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The last few years have witnessed that the 
new arrival of 2D magnetic van der Waals 
(vdW) materials have attracted colossal 
attention worldwide.[1–6] When combined 
with a wide variety of other 2D nonmag-
netic vdW materials,[7] these magnetic 
vdW materials can open up a new horizon 
of novel nanoelectronic devices[8–11] that 
consist entirely of 2D materials. Among 
all the magnetic vdW materials, Fe3GeTe2 
(FGT) received special attention because 
it is the only topological ferromagnetic 
vdW metal.[12] The nanoscale FGT is a 
metallic hard ferromagnet with a large 
coercivity of approximately several kOe.[13] 
It exhibits a significant anomalous Hall 
effect (AHE),[12,14] allowing easy probing 
of its magnetic configurations via elec-
trical transport measurements. Besides, 
exciting new behavior was also found in 

the FGT-based heterostructure, such as the unconventional 
3-state magnetoresistance.[15]

Electrical modulation of the magnetic anisotropy or coer-
civity is critical to realizing energy-efficient spintronic devices 
such as memory. For information storage, the magnetic aniso-
tropy should be high enough to minimize the information loss 
by fluctuations. In contrast, the magnetic anisotropy should 
be small for information writing with low energy consump-
tion, which is desirable for any energy-efficient device. These 
self-contradicting conditions require that the anisotropy should 
be able to be lowered only on demand (current applied for 
writing), and otherwise kept high enough to ensure the stability 
of the information stored (no current for storage). Here we pro-
vide the first experimental demonstration for such on-demand 
modulation of the coercivity and a working model of a mag-
netic memory in nm-thin FGT.

In this experiment, we discover that the coercive field Hc of 
FGT can be reduced by ≈50% (≈100%) by applying a tiny in-
plane electric field of ≈0.1  mV  nm−1 (≈0.3  mV  nm−1), respec-
tively. In comparison, all the previous attempts used an out-of-
plane electric field (often in the range of 0.1  V  nm−1), several 
orders of magnitude larger than ours, to induce a much smaller 
degree of modulation (e.g., <5%  for FePt and FePd[16]): for 
example, semiconducting vdW magnets[17–20] and metallic mag-
netic thin films.[16,21] The coercivity modulation by an in-plane 
field has a drawback of energy dissipation. Nevertheless, our 

Controlling magnetic states by a small current is essential for the 
next-generation of energy-efficient spintronic devices. However, it invariably 
requires considerable energy to change a magnetic ground state of intrinsically 
quantum nature governed by fundamental Hamiltonian, once stabilized below 
a phase-transition temperature. Here, it is reported that, surprisingly, an 
in-plane current can tune the magnetic state of the nanometer-thin van der 
Waals ferromagnet Fe3GeTe2 from a hard magnetic state to a soft magnetic 
state. It is a direct demonstration of the current-induced substantial reduction 
of the coercive field. This surprising finding is possible because the in-plane 
current produces a highly unusual type of gigantic spin–orbit torque for 
Fe3GeTe2. In addition, a working model of a new nonvolatile magnetic memory 
based on the principle of the discovery in Fe3GeTe2, controlled by a tiny current, 
is further demonstrated. The findings open up a new window of exciting 
opportunities for magnetic van der Waals materials with potentially huge 
impact on the future development of spintronic and magnetic memory.

Adv. Mater. 2020, 2004110

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fadma.202004110&domain=pdf&date_stamp=2020-12-06


