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Table S1. The lattice parameters of the DyFeO:s single crystal.

a b c a B y volume
Value 5.3031 5.5983 7.6228 90.0000 90.0000 90.0000 226.3060
Sigmas 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0100
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Figure S1. The measurement schematic of the electric polarization (Pc) under pulsed magnetic fields.
(a) The schematic of the polarization measurements with the electric and magnetic fields along c-
axis in DyFeOs sample. (b) Measurement circuit, the I is the current due to the changes of the field-
induced polarization and R is the reference resistance used to measure the current. (c) The way to
install sample with both of the electric field and magnetic field along c-axis. (d) The way to install
sample with the electric field along c-axis and the magnetic field along a-axis (or b-axis).
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Figure S2. Magnetic phase diagrams determined with the magnetization and polarization measure-
ments. (a), (b) and (c) with the pulsed magnetic field along a-, b- and c-axes, respectively.
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With the temperature decreases to 4.2 K, Dy* spins undergo the transition from a
disordered state to an ordered state with GxA, configuration. Applying the pulsed mag-
netic field along the c-axis can induce the spin-flop of Fe3*-sublattice, and the spin config-
uration changes from A:G,C: to GzA,F-. In this case, the moment on the Fe® layer will be
parallel to the moment on the adjacent Dy?* layer and antiparallel to the moment on the
other adjacent Dy?* layer. As a result, the Dy* layer moves towards Fe?* layer due to the
exchange striction and displacement polarization is generated along the c-axis. In Figures
S2(a) and S2(b), when the magnetic field is applied along the a-axis, the Dy* moment ro-
tates and leads to the AP0 (along the c-axis) and AP has high sensitivity due to the strong
magnetic anisotropy of Dy?® spin. The critical fields of the transitions are basically coinci-
dent in both of the magnetization and polarization measurements. The By, and Bp, """
represent the critical magnetic fields in the magnetic field increasing and decreasing pro-
cesses of the magnetization measurements, respectively. The Bp,” and Bp,"" are associ-
ated with the critical magnetic fields in the magnetic field increasing and decreasing pro-
cesses of the polarization measurements, respectively. The light red area represents the
ferroelectric state, and the light green area is related to the hysteresis. When the magnetic
field is applied along the b-axis, the magnetoelectric behaviors are similar to that of the
applied magnetic field along the a-axis. In Figure S2(c), when the c-axis magnetic field is
applied, the transition is related to the rotation of the Fe* moments. In addition to the
previously reported transitions [1-2], there are metastable and AP reversal regions that
may be related to the anisotropy of Dy spin. The B and Bg™" represent the critical
magnetic fields in the magnetic field increasing and decreasing processes of the magneti-

. . P-u oy . . .
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the field-up and field-down processes of the polarization measurements, respectively. In
the polarization measurements, the magnetic anisotropy of the Dy?** spins may lead to the
emergence of a metastable transition and the reversal transition. The critical magnetic
fields of the metastable and reversal transitions denote as By phase @nd Biverar respec-
tively. The blue and purple areas are associated with the hysteresis and the polarization
reversal, respectively.
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