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Fig. 1 Schematic diagram of glide (111) surface (Blue atoms are the topmost layer of atoms
in the lower half of the infinity crystal, and gray atoms are the bottom layer of atoms
in the upper half of the infinity crystal; R is the distance of OB, the point C is the location
of intrinsic stacking fault, and the point D is the location of unstable stacking fault.)
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Table 1 Intrinsic stacking faults energies and unstable stacking faults energies for silicon with different supercells

Layers y/(eV-A7) Yl (€V-A7) Layers /(eV-A7) Y.l (€V-A7)
6 0.002 0.085 18 0.003 0.106
10 0.004 0.098 22 0.003 0.107
14 0.004 0.104
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Fig. 2 Ideal supercell model for the first principle computations based on DFT
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R 5 2 i RE MNACAE J2 B RE S DR, L4 WA A9 A k2 A B 52 10 28 1) B2 M Bk P AR T J2 5 B 52 17 22 1) 52 T
o [110] J5 i L 200 B2 X Bk i, LIS 25 1028 Fr 3 DR T 1K

*2 TRENETHRN @) #IEH GSFE AHNUEESH
Table 2 Fitting parameters of the GSFE surface described by Eq. (4) for different strains

Fitting parameters/(J-m?)

Material &
< ¢ ¢, I cy cs
0 24.085 —12.658 7.490 —2.221 -0.471 0.257
0.03 25.623 —13.568 8.163 —2.439 —0.521 0.295
0.06 27.235 —14.531 8.882 —2.674 -0.573 0.337
Silicon 0.09 28.911 —15.538 9.646 -2.924 —0.631 0.383
0.12 30.631 -16.577 10.446 -3.183 —0.696 0.432
0.15 32.372 —17.634 11.265 —3.445 —0.764 0.482
0.18 34.143 —18.720 12.112 —3.720 —0.834 0.537
Fitting parameters/(J-m )
Material &
C s s, 85 s, S5
0 0.046 21.901 -3.797 0.849 —0.020 —0.013
0.03 0.050 23.465 —4.160 0.944 -0.026 —-0.016
0.06 0.054 25.114 —4.548 1.046 -0.033 —0.020
Silicon 0.09 0.059 26.835 —4.960 1.157 —0.041 —0.023
0.12 0.064 28.604 —5.391 1.275 —0.046 —0.025
0.15 0.069 30.395 —5.833 1.397 —0.048 —-0.027
0.18 0.077 32.225 —6.289 1.527 —0.054 —-0.032
Fitting parameters/(J-m %)
Material &
I ¢ ¢, I cy cs
0 55.327 —29.945 20.276 —6.548 —1.668 0.852
0.03 62.026 —34.033 23.583 =7.701 —1.944 1.084
0.06 69.519 —38.668 27.417 -9.054 —2.268 1.371
Diamond 0.09 77.951 —43.959 31.877 -10.654 —2.641 1.717
0.12 87.438 =50.002 37.078 —12.544 -3.070 2.129
0.15 97.852 —56.793 43.166 —14.733 —3.638 2.648
0.18 109.070 —64.368 50.293 -17.270 —4.382 3.312
Fitting parameters/(J-m )
Material &
C s s, 85 8, S5
0 0.260 51.709 —11.059 3.080 —0.125 —0.059
0.03 0.278 58.586 —12.938 3.634 -0.175 —-0.079
0.06 0.297 66.292 -15.122 4.294 -0.238 -0.102
Diamond 0.09 0.318 74.966 -17.651 5.078 -0.325 —0.133
0.12 0.335 84.742 —20.561 5.996 —0.439 -0.167
0.15 0.369 95.601 —23.980 7.099 -0.515 —0.208
0.18 0.441 107.721 —28.001 8.429 -0.528 —0.264
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Fig. 5 Projections of the GSFE surface on the [112] slip direction for different strains on the glide (111) surface
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Fig. 6 Projections of the GSFE surface on the [110] slip direction for different strains on the glide (111) surface
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Fig. 7 Intrinsic stacking fault energy (y,) and unstable stacking fault energy (y,,)
and the ratio of them for the glide (111) surface of silicon at different strains
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Fig. 8 Intrinsic stacking fault energy (y,) and unstable stacking fault energy (y,,)
and the ratio of them for the glide (111) surface of dimond at different strains
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— A OLT, foo SRR RS THIA (11 LLIE, T4 WA 2509 A7 2 RSl {11131, BD glide {111} T
Hl shuffle {111}1, ARAE 2458 RAFAET glide {111}, ELf# glide {111} 1 (19457 5553 f#% Jy Shockley &R
B, R, FRATTHE SC 0 AE % T A L B R BE R 2 1 B8 7 [n] 9 GSFE, H.i%Z GSFE 7] I F =0l &

wb . mu T T
2n2;(s) sin’ Tb (1+A1c052 Tb +Azcos47b) (6)