© 2020 Wiley-VCH GmbH2004110 (2 of 8)

www.advmat.dewww.advancedsciencenews.com

result of the monotonic modulation of the coercivity provides 
a promising alternative for electrical modulation. It requires 
neither a complicated ionic-liquid gating[14] nor a very high 
gating voltage[17–21] (generally >30 V). Moreover, while the out-
of-plane field case depends on a field-induced change of carrier 
density[16–20] or orbital occupation,[21] we find that the electrical 
modulation of Hc observed in FGT is strongly influenced by 
the spin–orbit torque (SOT)[22–24] induced by an in-plane elec-
tric current. The SOT is a current-generated torque acting on 
a magnetic order and usually generated by an in-plane current 
flowing in heavy metal (such as Pt and Ta) in contact with mag-
nets.[22,25,26] In FGT, on the other hand, an in-plane current in 
FGT itself generates the SOT[27] owing to the particular geomet-
rical structure of FGT. We estimate that the effective magnetic 
field due to the SOT is on the order of 50 Oe for a small current 
density of 1 mA µm−2, which is about two orders of magnitude 
larger than that produced by heavy metals like Pt and Ta.[28] We 
further reveal that the large SOT is due to the large Berry cur-
vature in the topological ferromagnetic metal FGT. Based on 
these observations, a prototypical nonvolatile magnetic memory 
of high energy-efficiency is further demonstrated in this work.

FGT single crystals were grown by the chemical vapor trans-
port method and adopted for the device fabrication (see the Exper-
imental section). Our bulk FGTs are hole-doped FexGeTe2 with 
x varying from 2.77 to 2.89 according to the energy-dispersive 

X-ray spectroscopy (EDS) measurements. We made several  
FGT devices with different thicknesses (samples S1, S2, S3, S4, S5,  
and S6 with a thickness of 21.3, 16.7, 6, 42, 17.5, and 15 nm, respec-
tively). Figure  1a shows a typical FGT device (sample S1) with 
electrodes of a Hall bar geometry. The thickness is measured to 
be 21.3 nm by the atomic force microscopy (AFM) in Figure 1b. 
Figure  1c displays the longitudinal resistance (Rxx) of FGT as a 
function of temperature T. The Rxx–T curve exhibits the spin-flip 
scattering-induced magnetic transition with Tc  ≈185  K and the 
Kondo-like minimum at ≈20 K, both of which are the typical fea-
tures of FGT.[13] Figure 1d depicts the transverse Hall resistance 
(Rxy) of FGT as a function of an out-of-plane magnetic field (H). 
The almost rectangle-shaped sharp hysteresis loop in the Rxy–H 
curve confirms that FGT is indeed a hard magnet: the dominant 
contribution to Rxy comes from the AHE[12,14] while the ordinary 
Hall effect is negligible. The Hc of all our FGT nanoflakes varies 
from 1 to 2.2 kOe, which is indicative of hole-doped FexGeTe2 
with 2.7 < x  < 3 according to previous investigations,[13,29] and 
thus consistent with the EDS results.

Interestingly, Hc of the hysteresis loop gets significantly 
reduced as an in-plane current I applied to FGT increases 
from 0.05 to 1.5 mA (Figure 2a). On the other hand, the rem-
nant Hall resistance Rxy

r remains almost unchanged with 
I, implying that the saturation magnetization of FGT is not 
much affected by I. Thus, I reduces Hc without disrupting the 

Figure 1. Sample preparation and transport measurements. a) Optical image of a typical FGT nanoflake sample (sample S1) with a Hall-bar geometry 
electrode. The white scale bar represents 10 µm. b) The thickness of sample S1 is 21.3 nm, as measured by AFM. c) Longitudinal resistance Rxx as a 
function of temperature T with current I = 0.05 mA. The red arrow indicates the magnetic transition due to spin-flip scattering, from which Tc ≈ 185 K 
is determined. d) Hall resistance Rxy as a function of magnetic field H at 2 K with I = +0.1 mA and −0.1 mA.
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ferromagnetic ordering of FGT, which is ideal for spintronic 
device applications. Hc and Rxy

r of the sample S1 are shown in 
Figure 2b as a function of I. Note that the current of 1.5 mA 
reduces Hc by more than 50% (cf. <5% for FePt and FePd[16]). 
We also measured several other samples (samples S2, S3, S4,  
and S5) with a similar reduction of Hc by I (Figure S1 for 
sample S2, Figures S2 and S3 for sample S3, Figure S4 for 
sample S4, and Figure S5 for sample S5, Supporting Infor-
mation). The current dependence of Hc for all the samples is 
summarized in Figure 2c. Figure 2d displays the normalized 
Hc as a function of current density J, where Hc is normalized 
by its value at small J (≈1 mA µm−2). As can be seen, the cur-
rent reduces Hc by ≈50% for ≈7 mA µm−2 (corresponding to 
≈0.07 mV nm−1) and ≈100% for ≈30 mA µm−2 (corresponding 
to ≈0.3 mV nm−1).

