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Fig. 1. View of the capacitor based on TT design operating in a tri-axial magnetic field (H). The black sphere represents a
magnetic particle stored in the capacitor.
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Fig. 2. Magnetic energy simulation and experimental validation of the results. a) A magnetic disk in an in-plane magnetic
field. b) The experimental tests of a magnetic disk in a magnetic field and illustration of attraction of magnetic particles
in two energy wells corresponding to (a). ¢) A magnetic bar in an in-plane magnetic field. d) A magnetic bar in a tri-axial
magnetic field. e) A magnetic particle moving along a TI magnetic track, and the comparison of its trajectories based
on simulations (black dotted line) and experiments (red dots). e-h) The energy distribution simulation results for the TI
design at various angles are shown. j-m) Experimental results corresponding to the simulations in (e-h) (equivalent time
and magnetic field angles) are illustrated. i) Cell experimental trajectory on the TI track (red dots) is compared with the
simulation predicted trajectory (black dotted line). n) The fabricated chip is presented. The black arrows represent the
magnetic field direction and the circular arrows stand for the magnetic field rotation. The dot close to the arrow depicts
the vertical component of the magnetic field. In simulations, the blue and red regions stand for the regions with low and
high energies, respectively.
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Fig. 3. The capacitor with the disk design for the magnetic track based on the TI design. The particle trajectory

from point 1 on the TI path to point 2 inside the capacitor (e) and after that (f-g) is shown. The disk radius is 7 pm.

Here, the small arrows represent the external magnetic field (H) direction at each panel and the circular arrow at the

center shows the magnetic field rotation. The magnetic field vertical component in all steps in addition to the rotating

field is applied. The blue and red regions stand for the regions with low and high energies, respectively. The dotted
line in (h) shows the full particle trajectory.
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Fig. 4. The particle loading efficiency of the capacitor of Fig. 3 as a function of the applied magnetic field
frequency. The average radius of particles is 4.2 pm.
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Fig. 5. Magnetic energy simulation results for disk capacitor for fc=1 (the particle diameter and the gap size are both
4 pm). In panels (a, ¢, and e), the blue and red regions stand for the regions with low and high energies, respectively.
Energy plots along the pq path (See panel (a)) for the shown external magnetic field directions illustrated in panels (a,
¢, and e) are presented in (b, d, and f), respectively. The small black arrows depict the applied magnetic field direction,
which is changed by 15° at each step. The small red arrows show the energy barrier between the bar and the capacitor.
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Fig. 6. Capacitor with magnetic bar design for the magnetic track based on the TI design. The magnetic particle enters

from the left T in (a) into the capacitor, and by rotation of the magnetic field in (b-h) remains in the capacitor. Here,

the small arrows represent the external magnetic field (H) direction at each panel and the circular arrow at the center

shows the magnetic field rotation. The magnetic field vertical component in all steps in addition to the rotating field

is applied. The blue and red regions stand for the regions with low and high energies, respectively. The dotted line in
(h) shows the full particle trajectory.
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Fig. 7. Magnetic energy simulation results for the bar capacitor for fc=1.25 (the particle diameter and the gap be-

tween the two bars are both 4 pm). In panels (a, ¢, and e), the blue and red regions stand for the regions with low and

high energies, respectively. Energy plots along the pq1 and pq2 paths (See panel (a)) for the shown external magnetic

field directions illustrated in panels (a, ¢, and e) are presented in (b, d, and f), respectively. The small black arrows

depict the applied magnetic field direction, which is changed by 15° at each step. The small red arrows show the
energy barrier between the inlet T and the target bar inside the capacitor.
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Fig. 8. a and c) The two capacitor designs are shown. b) The position change at x-direction versus time at a frequency of

0.1Hz for the capacitors shown in (a and c) are illustrated with the red and black curves, respectively. The blue dotted

line is placed to define the particle movement starting point in the two designs. The periodicity of the design is consid-
ered to be 26 pm.
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