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Figure S1 | Structural characterization of TbMneSne single crystals. a Optical image of
a TbMneSne single crystal with a typical plate-like morphology. b Laue diffraction
pattern of the TbMnesSns single crystal, confirming the single-crystalline nature and
determining the in-plane crystallographic orientation. ¢ Room-temperature X-ray
diffraction (XRD) pattern collected from the crystal surface, showing only the (001)
reflections, indicating the high crystallinity and preferred orientation along the

crystallographic c-axis.



Figure S2 | Energy-dispersive X-ray spectroscopy elemental mapping of Tb, Mn, and

Sn, demonstrating high chemical homogeneity.
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Figure S3 | Temperature-dependent magnetization of TbMneSne measured by PPMS
(T<380K) and VSM (T=380K), respectively. Temperature-dependent magnetization
curves measured under poH = 0.01 7 with the magnetic field applied along the [100]

and [001] directions, combining PPMS and VSM measurements to cover the full

temperature range.
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Figure S4 | Temperature evolution of the field-induced SR transition in TbMnesSns. a-j,
Temperature-dependent M-H curves of TbMnsSne measured with H // [100]. The
progressive evolution of the magnetization curves with temperature illustrates the shift
of the SR transition region and provides the characteristic fields (H1 and H2) used to

construct the magnetic phase diagram.
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Figure S5 | Temperature evolution of magnetic anisotropy in TbMneSne. a-h,
Temperature-dependent M-H curves of TbMnsSne measured with H // [001]. The
magnetic-field-dependent evolution of magnetization reveals the temperature-

dependent magnetic anisotropy and the evolution of the ferrimagnetic state along the

out-of-plane direction.
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Figure S6 | Transition-enabled large anisotropic magnetostriction in TbMnsSne. a
Longitudinal magnetostriction (A/) measured with the magnetic field applied along the
[120] direction at room temperature. b Transverse magnetostriction (A.) measured
perpendicular to the applied magnetic field, showing the enhanced strain response

across the field-induced SR transition.
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Figure S7 | Temperature-dependent longitudinal magnetostriction measured at selected

temperatures across the SR transition regime.
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Figure S8 | Temperature-dependent strain variation of TbMneSns in zero magnetic field.
Temperature-dependent strain evolution of TbMneSns measured without an external
magnetic field. The strain variation across the SR transition region is limited compared

with the indicating that the giant

field-induced magnetostrictive response,
magnetostriction originates from magnetic-field-driven reconstruction rather than

temperature-induced lattice deformation.



Figure S9 | Reversible magnetic-domain reconstruction under magnetic-field reversal

in TbMneSne. Sequential MOKE images recorded during an in-plane magnetic-field
sweep from +0.5 T to —0.5 T. The stripe-domain configuration evolves continuously

with decreasing magnetic field and undergoes reversible reconstruction during the field

reversal process, reflecting the field-driven evolution of the magnetic state across the

SR transition.
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Figure S10 | Micromagnetic simulation of field-induced collective spin rotation in

TbMneSns. Field-dependent spin configurations obtained from OOMMF simulations

of a 200 nm thick TbMneSne model under an in-plane magnetic field. As the magnetic

field increases from 0 to 0.5 T, the Tb and Mn magnetic moments rotate collectively

toward the field direction while maintaining their antiparallel alignment, demonstrating

the preservation of the Tb-Mn ferrimagnetic coupling during the field-induced SR

process.



Table SI | Comparison of magnetostrictive strain sensitivities in representative materials.

material T H, H; Magnetostric |AWAH]
L (ppm/QOe)
Mn;Sn!!! 300K| OT 1T 0-41.6 ppm | 0.00416
MnTe!?! 50 K 0T 0.7T 0-32 ppm | 0.004571
Fe35C035A110Cr10Ni10[3] 300 K 1T 25T 50-200 ppm 0.01
YMngSng 120K | 5.11T 59T (-376 )- 0.015
(-495)ppm
Nil4! 300K | 0.75T 1T 1-(-10) ppm 0.044
FeCol®! 300K | 0.025T | 01T 5-100 ppm 0.128
Fel® 300 K | 0.007T | 0.012T | 4-13 ppm 0.18
Col® 300K OT 0.01 T 0-20 ppm 0.2
Tbo.27Dyo.73Feiss”) [ 300K | 0.05T | 0.12T | 0-200 ppm 0.32
SmFe,*! 300K| 0T 025T | 0-950 ppm 0.38
Fes1Gapo”! 300K| 005T | 0.09T | 50-250 ppm 0.5
Ho!'" 45K 1T 1.6 T 100-3600 0.58
ppm
Dyl 20K 0T 05T 0-4500 ppm 0.9
Fegr.7Pdsz3"!] 120K 0T 0.08T | 0-800 ppm 1
TbMneSne 300K | 0.346T | 0.378T | 6.4-142 ppm 0.42
(This work)
TbMneSne 310 K | 0.0098T | 0.0308T | 17-143 ppm 0.6
(This work)
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