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GRAPHICAL ABSTRACT

PUBLIC SUMMARY
■   Innovative low-displacement mechanical energy harvesting using piezomagnetic effects.

■   MnCoSi0.88Ge0.12 exhibits excellent piezomagnetic properties over a broad temperature range.

■   Prototype device achieves 34.4 μW/cm3 power density with no moving parts.

■   Effective energy harvesting from small-displacement vibrations and impacts.

■   Potential for self-powered sensor networks in harsh, unattended environments.
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Our  daily  environment  contains  abundant  vibrational  and  impact  energies
characterized  by  high  instantaneous  stress  yet  minimal  displacement.
These inherent characteristics present fundamental conversion challenges
for traditional generators, which require substantial relative motion between
magnetic and  conductive  components  to  induce  effective  current  genera-
tion.  To address this  limitation,  we propose an innovative  method of  low-
displacement  mechanical  energy  harvesting  that  utilizes  piezomagnetic
effects  during  pressure-induced  magnetic  phase  transitions.  By  doping
germanium  into  the  silicon  site  of  MnCoSi,  the  magnetic  phase  transition
material MnCoSi0.88Ge0.12 exhibits excellent piezomagnetic properties over a
broad temperature range. Our meticulously designed piezomagnetic power
prototype  device  features  a  magnetic  circuit  that  enhances  magnetic  flux
within the induction coil. Using MnCoSi0.88Ge0.12 as the working substance,
the prototype  is  rigorously  tested  under  various  temperatures  and  pres-
sures, exhibiting intriguing performance from 250 to 325 K, covering room
temperature.  Notably,  the  prototype  device,  which  is  devoid  of  moving
parts,  has  achieved  a  peak  power  density  of  34.4  μW/cm³.  The  device's
ability to harvest energy from small-displacement vibrations and instanta-
neous impacts,  such as  those  from heavy  machinery  or  geological  activi-
ties,  highlights  its  potential  for  applications  in  mobile  energy  supply.  This
work also provides a path toward self-powered vibration and impact sensor
networks in harsh and unattended environments.
 

INTRODUCTION
In the face of growing energy demands and accelerating climate commit-

ments,  the  development  of  sustainable  energy  conversion  technologies  has
reached  critical  urgency.1-3 To  address  this  dual  challenge,  converting
dormant energy into usable electricity emerges as a strategic priority for opti-
mizing  energy  systems.  Notably,  established  technologies  such  as  wind
turbines  and  thermoelectric  generators  have  demonstrated  success  in
harvesting  macroscopic  energy  flows,  particularly  in  industrial  waste  heat
recovery  scenarios4,5.  However,  a  significant  technological  gap  persists  in
harvesting ubiquitous mechanical energy sources—from industrial machin-
ery vibrations  to  traffic  oscillations —primarily  due  to  their  high  instanta-
neous stress and minimal displacement characteristics.

Conventional  generators  require  substantial  displacement  between
magnets  and  inductive  coils,  making  them  incompatible  with  these  small-
displacement  vibrations  and  impacts.  Although  piezoelectric  ceramics  offer
an alternative transduction pathway, their widespread adoption is hindered by
intrinsic  material  constraints  including  depolarization  under  cyclic  loading
and  limited  lifespans  due  to  their  inherent  brittleness.6-9 Additionally,  the
magnetostrictive  effect  and  Villari  effect  can  also  be  used  for  harvesting
magnetic10-13 and mechanical energy.14 However, conventional magnetostric-
tive materials (e.g., Terfenol-D, Galfenol) contain expensive metals and exhibit
performance  that  depends  critically  on  specific  crystal  orientations  and
magnetic/stress  fields  alignment,15,16 limiting practical  deployment.  Collec-
tively,  these  challenges  demand  new  transduction  mechanisms  to  reliably
convert minimal mechanical displacements into stable electrical outputs.

