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ABSTRACT
This paper reports on a new platform for cell/particles sorting and counting combining a spintronic microchip with a microfluidic approach. The magnetic separation of 2 μm diameter superparamagnetic particles has been observed when applying
25 mA through current lines (due to an in-situ magnetic field gradient of 2.8x105
kA/m2). By using magnetoresistive sensors with a sensitivity of 1 μV/(A/m) it was
possible to monitor the movement of the particles, proving the counting capability of
the system.
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INTRODUCTION
Various designs have been proposed to separate cells/particles of different
sizes/magnetic moments using microfluidic platforms and external magnets [1][2] or
integrated current lines [3]. The detection of biological analytes targeted with magnetic particles using spin-valve (SV) sensors has been reported in recent years [4].
The novelty of this work is the capability of realizing the magnetic separation with
higher magnetic field gradients created by in-situ current lines (∇H= 2.8x105 kA/m2
for 25 mA) and counting the particles in a continuous flow within the same device
using spin-valve sensors.
ARCHITECTURE
The separation process is based on a magnetophoresis effect which is dependent
on the magnetic force acting on the particles and on the flow rate. A fluidic platform
consisting of two microchannels implemented in an H-shaped geometry has been
designed. The channels (150 μm wide, 14 μm high) are separated by a wall (40 μm
wide) and connected through several gaps enabling the particles to move from one
channel to the other (Fig. 1). The microfluidic component, made of PDMS, is
bonded on top of a microfabricated chip which presents two main/key features: two
successive sloped current lines (7μm wide, AlSi1%Cu0.5% 500 nm thick) passivated
with a 500 nm thick SiO2 layer, and three spin-valve sensors (Ta2.0nm/NiFe2.5nm
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/CoFe2.5nm/Cu2.0nm/CoFe2.5nm/MnIr6.0nm/Ta2.0nm, lateral dimensions 2.5μm x
50μm and a magnetoresistive signal (MR) of 6%). The magnetic sensors are located
in both channels, beyond the current lines, and are used to count the particles/cells
flowing in the channels. Their capability of counting comes from the Giant Magnetoresistive effect (GMR), the sensor resistance changing due to the variation of the
magnetic field (created by the magnetic particles) during the particles movement.

Figure 1. a) H-shaped fluidic channel, allowing cells/particles to be separated from
one channel to the other due to the magnetic field created by the sloped current
lines. Each channel contains spin valves to count the particles.
EXPERIMENTAL
First results were obtained with 2 μm diameter superparamagnetic particles (Micromod, Germany) diluted in a phosphate buffer solution (4x104 particles/μl), injected into the upper channel while the lower channel was filled only with buffer.
In the detection part of the system a small permanent magnet placed below the
system magnetizes the particles with a perpendicular field of 135 kA/m. The particle presence is monitored by the magnetoresistive sensor (with a sensitivity of 1
μV/(A/m)). The predicted time span due to the particles speed is ~20 ms. To increase the amplitude resolution the sensor signal was filtered with a high-pass filter
and 100x amplified (SRS-SIM910-JFET-Preamp).
RESULTS AND DISCUSSION
With flow rates up to 40 nL/min and applying 20 mA through the current lines,
particles were observed following the line path, moving from one channel to the
other, with velocities between 25 to 200 μm/s (Fig. 2, left). Although some beads
were not separated, the second current line increased the efficiency of the device to a
large extent, indicated by the number of beads following this line. More current lines
therefore should be added to future versions.
A sensor signal with amplitude of 75 μV is expected to be achieved when a sensor
current of 1 mA is applied (for particles passing 2 µm above the sensor – fig. 2) [4].
As depicted in figure 2 (bottom right) particle signals of 50 μV have been amplified
and measured using a voltmeter, at a sampling rate of 250 Hz (meaning that the particles were flowing at a sensor distance higher than 2 μm). Complex signals have
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also been obtained due to agglomerates formation implying that a signal analysis is
crucial to obtain a correct number of counted particles.

Figure 2. left) Particles separation when applying 20 mA through the current line;
right) Spin valve transfer curve with MR of 6% (inset: microscope image of the microfluidic channels and the expected sensor signal vs height for 2 μm beads) (top);
right) Amplified sensor signal for particles moving over the sensor (bottom).
CONCLUSIONS
A simple prototype both for particle separation based on magnetophoresis and
particle counting based on the GMR effect has been designed and demonstrated. By
labelling cells with magnetic particles it will be possible to separate/count cells instead of single particles and this will extend the platform applications to biological
experiments. In the future the separation and counting of human hematopoietic
stem/progenitor cells will be done using umbilical cord blood treated samples.
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