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S1:Placing positions of dislocation cores when introducing Volterra dislocation displacement fields in the crystal
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]As shown in Fig. S1(a), placing one Lomer dislocation core at O1 point in the perfect crystal, and then relaxing the initial configuration originating from the crystal with implied Volterra dislocation displacement fields1, can produce the Lomer dislocation core structure (see Fig. S1(b)). For the case of placing two cores at points of O1 and O2 simultaneously, a 7-6-5-ring structure is obtained (see Fig. S1(c)). Besides, we have further tried other different placing positions of two cores in the crystal. For example, placing two cores at points O1 and O2, O1 and O3, as well as O1 and O4 can generate the corresponding structures as shown in Figs. S2(b)~(d), respectively. Note that these structures can all be found in GBs with misorientation angles θ≤38.94°. Furthermore, with the same procedure we also generate the Shockley partial dislocation by placing dislocation core at O1 point on the glide plane in the crystal (see Fig. S3(a)). Fig. S3(b) displays the Shockley partial dislocation structure, which is composed of a 7-5-ring core structure and a trailing stacking fault ribbon.
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FIG. S1. (a) Placing positions of Lomer dislocation cores in the perfect crystal, (b) corresponds to the Lomer dislocation structure, and (c) is a 7-6-5-ring structure composed of two Lomer dislocations.
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FIG. S2. (a) Placing positions of dislocation cores in the perfect crystal, and (b)~(d) are three different forms of relaxed structures containing two Lomer dislocation cores.
[image: ] [image: ]
FIG. S3. (a) Placing position of 90° Shockley partial dislocation core on the glide plane in the perfect crystal. (b) The relaxed 90° Shockley partial dislocation structure composed of a 7-5-ring core and a trailing stacking fault ribbon.
S2:Analysis of Burgers vectors for SUs Li (1≤i≤6)
[bookmark: _GoBack][bookmark: OLE_LINK3][bookmark: OLE_LINK18]To determine the Burgers vectors of SUs Li (1≤i≤6), herein we select six typical GBs whose equilibrated structures contain SUs Li and plot the corresponding Burgers circuits, as shown in Fig. S4. Following the dislocation definition1, 2 and Yu et al.’s approach3, the closure failure ‘FS’ running from the finishing point ‘F’ to starting point ‘S’ is taken as the Burgers vector b. For 9(221) GB composed of L1 SU, the Burgers vector b1 of L1 can be readily plotted as a[110] from Fig. S4(a), demonstrating it contains two Lomer dislocations. As for 41(443) GB, the calculated b2 of two L2 SUs is 3a[110] as shown in Fig. S4(b), thus the corresponding Burgers vector of one L2 SU is half of b2, equivalent to three times that of Lomer dislocation. Therefore, SU L2 corresponds to three Lomer dislocations. Likewise, we can identify the Burgers vectors of other Li SUs sequentially. Results show that the Burgers vector of each Li is a(i+1)[110]/2. Based on this, it can be readily concluded that each SU Li contains (i+1) Lomer dislocations. Besides, we also confirm that SU T corresponds to one Lomer dislocation. Consequently, it is no doubt that all optimized structures of GBs with misorientation angles 13.44°≤θ≤70.53° are solely composed of Lomer dislocations.
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FIG. S4. Burgers circuits of the SUs Li (1≤i≤6) successively contained in GB structures of (a) Σ9(221)-I, (b) Σ41(443)-III, (c) Σ11(332)-I, (d) Σ41(443)-I, (e) Σ33(554)-II, (f) Σ33(554)-I and (g) Σ3(111). The dashed rectangle in (a) indicates the single periodic lattice lengths along [110] and [100] directions.
S3:Calculation details of excess potential energy and hydrostatic stress
The excess potential energy curve versus normalized x position is calculated in two steps. The central atomic region within 20 Å from either side of GB is firstly cut from the equilibrated structures of states I, II, and IV for Σ11(332) GB calculated with SW potential. Then, this region is divided into slabs with equal width along the x direction. Before the calculation, the excess potential energy per atom (Eex) is defined as the potential energy minus the atomic cohesive energy. Thus, the excess potential energy in each slab is calculated by summing the Eex of contained atoms and dividing it by the length of dislocation line (i.e., Ly). Likewise, hydrostatic stress in each slab can also be calculated by summing the atomic hydrostatic stress and dividing it by numbers of atoms within the slab. Finally, we can plot the excess potential energy and hydrostatic stress curves versus normalized x position, as shown in Fig. 3(c) of the manuscript.
[image: ]
FIG. S5. Excess potential energy distributions of states I, II and IV for Σ11(332) GB calculated with SW potential and the corresponding columnar distributions along the GB normal direction.