Phase transition materials uniquely exhibit substantial changes in disorder
in  response  to  temperature,  magnetic  fields,  or  stress.17 Although  current
research  mainly  focuses  on  energy-efficient  and  environmentally  friendly
applications  such  as  magnetocaloric,18,19 barocaloric,20-22 elastocaloric cool-
ing,23,24 and  heat  storge,25 there  is  an  emerging  interest  in  harnessing
magnetic  phase  transitions  for  energy  conversion,  such  as  transforming
waste  heat  into  electrical  energy.26-32 Nonetheless, studies  on  the  transfor-
mation of  mechanical  energy into electrical  energy through magnetic  phase
transition  mechanisms  remain  scarce.  Magnetic  phase  transition  materials
commonly  exhibit  an  inherent  coupling  between  exchange  interaction  and
atomic  spacing,  manifesting  as  mutual  couplings  between  magnetism  and
the  lattice  structure.  The  application  of  a  magnetic  field  to  induce  a  phase
transition  often  leads  to  exchange  competition,  subsequently  altering  the
magnetic  atomic  spacing  and  resulting  in  pronounced  magnetostriction
behavior.33-35 Conversely, the application of pressure can induce variations in
the spacing between magnetic atoms, affecting the exchange interaction and
potentially  generating  new  magnetic  ordered  structures.  This,  in  turn,  alters
the overall magnetization of the material, producing the phenomenon known
as the piezomagnetic effect. Notable examples include the pressure-induced
antiferromagnetic  to  ferrimagnetic  transition  and  the  large  piezomagnetic
effect  observed  in  antiperovskite  Mn3Ga0.95N0.94,36 and the  giant  piezomag-
netic effect in Fe-doped Mn0.87Fe0.13NiGe due to pressure-driven spin reorien-
tation.37 It  is  particularly  noteworthy  that  the  application  of  small-displace-
ment  impact  forces  to  magnetic  phase-transition  solids  enables  rapid
magnetization  changes  while  preventing  structural  collapse.  This
phenomenon arises from the material's capacity for effective strain propaga-
tion,38,39 combined with  the  fundamental  property  of  exceptionally  low  volu-
metric  compressibility  in  solids,20 which  inherently  resists  bulk  compression
under external forces. By integrating Faraday's law of electromagnetic induc-
tion with the piezomagnetic effect, it is anticipated that magnetic phase tran-
sition  materials  could  achieve  efficient  conversion  of  small-displacement
mechanical energy into electrical energy.

It  is  recognized  that  magnetic  phase  transition  materials,  widely  used  in
refrigeration  technologies,  struggle  with  narrow  operational  temperature
ranges  that  also  hinder  their  use  in  piezomagnetic  power  generation.  This
constraint  drives  the  demand for  developing  materials  with  broad-tempera-
ture  piezomagnetic  effects,  particularly  spanning  room  temperature.  The
MnCoSi  alloy  stands  out  in  this  pursuit.  Its  unique  helical  antiferromagnetic
structure  allows magnetic  field-induced transitions  to  a  ferromagnetic  state
across a wide temperature span below the Néel  temperature of  381 K.33,40,41

Importantly, the phase transition in MnCoSi is accompanied by orthorhombic
lattice distortions,42 which is likely to bring about a wide temperature range of
piezomagnetic  effects  due  to  strong  magnetoelastic  coupling.  Notably,  the
strategic substitution of a modest amount of Ge for Si in the alloy can effec-
tively reduce the critical magnetic field of the MnCoSi alloy.34,43 This modifica-
tion  also  shifts  the  transition  point  to  a  cooler  temperature  range,  enabling
reversible  second-order phase  transitions  to  be  achieved  at  room tempera-
ture.34,43

In this report, we have confirmed that the magnetic phase transition mate-
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rial  MnCoSi0.88Ge0.12 maintains  stable  piezomagnetic  properties  across  a
broad  temperature  range,  including  room  temperature.  Unlike  conventional
generators, piezomagnetic power generation through magnetic phase transi-
tion  functions  reliably  without  the  necessity  of  moving  components.  Based
on  this  mechanism,  we  design  a  novel  magnetic  circuit  structure  and
construct a functional prototype. Under cyclic loading (5 Hz, 0-100 MPa), the
device achieves a maximum power density of 34.4 μW/cm³. Additionally, the
piezomagnetic  effect  in  the  MnCoSi0.88Ge0.12 alloys  is  driven  by  hydrostatic
pressure transmitted via a paraffin wax medium, rather than by axial stress.
This eliminates concerns about sample mechanical strength and orientation.
These  results  validate  piezomagnetic  power  generation  as  a  viable  energy
conversion  strategy,  particularly  suitable  for  portable  power  systems  and
vibration-driven sensor networks. 

