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 Supplementary Figures: 
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Supplementary Fig. 1 Magnetic field dependence of magnetoelectric current (IME ~ µ0Hab) measured at 5 K with the application of H // ab-plane. An electric field bias E =2 kV cm−1 was applied along the c-axis. The IME curve exhibits two peaks at positive and negative field respectively. It indicates the magnetoelectric coupling in CCPS.
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Supplementary Fig. 2 The electrical measurements of other device. a The photo of crystal bulk with identified a and b axes for mechanical exfoliation and device fabrication. b The microscope picture of another CCPS device with film thickness ~55 nm. c The time dependence of current density along a and b axes as setting the poling bias +10 V. d The rectifying current density vs sweeping voltage (J-V) characteristics along a and b directions as + 10 V bias poling for 3 min.   
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[bookmark: _GoBack]Supplementary Fig. 3 Schematics showing the ionic migration process in current rectification. a The pristine state band configuration for Pt/CCPS/Pt device structure. b Two interfacial Schottky barrier evolution under positive voltage polarization. c Schottky barriers of high conductivty state under positive voltage sweeping, and corresponding Cu ions migration model. d Schottky barriers of low conductivty state under negtive voltage sweeping, and corresponding Cu ions migration model.
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Supplementary Fig. 4 Temperature dependence of magnetic susceptibility (-T) along a, a+60°, a+120° and b axes to exclude triple symmetry of easy axes. The Cr3+ ions form a honeycomb lattice in triangular networks of CCPS crystal, so the -T measurements with 60° and 120° angle difference from a-axis were obtained to demonstrate the uniaxial magnetic anisotropy, instead of triaxial anisotropy.    
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Supplementary Fig. 5 Field dependence of absorption spectra along a-axis with frequency 3~11 GHz at 100 K by ferromagnetic resonance (FMR) measurements. The position of single peak linearly shifts to high field as increasing the resonance frequency. It reveals an obvious electron paramagnetic resonance signal, which could be well fitted by Kittel equations.
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Supplementary Fig. 6 The resonance modes as H // b. The representative field dependence of absorption spectra with frequency 3~15 GHz at a 10 K, b 50 K and c 100 K by FMR measurements. d The magnetic field dependence of resonance frequency at different temperatures. 
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Supplementary Fig. 7 The the total energy fitting of 14 different spin structures. GS represents the magnetic ground state derived by the spinW package. It indicates that our DFT calculated total energies are highly consistent with predicted energies. 
Supplementary Table 1. The 7 exchange parameters (J) for magnon calculations by DFT in our main manuscript, and J1~J7 are derived from Supplementary Fig. 8. The parameter A represents the anisotropy matrix.
	parameter
	energy (meV)

	J1
	-2.061

	J2
	-0.532

	J3
	-0.723

	J4
	-0.150

	J5
	-1.678

	J6
	0.124

	J7
	-0.086

	A
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