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Fig. 1. YAG crystal structure.
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Fig. 2. Three basic structural units forming the YAG crys-
tals: (a) Al-O tetrahedra; (b) Al-O octahedron; (c) Y-O

irregular dodecahedron.
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Fig. 3. YAG stretch model: (a) [100]; (b) [110]; (c) [111].
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Table 1.  Basic parameters of YAG tensile models.

Plane type [100] [110] [111]

a 48.1 58.91 51.01

Lattice size/A b 48.1 52.07 58.91
c 383.74 374.1 388.76
Atoms number 84480 105600 107520
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Fig. 4. Temperature potential energy curve of the YAG

crystal.
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Fig. 5. Stress-strain curves of YAG crystal longitudinal tensile: (a) 300 K; (b) 800 K; (c) 1300 K; (d) 1800 K; (e) 2200 K.
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Fig. 6. Elastic modulus of the YAG crystal: (a) The elastic modulus calculated from the stress-strain curve in the molecular dynam-

ics stretching simulation at 300 K; (b) the elastic modulus calculated from the load-displacement curve in the nanoindentation ex-

periments.
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Emax(110] = 0.10643 + 2.416337°/10° — 3.457467°/10° + 5.298667° /10",
Emax(111] = 0.10086 + 2.316937"/10° — 2.687607%/10° + 2.332077° /10",
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Fig. 7. Stress-strain values at the inflection point.
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Fig. 8. Stress-strain curves of the same crystal orientation
at different temperatures: (a) [100]; (b) [110]; (c) [111].
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Fig. 9. Stress-strain curves under the lateral tensile force of the YAG crystals.

7£ 2200 K T, [100] & [ B 5 ) Ji IR 58 1 o
[L11) b 1) B 25 2 A e A, 3k A1, 45 A 1) oA i A
PR 7 2F R — B0 AL, FHE % 1300 K J5 A

201 (a) — [100]
— [112]
15 — [111]
o — [oi1]
@)
~
n
3 10t
£
wn
5 -
0 . . . . N . .
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
Strain
20 (b)
19+
& o18t
<
1Tt
wn
g
b
o 161 — [100]
5] — 2]
— 111
14 — [011]
13 . . . . .
0.060 0.065 0.070 0.075 0.080 0.085 0.090
Strain
Bl 10 (a) YAG i fA 300 K B [l Fi At () R 7 - B 4% il 28

(b) Tl (a) 1Y &R BRI
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Fig. 11. Stress-strain curves of YAG crystals stretched at the same temperature with different crystal directions: (a) 800 K;

(b) 1300 K; (c) 1800 K; (d) 2200 K.
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Fig. 12. Fracture energy and tensile strength of the YAG

crystals at different temperatures.
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Fig. 13. Potential energy strain curves of YAG crystals in different crystal directions: (a) [100]; (b) [110]; (c) [111].
— 300K — 800K — 1300 K — 1800 K — 2200 K
25 35
—~ (a —~ 30 —~
> N ) > (b) = 30 ()
2 20F 2 25f 2
g 3 2 i
~ ~ ~
Zo15f , g 20 % 20k
g 8 8
5 § 1571 5 15t
g 1or 2 2
% % 10f % 10t
= = =
X or X 5t X 5t
0 0.04 0.08 0.12 0.16 0 0.04 0.08 0.12 0.16 0 0.04 0.08 0.12 0.16
Strain Strain Strain
K14 YAG RYATEAR 9 S BER S fIZE  (a) [100]; (b) [110]; (c) [111]

Fig. 14. Kinetic energy strain curves of YAG crystals in different crystal directions: (a) [100]; (b) [110]; (c) [111].
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Fig. 15. Structure evolution of [100] crystal at 300 K.
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Fig. 16. Structure evolution of [100] crystal at 2200 K.
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Fig. 17. Structure evolution of [110] crystal at 800 K (Strain cloud diagram).
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Fig. 18. Structure evolution of [110] crystal at 2200 K (Left:

original structure, right: strain cloud diagram).
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Fig. 19. Structure evolution of

analytical method).
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Fig. 20. Structure evolution of [111] crystal at 2200 K
(CNA analytical method).
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Fig. 21. Structure evolution of [100] crystal at 1300 K (De-

fective surface analytical method).