AP w, o B DA TR 2 1R T RS 1 P U A AR S S T T T RS O RS, b RN A AR i
i, d(e) WM MZ B, 4, A, 9IS BE 1w, %05 B ST YIRS . [110] (111) J5 14 B9 GSFE )
BEERANE 3 R,

*3 EFRIRZETR (6) R A[110] 111) F[EE) GSFE AR E S H
Table 3 Fitting parameters of the GSFE surface for [110] (111) slip direction described by Eq. (6) at different strains

Yo =

Material £ 1,/(GI-m™) 4 1 Material € 1,/(GI-m™) 4 4>
0 16.297 —1.002 0.495 0 121.297 —1.149 0.850
0.03 16.612 —-1.013 0.496 0.03 125.646 -1.150 0.825
0.06 16.898 —1.025 0.496 0.06 129.464 -1.150 0.797
Silicon 0.09 17.151 —1.035 0.495 Dimond 0.09 132.670 —1.148 0.768
0.12 17.369 —1.045 0.492 0.12 135.093 —1.145 0.735
0.15 17.545 —1.053 0.489 0.15 136.433 —1.141 0.694
0.18 17.665 —1.060 0.481 0.18 136.151 -1.129 0.629

RN (L10Y(11 1) W 7 ] B X B, Bl 1 AR (R 38, 5K (6) AKARE FH o 7 V80 it fin 1o 2% 1) 175 140
T, BE R4 KT BOAAE 2B BE 23 510 0.052 1 0.314 J/m?, b HAR K & 25 AE (2.403 i1 6.623 T/m?) /)N, AT
ZWs AN, IR, [112] (111) J7 [ 9 GSFE 76 B0 B A8 /8 F (0 15 o0t nl LU (6) 4. AR 7 A
P 8 AT LLFE i, Bl 1 A8 A 3 O, AR 2 58 BB S IS, yu/ /)y, BRI, X (6) SRR, 55 20 A7
M IE, 80E 2 (@) fE1% 07 10 E R BOE 4.

3 4 i

N FH 3T DFT A58 — PR JE B TH 53 17 26 [LLL) 7 1) it Jon A ) 1z 2% A FH s £ 0 4 WA 1) glide (111) [T
F) GSFE [fil, 5& T @i A% B8 % B 0 (8 B b 088, LA 75 81 T glide (111) 18 (9 GSFE 1 A K& 48 8 15 8 J7 1]
i) GSFE Tfi ()% i50. MG REM, 5 A MR 4 8 MRS [F], 6 14 NI 19 GSFE, Fil &4
TIE 255 RE FUASARE 245 e 28 I M AR 58 1 1E I 7 AR 1, 3 28 PR b ek 1) J2 A B A o I ARV T S 4
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Generalized Stacking Fault Energies of Diamond and Silicon
under (111) Uniaxial Loading

HUANG Lili', PENG Li', CHEN Shi', ZHANG Hongping’, LI Mu'

(1. College of Engineering Physics, Center for Intense Laser Application Technology, Shenzhen Key Laboratory of Ultraintense
Laser and Advanced Material Technology, Shenzhen Technology University, Shenzhen 518118, Guangdong, China,
2. College of Big Data and Internet, Shenzhen Technology University, Shenzhen 518118, Guangdong, China)

Abstract: The energy caused by atomic level shear in a crystal is called generalized fault energy (GSFE),
This is an important material property for describing nanoscale plastic phenomena in crystalline materials,
such as dislocation decomposition, nucleation, and twinning. During the shock loading process, the
elastoplastic transition occurs after one-dimensional elastic strain, so the generalized stacking fault energy is
of great significance in understanding the occurrence of plastic flow. Here, we calculate the generalized
GSFE surface of glide (111) surface of silicon and diamond under uniaxial strain in [111] direction by using
the first principles of density functional theory. Based on the translation symmetry of GSFE surface, we fit
the GSFE surface expression obtained by Fourier series expansion and the generalized stacking fault energy
curves for the [TIO] (111) and [1 15] (111) directions are given. With the increase of strain, the intrinsic fault
energy (y;) and the unstable fault energy (y,,) have obvious changes, and the ratio of the unstable stacking
fault energy to the intrinsic stacking fault energy (y,/y;) decreases indicating that dislocations in crystals are
not easily decomposed under uniaxial strain in the (111) direction. This result explains the results of dynamic
experiments of dislocation evolution at four generations of light sources that the speed and strength of fault
signals loaded along (111) direction are much lower than those loaded along (110) direction and (100) direction.
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