MATERIALS AND METHODS 

Sample growth and measurements
The MnCoSi0.88Ge0.12 polycrystalline  alloy  samples  were  fabricated  via  arc

melting  in  an  argon  atmosphere  of  high  purity,  employing  high-purity
elemental  materials.  To  attain  a  uniform  composition  across  the  alloy,  the
melting process was meticulously repeated 3 to 4 times for each sample. The
ingots were crushed and transferred into quartz glass tubes for subsequent
processing. To counteract the substantial negative thermal expansion asso-
ciated  with  the  structural  phase  transformation  that  the  alloy  undergoes
during furnace cooling, a dual-layer containment approach was adopted. The
initial  quartz tubes were nested within a larger quartz tube and subjected to
high  vacuum  sealing  to  mitigate  the  risk  of  tube  shattering.  The  vacuum-
sealed,  double-layer quartz  tubes  containing  the  alloy  samples  were  posi-
tioned in a high-temperature annealing furnace. The samples were heated to
a  temperature  of  1500  K,  which  is  proximal  to  the  alloy's  melting  point  of
approximately 1473 K, and maintained at this temperature for 30 minutes to
facilitate complete annealing.

Magnetization  measurements  were  performed  using  a  vibrating  sample
magnetometer  (VSM,  Versalab,  Quantum  Design  Inc.)  with  a  copper-beryl-
lium clamp-type high-pressure cell, designed to handle pressures up to 1.30
GPa.  Daphne  oil  was  employed  as  the  medium  for  transmitting  pressure
within  the  system.  Sample  pressures  were  determined  by  the  compression
length  of  the  copper-beryllium  cell.  We  recorded  temperature-dependent
magnetization (M–T)  curves at  magnetic  fields  of  1,  5,  10,  and 20 kOe,  and
isothermal  magnetization  curves  from  260  to  320  K  at  20  K  intervals,  all

under pressures of 0, 360, and 650 MPa. 

Numerical simulations
Finite  element  simulation  was  carried  out

using  the  COMSOL  Multiphysics  software
(Version 5.5). The AC/DC module was employed
to model  the response of  magnetic flux density
(B) distribution in the parallel branches to varia-
tions  in  the  magnetic  permeability  (μ)  of  the
piezomagnetic  sample.  The  simulated  result
was  compared  with  the  experimental  data  to
validate the accuracy of the model. Additionally,
the  impact  of  air  gap  spacing  on  the  magnetic
flux  density  distribution  was  investigated
through  finite  element  analysis,  as  detailed  in
Supplementary Note 2. 

Piezomagnetic  power  generation  prototype
device

The  magnetomotive  force  was  provided  by
permanent  magnets  in  the  piezomagnetic

power generation prototype device. The variation of Φm with alternating exter-
nal  pressure  was  detected  by  an  induction  coil,  which  in  turn  output  an
induced electromotive force. Alternating pressure of different frequencies and
intensities  was  applied  to  the  prototype  using  a  pressure  testing  machine
(YEW-50,  Jinan  Tianchen,  China).  The  induction  coil  of  the  prototype  had
3880 turns,  and  its  output  end  was  connected  to  a  digital  multimeter
(TH1963,  Tonghui,  China)  to  achieve  real-time  recording  of  the V.  To  study
the effect of temperature on the piezomagnetic effect of the MnCoSi0.88Ge0.12

alloy,  a  temperature  control  apparatus  was  designed  and  constructed  (See
Supplementary Note 4 for details). 