0.0123478  mmm—— wmm 0.0896529

0.1200

&l 22 [110] &1 2200 K TR o B4 45 44 AR (2 CNA
O3, A BRI

Fig. 22. Structure evolution of [110] crystal at 2200 K (Left:
CNA analysis, right: strain cloud diagram).
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Fig. 23. Structure evolution of [111] crystal at 300 K (Top:
original structure, middle: CNA analysis, bottom: strain

cloud diagram).
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Fig. 24. Dislocation structure in the YAG crystal: (a) Taken from model a lateral stretch 1300 K; (b) taken from model b lateral
stretch 800 K; (c) taken from model ¢ lateral stretch 1300 K; (d) taken from model ¢ lateral stretch 1800 K; (e) taken from model ¢

longitudinal stretch 1300 K.
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Fig. 25. Stacking fault structure in the YAG crystal: (a) Ta-
ken from model c lateral stretch 300 K; (b) taken from
model c lateral stretch 1300 K.

T YAG iRt B i 7 | e i
Lhgm Ak, WET 2 LR T Hi it R dh Sl
SEROEAS T FE, R 1) YAG SR s A
P RUEEASONE , Bt o A8 1 R S 2 M/ . > AR /)N
T 0.02 BF, AS[H] i 1) 1 SRS 1 K/ INHE R 24 [100],
[110], [111]; 4R AS 3T 0.05 J5, [100] [ i s AsE
SRR MR R S, LT AN [ 1] %) LR AR a5 R/ INHE P
Sk [110], [111], [100]. %P5 AE 98 K IR S50
WA DAIE S, 76 538 B B s 300 B Y8 P 5 i v By B
1, [110] & Ia) (A58 B B =, T [100] [ B 56 B e 1K
2) W EEXT YAG () 15 B2 i B 2, 7€ 1300 K

LIRS Bk M P bR, 1800 K J5 2 BUA ] L9 14
AR X, W L T PR MG, Ty
41 TR WA, A 5 RN 7E 2200 K
SRR, 7ERSPIE] 6 GPa i %A B IR, BR
FEMIMER L B RITAE K. 3) YAG ShIAHBRK
2 IR 2 25 5 U ST 8 24 PR 1
FENRIE T =T BAL RSB, S
LU A A &2, BeRA AP B S SR B, K
SRR AR IFL AR BB D B, E BRI b 2 5
A B SRS, 7 s 15 R R, (s 5
T2 e DX 77/ PR R 1 T P 4251 75
2200 K T PR T Al 485, A PR 7
S H BRI, 7R 55 7 A BOL 5 R B, R 5

S 30k

1] Ma R G, Zhang Q L, Gao J Y, Sun G H, Dou R Q, Han S,
Zhang R, Chen Z, Wang X F, Zhang D M, Sun Y, Liu W P
2023 J. Chin. Ceram. Soc. 51 767 (in Chinese) [Th5€ [, 7k K

FNER, XSO 2023 RERRER AR 51 767]

[2] Geusic J E, Marcos H M, Van Uitert L G 1964 Appl. Phys.
Lett. 4 182

[3] Shi X T, Zhang Q L, Sun G H, Luo J Q, Dou R Q, Wang X
F, Gao J Y, Zhang D M, Liu J D, Ye B J 2023 J. Inorg.
Mater. 38 316 (in Chinese) [fi/Mi, 5KKFL, IhtAE, & @ 7FF,
FE), T SR, REN], XIEES, IR 2023 TEHLA
4R 38 316

[4] ZHOU T 2022 Ph. D. Dissertation (Changchun: Changchun
University of Science and Technology) (in Chinese) [J& /4
2022 THH2EAR S0 (KB KEH T RYF))

