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Molecular Dynamics Simulation Study on Scratching Process of 4H-single

Crystal Silicon Carbide Nanoparticles Considering Lattice Defects
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Abstract: The mechanism of nano—grinding of single crystal silicon carbide (SiC) with lattice defects remains
unclear. A molecular dynamics simulation system is used to study the nano—scratching mechanism of single crystal
SiC with lattice defects. The simulation model including diamond abrasive grains and 4H-SiC workpieces with
different lattice defects is built. The molecular dynamics simulation results reveal the effects of different defect types
on key parameters such as interatomic potential energy, temperature, stress and machining performance. It is found
that vacancy defects lead to instability in the interatomic potential energy of the workpiece, which in turn results in

increasing the temperature of the workpiece up to 671 K after scribing, while dislocation defects show relative
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stability. During nano—scratching, crystals with dislocation defects exhibit the highest average paradigm equivalent

stress of 5.29 GPa, while crystals with vacancy defects exhibit the lowest stress of 5.07 GPa, which suggests that

vacancy defects reduce the yield strength and favour the removal of atoms, whereas dislocation defects increase the

yield strength and impede the removal of atoms. Furthermore, vacancy defects inhibited dislocation nucleation and

reduced the thickness of the damage layer, whereas dislocation defects led to significant dislocation formation and a

deeper damage layer.
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Fig.2 Simulation model of the workpiece and abrasive grain

R Y B9 A A R B N T R B S, Bl
BILII R D DA Al 75 235 {37 B 110 B i AH-SiC B A
HRYE S — PR S Y23 (B fE R AN 2], AT L
U ARUA Ay AR (R 25 44 DR AN AR, DR I AT DR FH B BL
S I JEr - 1 v s 5 25 7 B PR B TR A S B
B, dE IR 25 o R B TR B R 2.3%107 em ™, iR

23N BRI A T E M 2.4% 107 em ™ TR TE TC BRI Y
*%ﬁuqﬂ%ﬂﬁ%é’w 108 Mk J5L T 19 504 Nk LT, 15
B & 235 Bl FE RY BA 4H-SIiC SRR A R i 3
iV

B3 aEAsB 469 4H-SiC dh AR
Fig.3 4H-SiC crystal model with vacancy defects

AH-SIiC fh AR B 7 B 2 B 5 B8 A (thread -
ing screw dislocation, TSD) ,F&F [fij {3 £ (basal plane
dislocation, BPD) &%, W& 4 fr /<, HiHp BPD X i T
Lo g ARV S ) fe o 20 T BPD MR D 0.1
em™, AR SCHEST ARSI RLA/IN TS B SRR 2 —
% BPD, K it , A SCFI ] atomsk 3R £ 57 17 — 2%
BPD (RERY, LA FEAT AU AN 2047, 18] 5 2 5 B6-F- T
{3 5§ (BPD) f) 4H-SiC & 7R B 8L 5 B0 T y Jilt A9 49
T4 .

AL

. J ? -
I S t
e ‘ﬁﬂ? s 7Y
e | l o0 t

meﬂ;m =t BT g Ekfl
1*&5 e Bribi AL AR ﬁJﬁ“J%Ka l BPD(Epi.)
i A UG

W\/ o

ML
H4 SiCoraEsmttt P 20 sg &R

Fig.4 Schematic diagram of major defects in SiC epitaxial

materials

B5 4 k-F @) 4H-SiC sk BE A
Fig.5 Model of 4H-SiC crystal with BPD



100 PN S QRS )

2025 4F

1 ELAG 23 (0 BB 1 4H-SiC S AR 9 3Ltk a8
VWAL, B TR G BRFERIA, 1516 0 4H-SiC
AR TR TR 0 TR T o el ) A T T

B 6 4H-SiC Sk & ik bk g 0 A A

Fig.6 Model of 4H-SiC crystal with mixed defects
1.2 {FEXLW

B 4H=-SiC AR A 35 Tk /%, R T 03
T2l J1 2505 LR, ARG 5 07 F045 5 RS 6 2 i m]
5 EE . Lt BRSO 73R P A B B« 5t B A0 SRR
R . D IR B LE T BR AR 28 PN LAt R 22 % )
Fed A AH-SiIC AR W THRVER , (RS TR
B A AR . ARG TENVT R4 R
PEAT T b, 16 NVE RE: T ok T T RI1E.