To further explain the choice of 20 Å when determining the upper and lower boundaries of the aforementioned central region, we calculate the excess potential energy distribution along the GB normal direction, as shown in Fig. S5. Results show that excess potential energy mostly concentrates within the region of 20 Å from GB. When the distance from GB plane exceeds 20 Å , the excess potential energy equals zero. Thus, it can be accepted that choosing the central region to simplify the calculation without sacrificing the accuracy of the results.
S4:Attaining the equilibrated GB structures through rigid body translations along the direction perpendicular to the GB plane and artificially removing atoms
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]It should be noted that the equilibrated structures of some GBs cannot be obtained solely by means of rigid body translations (RBTs) within the GB plane and removing atoms within the set cutoff radius. In order to find the equilibrated structures of these GBs, RBTs along the direction perpendicular to the GB plane and artificially removing atoms are needed. To illustrate this, herein we take the relaxed structures of GBs Σ11(332) and Σ33(554) calculated with SW potential as examples, as shown in Fig. S6. From Fig. S6(a), dangling bonds exist in state I configuration of Σ11(332) GB mainly because some atoms are beyond the effective distance range, only within which can atoms interact. Consequently, we move the upper atoms downward while keeping the lower ones fixed, the atoms making up the dangling bonds will shake when they are close enough. Thus, state II can be transformed from state I by simple translation for Σ11(332) GB, lowering the GB energy from 1.265 J/m2 for state I to 1.055 J/m2 for state II.
[image: ]    [image: ]
FIG. S6. (a) The state I of Σ11(332) GB can be transformed to state II by atoms translation along the direction perpendicular to GB plane, (b) the state I of Σ33(554) GB can be transformed to state II by removing the atoms wrapped by the blue dotted line, and then state II can be transformed to state III by atoms translation like (a). 
As for Σ33(554) GB, though the intermediate structure with relatively low energy like state I can be obtained during the optimizing process as shown in Fig. S6(b), it is still far away from the predicted GB structure for Σ33(554) GB by Kohyama et al.4. Thus, we firstly remove some GB atoms in state I configuration, arriving at the structure of state II. Subsequently, the state III can be achieved by transforming state II. This also reduces the GB energy from 0.833 J/m2 for state I to 0.620 J/m2 for state III.
S5:The distributions and variations of excess potential energies and hydrostatic stresses of state IV of 11(332) GB calculated with three potentials
[bookmark: OLE_LINK5][bookmark: OLE_LINK10]For better understanding the reasons behind the energy differences of GBs with misorientation angles 13.44°≤θ≤70.53° for three different potentials, we herein take the state IV of 11(332) GB as an example to investigate the potential dependence of excess potential energies and hydrostatic stresses. Using the approach described in section S3, the distributions and variations of excess potential energy (PE) and hydrostatic stress of state IV of Σ11(332) GB with respect to the normalized x position are displayed in Fig. S7. From Fig. S7(c), the magnitude order of peak values in excess PE and hydrostatic stress curves are consistent with that of the corresponding GB energies calculated with three potentials, i.e., the largest for MEAM potential and the smallest for Tersoff potential. Besides, the shapes of the above curves corresponding to three potentials differ, implying the different descriptions of lattice distortion in terms of bond geometry and GB structure arrangement by three potentials for GBs with misorientation angles 13.44°≤θ≤70.53°.
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FIG. S7. The distributions of (a) excess potential energy (PE) and (b) hydrostatic stress of state IV of Σ11(332) GB calculated with Tersoff, SW and MEAM potentials. (c) The variations of excess PE and hydrostatic stress vs. normalized x position.
S6:Analysis of energies and atomic structures of the relaxed (100), (110), (111) surfaces and mono-vacancy in silicon crystal for three potentials
To better demonstrate the different descriptions of under-coordinated bonds by three potentials, we herein calculate and analyze the energies and atomic structures of (100), (110), (111) surfaces and mono-vacancy in silicon crystal. Table SI displays our calculated surface energies by three potentials, among which the values predicted by SW and MEAM potentials are in good agreement with the DFT results. However, the energies of (110) and (111) surfaces evaluated by Tersoff potential are significantly underestimated compared to the DFT results. This is consistent with the fact that the calculated GB energies by Tersoff potential are the lowest.
Table SI The calculated surface energies (meV/Å2) of (100), (110) and (111) planes using Tersoff, SW and MEAM potentials. DFT results are also given for comparison.
	Surface energy [meV/Å2]
	Tersoff
	SW
	MEAM
	DFT results

