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Abstract 

We have newly developed a micro optical diffusion 
sensor, enabling high-speed, non-contact, and small 
sample volume sensing of biological sample. In this pa-
per, the validity of the measurement principle is ex-
perimentally confirmed, and the novel scanning mirror 
for the POCT is proposed.  
 
1. Introduction 

The diffusion coefficient is important parameter for the 
analysis of the conformation changes of the biological 
sample including protein. From the viewpoint of Point of 
Care Testing and massively parallel processing in the field 
of drug discovery, a miniaturized one-chip sensing device 
that can achieve a high-speed and high-throughput meas-
urement of the diffusion coefficient is required. However 
conventional methods (e.g. fluorescence correlation spec-
troscopy and nuclear magnetic resonance method) need 
bulk sample volume, and take a long time. Furthermore, 
they are difficult to miniaturize. From above aspects, we 
have developed a novel micro optical diffusion sensor 
(MODS) [1] based on laser-induced dielectrophoresis 
(LIDEP) [2], enabling minutely small sample and 
high-speed measurement without sample pretreatment. In 
this paper, in order to observe the mass diffusion generated 
by LIDEP, we propose a novel optical signal detection 
technique using diffracted light and a novel scanning mirror, 
which can be easily integrated into MODS. Then, we con-
firmed the validity of the proposed micro devices.  
 
2. Measurement Principle 

A schematic image of MODS is shown in Fig. 1. 
MODS consists of upper dielectrophoretic cell, namely 
DEP cell, and lower micro Fresnel mirror device. The mi-
cro Fresnel mirror [3] excites the interference pattern, and 
then the concentration distribution is generated by dielec-
trophoresis in DEP cell. In our final goal, all optical com-
ponents and detection apparatuses are integrated into chip. 
The cross-sectional view of the DEP cell is shown in Fig. 2. 
The DEP cell consists of two transparent electrodes and 
photoconductive layer. Liquid sample is sealed within the 
micro channel. First, two excitation lasers are intersected 
on the photoconductive layer, and the sinusoidal light in-
tensity distribution generates the sinusoidal distribution of 

electrical conductivity by the photoconductive effect. A 
non-uniform electric field is formed in the channel fol-
lowed by generating the dielectrophoresis, and then the 
sinusoidal concentration distribution is induced. The con-
centration distribution is considered as diffraction grating, 
therefore the diffracted light is generated by irradiating 
probing laser. The decay of the concentration distribution 
occurs immediately after stopping the AC voltage, due to 
the mass diffusion of the particles. Diffusion coefficient can 
be measured by detecting the intensity decay of the dif-
fracted light, and calculated according to the following 
equation. 
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D: Diffusion coefficient [m2/s], τD: Decay time constant 

[s], Λ: The length of interference fringe spaces [m]  

 
Fig.1 Schematic image of MODS. 

 
 

 
Fig.2 Generation of sinusoidal concentration distribu-
tion. 
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Fig.3 Schematic diagram of bench-top apparatus of 
MODS. 
 

Table I Measurement Conditions 
Channel Thickness 40 µm 
Fringe Space Λ 10.5 µm 
Visibility 0.96 
Probing Light Intensity 5.9 mW 
Excitation Light Intensity 3.2 mW 
Excitation Time 5 s 
Applied Voltage 10 Vp-p 
Frequency 10 kHz 

 
 

 
Fig.4 Signal change due to the Amide-bonding. 

 
3. Experimental results using bench-top apparatus 

 In order to confirm the applicability of proposed 
method for the dynamic sensing of conformation change of 
bio-material, the dynamic change of diffusion coefficient 
depending on the size of the sample was observed by using 
the bench-top apparatus as shown in Fig. 3. YAG laser is 
divided into two beams by the beam splitter, and two beams 
are intersected on the DEP cell. The mass diffusion process 
of the sinusoidal concentration distribution generated by the 
DEP force is observed by the first-order diffracted beam of 
the probing laser. The experimental conditions are summa-
rized in Table I. The signal change of the mass diffusion 
due to the modification of 15 nm-polystyrene beads on the 
100nm-beads was successfully observed in Fig. 4. There-

fore, the validity of our method was experimentally con-
firmed. 
 
4. FEM analysis of comb-driven MFM 

 The comb-driven MFM is required in order to control 
the fringe space of the interference pattern, which is ena-
bling the optimization of the measurement condition during 
the conformation change of the sample. Fig. 5 shows the 
fabrication process of comb-driven MFM, and the FEM 
simulation result is shown in Fig. 6. The slanted angle of 
MFM can be controlled by changing the applied voltage, 
and the applicability of proposed device was confirmed. 
 
3. Conclusions 
   We have experimentally and analytically confirmed the 
validity of proposed micro optical diffusion sensor with 
comb-driven MFM for the POCT application. 
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Fig. 5 Fabrication process of comb-driven MFM. 

 

 
Fig.6 FEM simulation of comb-driven MFM. 
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