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Fig. S1 | Comparison of diamond growth on flat Si and TiO2 nanorod-modified Si substrates.
a,b, Surface SEM image a and cross-sectional SEM image b of a diamond film grown directly on a flat Si substrate after 2 h of MPCVD growth. c, d, Surface SEM image c and cross-sectional SEM image d of a diamond film grown on a TiO2 nanorod-modified Si substrate under the same MPCVD growth conditions. e, Raman spectra of diamond films grown on flat Si and TiO2 nanorod-modified Si substrates after 2 h of MPCVD growth.
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Fig. S2 | Morphological evolution and plasma stability of GLAD-derived TiO2 nanorod arrays on Si.
a, b, Surface SEM image a and cross-sectional SEM image b of Ti nanorod arrays grown on Si substrates by glancing angle deposition. c, d, Surface SEM image c and cross-sectional SEM image d of Si@TiO2 nanorods obtained by annealing the Si@Ti nanorods in air at 400 °C for 2 h. e, f, Surface SEM image e and cross-sectional SEM image f of Si@TiO2 nanorods after treatment in a hydrogen plasma environment at 900 °C for 30 min in the MPCVD system. 
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Fig. S3 | Time-dependent MPCVD growth of polycrystalline diamond films on Si@TiO2 nanorod substrates.
a, Surface SEM image of Si@TiO2 nanorods after spin coating with a diamond microparticle suspension. b–e, Surface SEM images showing the morphological evolution of diamond growth on Si@TiO2 nanorod substrates after MPCVD growth for b 3 mins, c 10 mins, d 20 mins and e 120 mins. f, Grain size distribution of the polycrystalline diamond film after 2 h of MPCVD growth, showing that the film is composed of microscale diamond grains with a broad size distribution.


[image: 图片4]
Fig. S4 | Release behavior of polycrystalline diamond films from Si@TiO2 nanorod growth substrates.
a, Schematic illustration of the peeling process of Si@TiO2@diamond using graphene thermal release tape. b, Surface SEM image of the Si substrate after diamond film release, showing residual TiO2 nanorod fragments on the substrate surface. c, Cross-sectional SEM image of the Si substrate after peeling, confirming that the release occurs within the TiO2 nanorod interlayer rather than through the diamond film. d, SEM image of the embedded side of the released diamond film, revealing nanorod-related interfacial features retained on the backside of the film after delamination. e, Statistical analysis of the residual TiO2 nanorod length on the Si substrate after peeling. 
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Fig. S5 | Optical characterization of the released 3-inch polycrystalline diamond film.
Optical microscopy images of the released 3-inch polycrystalline diamond film collected from different regions at 5× and 50× magnifications. The low-magnification images show large-area uniformity across the released film, while the high-magnification images further confirm the absence of obvious cracks, tearing or discontinuities. These results demonstrate that the TiO2 nanorod-mediated release strategy enables the preparation of large-area polycrystalline diamond films with good continuity and structural integrity
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Fig. S6 | Nanoindentation characterization of the Si@TiO2@diamond sample.
a, Load–displacement curve obtained from nanoindentation testing of the Si@TiO2@diamond sample, showing the variation in applied load as a function of indentation depth during loading and unloading. b, Hardness as a function of indentation depth, indicating the depth-dependent mechanical response of the diamond film. c, Young’s modulus as a function of indentation depth, showing the corresponding elastic response of the Si@TiO2@diamond sample. 
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Fig. S7 | Time-dependent XRD analysis of interfacial phase evolution during MPCVD growth.
a, 2θ XRD patterns of Si@TiO2 nanorod substrates after MPCVD growth for 1 min, 3 mins,10 mins and 120 mins. 
b, Enlarged XRD patterns of the selected 2θ region highlighted in a. The appearance of TiC-related diffraction peaks indicates partial carburization of the TiO2 nanorods during MPCVD growth under the high-temperature hydrogen/methane plasma environment. 
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Fig. S8 | White-light interferometry analysis of wear tracks on bare TC4 and TC4@diamond samples after dry sliding.
a, Three-dimensional white-light interferometry image of the wear track on the bare TC4 titanium alloy substrate after dry sliding. b, Cross-sectional height profiles extracted from three representative regions marked in a, showing the large wear depth and irregular profile of the worn TC4 surface. c, Three-dimensional white-light interferometry image of the wear track on the TC4@diamond sample after dry sliding under the same testing conditions. d, Cross-sectional height profiles extracted from three representative regions marked in c, confirming the markedly reduced wear depth and improved surface integrity of the TC4@diamond sample. 
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Fig. S9 | Electrochemical behavior of Si, Si@diamond and Si@TiO2@diamond samples under different pH conditions.
a, b, Open-circuit potential a and potentiodynamic polarization b curves of Si, Si@diamond and Si@TiO2@diamond samples measured in an electrolyte containing 3.5 wt % NaCl and 0.5 wt % NaF at pH 3. c, d, Open-circuit potential c and potentiodynamic polarization d curves of the corresponding samples measured in the same electrolyte at pH 7. e, f, Open-circuit potential e and potentiodynamic polarization f curves of the corresponding samples measured in the same electrolyte at pH 10.
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Fig. S10 | Scratch adhesion evaluation of transferred diamond coatings before and after dry sliding.
a, Scratch adhesion test of sample 1 measured in the unworn region and in the region subjected to 1 h of dry sliding. The corresponding confocal microscopy images of the scratch tracks are shown above the adhesion curves, revealing the coating failure position used to determine the critical load. b, Scratch adhesion test of sample 2 measured in the unworn region and in the region subjected to 4 h of dry sliding, together with the corresponding confocal microscopy images of the scratch tracks. c, Scratch adhesion test of sample 3 measured in the unworn region and in the region subjected to 8 h of dry sliding, together with the corresponding confocal microscopy images of the scratch tracks.


