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The aim is to present the methodology for magnetic
markers immunoassay measurements by spin valve giant
magnetoresistive SV-GMR needle probe, and compare results
with an analytical model. Extremely small size and specific
construction of this type probe allow detecting the changes of
complex susceptibility directly from the sample. The needle
type probe consists of four (SV-GMR) elements connected in
a Wheatstone bridge. SV-GMR sensing element has
dimensions 40 um per 75 um. Needle probe has sensitivity
equal to 11pV/UT. This article presents setup feasible to
perform spectroscopic magnetic markers measurement. It
includes data connected with signal changes caused by
magnetic markers dilution. It shows influence of particle size
changes (120 nm, 1 pm, 3.5 pm, 6.5 pm) on real and
imaginary part of the complex susceptibility of the specimen.
While performing measurements, probe sensing elements
were placed inside the sample.

I. METHODOLOGY FOR IMMUNOASSAY STUDIES

Magnetic ferrofluid particles labeled with antigen (e.g.
avidin) are able to combine with a specific antibody (e.g.
biotin). Free labeled markers have specific complex
susceptibility characteristic. When they are combined with
target (e.g. bacteria, red blood cells) by using a specific
anti-body they cause changes in the complex susceptibility
of a specimen. We present measurement method allowing
to detect changes caused by various amount of magnetic
markers, and a possibility to detect changes caused by
targets of different sizes. The measurement method
includes the placement of the ferrofluid in an external
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Fig. 1. Homogenous immunoassay principle

magnetic field; the sample magnetization causes the
change of its magnetic flux density. With the amplitude of
the external field high enough this change can be detected
by the sensing element of a needle probe. The Wheatstone
bridge structure of the needle probe allows to measure
simultaneously by GMR 1 signal change caused by the
sample and to eliminate the influence of external field by
using GMR 2 located two centimeters above the sample.

Such configuration allows obtaining the changes of the

flux density inside a sample (B;) and applied field (Bo) as

shown in Fig. 1.

The signal change caused by the sample measured
inside it is practically independent from the sample size as
it was presented in the previous work [4]. The relationship
of the measured value (B;-By) and the complex
susceptibility y*= y’+ix” can be easily derived from the
equation (1) [4]:
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where N is the sample’s demagnetizing factor and p* is

close to unity. When sample dimensions are known the

value N is given and flux density changes are proportional
to the relative susceptibility of the specimen. In the case of
diluted ferrofluids, where their susceptibility is dominated
by Brownian rotation time of particles, the real and
imaginary part of susceptibility can be given by (2), (3) [1],
[2].
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where y; is the constant susceptibility and y., is the
susceptibility at infinite frequency, and ®=2xf, and tg is
relaxation time given by,
3nVv
Tg = A
kgT

where V is the particle volume, 1 is the carrier’s liquid
viscosity, T is the temperature in Kelvins, kg is the
Boltzmann constant [3]. The relaxation time and complex
susceptibility are directly proportional to the particle
volume.
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Fig. 2. Sample under examination

1. RESULTS

The construction of a setup feasible to detect minute
changes of complex susceptibility in liquid phase is
presented in Fig. 2. As the uniform magnetic field
generator a Helmholtz coil was applied. The Helmholtz
coil has two coils with radius equal to 0.1 m and 100 turns
each. Distance between coils is equal to the coil radius.
The AC magnetic field frequency range was changed from
5 to 1000 Hz. The needle type SV-GMR probe, of which
the main part is a needle consisting of four GMR sensing
elements connected in a Wheatstone bridge. Each sensing
element has dimensions of 40 um per 75 pm. One sensing
element is placed at the tip of the needle and three other
are located close to the bonding pads. The length of the
needle is equal to 2 cm and its cross-section is 250 x 250
um. The needle probe has the sensitivity of 11 uV/uT. The
sensor measurement range is within tens of nT to few mT.

In order to perform immunoassay measurements,
combinations of three commercially available substances
were investigated. One was streptavidin ferrofluid
produced by R&D Systems, second and third were two
types of molecules consisting of biotin coated polymer
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Fig. 3. Influence of ferrofluid’s dilution on imaginary part of susceptibility
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Fig. 4. Particle size influence imaginary part of susceptibility

beads produced by Spherotech. While performing the
measurement, sensor was placed centrally in the sample.
Small amount of mixture (70 upl) was placed inside
container in the middle of the Helmholtz coil.

Results of dilution influence on the imaginary part of
the measured signal are presented in Fig 3. Decrease in the
amount of magnetic fluid causes the decrease in the real
part signal’s amplitude and lowers the peak of the signal’s
imaginary part. Peaks in the imaginary part of
susceptibility occurred at frequency 200 Hz. Analytical
calculations performed with data from vibrating sample
magnetometer (VSM) showed that possible frequency peak
should appear at 250 Hz. It can be noticed that a peak
occurs at the same frequency in examined samples, what
confirms that dilution does not cause a change in the
relaxation time of ferrofluid particles. Theoretical analysis
results are close to the measured values. Another possible
factor which can influence the characteristic of ferrofluid is
the particle size. In case of this study, a particle size
change is caused by a combination of polymer beads and
ferrofluid particles. Three types of polymer with mean
diameter 1.0, 3.5 and 6.5 pm were combined with
ferrofluid particles. Achieved results of binding ferrofluid
with target particles of various size are presented in Fig. 4.
When the size of the particle is increasing, a peak of the
imaginary parts is shifting to the left side of the graph. The
graphs have similar shapes as those in results obtained by
K. Enpuku and et al. [3].
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