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MOTIVATION
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THE APPROACH

This leads to the promising future technology of "tailor-

made medical treatments" corresponding to the needs of 
the individual.
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Mechanical vibration where a high surface temperature is 

obtained by the thermal boundary theory is one method by 
which nanoparticles can be introduced.

PHYSICAL ANTIBIOTICS

Internal pressure               
Gram-positive anaerobic 20Pa  
Gram-negative anaerobic  8Pa

Procaryotic cell (bacteria)

Nanoparticle
Cell wall

Cell membrane

Cytoplasm

Peptidoglycan

Physical energy

Attack!!
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Bacteria

The nanoparticle is induced 

to the high temperature area 
by the mechanical vibration. 

External 

Vibration

ADSORPTION OF NANOPARTICLES
Temperature

Thermal boundary layer
(flow velocity =>small)

Tf

Thermal boundary layer
(flow velocity =>large)

Flow speed

Nanoparticle
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Bio-fluid temperature�Tf

r

a

Nanoparticle

Temperature:T1(a)

T2(a+b)=Tf

b

Thermal 
boundary  layer

A nanoparticle in spherical coordinates 

ADSORPTION OF NANOPARTICLES
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T1(r): Thermal distribution (nanoparticles)        T2(r): Thermal distribution (stagnant layer)
a: Radius of the nanoparticles b: Width of the stagnant layer
λa: Thermal conductivity (nanoparticles)          λb: Thermal conductivity (biofluid)
g: Energy generation rate in the nanoparticles
Tf: Flow temperature of the biofluid
T1(a): Surface temperature of the nanoparticles

Parameters
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VIBRATION EFFICIENCY )( yxCxM x ′−′−=′′⋅

yMxCxM x ′′⋅−=′∆⋅+′′∆⋅
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M: Motion for a mobile protein with mass
Cx: Viscous damping constant
ω: Angular frequency of external mechanical vibration
η: Vibration efficiency as the ratio of the absolute value 
D: Diffusion constant 
kB: Boltzmann constant 
T:  Absolute temperature

Indicator for designing the in vivo and 
In vitro applications.Parameters



9 / A Symposium on High Performance Chips /  August 22, 2006 

CMOS+MEMS
process

DEVICE STRUCTURE

üCollision energy =>Vibrating

üElectric heating energy =>Joule heating

8-inch SOI wafer 
(0.25-µm design rule)

Mechanical diaphragm 
(SEM image)

Si Sub.
BOX
SOI Circuit regions

Mechanical diaphragm
; 4mm x 4mm

(130 x 130 dishes)400Å
625µm

125Å

Chip size;
6mm x 6mm

30µm

30µm

Dish ; 20µm x 20µm

Spiral arm

(Inductor)

Diode
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ELECTROSTATIC VIBRATING

Diaphragm (SOI)

Si Sub.

Vibration

Culture
medium

Silica particles
(>1µmϕ)

Yeast cells
(5µmϕ)

Hydrophobic coating
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O

Yeast cells are chosen for testing material since they have 
similar characteristics to typical bio-cells. 
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FABRICATION PROCESS

(1) The micro dish and spiral arms are fabricated by CMOS
processing (0.25-µm design rule). 

(2) The TEOS layer is etched down to the silicon substrate by RIE, and the 
formed lattice is neatly arranged in a 30-µm pitch. 

(3) A cavity is formed by isotropicly etching the silicon substrate using XeF2
gas. 

(4) A hydrophobic coating is deposited using C8Fl3H4SiCl3 and H2O gases.

1)

2)

Dish region

Spiral arm region

Signal line

Si sub.

