link
	

	

		