The Hc reduction by the current can arise partly by the Joule 
heating since Hc gets reduced at higher temperatures. We 
adopt three different methods to quantify the Joule heating 
contribution to the Hc reduction. After comprehensive and sys-
tematic studies as summarized in the Supporting Information, 
we conclude that the Joule heating is responsible only for 30% 
(thickest sample S4) to 60% (thinnest sample S3) of the total Hc 
reduction at J ≈ 10 mA µm−2. It implies that roughly half of the 
reduction experimentally observed is due to a non-Joule-heating 
effect of nontrivial origin.

We would now like to examine how the non-Joule-heating 
effect can arise from the SOT. We demonstrate below the effec-
tive field due to the SOT in FGT is about two orders of magni-
tude larger than those values reported before for heavy metals 
such as Pt.[28] An in-plane current density J  =  (Jx, Jy, 0) gener-
ates the SOT TSOT = −|γ      |M × HSOT acting on the magnetization  
M = (Mx, My, Mz), where |γ  | is the gyromagnetic ratio. The symme-
tries of a given system constrain the structure of the effective field 
HSOT in TSOT. Figure 3a shows the crystal structure of a mono-
layer Fe3GeTe2 with the distinct three symmetries: the three-fold 
rotation symmetry around the c-axis (z-axis), the mirror reflection 
symmetry with respect to the a-axis (y-axis), and the mirror reflec-
tion symmetry with respect to the c-axis. Under this set of symme-
tries, the general form of HSOT can be expressed as;[27]

x ySOT 0H m J m J m J m Jx x y y y x x y� �( ) ( )= Γ − − +   (1)

where m = (mx, my, mz) = M/|M| and Γ0 is a coefficient that par-
ametrizes a magnetoelectric coupling strength. Unlike HSOT in 
other systems, the effective field HSOT of FGT is conservative[27] 
and can be obtained from an effective free energy density fSOT 
by HSOT = −∂fSOT/∂M with

1
2

SOT s 0
2 2f M J m m J m my x y x x y( )= Γ − −




 (2)

Figure 2. Current-dependent magnetism. a) Rxy–H curves of sample S1 at 2 K with applied current I varying from 0.05 to 1.5 mA. b) Extracted coercive 
field Hc and remnant Hall resistance Rxy

r of sample S1 as a function of applied current I at 2 K. c) Hc(I)/Hc (smallest I) as a function of applied current 
I for sample S1 (21.3 nm; black squares), S2 (16.7 nm; red circles), S3 (6 nm; blue triangles), S4 (42 nm; green diamonds), and S5 (17.5 nm; purple 
stars) at 2 K. d) Hc(J)/Hc(≈1 mA µm−2) as a function of current density J for sample S1, S2, S3, S4, and S5 at 2 K.
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Figure 3. Analysis based on the spin–orbit torque of FGT. a) The crystal structure of a monolayer Fe3GeTe2. Left: View along the c axis; right: view 
along the a-axis. FeIII and FeII denote the two inequivalent Fe sites with oxidation number +3 and +2, respectively. b) Free energy profiles for J = 0 (left), 
J type = J > 0 (middle), and J < 0 (right). c) Theoretical curves for the coercivity Hc as a function of the current density J. The solid blue lines indicate 
the results due to the SOT. In contrast, the open red circles indicate the results due to both SOT and other mechanisms, e.g., magnetic dipolar interac-
tion between neighboring domains. d) Experimental Hc–J curves at 2 K for sample S1 (black squares), S2 (red circles), S3 (blue triangles), S4 (green 
diamonds), and S5 (purple stars). The dashed lines denote the corresponding linear fitting lines within a relatively small J range. e) Estimated |Γ0| for 
the SOT contribution alone (blue circles) and the combined case of both Joule-heating-effect and SOT contribution (red squares) as a function of the 
sample thickness. f) The values of |Γ0| and Tc from our FGT samples and various composite SOT systems.[25,28,35,41]
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It implies that the SOT effect in FGT amounts to the mag-
netic anisotropy change, whereas such an interpretation is not 
possible for the damping-like SOT in other systems. This struc-
ture of fSOT derived for a monolayer FGT is also applicable to 
each layer of a multilayer FGT like our samples since each layer 
satisfies the symmetries, and the interlayer coupling is weak in 
the vdW FGT[30,31] (see more details in the Note S3, Supporting 
Information). Together with the inherent free energy density 

