
3. Experimental procedure  
Figure 2 shows the protocol performed in 

this study. (a) The staphylococcal protein A (SPA) 
solution (0.1 mg/ml) was injected in the 
microchannel with a pipette, and SPA molecule is 
adsorbed on the quartz surface nonspecifically. (b) 
Subsequently, after the rinse by ultrapure water 
injection, the bovine serum albumin (BSA) solution 
(10 mg/ml) was injected similarly. Thereafter, the 
tube was connected with the piezo pump 
(custom-made, Takasago Electric, Inc.), and then 
the quartz surface was rinsed by feeding ultrapure 
water as the buffer solution. (c) After the baseline of 
the resonance frequency change was stable, the 
rabbit-immunoglobulin G (R-IgG) (10 μg/ml) 
solution as the target substance was injected and the 
binding curve was obtained. And the dissociation 
curve was then obtained by the rinse. (d) Thereafter, 
the glycine-HCl buffer (GHB) solution was injected 
to dissociate the specific binding between the SPA 
and R-IgG, and then the rinse was performed. After 
the baseline was stable again, the R-IgG was 
injected similarly. The protocols from (c) to (d) 
were continuously performed eight times. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Results and Discussion 

Figure 3 (a) shows sequential detections of 
the R-IgG via the SPA. The binding and 
dissociation curves were obtained in eight 
experiments. Moreover, the dissociation curves 
became steady state without returning to baseline. 
This result indicates that the specific binding is 
sufficiently performed between the SPA and R-IgG. 
As shown in Fig. 3 (b), for instance, about 13.7 ng 
of the R-IgG could be captured. After the GHB 
injection and the rinse, it was found that the R-IgG 
captured via the SPA had been sufficiently 
dissociated because the baseline returned to initial 
level. However, the eighth baseline level was higher 
than other baselines. It is assumed that the baseline 
shift was caused by peeling of the nonspecific 
adsorbed SPA. This issue that the receptor peels is 

possible to improve by immobilizing it on the 
quartz surface deposited gold film via the 
self-assembled monolayer (SAM). However, the 
developed sensor chip has sufficient performance to 
analyze beside the patient simply and quickly 
similar to LOC. Furthermore, this sensor chip can 
be combined with the micro pump made of PDMS 
by the direct bonding, therefore the adding of value 
and miniaturization of analysis system are expected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Conclusion 

The PDMS QCM biosensor chip was 
fabricated, and the sequential detection of the 
R-IgG via the SPA succeeded. This result indicates 
that the developed sensor chip will make the 
significant contribution to the adding of value and 
miniaturization of analysis system for POCT in 
future. 
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Fig. 3  Continuous detection of the R-IgG via the 
SPA adsorbed on the quartz surface nonspecifically: 
(a) binding and dissociation of the R-IgG performed 
eight times, and (b) reaction curve performed the 
third time. 

Fig. 2  Bioassay carried out in this study: (a) 
nonspecific adsorption of SPA, (b) blocking with 
BSA, (c) binding reaction of R-IgG via SPA, and (d) 
dissociation of R-IgG by GHB injection. 
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1. Introduction 

The Commercial Quartz Crystal 
Microbalance (QCM) sensors have the gold 
electrodes on both surfaces of the thin quartz 
oscillator. The quartz oscillator can be excited in 
thickness shear vibration because it is a 
piezoelectric material. The QCM sensor is the 
mass detection sensor, and so can detect the mass 
adsorbed on the quartz surface quantitatively as 
the resonance frequency change. It is important to 
find out serious diseases such as cancer and 
diabetes at an early stage, and various biosensors 
are used for early detection. When the cancer 
occurs in the body, the specific protein is secreted 
from the disease part. Therefore, if this protein can 
be detected with high sensitivity, early treatment 
becomes possible. One candidate for the sensor 
which allows detection of the specific protein with 
high sensitivity is the QCM biosensor. In the 
recently, the wireless-electrodeless QCM 
biosensor, which has the high-frequency quartz 
oscillator, which is supported by the micro-pillars 
without fixing mechanically, packaged in the 
microchannel made of poly(dimethylsiloxane) 
(PDMS), was developed.1) However, the thin 
quartz oscillator inside the sensor chip is easy to 
break, when connecting with the feed-pump or 
other equipment, because the sensor chip is 
fabricated with PDMS which is the flexible 
silicone resin. Therefore, the integration of the 
QCM biosensor chip and feed-pump is absolutely 
required. In recent years, the 
micro-electro-mechanical systems (MEMS) 
technology has developed and the studies of 
integration with various sensors into a chip have 
been investigated. For example, the thing which 
integrated MEMS and heaters to warm has been 
already developed. For example, Lab-on-a-Chip 
(LOC) is the prime example.2) However, there is 
no study that integrates the QCM sensor and 
feed-pump. Accordingly, we carried out 
fundamental study on micro feed-pump for 
integration of the PDMS QCM biosensors chip in 
this research. 