RESULTS AND DISCUSSION 

Piezomagnetic properties of MnCoSi0.88Ge0.12

Figure 1 displays the temperature-dependent magnetization (M–T) curves
for  the  MnCoSi0.88Ge0.12 alloy  under  pressures  of  0,  360,  and  650  MPa
measured at 1, 5, 10, and 20 kOe. It is observed that the magnetization of the
MnCoSi0.88Ge0.12 alloy is consistently enhanced by the applied pressure within
the  temperature  range  of  200  K  to  345  K,  demonstrating  its  remarkable
piezomagnetic properties across a broad temperature range. Specifically, at a
magnetic field of 1 kOe and a temperature of 300 K, the increase in magneti-
zation (ΔM) of the alloy is observed to be 13.5 emu/g as the pressure gradu-
ally increases from 0 MPa to 360 MPa. Further increasing the pressure to 650
MPa  produces  a  comparable  magnetization  enhancement  of  14.4  emu/g.
Moreover,  the peak positions of  the M-T curves tend to  shift  towards lower
temperatures at applied pressure due to the pressure-assisted antiferromag-
netic  to  ferromagnetic  phase  transition,  which  has  also  been  observed  in
MnCoSi alloys.41

The  pressure-induced  enhancement  of  ferromagnetism  is  further
supported by the isothermal magnetization (M-H) curves at various tempera-
tures, as illustrated in Figure 2. At 280 K and 300 K, a maximum ΔM of 15.8
emu/g  and  15.9  emu/g  is  observed  respectively,  with  pressure  increasing
from 0 to 360 MPa at 2 kOe. Similarly, at 260 K and 320 K, the maximum ΔM
values  are  15.7  emu/g  and  15.3  emu/g  under  the  same  conditions.  It  is
widely believed that in MnCoSi-based materials, a smaller volume correlates
with a higher magnetic state, while a larger volume is associated with a lower
magnetic  state.42 When  pressure  is  applied,  the  volume  of  the  crystal  cell
decreases,  which  in  turn  favors  the  high  magnetic  state.42,44 Moreover,  the
MnCoSi  system  experiences  anisotropic  lattice  distortions  under  pressure,
with the a-axis contracting and the b- and c-axes expanding.41 Along the c-
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Figure 1.  M-T curves  under  pressures  of  0,  360,
and  650  MPa  for  the  MnCoSi0.88Ge0.12 alloy
measured  at  different  magnetic  fields. (A) H =
1 kOe. (B) H = 5 kOe. (C) H = 10 kOe. (D) H = 20 kOe.
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axis direction, the interatomic distance between Mn atoms (d1) increases with
the application of pressure, leading to a transition from an antiferromagnetic
ground  state  to  a  ferromagnetic  configuration.33 These  results  confirm  the
MnCoSi0.88Ge0.12 alloy's piezomagnetic  properties  across  a  broad  tempera-
ture range including room temperature, which is crucial for practical applica-
tions. 

Design of a piezomagnetic power generation prototype device

Rm =
L
μA

Rm

We have engineered a piezomagnetic power generation device.  Central  to
this device is a pressure-sensitive magnetic reluctance unit, which comprises
a pressure chamber filled with piezomagnetic  sample,  as depicted in Figure
3A. The chamber's side walls are constructed from magnetically conductive
and  non-magnetic  materials,  with  two cylindrical  walls  serving  as  magnetic
poles,  providing  a  magnetic  field  perpendicular  to  the  cylinder's  axis  for  the
sample  within  the  tube.  The  press  rod  and  base  are  crafted  from  non-
magnetic  materials.  The  magnetic  permeability  (μ)  of  the  piezomagnetic
material  varies with pressure,  rendering it  equivalent  to a pressure-sensitive

magnetic reluctance, expressed as , where  is the magnetic reluc-

tance  along  the  magnetization  direction, L is  the  material's  length  in  this
direction, and A is its cross-sectional area.

To  translate  variations  in  magnetic  reluctance  into  detectable  changes  in
magnetic flux (Φm) and generate an induced electromotive force in the induc-
tion coil, we have positioned the pressure-sensitive magnetic reluctance and
the  induction  coil  in  parallel  branches.  Two  series-connected  permanent
magnets  supply  the  magnetic  flux  potential  for  these  branches.  Employing
the  finite  element  simulation  tool  COMSOL  Multiphysics,  we  have  analyzed
how the Φm distribution in the parallel  branches responds to changes in the
piezomagnetic sample's μ, as shown in Figure 3B. At low μ values (e.g., μ=1),
the magnetic reluctance of the pressure-sensitive branch is higher, directing
most of the Φm through the induction coil branch. Conversely, at high μ values
(e.g., μ=100),  the  magnetic  reluctance  of  the  pressure-sensitive  branch
decreases,  reallocating  a  portion  of Φm to this  branch.  The  device's  perfor-
mance is directly related to the Φm distribution between the two branches. To
optimize this distribution,  an adjustable air  gap is introduced into the induc-
tion  coil  branch,  as  depicted  in Figure  3C.  This  enables  fine-tuning  of  the
induction coil's magnetic reluctance, balances the magnetic flux density (B) in
both  branches,  and  maximizes  the  change  in  magnetic  flux  density  (ΔB)
within the induction coil.