(1/ 2) /0
2f K M Mz z s= −  that describes the Ising-type perpen-

dicular magnetic anisotropy of FGT, one obtains the effective 
free energy density feff =  f0 + fSOT in the presence of current as 
follows:

2
cos sin cos 2eff

s 2
0

2f
M

K Jz Jθ θ φ φ( )= − + Γ +  (3)

where the angles θ and φ specify the directions of the unit 
vector m = (sinθ cosφ, sinθ sinφ, cosθ), and J = J(cosφJ, sinφJ, 0).

We now demonstrate how J can effectively reduce the barrier 
height between the local minima of the free energy. Figure 3b 
shows our theoretical calculations for the effective free energy 
density feff profile when the current is applied along the arm-
chair direction (φJ = 0). For J = 0, feff has a minimum value of 
−MsKz/2 at zm �= ±  and a maximum value of 0 when m lies in 
the xy plane (left panel). Thus to switch the magnetization from 
m �z= −  to m �z= + , one should overcome the free energy bar-
rier of MsKz/2. Then the feff profile for Γ0J > 0 (middle panel) 
shows that interestingly the free energy barrier along m �x= ±  
is decreased. Although the barrier is increased along y�m = ±
, this increase is irrelevant since a magnetic switching occurs 
through a path that minimizes the energy barrier, which in 
this case is m � ��z x z= − → ± → + . Likewise, the feff profile for 
Γ0J  <  0 (right panel) exhibits that the free energy barrier is 
lowered along y�m = ± , resulting in the switching along the 
path z y z� ��m = − → ± → + . A simple analysis shows that J modi-
fies the free energy barrier from MsKz/2 to MsKz/2 − Ms|Γ0J|/2 
(see the Experimental Section). The free energy barrier can be 
lowered further by H and vanishes when H = Kz −  |Γ0J|. Thus 
Hc is given by Kz − |Γ0J| for a single domain case. This analysis 
shows that H and |Γ0J| play similar roles in the energy barrier. 
In an actual switching process, however, the switching can be 
more complicated due to the magnetic domains[32] in FGT, and 
the free energy barrier for H = J = 0 becomes smaller[33,34] than 
Kz. Although it is difficult to have an analytic evaluation of the 
free energy barrier, we can approximate it by the experimentally 
measured Hc(J = 0) since H competes with the free energy bar-
rier and makes the switching when H  = Hc(J  =  0).[35] Consid-
ering that H and |Γ0J| play similar roles for the energy barrier, 
Hc(J) can be approximated by Hc(J) = Hc(0) – |Γ0J| and we then 
obtain the theoretical prediction Hc(0) – Hc(J) = ΔHc(J) =  |Γ0J| 
(solid blue line in Figure  3c), which was also adopted in the 
previous studies.[35]

