
Carbon nanotube 

Nickel plating 

substrate 

Previous 

Conventional CNT  
elctroless nickel plating 

Nanodiamond 

Our methods Toughness  
Low friction 

Hardness 
Low friction 

Cycles

0 200 400 600 800 1000

Fr
ic

tio
n 

co
ef

fic
ie

nt
 ( �

)

0.00

0.05

0.10

0.15

0.20

0.25

Cycles

0 200 400 600 800 1000

Fr
ic

tio
n 

co
ef

fic
ie

nt
 ( �

)

0.00

0.05

0.10

0.15

0.20

0.25

-SUJ2 -

DNP
-SUJ2 -

Silicon 
substrate 

Plating nanotube  

50μm 

SEM image of our CNT 
electroless nickel plating Friction data at contact pressure of 0.1GPa 

Atom beam
Pulsed
valve

SF
6

or
 O

2

Laser
light

NIG or QMS Gate
valve

Orifice

TMP

TMP

Nozzle

Au mirror

Source chamber

Reaction chamber ZeSe window

Sample

Atom beam
Pulsed
valve

SF
6

or
 O

2

Laser
light

NIG or QMS Gate
valve

Orifice

TMP

TMP

Nozzle

Au mirror

Source chamber

Reaction chamber ZeSe window

Sample 22SampleSample

Large area exposure 

500μm 100μm 

Red 

Blue 

our CNT electroless 
nickel plating 

Carbon nanotube Nanodiamond 

Sub nm depth modification 

Micro pattering 

Carbon nanotube film 

Conventional DNP  
elctroless nickel plating 

Electroless plating 

Friction data at contact pressure of 0.1GPa 

Electroless plating 

ie

our DNP electroless 
nickel plating 




