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Fig. S1. (a) Sequential replication processes using a planar substrate and a surface-patterned
Si master mold. Photographs of (b) PMMA film without pattern and (c) surface- patterned

PMMA film.
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Fig. S2. (a) Schematic illustrations for the thickness of spin-casted PMMA 20 wt% solution on
the planar and surface-patterned substrates. SEM images of (b) spin-casted PMMA thin film
on planar Si0O,/Si substrate and (c) replicated PMMA film from the surface-patterned Si

master mold (line width/line space/depth: 250 nm).
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Fig. S3. Pattern replication of the triboelectric PMMA material by the rolling-press system,

which can effectively provide a uniform contact pressure.



Fig. S4. The surface AFM image of pristine PMMA film.
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Fig. S5. Output voltage response of nano-patterned MMTNG measured at various

Tlme (s)
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frequencies of AC magnetic field and gap distances of triboelectric materials.




The contact electrification and electrostatic induction determine the amount of
charge transferred and induced in the triboelectric layer14,15. When an alternating
magnetic field is applied to the triboelectric layers doped with ferromagnetic materials, the
charges become compelled to move in one direction, leading to improve output
performance of the triboelectric nanogeneratorl5. In the case of non-ferromagnetic
materials, they do not respond to the magnetic fields due to the absence of magnetic
moments and domains. Therefore, induced magnetic force can’t affect the charge
distribution and transfer on the surface of triboelectric materials during the energy
conversion process of MMTENG. Note that the alternating magnetic field was applied only to
produce periodic up and down vibrations of the cantilever-structured MMTENG for contact
triboelectrification and electrostatic induction. However, we measured the output voltage of
the nano-patterned triboelectric nanogenerator device by utilizing a pushing machine
without and with applied AC magnetic fields (500 Oe at 106 Hz) to verify this effect, as
shown in Fig. S6. It is revealed that a stable output voltage without and with Ac magnetic
fields. Therefore, the alternating magnetic field can’t affect the transfer of triboelectric

charges during the energy conversion process of the MMTENG device.
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Fig. S6. Output voltage response of nano-patterned triboelectric nanogenerator without and
with applied AC magnetic fields (500 Oe at 106 Hz) by contact and separation motions on a

pushing machine.



Table S1. Comparison of the output

performance between MMTENG and conventional

TENGs.
Energy Source Structure Open-circuit Short-circuit Reference
Voltage current
AC magnetic Cantilever 300V 177 A This work
field
Wind Free-standing 100V 80 pA Ya et al®
Wing
Water wave Buoy 280V 120 pA Xietal*
Mechanical contact-sliding- 1238V 48.7 A Yang et al®
force separation
structure
Mechanical harmonic- 288V 77 A Jun et al®
vibration resonator
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