AT

ﬁG@M International Conference on Micro Nano Fluidics

WPUL G
g\)\\yzp W‘J’»‘

T— (ICOM 2025) ,,;

Yo of

October 31 — November 2, 2025, 11T Guwahati

Speaker/affiliation: Prof. Dhiman Mallick, Associate Professor, Department of Electrical
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Tentative topic of the invited talk

Integrated Magnetoelectric Devices for Suspended On-Chip Magnetic Nanoparticles Manipulation
and Quantification

Abstract of the invited talk

Magnetoelectric (ME) heterostructure-based micro/nano-devices, which couple magnetic and
electric phenomena at the nanoscale with attojoule-level energy consumption, are emerging as
versatile platforms for on-chip particle manipulation and sensing. This talk presents recent advances
at our group in integrating ME devices with microfluidic systems for precise control and
quantification of magnetic nanoparticles (MNPs). Firstly, an optimized ME device with shape-
anisotropic elliptical ferromagnetic rings enables controlled rotation of single magnetic particles
comparable in size to biological cells up to 90°, without requiring complex multi-electrode setups.
Complementarily, an infrared (IR)-driven ME sensor allows rapid, high-sensitivity quantification of
MNP concentrations without external magnetic fields. Second, building on these capabilities, a
hybrid lab-on-chip platform combines patterned Ni thin films for localized magnetic confinement
with a poled (011)-oriented PMN-PT substrate for ultrasonic standing wave actuation. This dual-
mode system enables programmable, directional translation of magnetic bead clusters across 120 pm
with sub-second response times, low voltages, and MHz-range frequencies. The integration supports
reversible, energy-efficient manipulation and aggregation control, critical for advanced microfluidic
assays. Such innovations provide a compact, reconfigurable framework for contactless, low-power
particle steering and quantification, paving the way for next-generation microfluidic platforms in
diagnostics, targeted delivery, and multiplexed bioassays.
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