
 

 

V  

 

100

 

 

100 nm

100
 

  



 

  

 

3D  

5nm5nm
A 

E A

200nm

  

10μm

Cu
SiO2 Si

V  

 

 

 

 
 

1 

0 

Y
 [m

m
] 

X [mm] 
0 0.5 1 

 
 

 
 
 

 

 
 

 
500nm

Si

SiO2 mask

  

 
 

4 

1 

0 

Y
 [m

m
] 

X [mm] 

0 0.5 1 

2  
 

 
 

•
•  

 
 

•  

 
 

V  



 

V  

  

 

25,000
100 nm  

 

V  

• CO2 

 
100  

 

10 m

500nm

Si 
SiO2 

CuMnOx 
Cu 

SiO2  

 
 

 

 
 



 

V  

3D

100μm

Plain view

10μm

Cu
SiO2 Si

Cross section

3   

70
 

 

 

V  

CNT

25um

10um

SEM

5MHz 
30Vpp 15min

 
 
 QD

ZnO

ZnO

HN     NH
O

COS

HN     NH
O

CO

HN     NH
O

SS

biotin

Si

ZnO
ZnO

Streptavidin Quantum
Dot QD

Life BEANS  

 
 

SI ZnO
CdSe  

UV 



 

V  

100 nm  
PS  

ZnO

ZnO

 
 

 

V  

 

3D  

 

RF  
RF  

  

 
 



 

V  

100 0.3um/min
 

 

MEMS
MOSFET  

  

 
 

 

 

0.2 μm 2μm

 

300MHz
 

 

VB-FET 
Vibrational Body Field-Effect 
Transistor 

 

V  

4.7 μm 0.2 um 

 

AR 17 10 nm 
10nm 10nm ion−

n neutral particles

Charge exchange

hv
hv

1mm

20
m

m

−

 
 
 

(DLC) 

 
 

0.5 μm 

1 μm

SiO2

mask

Si

SiO2

Si

 

Si 

SiO2 

 
3μm/hour 

 0.1 μm/min 20 
0.3 μm/min 100  



 

V  

VB-FET  

Air gap 

Channel 
(sidewall) 

S 

D 

G 

 

IDS-VDS  

 

 
MOSFET

10%  
Q 50%  

 

 

 

V  

 
 

 VB-FET  
500 kHz  



 

V  

1μm 100 nm
10000 100  

 
 

25000 
90 nm 

 
1000 

 

(D263)  
100 nm
 

 

V  

 
 

 

1 μm 

 

2μm

(b)

 
 

 

  



 

V  

 
30 nm  

1MΩ  
 

 10 nm  
 

 

40 
μm 

10 
μm 

1 
μm  

 

 

10 μm 

 
  

Contact part

Substrate

Eave

Eave

Mechanical contact
H

(a)

(b)

0              50            100        150           200           250           300

109

108

107

106

105

104

103

Total Sliding Distance [mm]

C
on

ta
ct

 R
es

is
ta

nc
e 

[Ω
]

Max
Mean
Min

 30nm 2 m  
Ru RuOx 0.3m 1MΩ  

 

V  

• SnO2  

• Pt  

• MEMS  

Pt 

SnO2 

 

 

 
 

 



 

V  

 
3  

100ppm 136  
VOC 100ppm 43  

0

20

40

60

80

100

120

140

160

Se
ns

or
 re

sp
on

se
R

a/R
g
[-]

C2H5OH concentration  [ppm]

Pt-SnO2  

Pt-SnO2  

2mm

1mm 
 

10μm10μm10μm

Cross section view 
Resist

ResistParticle SnO2

Si substrate SnO2

SnO2

SnO2 ( nm) 
(  1 μm) 

PtCl4  

 
 PS  

 

 

V  

100 nm 10% AFM  
5  

CNT  
 

Microscope 

Function generator 

Tungsten probe 

SW-CNT dispersion 

Cantilever 

Picoammeter 

DC biasA 

20 Vpp, 5MHz, 15min 

Conventional 
silicon probe 

Commercial 
CNT probe Our CNT probe

100nm

B

100nm100nm

1 m 100nm100nm

100nm 100nm 100nm

nm

10

20

30

100 2000

nm

A
B

92.3 90.5
26.8

90.0 86.5 94.2
19.217.5

2000 400 600 800

20

40

60

2000 400 600 800 2000 400 600 800

nm

100 2000 100 2000

100 nm CNT AFM  
 

CNT  
CNT CdSe  



 

V  

2  
MEMS   

 CNT 2 CNT  
CNT TFT  

Si (N)  
  

SiO2 100 nm 
Au

CNT ( P ) 

APTES+CNTBP 

Top view 

SiO2 

Au  

 
   

O2  &CNT  

 CNT

APTES 

 
 

S

 CNT-FET 

 

V  

 
 

 

 

 
 

 
 

 
 

CNT  

 

 
 

 
@DENSO

   
 

MEMS

 
 

 

 

CNT  



 

 

/  



 

V  

MEMS Reconfigurable Antenna

Switch

Antenna

 
   

 

   

/  

 

V  

1 cm2/V sec 

10 200μm 

 

1.75 
μm 

1.75 
μm 

1.8 μm 1.8 μm 

2 μm 

Ave.: 1.78 μm 
Rate:1.97 
nm/s  

/  



 