[5] Li C Q 2008 Ph. D. Dissertation (Harbin: Harbin Institute of
Technology) (in Chinese) [Z7 2008 TH-2#07 18 3C (MR E:
MAIRIE Tl K 2#)]

[6] Voort G V, Yaghoubi M R 2017 Crystals 7 321

[7) Sun J 2021 Ph. D. Dissertation (Dalian: Dalian University of
Technology) (in Chinese) [FME 2021 4240718 3¢ (K kK
BT R))

[8] Zhang J C, Yang F, Chang Y X, Du G Y, Jiang W Q 2022 J.
Plast. Eng. 29 175 (in Chinese) [#3#=, i, % %Hh, ¥,
FE30A 2022 AVE T R4 29 175)

9] Xu Z, Wang X X, Liang HY, Wu H A 2004 Acta Phys. Sin.
53 3637 (in Chinese) [, £FH =, FilFX, RIEE 2004 Y3
2441 53 3637]

[10] Gong X Y, Chen B, Wu W P 2020 Chin. J. Solid Mech. 41
231 (in Chinese) [JLERE, Bk, S 3CF 2020 [ #5441
231]

[11] Lu M, Yu D H, Liu C J 2017 J. Sichuan Univ. Nat. Sci. Ed.
54 147 (in Chinese) [F#, RAHF, XIKFH 2017 D)1 R2E2 4
HARBRAR 54 147)

[12] Zhao J W, Li R, Cheng N, Hou J 2018 Sci. Sin. Technol. 48
143 (in Chinese) [BAHAT, 2540, FRMR, B2k 2018 Bl 4
ARFHE 48 143]

[13] Hu Y X, Shuang S Y, Wang B, Zhang X, Zhang X 2020

120302-15


https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.14062/j.issn.0454-5648.20220932
https://doi.org/10.1063/1.1753928
https://doi.org/10.1063/1.1753928
https://doi.org/10.1063/1.1753928
https://doi.org/10.1063/1.1753928
https://doi.org/10.1063/1.1753928
https://doi.org/10.1063/1.1753928
https://doi.org/10.1063/1.1753928
https://doi.org/10.1063/1.1753928
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.15541/jim20220364
https://doi.org/10.3390/cryst7100321
https://doi.org/10.3390/cryst7100321
https://doi.org/10.3390/cryst7100321
https://doi.org/10.3390/cryst7100321
https://doi.org/10.3390/cryst7100321
https://doi.org/10.3390/cryst7100321
https://doi.org/10.3390/cryst7100321
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SXGC202212022.htm
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.7498/aps.53.3637
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.014
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-SCDX201701037.htm
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.1360/N092017-00064
https://doi.org/10.19636/j.cnki.cjsm42-1250/o3.2020.004
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 12 (2026)

120302

[14]

(15]

[16]

(17]

(18]

(19]

[20]

21]

22]

(23]

[24]

(25]

[26]

Chin. J. Solid Mech. 41 109 (in Chinese) [Biif, XUE 3, £
vk, TR, SKIR 2020 [EATI52R 41 109]

Liang H, Li M S 2019 Chin. J. Comput. Phys. 36 211 (in
Chinese) [, Z5/%/4: 2019 1155431 36 211]

Ma B, Rao Q H, He Y H, Wang S L 2013 Acta Phys. Sin. 62
176103 (in Chinese) [Th#f, BeRkAE, BUIRME, TR 2013 P
24 62 176103

Zhang S Y, Jiang G P, MUKHTAR A, Wu K M 2024 J. At.
Mol. Phys. 41 026006 (in Chinese) 3K, # HF, AIMAN
Mukhtar, ZIF8 2024 J57 553724 41 0260006]

Ye T Z, Yao H, Wu Y W, Zhang J, Wang M J, Chen P, Tian
W X, Qiu S Z, Su G H 2023 Rare Met. Mater. Eng. 52 777
(in Chinese) [MKAY, Bk, M, B, EWZE, PP, M3
B, BRI, 50068 2023 Fif 4@ A0k TR 52 777)

