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Supplementary Note S1
Theoretical calculations for EMI shielding effectiveness
The expression for reflection of multilayered materials is shown as [S1]:



Where Zn is the impedance of each material. For the LM-based multilayered materials, the electrical conductivity of silicone rubber, liquid metal, and the air is around 5×10-12 S/m, 6 ×104 S/m, and 8×10-15 S/m, respectively, The electrical conductivity of air is much smaller than that of the liquid metal, thus this high impedanc. mismatch results in the LMGDs taking the main contribution of reflection. The reflection can be expressed as [S2]:

Where , , and , are represented as frequency, electrical conductivity, and magnetic permeability of the materials, respectively. The electrical conductivity, magnetic permeability, and vacuum permittivity () of liquid metal are calculated to be 3.3 ×106 S/m, 0.8 ×10-6 H/m and 8.854 × 10-12 F/m [S3], respectively. The above equation is applicable only if Z02 () >> Z12 (), equal to  >> . For the frequency from 50 to 110 GHz, the largest value of  is 6.12 Hz F/m, which is far lower than that of the conductivity of the liquid metal electrode (3.3 ×106 S/m). To verify the reflection at resonant frequency (81.3 GHz) in the experimental results, the theoretical calculation follows:



The absorption of multilayered EMI shielding materials can be expressed as [S4]:



As the permittivity of DragonSkin from 50 to 80 GHz is 2.8, the Maxwell’s Equations can show:



Where  is the speed of light in a vacuum, f is frequency,  is the permittivity of DragonSkin.
The match grid of each state after stretching can be calculated as shown in Table S1, which is well matched with the actual grid spacing 
Supplementary Tables
Table S1 The theoretical and actual matching grid measurements
	Strain (%)
	SER(dB)
	Freq(GHz)
	Matching grid (mm)
	Matching grid- considering refractive index (mm)
	Actual grid gap (mm)

	0
	1.43
	81.3
	3.690037
	2.205219
	2

	5
	1.8
	78.7
	3.811944
	2.278072
	2.1

	10
	3.01
	77
	3.896104
	2.328367
	2.2

	15
	3.24
	75
	4
	2.390457
	2.3

	20
	3.89
	72.9
	4.115226
	2.459318
	2.4

	33
	3.98
	71.23
	4.211709
	2.516977
	2.66

	40
	5.72
	69.6
	4.310345
	2.575924
	2.8

	50
	6.54
	65.3
	4.594181
	2.745548
	3

	60
	7.13
	59.5
	5.042017
	3.013181
	3.2

	66
	7.84
	55.2
	5.434783
	3.247904
	3.32





Table S2 EMI SER, SEA, and the ratio of SRA-to-SER of various EMI shielding materials
	Type
	Materials
	Thickness
	EMI SE
	SEA/SER
	References

	
	
	mm
	SET (dB)
	SEA (dB)
	SER (dB)
	
	

	Liquid metal
	EGaIn
	DragonSkin
	0.4
	78
	76.6
	1.4
	54.71
	This work

	
	Ni +EGaIn
	Ecoflex
	1
	75
	30
	45
	0.67
	[S5]

	
	EGaIn/t
	PDMS
	18.75
	50
	45
	5
	9.00
	[S6]

	Carbon fiber
	Carbon Fiber/Fe3O4
	PDMS
	0.7
	67.9
	55.47
	12.43
	4.46
	[S7]

	
	Carbon Fiber/Fe3O4
	Epoxy
	13
	17.5
	16.5
	1
	16.50
	[S8]

	
	Carbon Fiber
	PP
	3.2
	24.9
	20.17
	4.73
	4.26
	[S9]

	
	CNF
	ABS
	1.1
	27.6
	20.6
	7
	2.94
	[S10]

	CNT
	MWCNT
	PLLA
	2.5
	24.6
	23.8
	0.8
	29.75
	[S11]

	
	MWCNT
	PC
	1.85
	25
	20
	5
	4.00
	[S12]

	
	MWCNT
	PP
	1
	36.4
	29.1
	7.3
	3.99
	[S3]

	
	MWCNT
	WPU
	4.5
	49
	41
	8
	5.13
	[S13]

	
	SWCNT
	Epoxy
	1.5
	16.99
	6.99
	10
	0.70
	[S14]

