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ABSTRACT: This research developed an individually driving one-dimensional (1-D) multi-probes cantilever array used in a scanning probe parallel nano writing system. The 
multi-probes cantilever array comprises two kinds of probes for writing and sensing. The writing probes each have thermal actuators for on-off switching contact between the 
probes and a sample surface, whereas sensing probes function as a piezoresistive sensor for detecting a deflection of the cantilever array. This study designed and manufactured 
the multi-probes cantilever array on the basis of electro thermo-mechanical coupled analyses. 
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Multi-probes Cantilever Array for SPNL
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After BHF etching for SiO2 and 
TMAH etching for Si, nanometric
grooves are fabricated on the Si
substrate.

Y. Isono et al., “Scanning Probe Nanolithography Using Self-Assembled 
Monolayer for Fabrication of Single Electron Transistors”, Proc. of 
Transducers’03, IEEE, Vol. 1, Springer, pp. 242-246, 2003

Positive SPNL

Nano-thick EB resist

Field-enhanced anodization

Etching of EB resist and Si

- Negative SPNL -

e-e-e-e-
Si

EB resist

Negative SPNL

Y. Isono et al, “Establishment of Probe Nano Writing Technique 
Using EB Resist”, Proc. of The 23rd Sensor Symposium on Sensors, 
Micromachines and Applied Systems, IEEJ, Oct., 2006. 
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・The writing system has been designed 
on the basis of AFM technology

Rits’ logo of SiO2 film deposited on 
silicon surface

・ In order to improve rate of throughput in SPNL, scanning 
probe nanowriting system using the individually driving 
multi-probes cantilever array was developed. 

・ The SPNL would be effective for R & D of NEMS because 
of the flexibility and simplicity of the technique.

Multi-probes cantilever 
array with MEMS 

actuators

Nano patterning for 
trial manufacturing 
of NEMS !
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Calculations using 1-D models
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Calculations using FEA models
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At the beginning, this research has designed and 
manufactured prototypes of writing probes with 
six types of electrical heater patterns and several 
lengths of the cantilever, in order to optimize the 
shape and dimensions for the writing probes

1-D steady state heat conduction equation 

Electro Thermo-Mechanical Analysis using 
1-D thermal conduction model 

Bending momentum of multi layered beam

Bending stiffness of multi layered beam
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・Averaged convection coefficient

・Total heat generation

・Averaged thermal conductivity 
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Prototype writing probes

1-D thermal conduction model

Prototype 
Writing Probe

Initial
Deflection

Initial State 
after release

Deflection 
by heating

Reference cantilever 

Writing-probeｓ

・ The initial deflection was defined as a relative displacement from the vertical position of the 
reference cantilever integrated into the prototype cantilever array. The small initial deflection is 
observed for Type D and E with a length less than 600 mm, which is suitable for the writing probes. 
・ Type E was deflected up to 3.5 m. This is very controllable for the contact state between the 
probes and a sample. Therefore, this research has decided to employ the cantilever array with the 
heater pattern of Type E as the final design of the multi-probes cantilever array for the SPNL.

Writing probes 
cantilever array

Sensing probe 
with piezoresistor

Reference cantilever

20nm

1m

20-probes cantilever array 
set on the printed-circuit board

Writing probes 
cantilever array

60-probes cantilever array 

Probe tip at the 
free end of 
cantilevers

・ The multi-probes cantilever array and heater patterns were fabricated well. 
・ The writing-probes cantilevers were individually controlled without cross talk 
each other.

・ The larger increment of temperature and deflection was obtained for type D and E, compared with Type A, because the 
serpentine patterns increased current density at the turning point of the heater pattern. 
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