In  setting  the  air  gap  width,  it  is  crucial  to  ensure  that  all  parts  of  the

magnetic core operate within the linear region
of  the  magnetization  curve.  This  prevents
waveform  distortion  of  the  induction  voltage
and  manages  magnetic  leakage  loss.  Based
on  the M-H curves  of  the  MnCoSi0.88Ge0.12

alloy  at  0  MPa  and  360  MPa  as  illustrated  in
Figure 2, the relative initial μ is estimated to be
approximately  1.32  and  1.84,  respectively.
Using this data,  finite element simulations are
conducted  to  assess  the  impact  of  air  gap
width  on  the B and  ΔB in  the  piezomagnetic
sample and the iron core of the induction coil
under  the  two pressure  conditions.  As  shown
in Figure  3D,  the B within  the  piezomagnetic
sample  increases  significantly  with  air  gap
width,  while  the B within  the  core  diminishes
rapidly.  Based on the changes in B due to the
stress change  from  0  to  360  MPa,  we  deter-
mine the relationship between the ΔB and the
air gap width for the sample and the iron core,
as  depicted  in Figure  3E.  The  increase  in  ΔB

for the piezomagnetic sample slows down as the air gap spacing increases,
potentially due to the saturation tendency of local magnetic poles in the pres-
sure-sensitive  branch  (Supplementary Figure  S2).  The  ΔB within  the  core
rises initially and peaks at an air gap width of approximately 1.5 mm. Further
increasing the air gap leads to a gradual drop in ΔB, which is attributed to the
increased magnetic reluctance in the induction coil branch and magnetic flux
leakage at the air gap.

The piezomagnetic sample in this study is a composite of MnCoSi0.88Ge0.12

alloy particles uniformly mixed with paraffin wax with negligible barocaloric-
thermomagnetic  effects  (Supplementary Figure  S1).  Here,  paraffin  wax  is
employed as a pressure-transmitting medium because of its superior fluidity
under pressure.  It  fills  gaps between alloy particles and the pressure vessel,
allowing uniform pressure transmission to the particles. In this work, the opti-
mal paraffin mass fraction is experimentally determined to be approximately
10%, effectively balancing pore suppression and preservation of the compos-
ite's piezomagnetic  performance.  Besides,  the  simulation  pressure  condi-
tions  are  0  and  360  MPa.  However,  in  practical  applications,  piezomagnetic
power  generation  devices  operate  under  alternating  pressures  with  varying
magnitudes. To more accurately and vividly demonstrate the piezomagnetic
effect of the MnCoSi0.88Ge0.12 composite, we have constructed and tested the
prototype device (see Supplementary Information for additional details). 

Implementation of piezomagnetic power generation

dP
dt

Utilizing  an  electronic  dynamic  pressure  testing  machine,  we  subject  the
prototype device  to  alternating  pressure  of  varying  frequencies  and  magni-
tudes.  At  room  temperature  conditions  (~297.5  K),  we  apply  an  alternating
pressure  with  a  frequency  of  5  Hz  and  a  magnitude  ranging  from  0  to  100
MPa,  as depicted in Figure 4A. Figures 4B-D illustrate the waveforms of the

change rate of stress ( ), press rod displacement (ΔL) and voltage (V) over
time  under  zero  air  gap  conditions.  The  observed  waveform  congruence  in
both shape  and  periodicity  establishes  two  critical  findings:  the  piezomag-
netic  origin  of  voltage  generation  in  the  pressure-sensitive  reluctance  unit,
and the functional validity of the proposed magnetic circuit design. Figures 4E
&  F  demonstrate  that  as  the  air  gap  size  increases,  the  peak  values  of  the
induced voltage (Vpeak)  change greatly.  When the air  gap is  optimized to  1.5
mm,  the  device  achieves  the  highest V output, which  is  in  excellent  agree-
ment with the predictions presented in Figure 3E.