	
	CNT sponge
	Epoxy
	2
	44
	38
	5
	7.60
	[S15]

	
	MWCNT
	WPU
	0.5
	62
	46.5
	15.5
	3.00
	[S16]

	Graphite
	Carbon Black
	SEBS
	5
	17.57
	12.69
	4.88
	2.60
	[S17]

	
	Graphite
	PE
	2.5
	35.8
	32.5
	3.3
	9.85
	[S18]

	
	Graphite
	ABS
	3
	56
	48
	8
	6.00
	[S19]

	MXene
	Ti3C2Tx
	PS
	2
	61.2
	54.7
	6.5
	8.42
	[S20]

	
	Ti3C2Tx
	Sodium Alginate
	0.008
	40
	23
	17
	1.35
	[S21]

	
	Ti3C2Tx
	Foam
	0.06
	63
	59
	4
	14.75
	[S22]

	
	Ti3C2Tx
	
	0.04
	59.5
	41
	18.5
	2.22
	[S23]

	Metal
	Ni-Co Fiber
	PES
	2.9
	38
	32.5
	5.5
	5.91
	[S24]

	
	Ag+CF
	Epoxy
	2.5
	38
	3.5
	34.5
	0.10
	[S25]

	
	Cu nanowire
	PS
	0.2
	34
	18
	16
	1.13
	[S26]

	
	Ag nanowire
	PES
	0.01
	37.7
	26.9
	10.8
	2.49
	[S27]

	
	Cu Graphite
	PVC
	2
	50.8
	47
	3.8
	12.37
	[S28]

	
	Ag Nanowire
	PANI
	0.1
	37.5
	27
	10.5
	2.57
	[S27]

	RGO
	RGO
	PEI
	2.3
	22.5
	19.6
	2.84
	6.92
	[S29]

	
	RGO
	PS
	2.5
	29
	27.7
	1.3
	21.31
	[S30]

	
	RGO
	WPU
	2
	26
	24
	2
	12.00
	[S31]

	
	RGO
	PS
	2.5
	41.4
	38.4
	3
	12.80
	[S32]

	RGO metal
	RGO Fe3O4
	PANI
	2.5
	29.7
	25.5
	4.2
	6.07
	[S33]

	Others
	Carbon aerogel
	
	10
	53
	47
	6
	7.83
	[S34]

	
	Ni ferrite
	PVDF
	2
	67
	54
	13
	4.15
	[S35]

	
	Fe2O3
	PEDOT
	6
	23
	18
	5
	3.60
	[S36]



CNF: Carbon nanofiber; PDMS: Polydimethylsiloxane; PP: Polypropylene; ABS: Acrylonitrile butadiene styrene; PLLA: Poly-L-lactic acid; MWCNT: Multi-walled carbon nanotube; RGO: Reduced graphene oxide; SWCNT: Single-walled carbon nanotube; PC: Polycarbonate; WPU: Waterborne polyurethane; SEBS: Styrene-ethylene-butylene-styrene; PVC: Polyvinyl chloride; PS: Polystyrene; PVDF: Polyvinylidene fluoride; PANI: Polyaniline; PEDOT: Poly(3,4-ethylenedioxythiophene); PES: Polyether sulfone; PEI: Polyetherimide
Table S3 EMI SER, SEA, and the ratio of SRA-to-SER of various stretchable EMI shielding materials
	Materials
	EMI SE
	
	References

	
	SEA (dB)
	SER (dB)
	SET (dB)
	SEA/SER
	

	EGaIn
	DragonSkin
	76.6
	1.4
	78
	54.7
	This work

	Ni + EGaIn
	Ecoflex
	38
	27
	65
	1.4
	[S5]

	EGaIn
	t-PDMS
	45
	5
	50
	9
	[S6]

	Graphene film
	PDMS
	30
	8
	38
	3.75
	[S37]

	CNT
	TPU
	29
	5
	34
	5.8
	[S38]

	Cellulose fiber
	graphene aerogel
	24
	3
	27
	8
	[S39]

	AgNW
	PDMS
	38
	5
	43
	7.6
	[S40]

	PEDOT: PSS
	WPU
	34
	20
	54
	1.7
	[S41]

	3D LM
	Ecoflex
	29
	11
	40
	2.6
	[S42]

	PEDOT: PSS
	XSB
	38
	10
	48
	3.8
	[S43]

