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Dislocation Density Distribution and Etch Pit Morphology of Yttrium Aluminium Garnet Crystal
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Abstract: Yttrium aluminium garnet (YAG) crystals have applications in optoelectronics, and the defect control of crystal growth is a
bottleneck problem to be solved. In this work, the dislocation etch pit morphology and density distribution were investigated in YAG
crystal grown by the Czochralski method with and without necking technology, and the YAG crystal samples were polished and
etched with phosphoric acid. The dislocation etch pits were photographed by a metalphase microscope. The results show that the
dislocation density of YAG crystal is the maximum in the initial shoulder part and the minimum in the cylinder part, as well as a little
greater at the end part. The dislocation density in necking end is reduced. In addition, the YAG dislocation etch pit of different crystal
directions was analyzed, and the surface energy of each YAG crystal surface was calculated, indicating that the relatively stable plane
of YAG etch pit is (110) and (112). Based on the analysis by the stereographic projection, the lattice plane stability of (110) and (112) and
their position relation to other lattice planes are the important reasons for the formation of etch pit morphology.
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Table 1 Dislocation density of samples without neck in
different regions

Sampling location Head Shoulder Cylinder End
Dislocation density/cm? 142 538 52 142
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Table 2 Dislocation density of samples with neck in
different regions
Before After

necking

Sampling location Shoulder Cylinder End

necking

Dislocation 7417 5931 90 44 46

density/cm®

K2 RS TC AL o A 1
Fig. 2 Dislocation distribution diagram of sample without
necking technology
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Fig. 3 Dislocation distribution diagram of sample at the neck
position
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Dislocation distribution diagram of sample with
necking technology

Fig. 4
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Fig. 5 Etch pits morphology of (100) surface of YAG crystal
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Fig. 6  Etch pits morphology of (110) surface of YAG crystal
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Fig. 7 Etch pits morphology of (111) surface of YAG crystal
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(a) Etch pit 1 (b) Etch pit 2
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Fig. 8 Individual etch pits morphology of (111) surface of
YAG crystal!'®
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Fig. 9 Etch pit of (100) surface of YAG crystal
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Fig. 10  Etch pits of (110) of YAG crystal
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(c) Etch pit 3 (d) Etch pit 4
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Fig. 11 Etch pits of (110) surface of YAG single crystal

(a) (111) plane

(b) (100) plane

(c) (110) plane
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Fig. 12 YAG crystal etch pit morphology
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(b) Surface energy of YAG crystal of (110) plane
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(d) Surface energy of YAG crystal of (112) plane
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Fig. 16 Surface energy of YAG crystal
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(a) Low surface energy density (b) High surface energy density (c) Low surface energy model (d) High surface energy model

K17 YAG (111)[H A2 T LA (L) SR TR ()
Fig. 17 Surface electron density (top) and surface model (bottom) of YAG (111) surface

(a) Low surface energy density (b) High surface energy density (c) Low surface energy model (d) High surface energy model

K18 YAG (110)HI )& [T A7 235 P (L) B R TR ()
Fig. 18 Surface electron density (top) and surface model (bottom) of YAG (110) surface

(a) Low surface energy density (b) High surface energy density (c) Low surface energy model (d) High surface energy model

119 YAG (100) 2% i i3 B ) K TR )
Fig. 19 Surface electron density (top) and surface model (bottom) of YAG (100) surface

(a) