
Eng. Res. Express 4 (2022) 025047 https://doi.org/10.1088/2631-8695/ac78c8

PAPER

A benchtop induction-based ACmagnetometer for a fast
characterization of magnetic nanoparticles

MohdMawardi Saari1,2,∗ ,MohdHerwan Sulaiman1, HamzahAhmad1, Nurul Akmal Che Lah3 ,
Kenji Sakai4, ToshihikoKiwa4 andKeiji Tsukada4

1 Faculty of Electrical & Electronics Engineering Technology, UniversitiMalaysia Pahang, Pahang 26600,Malaysia
2 Centre for Advanced Industrial Technology, UniversitiMalaysia Pahang, Pahang 26600,Malaysia
3 Faculty ofManufacturing&Mechatronic Engineering Technology, UniversitiMalaysia Pahang, Pahang 26600,Malaysia
4 Graduate School of Interdisciplinary Science&Engineering inHealth Systems,OkayamaUniversity, Okayama 700-8530, Japan
∗ Author towhomany correspondence should be addressed.

E-mail:mmawardi@ump.edu.my

Keywords:magnetometer, magnetic nanoparticles, AC susceptibility, Brownian relaxation

Abstract
In this study,we report adevelopment of a benchtop induction-basedACmagnetometer to realize a
simple,wideband, and sensitiveACmagnetometer for bio-sensing applications and characterizationof
magnetic nanoparticles (MNPs).We investigate the inductance andparasitic capacitanceof six different
pickup coil geometries and compare their sensitivity andusable frequency range. In thepickup coil design,
thenumber of turns andcoil section separation are varied from200 to400 turns, and1 to4 sections,
respectively.Wefind that theusable frequency range is greatly affectedby thepickupcoil’s inductance due
to the self-resonancephenomena compared to their parasitic capacitance.A lownoise instrument
amplifier circuit (AD8429,AnalogDevices,USA)was integrated and fabricatedon aprinted circuit board
to amplify theweak signal from thepickup coil.We also implement a generalizedGoertzel algorithm to
achieve fast signal amplitude andphase extractions at a frequency.Thedevelopedmagnetometer shows a
sensitivity of 10−8Am2/√Hzat 6Hz and a frequency rangeof up to158 kHz.Using thedevelopedAC
magnetometer,wedemonstrate the viscosity effect on the frequency responseof thermally blocked, single-
corenanoparticles (SHP30,OceanNanotech,USA) in glycerol solutions. The excitation frequency is swept
from5Hz to 158 kHz at afield amplitudeof 0.55mTppwithin the acquisition timeof 5min (51points). As
a result, the viscosity change is confirmedby thepeak shifting in the imaginarymagnetization curve
towards lower frequency valueswhen thewt/V%of the glycerol solution is increased.Thehydrodynamic
size and the average anisotropy energy ratioσ are estimated tobe60.6 nmand25, respectively, from the
complexACmagnetization. It canbe expected that the developedACmagnetometer canbe a valuable tool
in providing a fast and reliable assessmentofMNPs for bio-sensing applications.

1. Introduction

Magnetic susceptibilitymethods have shownhigh potential to provide a fast characterization and standardization
techniqueofmagnetic nanoparticles (MNPs) [1, 2]. Particularly in biomedical applications,ACmagnetometers
have been developed tomeasuremagnetic responses fromMNPswhereNeel andBrown relaxation parameters are
characterized andutilized [3]. From theBrownian andNeel relaxations, geometrical andmagnetic properties of
theMNPs canbe estimated, such as thehydrodynamic size andmagnetic anisotropy energy ratio.During the
analysis of theBrownian andNeel relaxation, itwas shown that the characterization frequency range to observe
these relaxations plays an important rolewhere a broader frequency range is desired to reveal further information
on theMNPproperties [2].

Themagnetic responseproducedby the time-dependentmagnetizationM(t)ofMNPs can bemeasuredby
usingmagnetic sensors such as superconducting quantum interferencedevices (SQUIDs) [4–6], optically pumped
magnetometers [7],fluxgates, and giantmagnetoresistance sensors [8].However, compared to othermagnetic
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