	MXene Nanosheet
	PU
	21
	5
	26
	4.2
	[S44]


TPU: Thermoplastic polyurethane; WPU: Waterborne polyurethane; PU: Polyurethane
Table S4 Comparison of EMI SET of various stretchable EMI shielding materials
	Materials
	Strain (%)
	SET (dB)
	References

	EGaIn
	DragonSkin
	0
	78
	this work

	
	
	5
	75
	

	
	
	10
	80
	

	
	
	15
	73
	

	
	
	20
	72.5
	

	
	
	33
	73
	

	
	
	66
	73.5
	

	Ni + EGaIn
	Ecoflex
	0
	70
	[S5]

	
	
	50
	65
	

	
	
	75
	60
	

	EGaIn
	t-PDMS
	0
	53
	[S6]

	
	
	25
	48
	

	
	
	50
	43
	

	Graphene film
	PDMS
	0
	56
	[S37]


	
	
	5
	55
	

	
	
	20
	54
	

	
	
	30
	53
	

	CNT
	TPU
	0
	34
	[S38]


	
	
	50
	28
	

	
	
	100
	20
	

	Cellulose fiber
	graphene aerogel
	0
	27
	[S39]


	
	
	50
	24
	

	AgNW
	PDMS
	0
	43
	[S40]


	
	
	10
	41
	

	
	
	20
	38
	

	
	
	30
	36
	

	
	
	40
	37
	

	
	
	50
	34
	

	PEDOT: PSS

	WPU

	0
	54
	[S41]


	
	
	10
	51
	

	3D LM
	Ecoflex
	0
	40
	[S42]


	
	
	50
	50
	

	
	
	100
	53
	

	PEDOT: PSS
	XSB
	0
	48
	[S43]

	
	
	40
	40
	

	
	
	80
	32
	

	
	
	100
	31
	

	MXene Nanosheet
	PU
	0
	28
	[S44]

	
	
	5
	27
	

	
	
	25
	23
	

	
	
	50
	12.5
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Fig. S1 The target LM grid design and corresponding ideal stencil to achieve the design


[image: P30#yIS1]
Fig. S2 The thickness of silicone elastomer films as the function of spin coating speed (left). The optical microscope images of the silicone elastomer films formed by spin-coating at 500 rpm, 1000 rpm, 2000 rpm, and 3000 rpm, respectively (right)


c[image: P33#yIS1]
Fig. S3 Photos showing liquid metal grid patterns formed by (left) printing using a brush and (right) spray coating on a silicone elastomer substrate after multiple stretching. The visible gaps as seen in the first image is due to inability of the brush to properly wet the LM on elastomer surface, while spray coating enables uniform deposition of LM
[image: P37#yIS1]
Fig. S4 Optical microscope images of LM layers formed on silicone elastomer substrates by spray coating for 5, 10, 15, and 20 s, respectively (Top). The thicknesses of the liquid metal films as the function of spray coating duration time (Bottom)
[image: ]
Fig. S5 A stencil (a) before and (b) after spray coating liquid metal, and (c) after cleaning and recovering the deposited liquid metal on the stencil surface by swiping with .1M HCL solution saturated cotton tip and washing the stencil with detergent
[image: P39#yIS1]
Fig. S6 LMGD lengths measured before and after cycles of tensile strains
[image: ]
Fig. S7 (a, b) Schematic showing the mechanism of the EMI shielding of (a) the single-layer LM device and (b) the single-layer LM grid-pattern device with the EMI shielding performance with frequencies ranging from 50 GHz to 110 GHz [S45]
[image: P44#yIS1]
Fig. S8 (a, b) The EMI SE of the LMGD with a 3 mm grid (a) before and (b) after applying 100 cycles of tensile strain. (c) Change in effective resistance of the LMGD during 250 cycles of loading and unloading tensile strain of 100%. (d) Photos showing the film upon loading and unloading tensile strain of 100%
[image: ]

Fig. S9 Digital photographs of a light powered by a Tesla coil turned off when interfered with LMGD
[image: ]
Fig. S10 (a) The liquid metal grid patterned film being used as a biomechanical sensor to detect flexion and relaxation of the wrist while attached. (b-d) Resistance change profiles obtained during (b) slow, (c) fast and (d) periodic fast-slow flexing-relaxing movements
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