X ARG BEA T RE e/ MEAR I, DA BR
NGB EER , B &7 B R GRS 5T 30 000 /> i [i]
Wik B RAS LB JS , R E J7 m [1-210] 78
(000 1) I (3 B F 2 5l) X JC B pami Al | &2 fr
SR AT B RSV TR AN B ) A7 AR e o A TR e TR
AR AR AR5 H T O 100 m/s TR FE
1.5 nm FEAT RSB, QI EN 11 nm, AL [E]
RN fs, BARSHE 1.

R1 4H-SiCXIEBHFESH

Tab.1 Parameters for 4H-SiC scratching simulation

ZH E4¢(:

N 30.8 nmx17 nmx8 nm
R R 3.5 nm
RS TCHRBE 2 SLBR G DL BBE TR A B
R 100 m/s
RIEREE 1.5 nm
R 11 nm

PSS 1fs
Bl il 300 K

HPREL Tersoff

REE NVE

Tersoff 4 bR FICH 5 A 38 AN 4 R rp iy
(]34, 3Rl R B v] DATE X F A SiCoi e
BT A8 1) 43 7 2 01 2% 0F g LAMMPS, BT
LAMMPS 347 n] AL Dy fiE, DR 220 Ak 3 4
4 OVITO Xt HARALL 45 S 47 v WAL AL B, R A7 A6

HEPUA H: (dislocation extraction algorithm , DXA ) X %Il
B R e A B S AR A DU TR A
SiC R A T 7 £ A 5 AL

2 FERWNR

2.1 FEFEBEESH

ST R A REFE 10 2 IR 22 R AH B BT = A2 1Y)
e, BIR TR A EAER T . R A ae
W Z [AAH EAE T G R 3R, 4250 Ak
PRI . A5 R FH ot B 0k 2 v 9 i 1] 34 i 2 Ak it
LRI R R P 2R X AH-SiC TR 520

P17 A 7 it B o R v A 45 S 1) B A 4H-
SiC R [A S EE M A8 A h £k . 22 mi fa TA% 9 it [A]
SRE AR Ak e St 30 L AN [R) A9 R HE L TE B R o
SR 6 1) A A st B 0 R v e R R IO S TR
JE T 23 ALk B AR A R B A7 1 i1 1) 4 g A2
Al 22 00 S O RSO OB I Y R AR TR T A
7 R E T R BRI AR S50 L R 2SS A 3 2 23 0 fig
i, ST REE A B RGN ARRE, X
FIARRE S SRR G DR IRE) . i RS
1 BRI, F R E RS, R4k B R E
KA.

X5 A8 45 SR 04 B R e AL R E TR st U R A W)
T TS RE W B 1) Ji - (e A R IR E R I, ZERI LR By
B, b A D ] AR e T e B T L
S R A B DT (] A RB I R T TR T
P S R R B A MR B R E B, IR
A BB T A S (R A e B v, LR 2 A
9 A, 5 Sr B A 5 T A 1 D ) A R s e T T ik
B A e 5 SR R, ARl BE A T A
NEB A e A2 1k . B FA T B AR B AR, A T R
B A RN O s L BB A, L R e i A
T, TR R F rh b A8 TR i e s 1S,
MR BCRGE A A
22 BESW

FERAE R, AR TR FIEE AN 1T sk f b
AR, T B X SRR T AR RS
I AR b AR IR R R sk T e B D
PERYSZ IR, T A AL 25 BR SR AEAR KRB b 32 5
T BE B2 . PR, AR SOREAS [R) 2 7R i g 1) T A4 7
SR R IR BE R A T T PR A HT



%61 B[] W45 25 BB RS L 1) B A A H R AL R E A K R B B2 43 8h T 240 EE SR 101
~2353000
~2528 000 |
~2353 500
— =2529000 -~
- -
(] <
= =
= = -2354000
# 2530000 - &=
R BN
= Iy
+ oy i
W 2531000 - & 2354500
~2532.000 ! ' ! ' ! ! ~2355 000 ' ' ! ' ' '
0 5 0 15 20 25 30 0 5 0 15 20 25 30
AL 8] /ps AL 8] /ps
(a) TCHkPE (b) ZE Bk A
~2524 000 -2353 000
2526000 ~2353500
3 2 2354000
S -2528000 S
= = -2354500 F
= -2530000 F =
s e
L & 2355000 [
~2532000 |
1 1 1 1 1 1 _2 %55 500 1 1 1 1 1 1
0 5 10 15 20 25 30 770 5 10 15 2 25 30
AL 8] /ps FEAPLR (] /ps
(b33 (IR A B

A7 it A2 & sk 09 AH-SIiC R T A % ak T A 2
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