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“Design of Materials” 

• Increased computing power 

• Advancement of computing method  
(1998 Nobel Prize in Chemistry) 

• Accumulated knowledge of the interatomic modeling  
(2013 Nobel Prize in Chemistry) 

• Increased predicting power of the materials simulation 
 

~106 times faster during last 20 years 



New Paradigm of Materials Research 

Source : Sci. Am. (2013.12) 



Materials Genome Initiative (USA) 



Hybrid Research Centers in Japan 

Since 2007 

Since 2010 





IT Based Research Methods 

Design of Materials & Processes  
by Computer Simulation 

Optimization of Materials Process  
by Combinatorial Experiment 

Search for Optimized Materials  
by Informatics 

in-situ Multi-property Characterization 



Center for Creative Materials 

System Integration & 
Applicability Test 

Materials 
Design 

Synthesis and 
Optimization 

• Period : ½  Yr. (Pre) & (3+3) Yr. (Main) 

• Budget : 1.5~2.0 M$/Yr. 

• PI : 5~7  

• Type : Convergence Research Center 



Materials Design for Everyone 



Materials Design for Everyone 

http://www.quantumwise.com/


Simulation Platform as a Virtual Fab 

Home Made 
Codes 

SRIM & TRIM 

KIST Server Farm 

Trying to mimic the procedure of the 

experimental works in the FAB of 

real space,  

As closely as possible! 



Virtual Lab for Li Ion Battery Materials 

http://vlab.kist.re.kr/VLAB_ENERGY
http://vlab.kist.re.kr/VLAB_ENERGY


Virtual Fab for Nano Device Design 

http://vlab.kist.re.kr/VLAB_NANO 

http://vlab.kist.re.kr/VLAB_NANO


Goal of KIST Nano Virtual Fab  

Web-based Platform for Materials Design by 
Computer Simulation and Materials Informatics 

• Multiscale Simulation Environment 

– Virtual Fab for Everyone (QM, MD, MC, Meso, FEM) 

• Material Informatics Environment 

– Database + Data Warehouse 

– Data Analysis Algorithm  



Major Bottle-neck or Issues 

• Accuracy and Speed of DFT Calculation 

• Lack of Calculation Method  

– Exited State / Electrochemical Reaction 

• High Throughput DFT Calculation (Generalized)  

• Insufficient Development of the Interatomic Potential 

• Lack of Transferability of the Empirical Potential 

• Limited Time Scale of MD 

• Off-lattice k-MC Simulation 

 



Dynamic Link with KIM-API 

Based on a NSF Cyber-Enabled Discovery and Innovation (CDI) Program (since 2012) 
 PI : Ellad Tadmor (U Minn) / James Sethna (Cornell) / Ryan Elliott (U Minn) 

Virtual Fab by NRF 
(2.5M$ for 5 years) 

KIM by NSF  
(2M$ for 4 years) 



Summary 

• Virtual Fab for Materials Design will become an essential 
tool of the (near) future materials research. 

• Global collaboration is the only way to realize the tools.  
 

KIM Workshop for Content Contributors (2014.8. Univ. Maryland) 

Dear Seungchul, 
 
It was a great pleasure to have you and Minho attend KCC Maryland this summer.  
 
We were very impressed with the progress you made connecting Virtual Fab with KIM.  
 
We would be pleased to continue the collaboration. Please let us know if there are any 
developments on the US-Korea collaboration proposal that we put together. 



 