	γ100
	136.39
	147.03
	127.12
	133.0a

	γ110
	66.92
	103.96
	109.23
	113~119b

	γ111
	54.91
	83.11
	88.03
	71.1~77.4c


a from Gilman5.
b from Bhaduri and Wang6.
c from Jaccodine7.
From Table SI, for the same three surfaces, three potentials calculate the different surface energies. As can be easily observed from Fig. S8, the atoms of relaxed (100), (110) and (111) surfaces are all under-coordinated. Besides, it should be noted that the atoms of (111) surface calculated by MEAM potential are three-fold coordinated, quite different from the one-fold coordinated ones by other two potentials. Additionally, we have generated mono-vacancy in silicon crystal by deleting single atom and calculated the corresponding vacancy formation energies by three potentials. From Fig. S9, the four inner atoms in the vacancy are all three-fold coordinated and the vacancy formation energies differ significantly for three potentials. These together suggest the different descriptions of under-coordinated bonds by three potentials.
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FIG. S8. Surface structures and bond structures of (a) (100), (b) (110) and (c) (111) surfaces.
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FIG. S9. Mono-vacancy calculated by (a) Tersoff, (b) SW and (c) MEAM potentials. γv signifies the vacancy formation energy.
S7:Captions for supplementary videos S1 and S2
Supplementary video S1

This video shows the transformation process from the initial configuration (FIG.S11(a)) of perfect silicon crystal with the applied dislocation displacement of single Lomer dislocation to the relaxed Lomer dislocation core structure composed of 5- and 7-ring (FIG. 1(a)).
 Supplementary video S2

This video shows the transformation process from the initial configuration (FIG.S11(b)) of perfect silicon crystal with the applied dislocation displacement of two consecutive adjacent Lomer dislocations to the stable dislocation structure composed of 5-, 6- and 7-ring (FIG. 1(b)).
[image: ]
FIG. S10. Schematic of the bicrystal GB model. ‘PBC’ represents periodic boundary condition.
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FIG. S11. Atomic structures of (a) Lomer dislocation and (b) two adjacent Lomer dislocations before relaxation.
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FIG. S12. Placing positions of a[100] edge dislocation cores in the perfect crystal.
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FIG. S13. Twenty two optimized structures of twelve silicon <110> GBs with 13.44°≤θ≤70.53°: (a) Σ73(661), (b) Σ51(551), (c~d) Σ33(441), (e) Σ19(331), (f) Σ27(552), (g~h) Σ9(221), (i) Σ57(774), (j) Σ59(553), (k~n) Σ11(332), (o~q) Σ41(443), (r~u) Σ33(554) and (v) Σ3(111). The structures are viewed along the [110] tilt axis and the crystalline orientations of upper and lower grains are shown for each GB. The single periodic GB structures are highlighted by shadows.
[image: ]
FIG. S14. Dislocation density versus misorientation angle for 13.44°≤θ≤70.53°.
[image: ]
FIG. S15. Burgers circuit plotted for the equilibrated structure of Σ3(112) GB. The dashed triangle indicates the single periodic lattice lengths along [112], [110] and [100] directions, respectively. a' in the inset equals a[112].
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FIG. S16. Sixteen optimized structures of six silicon <110> GBs with 93.37°≤θ≤148.41°: (a~e) Σ17(223), (f~g) Σ3(112), (h) Σ33(225), (i~k) Σ11(113), (l~m) Σ9(114), (n~p) Σ27(115). The structures are viewed along the [110] tilt axis and the crystalline orientations of upper and lower grains are shown for each GB. The single periodic GB structures are highlighted by shadows.
[image: ]
FIG. S17. The energy difference of investigated GBs between the as-constructed and equilibrated structures calculated with SW, Tersoff and MEAM potentials.