The predicted linear dependence on |J| is roughly in agree-
ment with the linear-in-J behavior of ΔHc(J) (Figure 3d) in the rel-
atively small J regime. By fitting the experimental result with the 
above formula, one obtains the first estimation of the spin–orbit 
field |HSOT| ~ |Γ0J|, ranging from 75 to 135 Oe for J = 1 mA µm−2 
(Figure  3e). It is an overestimation, however, since the Hc 
reduction is also partly due to the Joule heating. After carefully 

excluding the Joule-heating contribution, we obtain the refined 
and more realistic estimate of the non-Joule-heating contribu-
tion |HSOT| ~ |Γ0J|, which is 50 ± 15 Oe for J =  1 mA µm−2 for 
all the samples (Figure 3e). Please note that this effective field 
strength (per J) is two orders of magnitude larger than that pro-
duced by heavy metals such as Pt and Ta,[28] and comparable only 
to that produced by the topological insulator BiSb[35] (Figure 3f). 
We also estimate |HSOT| independently by measuring the ani-
sotropic magnetoresistance (AMR) as a function of an in-plane 
magnetic field direction. Since SOT makes the effective free 
energy dependent on the azimuthal angle of the magnetization 
(Figure 3b), the AMR can deviate from its conventional angular 
dependence. This predicted deviation is observed in our experi-
ments, and by fitting the difference, one obtains |Γ0J| ≈ 119 Oe 
for J  =  1  mA  µm−2 (Note S2, Supporting Information). To get 
further confidence in our analysis, we performed the first-prin-
ciples calculation to evaluate the Berry curvature contribution to 
HSOT (Note S3, Supporting Information) and obtain |Γ0J| ≈ 30 Oe  
at J = 1 mA µm−2 for hole-doped FexGeTe2 with 2.7 < x < 3. From 
these three independent analyses that produce similar estima-
tions of Γ0, we conclude that the non-Joule-heating-effect contri-
bution to the current-induced Hc reduction arises from the SOT. 
It was reported[12] that FGT is a topological nodal-line semimetal 
with the topological band structure enhancing the Berry curva-
ture contribution to the anomalous Hall effect. The consider-
able HSOT value estimated from our analysis can share a similar 
origin. By the further comprehensive theoretical calculations 
and then careful comparison with the experimental results, we 
concluded that most of our observed SOT effects ought to be 
intrinsic (see more discussions in Note S3, Supporting Informa-
tion). It is not easy to explicitly evaluate whether there is some 
remaining extrinsic disorder contribution[36] at present, which 
might be clarified in further study.

A recent experiment[25] on the FGT/Pt bilayer system meas-
ured the SOT magnitude of the bilayer. The result is one order 
larger than that produced by the conventional heavy metal 
Pt and one order smaller than the SOT in our present work 
(Figure  3f). We suspect that for the bilayer, both Pt and FGT 
may affect the measured SOT magnitude. Considering the cur-
rent shunt in Pt, the intermediate SOT magnitude of FGT/Pt 
system between that produced by Pt and that produced by FGT 
provides a shred of consistent evidence for such conjecture.

When J becomes larger and closer to Jc (Hc(0)/|Γ0|), i.e., the 
effective energy becomes small, multi-domain structure effect 
also gets severe during the magnetization switching. In such 
a situation, the hysteresis loop may be no longer as sharp as 
the case with a small current, consistent with the experimental 
results (Figure 2a and Figure S3, Supporting Information). In 
systems with the perpendicular magnetic anisotropy, magnetic 
dipolar interaction between neighboring domains can effec-
tively reduce the magnetic field acting on the system, thereby 
enhancing Hc for bigger current. The red circles in Figure  3c 
depict the enhanced Hc, which is similar to the experimental 
result (Figure 3d).

Note that for conventional ferromagnetic materials like FGT, 
the magnetic anisotropy decreases as temperature increases, 
and thus the coercivity generally reduces upon increasing 
temperature.[13] Joule heating can enhance the temperature 
of the device and, therefore, can correspondingly reduce the 
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coercivity without requiring spin–orbit torques. However, the 
Joule heating effect frequently exists in many SOT systems[25] 
associated with large current. It is not suitable for device perfor-
mance considering the stability of working temperature and the 
device aging problem, etc., although it can reduce the coercivity. 
Therefore, it is always valuable and desirable to find some new 
systems like FGT with large spin–orbit torques. On the other 
hand, for better practical application, we need to decrease or 
control the Joule heating effect of the device in the future.