To examine  the  impact  of  temperature  on  the  performance  of  the  proto-
type  device,  we  set  the  air  gap  to  1.5  mm  and  explore  the  relationship

en
er

gy

 

0

30

60

90

0

30

60

90

0 10 20 30

0

30

60

90

0 10 20 30

0

30

60

90

0 10 20 30
0

8

16

0 10 20 30
0

8

16

0 10 20 30
0

8

16

0 10 20 30
0

8

16

M
 (e

m
u/

g)

 650 MPa
 360 MPa
 0 MPa

260 K  650 MPa
 360 MPa
 0 MPa

280 K

M
 (e

m
u/

g)

H (kOe)

 650 MPa
 360 MPa
 0 MPa

300 K

H (kOe)

 650 MPa
 360 MPa
 0 MPa

320 K

H=2 kOe

∆
M

0-360 MPa 0-360 MPa

H=2 kOe

∆
M

0-360 MPa

H=2 kOe

∆
M

0-360 MPa

H=2 kOe
∆

M

A B

C D
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between V and  the  intensity  of  alternating  pressure  across  a  temperature
range of 250-325 K. As illustrated in Figures 4G & H, the peak voltage occurs
near  280 K  in  the Vpeak-T curve  when the  pressure  change is  between 0-25
MPa.  Expanding  the  pressure  range  to  0-50  MPa  shifts  this  peak  to  lower

temperatures,  resulting  in  a  more  distinct  temperature  plateau.  Further
increases  in  pressure  cause  the  peak  temperature  to  exceed  the  measured
range,  indicating  that  the  external  pressure  can  drive  a  transition  from  an
antiferromagnetic  to  a  ferromagnetic  state.  It  is  suggested  that  higher Vpeak
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output may be achievable with an enlarged driving force. However, consider-
ing the limited structural strength of the prototype device, this study does not
attempt higher pressures.

To evaluate the repeatability and long-term durability, the prototype device
is  subject  to  an  alternating  pressure  of  0-100  MPa  at  5  Hz  and  295  K  for
about  104 cycles. Figure  5A  displays  the  complete V-t waveform,  while
Figures  5B-D  show  segments  near  the  400th,  4900th,  and  9900th  cycles,
respectively.  These  waveforms  exhibit  a  remarkably  stable Vpeak of approxi-
mately  22.5  mV,  aligning  well  with  the  performance  (~22.2  mV)  shown  in
Figure 4H, and demonstrating excellent repeatability and long-term durability.
Furthermore, we investigate the relationship between V and the frequency of
alternating  driving  pressure,  as  shown  in Figures  5E  &  F.  As  the  frequency
increases from 2 to 10 Hz, the change rate of Φm in the induction coil linearly
increases,  leading  to  a  significant  rise  in  the Vpeak from  approximately  12.9
mV  to  approximately  69.6  mV.  The  absence  of  voltage  saturation  with
increasing frequency reveals an important characteristic of  piezomagnetic
power generation over thermomagnetic generation—its capacity to operate
effectively at higher frequencies. Unlike thermomagnetic generators, which
are  limited  by  heat  exchange  rates  between  materials  and  their  heat

sources or sinks, piezomagnetic devices can capitalize on the rapid trans-
mission  of  compressive  stress  in  solids  (up  to  several  kilometers  per
second) to achieve higher operational frequencies. This capability enhances
the number of working cycles per unit time, thereby boosting power density.

V2
peak

R

The Vpeak of  69.6 mV at 250 K and 100 MPa with a frequency of 10 Hz is
roughly equivalent to 23.2 mV/g for our piezomagnetic sample. Based on the
coil's internal resistance of 150 ohms, the maximum power of the piezomag-

netic  sample  ( )  is  calculated  to  be  32.3  μW,  with  a  maximum  power

density  of  approximately  34.4  μW/cm3,  and  an  average  power  density  of
approximately  12.2  μW/cm3.  Compared  to  the  maximum  voltage  of  1.92
mV/g,  the maximum power density  of  1.75 μW/cm3 and the average power
density  of  0.5  μW/cm3 obtained  from  the  experimental  optimization  of  the
thermomagnetic power generation material NiMnIn,29 the values in our study
have  a  clear  advantage.  Based  on  the  ΔL with  applied  pressure  force  (F)
recorded  by  the  pressure  testing  machine,  the  net  mechanical  energy  input
power  is  estimated  to  be  ~0.1  W  at  100  MPa  and  10  Hz  (Supplementary
Figure  S6). According  to  the  average  power  of  12.2  μW,  the  energy  conver-
sion efficiency is estimated to be 0.0122 %, significantly lower than conven-
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tional  piezoelectric  (7-27.5%)45 and  thermomagnetic  systems  (0.1-2%).29,46

