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Fig. S1. FEM analysis of homogeneous strain distributions along the TD direction in CrCoNi-based MEA during the D-ECAP process. a, Thickness of 5 mm. b, Thickness of 4 mm. c, Thickness of 3.25 mm. d, Thickness of 2.5 mm. e, Thickness of 1.5 mm. f, Thickness of 0.5 mm. PEEQ: Equivalent plastic strain.
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Fig. S2. EBSD mapping showing the microstructure of the CrCoNi-based MEA after ECAP treatment with the pole figures. The dotted lines represent the twins.
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Fig. S3. TEM images of CrCoNi-based MEA subjected to ECAP treatment. a, Bright TEM image of the alloys. b, The corresponding SAED pattern in a.
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Fig. S4. Setup for MD simulations of CrCoNi-based MEA under D-ECAP process. a, The details of the polycrystalline CrCoNi-based MEA used in the simulations. b, Random distribution of the Co, Fe, Cr, Ni atoms in CrCoNi-based MEA.
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Fig. S5. Snapshots of atomic configuration evolutions for the alloy annealing at different times: a, 0 ps. c, 10 ps. d, 30 ps. e, 50 ps. f, 120 ps. g, 200 ps. b and h represent the results of dislocation density traced using the dislocation extraction algorithm method in OVITO before and after annealing treatment, respectively.
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Fig. S6 MD results of the evolution of lattice defects to nanotwins in MEA during the annealing treatment. a-d, Show the three-dimensions atomic configurations of MEA at annealing times of 0 ps, 10 ps, 50 ps and 200 ps, respectively. a1-d1, a2-d2, a3-d3, Show the microstructures evolution of the MEA through different view planes. The disparate ellipses in the pictures indicate the reorganization zones of lattice defects to nanotwins, where two different mechanisms: A, the expansion or growth of initial nanotwins, which is indicated in yellow ellipses; B, the deformation twinning formed by the glide of partial dislocations, which are indicated in blue ellipses.
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Fig. S7. Williamson-Hall plots for the synchrotron XRD diffraction patterns of the CrCoNi-based MEA with different states (ECAP, D-ECAP, D-ECAP +Annealing (553 K, 2 h)). The contribution of instrumental broadening to the FWHM was subtracted from every single reflection.
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Fig. S8. TEM images of CrCoNi-based MEA specimen after tensile test which are subjected to D-ECAP treatment. a, Bright TEM images of the CrCoNi-based MEA without annealing treatment. b, The corresponding SAED pattern in a. c, A high-resolution TEM image of twins. d, Bright TEM images of the CrCoNi-based MEA with annealing treatment. e, The corresponding SAED pattern in d. f, A high-resolution TEM image of multiple-orientation twins.


Table S1. The list of references in Fig. 2b.
	Materials
	Change in strength
	Change in ductility
	Reference

	ARB Al
	8.494
	-82.5
	1

	DPD Fe-based superalloy
	9.364
	-15.152
	2

	CR CrMnFeCoNi
	13.043
	-91.036
	3

	ASR+SR Ti
	3.851
	5.634
	4

	CR Al
	13.824
	-18.644
	5

	ARB Al
	6.921
	-35.169
	6

	Electrodeposited Ni-Fe
	16.32
	-80.603
	7

	ARB Al
	5.963
	-49.125
	8

	ECAP Ti
	5.742
	0
	9

	Electrodeposited Ni-W
	33.01
	-58.537
	10

	Heavy Drawing Pearlitic wires
	7.059
	43.75
	11

	CrR Cu-Al-Zn
	6.667
	-42.857
	12

	Electrodeposited Ni-Mo
	18.462
	0
	13

	CR 316L stainless steel
	22.857
	-39.474
	14

	CR Cu
	2.865
	23.684
	15

	HPT Ti-Nb
	27.778
	-50
	16

	CR CrCoNi
	17.008
	-82.222
	17

	CR CoCrFeNi
	12.605
	-14.085
	18

	PCE Cu-Al2O3
	7.459
	28.125
	19


a. The following acronyms are used: ARB (accumulative roll bonding); DPD (dynamic plastic deformation); ASR (asymmetrical rolling); SR (symmetric rolling); CR (cold rolled); CrR (cryogenic rolled); ECAP (equal channel angular pressing); HPT (high pressure torsion); PCE (powder compact extrusion).
b. These data were obtained from the data presented in the literature.
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