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Supplementary Fig. 1 | CVD synthesis of 4-inch Fe-MoS2 single crystals on c-plane sapphire, with MoO3 and sulphur powders as the precursors. The temperatures of sulphur and MoO3 powders are set to be ~150 and ~900 °C, respectively.
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Supplementary Fig. 2 | OM images of as-grown monolayer Fe-MoS2 captured from the different areas of 4-inch c-plane sapphire, showing the unidirectionally aligned feature of Fe-MoS2.
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Supplementary Fig. 3 | XPS characterizations of as-grown Fe-MoS2 on c-plane sapphire. a,b, The Mo 3d and S 2p spectra of as-grown Fe-MoS2 on c-plane sapphire. The characteristic peaks at ~233.2 and ~230.1 eV are attributed to Mo 3d3/2 and 3d5/2, and the characteristic peaks at ~164.1 and ~162.9 eV are in line with S 2p1/2 and S 2p3/2, respectively. c, The Fe 2p spectrum of as-grown Fe-MoS2 on c-plane sapphire. The characteristic peak at ~712.9 eV is corresponded to Fe-S.
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Supplementary Fig. 4 | Raman and PL characterizations of as-grown monolayer Fe-MoS2 and pristine monolayer MoS2 on c-plane sapphire. The red-shift of A1g mode and the reduced PL intensity indicate the n-type doping effect of Fe on monolayer MoS2.
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Supplementary Fig. 5 | OM images of as-grown monolayer Fe-MoS2 on c-plane sapphire, synthesized at different growth time. After increasing the growth time to ~60 minutes, the single-crystal Fe-MoS2 monolayer films are synthesized on c-plane sapphire.
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[bookmark: _Hlk108697664]Supplementary Fig. 6 | The determination of single-crystal feature of 4-inch monolayer Fe-MoS2 film. a, SAED patterns captured from nine different areas of monolayer Fe-MoS2 film, revealing the nearly identical lattice orientations and confirming the single-crystal feature. b, Corresponding SAED intensities along the white boxes in (a).
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[bookmark: _Hlk108697842]Supplementary Fig. 7 | The determination of chemical constitutions and their distributions. a–c, EDS mapping images of Mo, S, and Fe, respectively. The uniform color contrast within the domain reveals the high crystalline quality of monolayer Fe-MoS2. d, Quantified elemental analysis of Fe-MoS2. The Fe doping concentration is determined to be ~4%.
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Supplementary Fig. 8 | OM image of two merged unidirectional alignment Fe-MoS2 domains on c-plane sapphire.
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[bookmark: _Hlk109743115][bookmark: _Hlk108698032][bookmark: _Hlk109742800]Supplementary Fig. 9 | The morphologies of c-plane sapphire surfaces annealing at different conditions. a–c, AFM images of c-plane sapphire annealing at ~900 ℃ for 5 minutes without the presence of FeCl2, showing the distorted steps on surfaces. d–f, AFM images of c-plane sapphire annealing at ~900 ℃ for 5 minutes with the presence of FeCl2, showing the perfect parallel steps on surfaces.
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Supplementary Fig. 10 | Schematic diagram of monolayer Fe-MoS2 back-gated FET across the merged area of two unidirectionally aligned domains.
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[bookmark: _Hlk108698233]Supplementary Fig. 11 | The device performances of large-channel monolayer Fe-MoS2 back-gated FET. a, Output characteristic curve of a large-channel monolayer Fe-MoS2 back-gated FET. b, Transfer characteristic curves of monolayer Fe-MoS2 back-gated FETs with different channel lengths. Inset: OM image of monolayer Fe-MoS2 back-gated FETs with different channel lengths.
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[bookmark: _Hlk108698400]Supplementary Fig. 12 | Temperature-dependent electrical measurements of a monolayer Fe-MoS2 back-gated FET. a, Temperature-dependent transfer characteristic curves of a monolayer Fe-MoS2 back-gated FET. b, The electron mobility evolution for a monolayer Fe-MoS2 back-gated FET as a function of temperature. c, Arrhenius plots of a monolayer Fe-MoS2 back-gated FET. The deviation from the thermionic emission model and almost saturated slopes at low temperatures are obviously observed, indicating the disappearance of energy barrier.
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[bookmark: _Hlk108698597]Supplementary Fig. 13 | OM images of as-grown monolayer Fe-WS2 captured from the different areas of 4-inch c-plane sapphire, showing the unidirectionally aligned feature of Fe-WS2.
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[bookmark: _Hlk108698864]Supplementary Fig. 14 | The determination of single-crystal feature of 4-inch monolayer Fe-WS2 film. a, SAED patterns captured from twelve different area of monolayer Fe-WS2 film, revealing the nearly identical lattice orientations and confirming the single-crystal feature. b, Corresponding SAED intensities along the white boxes in (a).
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[bookmark: _Hlk108699030]Supplementary Fig. 15 | XPS characterization of as-grown Fe-WS2 on c-plane sapphire. a,b, The W 4f and S 2p spectra of as-grown Fe-WS2 on c-plane sapphire, respectively. The characteristic peaks at ~36.0 and ~33.8 eV are attributed to W 4f5/2 and 4f7/2, and the characteristic peaks at ~164.1 and ~162.9 eV are in line with S 2p1/2 and S 2p3/2, respectively. c, The Fe 2p spectrum of as-grown Fe-WS2 on c-plane sapphire. The characteristic peak at ~712.9 eV is corresponded to Fe-S.
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[bookmark: _Hlk108699284]Supplementary Fig. 16 | The determination of chemical constitutions and their distributions. a–c, EDS mapping images of W, S, and Fe, respectively. The uniform color contrast within the domain reveals the high crystalline quality of monolayer Fe-WS2. d, Quantified elemental analysis of Fe-WS2. The Fe doping concentration is determined to be ~5%.
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[bookmark: _Hlk108699442]Supplementary Fig. 17 | Raman and PL characterizations of as-grown monolayer Fe-WS2 and pristine monolayer WS2 on c-plane sapphire. The red-shift of A1g mode and the reduced PL intensity indicate the n-type doping effect of Fe on monolayer WS2.


