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 Message from the Director 

The Kwangwoon University Nano Device Application Center is one of the most widely renowned 

hubs for the convergence of nanotechnology and ICT (information and communication 

technology), spearheading the era of the Fourth Industrial Revolution that embodies "hyper-

connectivity, hyper-intelligence, and hyper-convergence." Since it was granted a research project 

in June 2018 for the Priority Research Institute Program in Science and Engineering that is 

supported by the National Research Foundation of Korea, which is funded by the Ministry of 

Education, our institute particularly directed its research focus toward essential advanced nano 

photonic/electronic materials and devices and their ICT applications based on multi-functional 

nano metasurfaces.  

The NDAC boasts a globally competitive team of top-notch researchers and engineers with 

expertise in fields spanning nano materials, processes, devices, and systems. We are actively 

striving to achieve breakthroughs in world-benefiting research by securing innovative core 

technologies ranging from the fundamentals to advanced applications of nanotechnology. We are 

primarily tasked to function as a catalyst to enrich the competitiveness of, and contributions to the 

science and technology of South Korea and the entire globe by nurturing high-flying leaders who 

are equipped with creative and innovative minds.  

Motivated to share the latest research achievements accomplished by the NDAC with the 

nanotechnology community as well as the domestic and overseas public audience, we have 

undertaken the preparation and issuing of the first volume of NDAC Research Achievement 

Report. I hope that this report serves as a convenient update on our research & development 

activities leading to noteworthy achievements that will eventually make the world a better and ㅁ

friendlier place to live in for everyone across the globe. Henceforth, we will continue to actively 

communicate with our readership via a variety of channels. Please join me in witnessing the NDAC 

reach its full potential and blossom into an indispensable organization in the fields of 

nanotechnology and ICT.  

 

 

Sang-Shin Lee, Ph. D. 

Director 

Kwangwoon University Nano Device Application Center 
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 Nano Device Application Center (NDAC)  

 

World-leading research center 

for nano devices and their applications 

 Establish convergence center for advanced nano devices & ICT applications 

 Research on multi-functional metasurface based devices 

 Establish sustainable research network between academia-industry 

 Training high level experts on nano devices & ICT applications 

 Aim to publish 15 SCI journal papers (IF>5, Q1) per year 

 International conference presentations (over 20 per year) 

 Hold annual conferences with publishing annual report 

 Secure intellectual patents and seeking for sustainable growth model of the 

research center  
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 NDAC Research Outlook  

 

Group I 

Photonics Research Lab. 

 Development of ultra-thin flat retroreflector technology for wireless optical 

communication link 
 

  

| Figure 1 | (a) Schematic of the proposed flat 
retroreflector based on a metasurface doublet 
(b) SEM image of the fabricated sample 

| Figure 2 |   
Proposed flat retroreflector design results  
              

 

Featured research 
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| Figure 3 | Experimental setup and 
transfer characteristics of the fabricated flat 
retroreflector 

 

 Participant and Members 
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Group I 

Advanced Nano Device Lab. 

 
 

 Bias stress stability of thin-film transistors 
 

−

| Figure 1 | Schematic, material properties, and IV characteristics of MoS2 thin-film transistors (TFTs). 
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| Figure 2 | Transfer curves under the negative bias illumination stress (NBIS) of (a) single and (b) hybrid 
dielectric thin-film transistors (TFTs). (c) Time-dependent Vth shift and (d) modeling parameters (τ and β) of 
the single and hybrid dielectric TFTs. 
 

 
 

| Figure 3 | Normalized noise power spectral density (SID/ID2) as a function of (a-b) the frequency and (c-d) 
the drain current of single and hybrid dielectric thin-film transistors (TFTs). 
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 Participant and Members 
 

  



 

 
16 

 
 

Group II 

RFIC Lab. 

 

 Development of facilely fabricated biosensor platform for COVID-19  

detection based on localized surface plasmon resonance 
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| Figure 1 | Conceptual figure and fabrication process of LSPR-based biosensor platform using AgNPs 
array 
 
 
 
 

(a)                                          (b)           

| Figure 2 |  
(a) Conceptual figure and fabrication process of LSPR-based biosensor platform using AgNPs array  
(b) Basic performance and characterization of fabricated 3-type devices: 30 nm, 65 nm, and 90 nm 
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(a) (b)  

 

| Figure 3 |  

(a) Characterization of ordered AgNPs array 

(b) Reusability test of C-type devices using 50 wt% sucrose solution by optical spectrum, surface 
morphology and NPs array distributions 
 

 Participant and Members 
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Group II 

Advanced Quantum-Nano 
Materials & Optoelectronics Lab. 

