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MD Simulation 
As some material properties of 3C-SiC have not been well determined, we further determine its Young's modulus and yield strength through MD simulation.

MD simulations of nanoindentation of 3C–SiC(010) are performed to investigate material properties. Vashishta [1] potential describes the properties of 3C–SiC. Fig.S-1 shows the MD model of spherical nanoindentation of 3C–SiC, which consists of a monocrystalline 3C–SiC substrate and a spherical indenter. The dimension of the substrate in x, y, and z direction is 20×20×20 nm3 . The free boundary condition is applied in the z direction and the four layers of atoms in the bottom of the substrate are fixed. Periodic boundary conditions are imposed in the x and y directions.
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Fig.S-1. MD simulation model. (a)The indentation model. (b) Diagram of contact between the indenter and substrate. 
In the simulations, the indentation model is first fully relaxed. After 50 ps relaxation, the indenter is pressed at a speed of 2 m/s to the maximum indentation depth of 3 nm, and then lifted at the same speed to return to the initial pressing position. The details of the MD model are shown in Table S-1.
Table S-1 Details of the MD model and simulation parameters.
	Configuration
	Indentation process

	Workpiece materials
	3C-SiC

	Potential
	Vashishta

	Workpiece size
	20×20×20 nm3

	Simulation system
	NVE 

	Time step
	1 fs

	Initial temperature
	300 K

	Indenter radius
	5 nm

	Indentation speed
	2 m/s

	Indentation depth
	3 nm


We employ the open source molecular dynamics simulation code-Large Scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) for the MD simulations [2]. OVITO is used to visualize the results [3].
Elastic modulus (E) is got by Hertz fitting. In the initial phase of indentation, there is only elastic deformation [4], which can be described by Hertz theory. Hertz theory can be expressed as Eq. (S-1).
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where F is the load, r is the radius of the indenter, h is the indentation depth.
E* is the reduced elastic modulus:
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E` and v` are the elastic modulus and Poisson’s ratio of the indenter, respectively.  In the simulation, both virtual indenter and diamond rigid indenter are used, so Eq. (2) can be written ad Eq. (S-3).
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The relation between the contact radius a and the actual contact depth hc in the cylindrical or spherical indentation process is:
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Based on Meyer hardness, the indentation stress is defined as Eq. (S-5) [5].
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The yield stress of the material can be obtained by analyzing the strain-stress curve.
By fitting the elastic region of the indentation load-depth curve according to Hertz theory, as shown in Fig.2(a), the reduced elastic modulus of 3C-SiC E* = 329 GPa. The Poisson's ratio of 3C-SiC is known to be v=0.18, and its Young's modulus is calculated to be E = 320 GPa, which is consistent with the existing experimental results [6].

When the external load exceeds the elastic limit of the material, plastic deformation will occur. When the external load continues to increase to a certain value, the stress-strain curve will appear as a plateau or a sawtooth-like peak and valley, which is called the yielding phenomenon. As shown in Fig.S-2(b), the yield stress of 3C-SiC is 64.7 GPa.
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Fig.S-2. Fitting for the (a)load-depth curve and (b) yield stress of the indentation using MD simulations.

Effects of scratching speeds
According to our previous study, 3C-SiC has different removal phenomena at different scratching depths. Therefore, two cases with scratching depths of 1μm and 3μm are chosen to study the effect of speed on scratching. Different scratching speeds of 1 m/s, 10 m/s, 20 m/s, and 40 m/s are adopted.

The friction force and normal force curves of the PD scratching for different speeds at the scratching depth of 1 μm are shown in Fig.S-3. The force curves during the scratching process almost coincide perfectly at different scratching speeds within a certain range. 
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Fig.S-3. Normal force and friction of PD scratching for different speeds at depth of 1 μm.
Meanwhile, the wear volume and specific cutting energy also remain highly consistent, as shown in Fig.S-4. At the scratching depth of 1 μm, the scratching speed has almost no effect on the scratching processes.
[image: image9.png]0.003

O
-
S
1o

Wear volume (um?)
E

0.000

~~
Qo
S

 — 10m/s

L —40m/s

— Im/s

—20m/s

0

50 100 150 200 250 300
Scratching distance (um)

o (\©) (\®)
) )

[

Specific cutting energy (GPa)
-

A~
Uﬂ
~—~

()]

S

S

— 1 m/s

— 10 m/s
—20m/s
—40 m/s

0 50 100 150 200 250 300
Scratching distance (um)




Fig.S-4. (a) Wear volume and (b)specific cutting energy of PD scratching for different scratching speeds at the scratching depth of 1 μm.

When the scratching depth is 3 μm, as shown in Fig.S-5, there is almost no difference in the magnitude and variation trend of friction force and normal force at higher scratching speeds of 10 m/s, 20 m/s, and 40 m/s. However, for the scratching speed of 1 m/s, the friction force and normal force decrease, but their average values remain almost the same throughout the process.
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Fig.S-5. (a)Friction force and (b)normal force of PD scratching for different scratching speeds at the scratching depth of 3 μm.

The wear volume and specific cutting energy of the scratching process for different scratching speeds are also kept at almost the same level when the scratching depth is 3 μm, as shown in Fig.S-6. 
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Fig.S-6. (a) Wear volume and (b)specific cutting energy of PD scratching for different scratching speeds at the scratching depth of 3 μm.

The force curves of the PD scratching simulation for double indenters with different intervals are shown in Fig.S-7. Due to the symmetric distribution, the friction force of both indenters is almost the same during the scratching process. So only the force of one of the indenters is given here. 
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Fig.S-7. Variations of normal force and friction force at different indenter intervals with double indenters scratching.
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