 

2. Magnetic drive micropump 
The device to be developed is the micro 

feed-pump which rotates the resin-made rotor by 
the neodymium magnet and an electromagnet to 
obtain liquid transfer force. We are planning to 
combine between the PDMS biosensor chip and 
micro feed-pump directly by the surface activated 
bonding. The micro feed-pump in this study 
features the structure in which the neodymium 
magnets are embedded in the resin-made rotor 
without using a motor. The electromagnets installed 
outside the feed-pump sequentially changes the 
polarity and rotates the resin-made rotor. The micro 
feed-pump without pulsation can be realized by 
adopting such the structure and driving principle. In 
addition, the large torque can be obtained by 
making the neodymium magnet away from the 
center of the resin-made rotor.3) Figure 1 shows the 
schematic of the micro feed-pump integrated with 
the PDMS biosensor chip. The micro feed-pump 
has a height of 30 mm, width 30 mm, and depth 30 
mm. And the inner diameter of the solution supply 
tube is 2 mm. The acrylic resin is applied as the 
base material. 

 
Fig. 1  The structure of solution feed-pump integrated 
with PDMS QCM biosensor chip. 

 
3. Simulation 

In order to design the micro feed-pump, the 
simulation was performed using the fluid analysis 
software (SolidWorks, Dassault Systemes, S.A.) 
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with the gap between the resin-made rotor and 
housing, the blade angle, and the spindle diameter 
as parameters. Assuming that the fluid is water, the 
following values were used as material 
characteristics. The viscosity is 1.002 mPa･s, the 
kinematic viscosity is 1.004 mm2/s, and the density 
is 0.9982 g/cm2. As the boundary condition, the 
simulation was performed assuming that the inside 
of feed-pump is the rigid wall (i.e., immovable 
object). However, the boundary condition was not 
applied to the rotor with several blades. The 
rotation speed of the resin-made rotor was set at 
100 rpm. In this simulation, the flow rate and 
pressure at the fluid outlet were calculated. At first, 
the gap between the resin-made rotor and housing 
was calculated, because the principal purpose is the 
miniaturization of the feed-pump (Fig. 2).  

 
 
 
 
 
 
 
 

 
Fig. 2  Relationship between the gap and flow rate, and 
pressure. 
 
Subsequently, the relationship between the blade 
angle and resin-made rotor was calculated 
considering the results in Fig. 2 (Fig. 3).  
 
 
 
 
 
 
 
 
Fig. 3  Relationship between the spindle diameter and 
flow rate, and blade angle. 
 
Finally, the relation between the spindle diameter 
and the flow rate, and also between the spindle 
diameter and the liquid pressure, at the blade angle 
of 45 degrees were calculated (Fig. 4). 
 
 
 
 
 
 
 
 
 
Fig. 4  Relationship between the spindle diameter and 
flow rate, pressure. 

4. Results and Discussion 
Figure 2 shows that the narrower the gap, the 

less the stagnation of the fluid and the higher the 
flow rate. Although the flow rate increases as the 
gap is narrow, the gap was decided to 0.8 mm 
considering that the resin-made rotor parts are 
manufactured by the 3D printer. Based on this gap, 
the blade angle was decided to 45 degrees from the 
relation between the spindle diameter and blade 
angle in Fig. 3. This is because the flow rate is 
realized stable and high value at 45 degrees of the 
blade angle, even if the manufacturing tolerance of 
the spindle diameter is large. The spindle diameter 
was decided to be 2.5 mm from the perspective of 
smooth fluid transfer and precision in 
manufacturing parts considering results in Fig. 4. 
 
5. Conclusion 

We proposed the magnetic drive micro pump 
for the integration of the PDMS QCM biosensor 
chip, and then decided better gap between the rotor 
and housing, blade angle, and spindle diameter 
through the fluid analysis. Based on the results in 
this study, we will manufacture small feed-pump, 
combine with sensor chip by the direct bonding, 
and then evaluate the integrated chip. 
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