Next, we demonstrate a new type of magnetic memory based 
on our observation of the giant current-controlled coercivity 
reduction in nanometer-thin vdW FGT. Figure  4a shows the 
schematic of the magnetic memory device, where the informa-
tion can be easily written by writing the current Iwrite and read 
through Rxy. For instance, when the device is initially in the “0” 
state, we can alter it to the “1” state through the writing path I: 
we first turn on a small H in the order of 100 Oe (e.g., 850 Oe) 
then apply a Iwrite (Figure 4b). Since Hc is significantly reduced 
by Iwrite, the magnetization of the FGT device can be switched 
by current from “0” to “1” states above certain critical current.

Figure 4c shows the measured Hall voltage (Vxy) as a func-
tion of Iwrite (0 → 2→  −2 → 2  mA) under various H from 
−0.5 to 0.5 T. From these Vxy(H) − Iwrite curves, we define  

Rxy(H) − Rxy(−0.5 T) as (Vxy(H) − Vxy(−0.5 T))/Iwrite, and the 
converted results are shown in Figure  4d. It is clear that 
initially, the FGT device is robustly in the “0” state (“−Ms” 
state) regardless of current sweep under −0.5, and 0 T; then 
under 0.085 T, when Iwrite increases from 0 to 2  mA, the 
magnetization gradually increases to “+Ms” (indicated by the 
blue arrow), i.e., to the “1” state. It is noteworthy that after 
reaching the “1” state, the magnetization is well maintained 
while sweeping the current. It proves that such magnetic 
information transition from “0” to “1” states through Iwrite is 
robust and nonvolatile.

Although still prototypical, we can emphasize several sig-
nificant merits of the FGT-based device. First and foremost, 
it is a first working memory device entirely based on the vdW 
topological ferromagnetic metal (FGT) with the unusual type 
of gigantic SOT. Second, thanks to the matured technique for 
2D materials, FGT-based devices can, in principle, be fabri-
cated without undesired defects, including many grain bound-
aries and point defects, which are easily introduced during 
the growth and annealing processes for the thin film devices 
like FeCoB/MgO/FeCoB.[37,38] More importantly, such an FGT-
based magnetic memory device is highly energy-efficient. 
For example, the well-known FeCoB/MgO/FeCoB based 

Figure 4. FGT-based magnetic memory. a) Schematic of the magnetic memory device. The magnetic information can be written by the current Iwrite 
and read by transverse Hall resistance Rxy. b) For sample S1, it illustrates the transition from “0” to “1” state under 0.085 T. The blue arrows indicate  
the writing path I of magnetic information. c) Measured Hall voltage (Vxy) as a function of Iwrite (0→ 2→ −2 → 2 mA) under various magnetic fields 
from −0.5 to 0.5 T (the blue arrow indicates the measurement sequence). The inset is a magnified view for the black box where the deviation under 
0.085 T is clearer. d) Rxy(H) − Rxy(−0.5 T) defined as (Vxy(H) − Vxy(−0.5 T))/Iwrite as a function of Iwrite (0→ 2→ −2 → 2 mA) under various magnetic field 
from −0.5 T to 0.5 T. The blue arrow indicates the transition from “0” to “1” state while ramping Iwrite from 0 to 2 mA under 0.085 T.
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SOT-MRAM[39] requires an extremely high current density of 
>400  mA  µm−2 to switch the magnetization, which is about 
80  times larger than that in our FGT device of ≈5  mA  µm−2 
(corresponds to ≈1 mA here).

In summary, we demonstrate the current control of the coer-
cive field for nm-thin FGT, a 2D vdW topological ferromagnetic 
metal. We show that the observed current control is consistent 
with the unique properties of the SOT in FGT, and the gigantic 
SOT field is mainly due to the large Berry curvature of this top-
ological material. We also successfully present a novel type of 
robust nonvolatile magnetic memory based on the giant SOT 
effect of FGT by using a tiny current. Our findings open up 
a fascinating avenue of electrical modulation and spintronic 
applications using 2D magnetic vdW materials.