 

 Exploring advanced optoelectronic and functional devices with advanced 

quantum- & nano-structures and materials 
 
 

| Figure 1 | Development of hybrid nanostructure-
based metasurface optical sensor and analysis of 
optical properties 

| Figure 2 | Development of photodetector 
applications by hybridizing 2D new materials 
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| Figure 3 | Development of new materials and 
hybrid structures for various sensor applications 
 

| Figure 4 | Evaluation of physical properties of 
hybrid nanostructures and properties for energy 
applications 



 

 21 

 Participant and Members 
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Group II 

Biosensing Systems Lab. 

 

 Microfluidics technologies and systems  
 

 

| Figure 1 | (a) Paper microfluidics-based sensors and (b) wearable biosensors for healthcare monitoring 
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| Figure 2 |  (a) Schematic image of high-throughput single cell screening system. It can be used for 
screening high value material and bioenergy production or microbe strain development/recovery. (b) 
Microsystems for biomedical applications. It can be used cancer diagnosis system, personalized anti-cancer 
drug screening system, on-site sample-in/answer-out PCR system. 
 
 

 Participant and Members 
 

 



 

 
24 

 
 

Group III 

3DRC / HoloDigilog Human 
Media Research Center 

 

 Development of novel real-time 3D asymmetric integral imaging (AII) with 

long depth range and high resolution 
 

×

×

 

 

| Figure 1 | Conceptual diagram of the proposed AII-
based 3-D video tele-education system 

| Figure 2 | Experimental Set-up showing a 
pick-up system and display system of AII system 
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| Figure 3 | Experimental 
Results of a pick-up EIs at the 3D-
AII system 

 

 
| Figure 4 | Experimental Results of an optical 3D reconstruction at the 3D-AII system; six sample frames of 
the reconstructed 3-D video images from the VPEIs picked up at the image planes of (a) z=15m for w=2 , 
(b)z=11m for w=5, (c)z=9m for w=7, (d) z=3m for w=12, and (e) z=2m for w=14 

 Full-color High Transparent VHOE HoloGlass 

Digital Signage Display for AI Holo-Avatar 
 

 

  

| Figure 5 | Figure 5. Conceptual diagram of color 
dispersion compensation system for 3D object 
reconstruction 

| Figure 6 | Experimental set-up showing a pick-up 
image on display system with HoloGlass 
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| Figure 7 | The reconstruction for incidence of a white image of ‘K’ (a), (b), (c) on the single VHOE 
constructed from off-axis incidence and on-axis reconstruction beam and (d),  (e),  (f) on multiple VHOE 
designed to be compensated at condition constructed from off-axis input reference beam and on-axis 
reconstruction beam 
 

 Participant and Members 
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Group III 

Quantum & Nano Display Lab. 

 

 Stability analysis of perovskite optoelectronics 
 

λ –

– –

λ

| Figure 1 | (a) Cross-sectional TEM image of a PSC. (b) Photovoltaic performance of the PSCs when 
illuminated with incident light of different energies for 30 h. White represents the photovoltaic performance 
over 30 h of illumination with no filter. Blue, green, and red represent the photovoltaic performances over 30 h 
of degradation with the corresponding color filters. Normalized long-term degradation trends are presented for 
(c) PCE, (d) JSC (short circuit current density), (e) FF (fill factor), and (f) VOC (open circuit voltage). 
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| Figure 2 | Blue cut-off filter formed by multi-layered metasurfaces on the glass. (a), (d) Structure of the 

multi-layered BC-1 and BC-2 metasurface cut-off filters. (b), (e) Cross-sectional TEM image of BC-1 and BC-2 

(inset: photographs of PSCs employing BC-1 and BC-2.). (c) Simulated reflectance of PSCs integrated with 

BC-1 (black) and BC-2 (red). (f) Experimentally determined reflectance of PSCs integrated with BC-1 (black) 
and BC-2 (red). 

 

| Figure 3 | Figure 3. (a) Photovoltaic performance of the PCSs with blue cut-off filters. BC-1 and BC-2 
represent the photovoltaic performances with blue cut-off filter 1 and blue cut-off filter 2.  Normalized long-
term degradation trends of (b) PCE, (d) JSC, (e) FF, and (f) VOC. (c) Incident photon-to-electron conversion 
efficiency (IPCE) spectra and integrated current density of the PSCs incorporating BC-1 and BC-2. 

 



 

 29 

 Balanced charge injection for efficient quantum dot light-emitting diodes 

(QLEDs) 
 

 

 

| Figure 4 | TEM images of (a) C-ZMO and (b) M-ZMO. The inset on the right-top represents the magnified 
TEM images with inter planar d-spacings. (c) XRD patterns of C-ZMO (blue) and M-ZMO (red) powders. 
SAED pattern of (d) C-ZMO and (e) M-ZMO. (f) UPS of C-ZMO (blue) and M-ZMO (red) film on the glass 
substrate. The measured energy level diagram for C-ZMO (blue) and M-ZMO (red) is presented. 
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| Figure 5 |  (a) Schematic of the device structure. (b) Cross-TEM image of the InP QLED. (c) J-V-L 
characteristics of C-ZMO (blue) and M-ZMO (red) based devices. (d) EQE of C-ZMO (blue) and M-ZMO (red) 
based devices with respect to luminance. (e) Electroluminescence (EL) spectra of C-ZMO (blue) and M-ZMO 
(red) based devices. 

