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The development of a chip-cytometer based on the detection of magnetic beads using spintronic devices has recently
attracted great interests since they are capable of realizing both cell-separation and cell-counting on a chip at the sametime. In
order to implement a chip-cytometer, the real-time detection of magnetic beads moving in a microfluidic channel is one of the
key issues. The sensing eements for the detection of the moving magnetic beads are to have characteristics such as high
sengitivity, good signal to noise ratio (S/N) and low detection limit. Spin-valve devices offer sufficiently these characteristics
compared with the other spintronic devices such as anisotropic magnetoresistance (AMR) devices, Hall effect devices and
magnetic tunnelling junction (MTJ) devices. However, to date, no one has attempted yet to apply a spin-valve device as a
sensing element for a chip-cytometer. In the present work, we report on the real-time detection of moving magnetic beads using
highly sensitive spin-vave devices integrated in amicrofluidic channel for the application of a chip-cytometer.

The generic dructure of a spin-vave was CossFews(20)/NOL/NigiFeid(25)/CossFers(10)/Cu(17)/ CossFeis(20)/Ir2Mnze(75)/Ta(50)
(A). In this work, nano-oxide layers (NOLS) were employed to enhance the sensitivity and to enlarge the range of a magnetic
field resolved by a spin-vave sensor. The spin-valve sensor was observed to exhibit about 10 % megnetoresistance(MR). A
combination of photo lithography and alift-off process has been utilized to fabricate a spin-valve sensors (w = 4 um, | = 20 pm).
A polydimethylsiloxane(PDMS) microfluidic channel with a height of 25 nm and a width of 30 pm was fabricated in order to
transport superparamagnetic beads with d = 2.8 um (Dynd bead 280).

Prior to the real time detection, the motion of magnetic beads in the fluidic channel was simulated by computer smulaions
(incompressible Navier-Stokes module in COMSOL 3.2b. COMSOL Inc.) in order to stabilize the redl-time signal voltage. It
was found that the required channel length to finish their sedimentation and the velocity of the particle after settling down at a
flow rate of 0.01 pl/min was 0.92 mm and 85 um/s, respectively. In order to generate a magnetic dipole field of magnetic
beads, a DC magnetic field of 34 Oe was applied to the longitudina direction of the spin-valve structure. The real time
detection of a single-bead was observed by the direct measurement of a magnetic dipole filed from a moving magnetic bead
using a spin-vave sensor. It was found that the red-time signal voltage of 0.3 uV sharply dropped when a magnetic bead
gpproached the active area of the spin-valve sensor. This signal voltage was consistent with calculated value of ~ 0.4 pV. The
signa voltage output recovered the initid voltage as the magnetic bead completely passed over the active area. This signd
voltage drop is attributed to afringe field of the magnetic bead, which partialy cancels the applied field in the free layer of the
spin-valve structure. Our results demonstrate the possibility of implementing a chip-cytometer for biological applications using
high-sensitive spin-valve sensor integrated with amicrofluidic device.
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The simulation of the megnetic field distribution for the (a)
permanent magnet using the finite element method (FEM)
shows two-dimensiona distribution of the magnetic field for
magnet array in asensing surface [1]. It is corresponded with
the distribution of height displacement dightly changed by
arterid pulse fluctuation. To analyze the megnetic field
distribution of specid wave form, the FEM simulation for
the array detection system was done. By varying the contact
pressure and so the height of a permanent magnet on the
skin, amethod of characterizing the spatia pulse wave based
on the degree of floating, the width, and the depth was
introduced when the magnetic field was 0.05 T. It is expected
that not only the blood pressure and velocity of radia artery
can be measured, but aso the three dimensional spatia
imaging graphics of pulse wave can be obtained by SAPW
(spatia arteria pulse waveform).

When a pressure controlling apparatus is adhered to the
pressure chamber, it is possible to get pulse quaities easily at
the state of "Bu", "Jung", and "Chim" of the traditiona pulse
diagnosis [2]. However, to show the function of the pressure
controlling apparatus properly, it is necessary to embody the
detecting sensor according to the SAPW into awrist wetch or a
bracdet and to trandfer theincreesed pressure to the skin contecting
part when pressure of the pressure chamber isincressed.

We measured signals at the "Chon", "Gwan", and " Chuck"
region, as shown in Fig. 1(a) using the SAPW system. The
passed signds through the voltage detecting hard ware 5
system made a differentid input, an automatic zero set, a
noise filtering, a high power gain and output attenuation, and
output them with 12 bit resolution at 30 FPS (frame/s). It
smulated the result with a predetermined computer
processing, and obtained three dimensional image of Fig.
1(b). By the computer processed 3-dimensiona image of
signals detected by SAPW, wherein is marked one point pulse to andlyze the tempora pulse wave, we can select it. Fig. 1(c) shows an
example of measuring time (second) versus temporally typical signal of one point pulse obtained from the analysis for an arbitrary
3-dimensiona pulse image of one position of small size permanent magnet. The spatia change of the pulse height in arterial pulse
incurred one permanent magnet within 1 mm. We confirmed that one example of measuring pulse signa was reproducible and
provided many information for oriental medica diagnosis.
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Fig. 1. () Schematic of sensing part of SAPW system, (b) the computer
processed 3-dimensional image of signas detected by SAPW, and (c)
example of measuring time (second) versus temporaly typica signa of
one point arterial pulse.
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