BOX
STI

TEOS (multi layer)

Al SOI Poly-Si
3)

4)
Anti stiction coatingDiaphragm region
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INTERACTION BETWEEN CELLS   

& PARTICLES 

Silica particle

Yeast cell

Yeast cell

Silica particle

Cell wall

Cytoplasm

Yeast cell

Silica particle

Cytoplasm

Silica particle

Cell wall

Yeast cell

After excitation (30V 1kHz signal)
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Molar elevation of boiling point 

: sterilization temperature 150~200ºC

Osmotic pressure : P=k*C*T      [mol/l] [k]  
(W.Pfeffer) 

20Pa

Cell wallCytoplasm

DNA

Nanoparticle

Yeast cell Cell wall

Cytoplasm

Silica particle

HEATING OF HIGH-PRESSURE CYTOPLASM 
USING GROUPS OF NANOPARTICLES
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CMOS+MEMS
process

DEVICE STRUCTURE

üCollision energy =>Vibrating
üElectric heating energy 

=>Joule heating

8-inch SOI wafer 
(0.25-µm design rule)

Mechanical diaphragm 
(SEM image)

Si Sub.
BOX
SOI Circuit regions

Mechanical diaphragm
; 4mm x 4mm

(130 x 130 dishes)400Å
625µm

125Å

Chip size;
6mm x 6mm

30µm

30µm

Dish ; 20µm x 20µm

Spiral arm

(Inductor)

Diode
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LOCAL HEATING AT MICRO DISH

I-V characteristic versus     
dish temperature

Temperature increase of 
the micro dish versus If
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TURN ON CHARACTERISTICS

Thermic effect 
of micro dish (10ºC)

by FEM
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Blackbody furnace

Aperture 
(Reference

temperature )

MEMS
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Chip(MEMS Area)

Reference target 
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HEATING EXPERIMENT I.
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HEATING EXPERIMENT RESULTS I.

� VL 0V � VL 1.5V � VL 2.0V

IR
 c

a
m

e
ra

 im
a
g

e
H

e
a

t 
d

is
tr

ib
u

tio
n

 a
n

a
ly

ze

1mm 1mm 1mm

ºC



19 / A Symposium on High Performance Chips /  August 22, 2006 

HEATING EXPERIMENT RESULTS I.

-Thermal difference-
� - � � - �

Heat effect : approx. 9.7 ºC 

ºC
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HEATING EXPERIMENT II.HEATING EXPERIMENT I.

Measurement configuration Circuit configuration 

Blackbody furnace

Aperture 
(Reference

temperature )

MEMS

Vdd

Vss

DC power supply

Out

Thermal sensing

IR-camera

Vreg

CLK (Pulse)

Data generator

VL
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HEATING EXPERIMENT RESULTS II.

� 1sec � 2sec � 3sec
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1 Pulse width : 100ms

Room Temperature : 25.6ºC
Heated Micro-dish Temperature : 62.6ºC  

ºC
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Pulse: 50msPulse: 100msPulse: 1s

Pulse: 10ms Pulse: 1ms

HEATING EXPERIMENT RESULTS II.

-Video movies-
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HEATING EFFECT COMPARISON

High heating efficiency
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REMARKS (JOULE HEATING) 

VHeating of the whole micro dish array and just  

an arbitrary portion of the micro dish was  

demonstrated.

VRapid temperature switching on ‘micro second’

order was confirmed.

V More than twice the heat effect was achieved in  

heating an arbitrary portion compared with  

heating the whole micro dish.

(based on efficiency) 
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ADVANCED DEVICE

Exothermic biological reactions will cause temperature spikes in the vicinity of the reaction 

which in term causes the nearest diode to read a higher temperature.  Scanning the array of 
temperature sensors across the chip will identify the particle X-Y position of the reaction.

∆ Tsh

∆ Tsh

∆ Tcell

�

�

�

∆ Tsub

VCLK

T

t



26 / A Symposium on High Performance Chips /  August 22, 2006 

FUTURE VISIONS

Vibration, Heating etc.

New cell engineering

Patient
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SUMMARY

ü We have developed a micro manipulator array using 

a novel MEMS-based structure.

ü We also demonstrated direct physical control of the 

interaction between yeast cells and silica particles in 

liquid for the first time. 

ü The adsorption of the particle to the cell was 

demonstrated using vibrational energy, and Joule 

heating energy according to external excitation.

These results show a potential impact in medical 

fields such as physical antibiotics and cell 

treatments and next generation bio-electronics 

schemes.