[bookmark: OLE_LINK4][bookmark: OLE_LINK33]TABLE SII. The detailed crystalline orientations for the bicrystal models to construct eighteen STGBs with misorientation angles 13.44°≤θ≤148.41°.
	#
	GB
	θ
	x-[hkl]A/[hkl]B
	y-[hkl]A/[hkl]B
	z-[hkl]A/[hkl]B

	1
	Σ73(661)
	13.44°
	

	

	


	2
	Σ51(551)
	16.1°
	

	

	


	3
	Σ33(441)
	20.05°
	

	

	


	4
	Σ19(331)
	26.53°
	

	

	


	5
	Σ27(552)
	31.59°
	

	

	


	6
	Σ9(221)
	38.94°
	

	

	


	7
	Σ57(774)
	44.0°
	

	

	


	8
	Σ59(553)
	45.98°
	

	

	


	9
	Σ11(332)
	50.48°
	

	

	


	10
	Σ41(443)
	55.88°
	

	

	


	11
	Σ33(554)
	58.99°
	

	

	


	12
	Σ3(111)
	70.53°
	

	

	


	13
	Σ17(223)
	93.37°
	

	

	


	14
	Σ3(112)
	109.47°
	

	

	


	15
	Σ33(225)
	121.01°
	

	

	


	16
	Σ11(113)
	129.52°
	

	

	


	17
	Σ9(114)
	141.06°
	

	

	


	18
	Σ27(115)
	148.41°
	

	

	










TABLE SIII. Dimensions of all GB models.
	#
	GB
	θ
	Lx [nm]
	Ly [nm]
	Lz [nm]
	Number of atoms

	1
	Σ73(661)
	13.44°
	6.56
	3.07
	18.56
	18688

	2
	Σ51(551)
	16.1°
	5.49
	3.07
	23.27
	19584

	3
	Σ33(441)
	20.05°
	4.41
	3.07
	18.72
	12672

	4
	Σ19(331)
	26.53°
	3.35
	3.07
	18.94
	9728

	5
	Σ27(552)
	31.59°
	5.64
	3.07
	23.95
	20736

	6
	Σ9(221)
	38.94°
	4.61
	3.07
	19.55
	13824

	7
	Σ57(774)
	44.0°
	4.10
	3.07
	23.19
	14592

	8
	Σ59(553)
	45.98°
	5.89
	3.07
	25.03
	22656

	9
	Σ11(332)
	50.48°
	5.40
	3.07
	20.38
	16896

	10
	Σ41(443)
	55.88°
	4.92
	3.07
	20.87
	15744

	11
	Σ33(554)
	58.99°
	6.24
	3.07
	26.47
	25344

	12
	Σ3(111)
	70.53°
	3.99
	3.07
	15.05
	9216

	13
	Σ17(223)
	93.37°
	6.33
	3.07
	17.91
	17408

	14
	Σ3(112)
	109.47°
	5.64
	3.07
	15.96
	13824

	15
	Σ33(225)
	121.01°
	8.82
	3.07
	18.72
	25344

	16
	Σ11(113)
	129.52°
	5.09
	3.07
	18.01
	14080

	17
	Σ9(114)
	141.06°
	4.89
	3.07
	23.04
	17280

	18
	Σ27(115)
	148.41°
	7.98
	3.07
	16.93
	20736



TABLE SIV. A comparison of SUs defined in this study and Ref.4.
	Our definition
	Defined in Ref.4
	Atomic structure

	C0
	A
	[image: ], [image: ]

	L0
	B
	[image: ], [image: ]

	L1
	C
	[image: ], [image: ]

	L2
	D
	[image: ]

	L3
	E
	[image: ]

	L4
	F
	[image: ]

	L5
	G
	[image: ]

	L6
	H
	[image: ]

	T
	T
	[image: ], [image: ]




TABLE SV. Comparison of our calculated average energies with others’ for the twelve silicon STGBs with misorientation angles 13.44°≤θ≤70.53°.
	θ
	GB
	GB energy [J/m2]
	Others’ work [J/m2]

	
	
	SW
	Tersoff
	MEAM
	

	13.44°
	73(661)
	0.594
	0.185
	0.726
	Struture Predicteda

	16.1°
	51(551)
	0.587
	0.183
	0.715
	0.941a

	20.05°
	33(441)
	I
	0.634
	0.198
	0.767
	1.011a, 0.806b, 1.740d
0.633 (SW)k, 0.199 (Tersoff) k

	
	
	II
	0.598
	0.187
	0.721
	0.597 (SW, Experiment)k,
0.186 (Tersoff, Experiment )k

	26.53°
	19(331)
	0.505
	0.160
	0.604
	0.777a, 0.572b, 1.170d

	31.59°
	27(552)
	0.593
	0.180
	0.707
	0.917a

	38.94°
	9(221)
	I
	0.862
	0.276
	1.059
	1.402a, 0.91h, 1.06j

	
	