Experimental Section
Sample Growth and Device Fabrication: FGT single crystals were grown 

by the chemical vapor transport method with iodine as the transport 
agent. High-purity elements (Fe, Ge, and Te) were stoichiometrically 
mixed and sealed in an evacuated quartz tube. The crystals were grown 
in a two-zone furnace with a temperature gradient of 750 °C (source) to 
680 °C (sink) for 7 days.

To minimize the sample oxidation and degradation, all the FGT 
nanoflakes were exfoliated from the as-grown single crystals onto 
285 nm SiO2/Si substrates inside the glove box (O2: <0.6 ppm; H2O: 
<0.2  ppm)  by a conventional mechanical exfoliation method with 
Scotch tape. Before taken out of the glove box, the samples were 
sealed in a vacuum plastic package to prevent degradation due  to 
air. Before the standard electron-beam lithography (EBL), the spin-
coated PMMA polymer on FGT was prebaked with a relatively 
moderate condition: 130 °C for 1.5  min. To reduce the sample 
oxidation and degradation of FGT nanoflake, 90/5  nm Au/Ti 
electrodes were deposited by the electron beam evaporation under 
a high vacuum (<10–5  Pa) immediately after EBL. During the whole 
process, including the transport measurements, the FGT samples 
were exposed to air for less than ≈25 min. Under this condition, the 
successfully measured FGT samples displayed typical and prominent 
Rxy–H hysteresis loops, without visible signs of considerable damage. 
In contrast, when the FGT sample was exposed to air for over 70 min 
in one of the control experiments, the sample was severely damaged. 
The measured Rxx–T curve shows a significantly insulating behavior, 
and the Rxy–H loop is too noisy to be a well-defined ferromagnetic 
hysteresis loop (Figure S9, Supporting Information).

Several FGT devices (samples S1, S2, S3, S4, S5, and S6 with 
a thickness of 21.3, 16.7, 6, 42, 17.5, and 15  nm, respectively) were 
fabricated. For the FGT/NbSe2 heterostructure (sample S4), the NbSe2 
nanoflake was exfoliated onto a PDMS stamp and then dry transferred 
onto the SiO2/Si substrate to form the FGT/NbSe2 heterostructure.

Electrical Transport Measurements: Transport measurements with 
a Hall-bar geometry were made using a Quantum Design physical 
property measurement system with the highest magnetic field up to 9 T. 
Gold wires were used to make contacts between the chip carrier and the 
Au/Ti electrodes.

Theoretical Calculations: This section presents the calculated free 
energy barrier / 2s

effM K z  for the magnetization switching from �m z= −  to 
�m z= + . From the effective free energy density

2
cos sin cos 2eff

s 2
0

2f
M

K Jz Jθ θ φ φ( )= − + Γ +   (4)

it is evident that J does not affect feff for �= +m z (θ  =  0) and m z�= −  
(θ = π). On the other hand, feff depends on ϕ for θ ≠ 0, π (Figure 3b); 
feff as a function of ϕ is minimized for cos(2 ) sgn( )0 JJφ φ+ = Γ  and 

maximized for cos(2 ) sgn( )0 JJφ φ+ = − Γ . Thus for the unique value of 
ϕ that minimizes feff, feff becomes a function of θ only and is given by

2
cos sin

2
coseff

s 2
0

2 s
0

2
0f

M
K J

M
K J Jz zθ θ θ( )= − + Γ  = − − Γ + Γ  (5)

From this, one finds the free energy barrier of / 2s
effM K z  with the 

effective magnetic anisotropy effK z  given by

eff
0K K Jz z= − Γ  (6)

During the preparation of the work, the reported modulation of coercivity 
in Fe3GeTe2/WTe2 heterostructure in a very recent work was found.[40]

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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