[image: ]
Fig. S11 | TEM characterization and elemental mapping of the Si@TiO2@diamond interfacial structure.
a, Cross-sectional TEM image of the Si@TiO2@diamond sample, showing the multilayer architecture consisting of the Si substrate, TiO2 nanorod interlayer and overgrown polycrystalline diamond film. b, c, Enlarged TEM images of the selected interfacial regions in a, revealing the morphology of the TiO2 nanorod layer and its contact with the diamond film and Si substrate. d–f, h–j, High-resolution STEM elemental mapping images of the corresponding interfacial regions, showing the spatial distributions of C, O, Ti and Si. The carbon signal is mainly located in the diamond layer, while Ti and O are concentrated in the nanorod interlayer, and Si is confined to the underlying substrate. 
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Fig. S12 | TEM analysis of the transferred diamond/TC4 interface before and after dry sliding.
Cross-sectional TEM images, high-resolution TEM images and corresponding elemental mapping results of the transferred diamond coating on TC4 titanium alloy before and after dry sliding for 4 and 8 h. The TEM images show a continuous multilayer architecture composed of the TC4 substrate, sol-gel-derived TiO2 interlayer, embedded TiO2 nanorod region and transferred polycrystalline diamond film. After dry sliding for 4 and 8 h, the transferred diamond film remains tightly attached to the TC4 substrate through the TiO2-based interlayer, indicating good interfacial stability under prolonged tribological loading. High-resolution TEM images of the sol-gel-derived TiO2 interlayer reveal that the initially amorphous interlayer gradually contains more nanocrystalline domains after dry sliding, suggesting friction-induced structural ordering or nano crystallization. 
Table S1 | Comparison of hardness and Young’s modulus of representative hard coatings prepared on titanium alloy substrates.
	
	Preparation Method
	H/Gpa
	E/Gpa
	H3/E2
	Reference

	TiN
	Magnetron sputtering system
	29
	350
	0.199
	1

	TiN
	powder immersion reaction-assisted coating
	11
	293
	
	2

	
	electron beam plasma-assisted physical vapor deposition
	22
	426
	0.058
	

	TiB2/Cr
	magnetron sputtering
	30.3
	327.9
	0.259
	3

	DLC
	direct current discharge 
	12.8
	133
	0.119
	4

	Si-DLC
	plasma-based ion implantation
	30.1
	200.1
	0.751
	5

	TiO2
	Plasma electrolytic oxidation
	3.9
	146
	0.003
	6

	Al2O3-TiO2
	Cold Spraying and Plasma Electrolytic Oxidation
	3
	57
	0.008
	7

	TiO2
	laser cladding
	7.6
	136.4
	0.024
	8

	TiO2Al2O3
	low-temperature aluminizing process
	10.36
	248
	0.018
	9

	Diamond
	MPCVD
	45
	350
	0.744
	10

	This work
	Diamond transfer
	69.5
	450
	1.658
	




Table S2 | Comparison of processing temperature and corrosion current density of representative corrosion-resistant coatings on titanium alloy substrates. 
	
	Preparation Method
	Temperature
(℃)
	i-corr
(nA/cm2)
	Reference

	TiO2
	Micro Arc Oxidation in Molten Salt
	280
	160
	11

	TiO2/（PTEE+graphite）
	Micro-arc oxidation 
	260
	79.2
	12

	TiO2
	Electrochemical Anodization
	27
	120
	13

	TiO2
	Electrochemical Anodization
	550
	40
	

	SiO2/ZrO2
	Electrophoretic deposition
	27
	56
	14

	ZrO2/TiO2
	Electrophoretic deposition
	27
	16
	

	TiO2/Al2O3
	Thermal oxidation
	700
	386
	15

	TiO2/Al2O3/V2O3
	Plasma oxidation
	600
	25
	16

	TiN
	Plasma Nitrided
	800
	276
	17

	TiO2
	Sol-gel
	200
	3.2
	18

	SiO2
	Sol-gel
	200
	4.6
	

	ZrO2
	Pulsed Laser Deposition 
	800
	33.4
	19

	Ta2O5
	Magnetron Sputtering
	500
	50
	20

	Diamond
	MPCVD
	780
	1.2
	21

	This Work
	Diamond Transfer
	200
	0.88
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