LiJ, Guo X X, Ma S G, Li Z Q, Xin H 2021 Chin. J. High
Press. Phys. 34 011301 (in Chinese) [Zfi, SFIes, Dt ME, 25
A, N 2021 R 34 011301]

Kou P P, Feng RC, LiHY, Li L L, Wang M M, Qi Y N
2021 Mater. Rep. 35 10114 (in Chinese) [ZE{i{, MHiA%, 25
e, e, R, KA 2021 FHAHR 35 10114)

Huang D, Zhang Q, Zhuo J S 2006 Chin. J. Solid Mech. 27
187 (in Chinese) [#F}, %, 55K 2006 [E & J) #2454 27
187]

Han Z P, Yuan L, Shan D B, Guo B 2006 J. Harbin Inst.
Technol. 38 1677 (in Chinese) [Bii#, FAK, Bflid 255
2006 P /R EE Tl K554k 38 1677]

Wang J L, Shen H J 2010 J. At. Mol. Phys. 27 1157 (in
Chinese) [F4k5, TRIfE7E 2010 JR T 5 FHIHI2AAR 27 1157)
Han T W, He P F, Wang J, Zheng B L 2009 J. Mater. Res.
23 337 (in Chinese) [#h A4, ZUMS K, F4&, KE R 2009 #1K
FEA4R 23 337]

Lu W J, Bao HW, Tang F L, Cai H M, Rui Z Y, Zhu L 2015
J. Lanzhou Univ. Technol. 41 15 (in Chinese) [#%3CVL, %
B, WE A, R, WHROT, R 2015 NI TR 4R 41
15]

Yin Z J, Su R, Fang C Z, Li M, Hu H C 2023 J. Nanyang
Norm. Univ. 22 29 (in Chinese) [FFRZE, 3%, HIER, 255,
AR 2023 F FHBTE2EBE A4 22 29]

Lu H Q, Zhang J Q, Fan J H 2011 Chin. J. Solid Mech. 32
433 (in Chinese) [#£IAL, 5KMRYE, JufEish 2011 [E{K Jj2E2440

(27]

(28]

29]
(30]
(31]
(32]
(33]
(34]
35]

(36]

37]

38]

(39]

[40]

(41]
[42]

43]

32 433]

Chen L, Liu H, Yu L 2006 J. Xi'an Jiaotong Univ. 40 101 (in
Chinese) [F5HH, X1H, BEZ 2006 7474838 k#2440 101]
Tao W M, Huang D, Guo Y M, Lou T J 2005 J. Zhejiang
Univ. Eng. Sci. 39 1265 (in Chinese) [FiffMH, #&JF, 384K,
BEBRIM 2005 BTV 23R TR 39 1265)

Carda J, Tena M A, Monros G, Esteve V, Reventos M M,
Amigo J M 1994 Cryst. Res. Technol. 29 387

Yuan Q M 2022 M. S. Thesis (Ganzhou: Jiangxi University of
Science and Technology) (in Chinese) [#BkB] 2022 Ml 42~ {7
WIC (M VOB T ORAE))

Stukowski A 2009 Model Simul. Mater. Sci. Eng. 18 015012
Plimpton S 1995 J. Comput. Phys. 117 1

Lu J, Yang S, Rong Z, Pan G, Ding J, Liu S, Wang W 2021
Sol. Energy Mater. Sol. Cells 228 111130

Goel P, Mittal R, Choudhury N 2010 J. Phys. Condens.
Matter. 22 065401

Cheng Q 2010 Ph. D. Dissertation (Hefei: University of
Science and Technology of China) (in Chinese) [B{ZE 2010 1
T2 (B T EBRERARKRS))

Weng S B, Chen J J, Zhou J Q, Lin X L 2021 Surf. Technol.
50 216 (in Chinese) [$7E6H5%, Pidhdn, AR, MRS 2021 %
M4 AR 50 216]