The low efficiency can be primarily attributed to frictional losses between the
press  rod,  the  cavity  components,  and  the  piezomagnetic  composite  under
high  alternating  stress.  Further  studies  on  the  kinematics  of  the  spring-
pendulum resonance system and lubrication optimization (e.g., utilizing MoS2

solid-state  lubricant  or  elastic  sealing and bushing structures)  of  the device
are required to  enhance the net  mechanical  energy input  power and reduce
the frictional losses. Increasing the turns in the induction coil by employing a
smaller  wire  diameter  can  amplify V,  thereby  facilitating  energy  storage
through a rectifier-capacitor circuit, although this approach may not improve
the  power  density  due  to  the  increased  coil  resistance  (see  Supplementary
Information for additional details).

Finally,  to  visually  demonstrate  the  output  of  the  alternating V due  to  the
piezomagnetic effect, we achieve the periodic flashing of LEDs with the alter-
nating  driving  pressure,  based  on  the  same  principle  and  circuit  hardware
that  has  been  introduced  for  the  demonstration  of  thermomagnetic  power
generation28,29 (see  Supplementary  Movie  and  Supplementary Figure  S8 for
details). 

CONCLUSION
We  present  a  piezomagnetic  power  generation  device  that  employs  the

magnetic phase transitions in MnCoSi-based alloys, reliably converting small-
displacement  mechanical  energy  into  electrical  power.  Upon  addition  of  Ge
into the Si site of MnCoSi,  the MnCoSi0.88Ge0.12 alloy can exhibit  pronounced
piezomagnetic  properties  across  a  wide  temperature  range,  including  room
temperature. The magnetic circuit of the piezomagnetic prototype device has
been  deliberately  designed  to  enhance  ΔΦm within  the  induction  coil.  This
prototype has been subjected to extensive testing under diverse temperature
and  pressure  conditions,  consistently  showing  compelling  performance
across a wide temperature span from 250 to 325 K, covering room tempera-
ture.  Notably,  the  prototype  device,  utilizing  MnCoSi0.88Ge0.12 as  the  working
substance  and  lacking  moving  parts,  reaches  a  peak  power  density  of
approximately  34.4  μW/cm3. The  piezomagnetic  power  generation  technol-
ogy  offers  several  advantages.  It  imposes  no  strict  requirements  on  the
shape and mechanical  properties  of  materials,  providing greater  flexibility  in
material selection.  Additionally,  piezomagnetic  materials  exhibit  longer  lifes-
pans  and  superior  impact  resistance  even  at  small  displacements,  which
confers  advantages  in  terms  of  durability  and  reliability.  Furthermore,  the
device can be separated into two modules connected by a hydraulic tube: a
mechanical  energy  harvesting  module  and  a  piezomagnetic  generation
module, which can further enhance their flexibility and reliability (see Supple-
mentary Figure S9).

Future  research  could  focus  on  optimizing  the  piezomagnetic  materials
and  magnetic  circuits  to  enhance  energy  conversion  efficiency.  Exploring
alternative  piezomagnetic  materials  with  superior  properties  could  further
improve device performance. Additionally, investigating the kinematics of the
spring-pendulum  resonance  system  and  optimizing  device  lubrication  are
essential for  increasing  mechanical  energy  input  power  and  reducing  fric-
tional losses.  These  advancements  will  collectively  strengthen  the  founda-
tion for sustainable energy solutions in industrial and environmental monitor-
ing.  The advantages of piezomagnetic power generation,  such as long-term
stability  and  durability  in  harsh  conditions,  make  it  ideal  for  unattended
geological and architectural monitoring applications.
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