 Participant and Members 
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Group III 

VLSI Circuit Design Lab. 

 

 Design of variation-aware training algorithm for 

Computing-in-Memory architecture 
 

‘ ’

 

| Figure 1 | A brief diagram of variation-aware training algorithm and its motivation 
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| Figure 2 | The source of implementable hardware variations: Bitcell Array (BCA) and ADC 
 
 
 

 

  
 
 

| Figure 3 | A diagram explaining the hardware-friendly neural network architecture which is the basis of 
variation-aware training algorithm 

| Figure 4 | Figure 4. The example of hardware variation modeling: MAC processing via bitcell array 

 Participant and Members 
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Bishal Bhandari Woo-Bin Lee Shiru Jiang Hongliang Li

photonicsbishal@gmail.com lwb1014@kw.ac.kr prl.jiangshiru@gmail.com 1996lhl@gmail.com
  

Luo Menglong CHENXI WANG Jinke Li Ji-Yeong Gwon

menglongluo@163.com wangchenxi70@gmail.com leejnke@gmail.com skaans78@naver.com

  

Jin-Moo Heo Hyunjin Kim Yoon-Ho Sunwoo Yun-Jae Kwon 

hjm3937@kw.ac.kr kimhj0713@kw.ac.kr yh_sunwoo@naver.com rnjsdbswo84@naver.com 
    

Do-Hyung Kim

kw.aaron.kim@gmail.com
  

Group I 
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Chen Jian Ganbold Enkhzaya Parshant Kumar Sharma Shan Yang 

cnjacobiii@hotmail.com enkhzaya.gg@gmail.com parshantvats111@gmail.com yangpymy@163.com 
  

은비비(Bonnie) Bae Si Jin Byeolnim Oh Rutuja R Mandavkar 

Yinfeifei_2019@outlook.com 1212n12nn@naver.com o_byeoulnim@naver.com rutuja.27rrm@gmail.com 
  

Rakesh Mahipati Kulkarni Md. Ahasan Habib Shalmali Rajendra Burse Shusen Lin 

rkulkarninanotech@gmail.com ahasanhabibbd1971@gmail.com shalmalirburse29@gmail.com lss1187112907@163.com 
    

Md Saiful Islam 
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Dong-Beom Heo Beomhee Yoon Hyungsuk Ryu Taehwan Yoon 

dongbeom7@naver.com hardh96@gmail.com sjdmlclsrn97@naver.com cx5645@naver.com 

Hyunho Park Jaehyun Park Junseo Lee Jihwan Park 

danielpark@kw.ac.kr pjhyun0546@naver.com 8270873@naver.com jjihwan96@naver.com 

Inseong Jeon Sangheon Lee 

jis96@naver.com leesang214@naver.com 

Group III 
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 NDAC Graduate Alumni  
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 NDAC Research Achievements  
 

 
 

 1st Phase Paper List 
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Journal Papers 
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 Year 2 (2019.03.-2020.02.) 
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 Year 3 (2020.03.-2021.02.) 
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 2nd Phase Paper List 
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 1st Phase Conferences Presentation 
 

 Year 1 (2018.03.-2019.02.) 

Conference Presentations 
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 Year 2 (2019.03.-2020.02.) 
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 Year 3 (2020.03.-2021.02.) 
 



 

 49 

 2nd Phase Conferences Presentation 
 

 Year 1 (2021.03.-2022.02.) 
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 Year 2 (2022.03-) 
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 1st Phase Patent 
 

 Year 1 (2018.03.-2019.02.) 
 

Patents 
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 Year 2 (2019.03-2020.02) 
 

 Year 3 (2020.03.-2021.02.) 
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 2nd Phase Patent 
 

 Year 1 (2021.03.-2022.02.) 
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 Year 2 (2022.03-) 

 

 1st Phase (2018.03.-2021.02.) 

Technology Transfer 
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 2nd Phase (2021.03-) 
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Research Grant Funding 
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 2021 KOREA-CHINA Joint Seminar 
(Nano Devices and ICT Application)  
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 Media Promotion  
 

 1 세부 (Materials and Devices) 
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 2 세부 (Bio / Healthcare) 

 

 

 
 

  

 
 

 3 세부 (5G + New industry) 
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 Memorandum of Understanding (MOU)  

 Research Collaboration, Exchange of Researchers, and Promotion of Joint 

Research Projects 
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 NDAC Webpage  
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 Recruitment for Research Scientist  
 

 Post-doctor and alternative military service 
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