Oliver W C, Pharr G M 1992 J. Mater. Res. 7 1564

Gorev B 'V E, Lyubashevskaya I V, Panamarev V A,
Iyavoynen S 'V 2014 J. Appl. Mech. Tech. Phys. 55 1020

Ma R, Zhang Q, Zhang R, Gao J, Sun G, Dou R, Liu W 2023
Cryst. Res. Technol. 58 2300091

Zhang R, Mei D J, Shi X T, Zhang Q L, Ma R G, Zhang J R,
Dou R Q, Sun G H, Wang X F, Zhang D M, Gao J Y 2023 J.
Chin. Ceram. Soc. 51 1396 (in Chinese) [fkFi, #FKVT, A /)
G, SRPAL, Do, SRS, BACH, INSHAE, FANK, SREEN,
w2 2023 rERRERAEA 51 1396)

Stukowski A 2012 Model. Simul. Mater. Sci. Eng. 20 045021
Stukowski A, Bulatov V V, Arsenlis A 2012 Model. Simul.
Mater. Sci. Eng. 20 085007

Zhang R, Mei D J, Shi X T, Ma R G, Zhang Q L, Dou R Q,
Liu W P 2022 Chin. J. Quantum Electron. 39 687 (in
Chinese) [5K3, HFRIL, A/, DA, sKERFL, S8, XI5
g 2022 FE7HL T2 4 39 687]

Various-temperature tensile and defect evolution of
YAG crystal’

ZHANG RuibV?
DOU Rengin 1?

ZHANG Qingli V21
WANG Xiaofei)?)

MA Rongguo 1?

SUN Guihua Y?
LIU Wenpeng )?)

1) (Key Laboratory of Photonic Devices and Materials, Anhui Institute of Optics and Fine Mechanics,

Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)
2) (University of Science and Technology of China, Hefei 230026, China)

( Received 31 January 2026; revised manuscript received 17 February 2026 )

Abstract

Yttrium aluminum garnet (YAG) crystal is an important laser host material. Its atomic-scale mechanical

characteristics and defect generation mechanism are of great significance for the growth of high-quality large-

size crystals. In this study, the tensile mechanical properties, energy characteristics and the evolution
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mechanism of defect structure of [111], [110] and [100] crystal orientations from 300 to 2200 K are revealed by
molecular dynamics simulation. It is found that YAG exhibits typical brittle material characteristics at room
temperature. The mechanical properties of YAG crystal are anisotropic. The simulation confirms that the
elastic modulus of YAG has a significant strain-dependent effect. When the strain is less than 0.02, the order of
elastic modulus is [100] > [110] > [111]. When the strain exceeds 0.05, [100] orientation has the largest decrease
in elastic modulus, and the order changes to [110] > [111] > [100]. This phenomenon is verified by
nanoindentation experiments, which also indicates that the [110] crystal orientation has the highest tensile
strength. The simulation results further show that the mechanical properties of YAG are significantly affected
by temperature. It shows typical brittle fracture characteristics below 1300 K, and a very narrow plastic
deformation zone appears at 1800 K. At 2200 K, YAG exhibits continuous plastic deformation after reaching a
yield stress of 6 GPa. With increasing temperature, the elastic modulus decreases, and the mechanical
anisotropy weakens or disappears. Based on the stress-strain curves, the empirical formulas describing the
variation of fracture strain, ultimate stress, and fracture energy of YAG with temperature are provided. The
defect evolution characteristics of YAG vary with temperatures. Under tensile deformation, YAG crystals form
defects such as micropores and microcracks. At elevated temperatures, lattice slip becomes more pronounced,
leading to the formation of dislocations and stacking faults. Near the melting point, plastic deformation is likely
to produce extensive disordered glassy structure. This study provides an atomic-scale theoretical basis for
optimizing the YAG crystal growth process. It has guiding significance for large-size, high-quality YAG crystal
optical elements.
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