V  

150 MHz 118 nm/min  

0.0  

0.5  

1.0  

1.5  

2.0 

2.5  

0 10 20 30 40 

 (n
m

/s
) 

H2/H2+He (%) 

1.75 
μm 

1.75 
μm 

1.8 μm 1.8 μm 

2 μm 

Ave.: 1.78 μm 
Rate:1.97 
nm/s  

5.1 x 105 Ωcm

N

9.3x1012 cm-3

1.3 cm2/Vs

/  

 

V  

1E-04 

1E-02 

1E+00 

1E+02 

1E+04 

1E+06 

1E+10 1E+13 1E+16 1E+19 1E+22 

 (Ω
cm

) 

 (cm-3) 

1E+15 

1E+16 

1E+17 

1E+18 

1E+19 

1E+20 

1E+21 

0.0  0.5  1.0  

B
or

on
 (c

m
-3

) 

   

  
     

Ω

/  



 

V  

 

-1.0  

-0.5  

0.0  

0.5  

1.0  

1.5  

2.0  

0 100 200 300 

 (%
) 

 (MPa) 

R1, R2 

R3, R4 

 
 

 

-1.0  

0.0  

1.0  

2.0  

3.0  

4.0  

-0.4  -0.2  0.0  0.2  0.4  

 (m
A

/c
m

2 )
 

 (V) 

 

 

1 μm 

 
 

/  

 

V  

THeater=175 , CH2=18% 
RF500W 270min 

2 μm 

25 30 35 40 45 50 55 60 

In
te

ns
ity

 [a
.u

.] 

Diffraction angle 2θ 
[deg] 

(1 1 1) 
(2 2 0) 

(3 1 1) 

 

Si SEM XRD  

(GND) 

 

 
(Ar) 

 
 

RF   

 

/  



 

V  

(1) Continuous coating process 
of high-quality functional films 

Multilayer Dye-coating Process 

(2) High-speed continuous 3D 
nano/micro-machining process 

Reel-to-Reel Continuous Deposition & 
Patterning 

(3) Weaving integration process 
of hetero functionalized fibers

 Movable-contact Structure  
Woven Device Design & Aligned 

Weaving Integration  

y y g

/  

 

V  

20 m/min 

 
 

 

/  



 

V  /  

 

V  /  



 

V  /  

 

V  /  



 

V  

1st die coating 
(hydrophilic PEDOT:PSS) 

PET ribbon 

1st dispenser  
(silicone  
emulsion) 

2nd die coating 
(hydrophobic PEDOT:PSS) 

2nd dispenser 
(hydrophilic  
PEDOT:PSS) 

3rd dispenser 
(hydrophobic 
PEDOT:PSS) 

110 C 
5 min 

110 C 
5 min 

110 C 
15 min 

110 C 
5 min 

110 C 
5 min 

Heater 

Let-off  
roll 

Take-up  
roll 

20 m/min PEDOT:PSS

 

/  

 

V  

UV-curable 
resin 

pigment dispersion  
liquid 

patterned flow 

hollow fiber 
ID: 100 m 

T-junction  ID:150 m 
5mm 

200 m
 

300mm  

10-5 10-4 10-3 10-2 10-1
1

1.5
2

2.5
3

3.5
4

4.5
5

0.6

0.8

1

1.2

1.4

1.6

D
im

en
si

on
le

ss
Sl

ug
Le

ng
th

sL
O
/w

an
d

L W
/w

Continuous-phase Weber Number WeW

Sl
ug

-le
ng

th
 d

iff
er

en
ce

 
( L

O
-L

W
)/w

WLOL

/ 1O WQ Q

21.55 10WOh

( ) /O WL L wSimul.:
Exp.: OL WL

porous71long009240phi3d(2) 

5 50.351, 8.43 10 , 2.96 10W W WRe Ca We

3 34.21, 1.01 10 , 4.26 10W W WRe Ca We

porous57long002700phi3d(2) 

3 210.53, 2.53 10 , 2.66 10W W WRe Ca We

porous60long001175phi3d(2) 

3 218.95, 2.56 10 , 8.63 10W W WRe Ca We

porous60long001175phi3d(2) 

  

  
 

T  

 

S
lu

g 
le

ng
th

 [
m

] 

0

50

100

150

200

250

300

0 20 40 60 80 100 120 140 160 180 200 220

Ld (silicone oil)

Lc (water)
Qc = 30 l/min 
Qd = 30 l/min 

Consecutive number of slugs 

0.1 0.2% 

ent dispersion

T  
→  

 
90dpi 2cm  

Phase Field  
FEM, LBM  

 

ID: 100 m 5mmID: 100 m 5mm

/  



 

V  

1 m 

1 m 
1 m 

1 m 

/  

 

V  /  



 

V  /  

 

BEANS  
BEANS  

MEMS  

BEANS  
 

MEMS  

/  V  



 

 
 

 

 
 

/  V  

 

 

 

 
MEMS

 
MEMS 1,500  

 

1,562  

 

 

/  V  



 

 

5 1,562

1,500  

/  V  

 

 

 

/  V  



 

 

 

/  V  

 

BEANS  

 

 

/  V  



 

MEMS  

 

 

→  

 
 MEMS  

6,092  
 

 
444  
1  

52,681  
2,406,848  

MEMS  

/  V  

 

DB  
 

 
 

MEMS DB  

 

 

 

/  V  