	II
	0.453
	0.134
	0.526
	0.664a, 0.525b, 1.310d, 0.603f,
0.222f, 0.16g, 0.29h, 0.32i,
Exprimente,
0.453 (SW)l,0.120 (Tersoff)l

	44.0°
	57(774)
	0.712
	0.221
	0.858
	Struture predicteda

	45.98°
	59(553)
	0.604
	0.187
	0.718
	0.925a

	50.48°
	11(332)
	I
	1.055
	0.333
	1.301
	Struture predicteda

	
	
	II
	0.696
	0.216
	0.832
	Struture predicteda

	
	
	III
	0.641
	0.200
	0.766
	0.645 (SW)m, 0.635 (SW)n,
0.175 (Tersoff)n

	
	
	IV
	0.618
	0.193
	0.741
	0.957a, 0.804f, 0.329f,
0.623 (SW)m, 0.618 (SW)n,
0.172 (Tersoff)n

	55.88°
	41(443)
	I
	0.763
	0.237
	0.919
	Struture predicteda

	
	
	II
	0.666
	0.210
	0.804
	Struture predicteda

	
	
	III
	0.638
	0.202
	0.766
	1.009a, 0.867f, 0.340f

	58.99°
	33(554)
	I
	0.756
	0.237
	0.908
	Struture predicteda

	
	
	II
	0.669
	0.209
	0.807
	Struture predicteda

	
	
	III
	0.630
	0.203
	0.756
	Struture predicteda

	
	
	IV
	0.620
	0.20
	0.743
	Struture predicteda

	70.53°
	3(111)
	0
	0
	0
	~0ab, 0.09c, 0.03d, 0f, 0.01g


Results from a-Kohyama el al.4, b-Kohyama et al.8, c-Stoffers et al.9, d-Möller10, e-Bonnet et al.11, f-Putaux et al.12, g-Ziebarth et al.13, h-Divincenzo et al.14, i-Kohyama et al.15, j-Kohyama et al.16, k-Lamzatouar et al.17, l-Ihlal et al.18, m-Chen et al.19 and n-Hardouin Duparc et al.20.


[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TABLE SVI. SUs for STGBs with misorientation angles 93.37°≤θ≤148.41° defined by Kohyama et al.21.
	SU 
	Atomic structure
	SU
	Atomic structure

	50 
	[image: ], [image: ]
	51
	[image: ], [image: ]

	60
	[image: ], [image: ]
	61
	[image: ], [image: ]

	62
	[image: ], [image: ]
	70
	[image: ], [image: ]

	71
	[image: ], [image: ]
	72
	[image: ]


TABLE SVII. Comparison of our calculated average energies with others’ for the six silicon STGBs with misorientation angles 93.37°≤θ≤148.41°.
	θ
	GB 
	GB energy [J/m2]
	Others’ work

	
	
	SW
	Tersoff
	MEAM
	

	93.37°
	17(223) 
	I
	1.367
	0.751
	1.299
	1.58a

	
	
	II
	1.133
	0.422
	1.079
	N/A

	
	
	III
	1.084
	0.536
	0.952
	N/A

	
	
	IV
	0.843
	0.254
	1.117
	N/A

	
	
	V
	0.753
	0.251
	0.955
	1.22a

	109.47°
	3(112) 
	I
	1.256
	0.961
	0.977
	1.10a,0.67e,1.086 (SW)b,0.974 (Tersoff)b,0.713 (DFT)b,0.76 (ab-inito)c, 0.658 (DFT)d

	
	
	II
	1.115
	0.813
	1.711
	1.02a, 0.851 (SW)b, 0.825 (Tersoff)b,0.534 (DFT)b, 0.56 (ab-initio)c, 0.363 (DFT)d, 0.47 (DFT)e

	121.01°
	33(225) 
	1.499
	1.119
	1.207
	1.33a

	129.52°
	11(113) 
	I
	1.280
	0.891
	0.936
	0.95a

	
	
	II
	1.061
	0.340
	1.759
	N/A

	
	
	III
	1.161
	0.579
	1.325
	N/A

	141.06°
	9(114) 
	I
	1.324
	0.901
	1.066
	1.31a

	
	
	II
	0.960
	0.726
	1.415
	N/A

	148.41°
	27(115) 
	I
	0.840
	0.883
	0.831
	1.18a

	
	
	II
	1.115
	0.769
	1.616
	N/A

	
	
	III
	0.852
	0.393
	1.546
	N/A


Results from a-Kohyama et al.21, b-Stoffers et al.9, c-Sakaguchi et al.22, d-Zhao et al.23 and e-Ziebarth et al.13.
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