[bookmark: _Hlk108699648]Supplementary Table 1. Comparison of the device performances of monolayer Fe-MoS2 with the other MoS2
	[bookmark: _Hlk108699760]Synthesis method
	Layer number
	Channel
length (μm)
	Gate oxide
	Mobility
(cm2 V–1 s–1)
	Ref.

	CVD
	1
	1
	300 nm SiO2
	15
	1

	CVD
	1
	10
	300 nm SiO2
	7.33
	2

	CVD
	1
	20
	20 nm ZrO2
	17
	3

	CVD
	2
	8
	25 nm Al2O3
	122.6
	4

	CVD
	1
	1
	20 nm Al2O3
	54
	5

	CVD
	2
	0.04
	11 nm HfO2
	36
	6

	CVD
	2
	2
	22 nm Al2O3
	3
	7

	CVD
	1
	1
	285 nm SiO2
	35
	8

	CVD
	1
	20
	20 nm HfO2
	65.7
	9

	CVD
	1
	10
	20 nm Al2O3
	102.6
	10

	CVD
	1
	2
	16 nm SrTiO3
	39.7
	11

	CVD
	1
	10
	90 nm SiO2
	49
	12

	MOCVD
	1
	1
	100 nm SiNx
	55
	13

	MOCVD
	1
	5
	50 nm Al2O3
	30
	14

	Exfoliated
	3
	2
	285 nm SiO2
	60
	15

	Exfoliated
	1
	1.2
	100 nm SiO2
	50
	16

	Exfoliated
	1
	2
	30 nm Al2O3
	41
	17

	Exfoliated
	2
	0.001
	5.8 nm ZrO2
	65
	18

	Solution synthesis
	4
	50
	90 nm SiO2
	7~11
	19

	CVD
	1
	10
	285 nm SiO2
	231
	This work




Supplementary Table 2. Comparison of the contact resistances of monolayer Fe-MoS2 with the other MoS2
	Type of MoS2
	Electrode
	Contact resistance
(KΩ μm)
	Ref.

	Exfoliated remote modulation doped trilayer MoS2
	Cr/Au
	6~15
	15

	CVD synthesized O-doped monolayer MoS2
	Ni/Au
	1
	1

	CVD synthesized monolayer MoS2
	In/Au
	3
	20

	CVD synthesized monolayer MoS2
	Bi
	0.123
	13

	CVD synthesized monolayer MoS2
	Au/Ti/Au
	2.9
	21

	CVD synthesized monolayer MoS2
	WTe2
	57~67
	2

	CVD synthesized monolayer MoS2
	Graphene
	10
	3

	CVD synthesized monolayer MoS2
	Ni/Au
	9.2
	14

	Exfoliated few-layer MoS2
	Ag
	2
	22

	Exfoliated monolayer MoS2
	Au
	200
	23

	Exfoliated multilayer MoS2
	Pd
	430
	24

	CVD synthesized monolayer Fe-MoS2
	Cr/Au
	0.489
	This work
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