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Van der Waals magnets

5 4 3 2 1 0 -1

0

50

100

150

200

250

300

350

400

Fe3GeTe2

Fe4GeTe2

Fe5GeTe2

(Fe0.6Co0.4)5GeTe2







MnPS3

FePSe3

MnPSe3

NiPS3

CoPS3

CuCrP2Se6

NiPSe3



CrSBr

CuCrP2S6

MnI2

NiBr2

NiI2

MnCl2 


FeClr2  VI2

VI3




GdI2









MnBi2Te4

C
ri
ti
c
a
l 
te

m
p
e
ra

tu
re

 (
C

u
ri
e
, 
N

e
e
l)
, 
K

Electronic gap, eV

FePS3

CrPS4

FeCl2

MnBr2

CoBr2

CoCl2
CrBr3

CrI3

CrCl3

Fe0.02Sn0.98S2

CrTe2

Cr2Si2Te6

Cr2Ge2Te6

RuCl2

AgVP2Se3

  ferromagnet

  antiferromagnet

   multiferroic

metals

room-temperature magnetism

superexchange

e-

double exchange direct exchange

e-e-

Xinsheng Wang et al. (2019), Adv. Mater. 31, 1804682

Michael A. McGuire (2017), Crystal 7, 121



Schematic adopted from Nature Nano 13, 554 (2018)

Boosting carrier density in Cr2Ge2Te6
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Boosting carrier density in Cr2Ge2Te6
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Boosting carrier density in Cr2Ge2Te6
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Magnetoresistance in gated Cr2Ge2Te6
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Magnetoresistance in gated Cr2Ge2Te6
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Magnetoresistance in gated Cr2Ge2Te6
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Magnetoresistance symmetry
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Easy axis rotation
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Easy axis rotation
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Magnetic domain wall motion
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Tuning phase transition 
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Summary

❑ Electrostatic doping in Cr2Ge2Te6 switches the leading magnetic exchange mechanism 

from superexchange to double exchange

❑ Strongly doped Cr2Ge2Te6 posses higher Curie temperature and in-plane easy axis

❑ This method can in principle be applied to other 2D magnetic systems
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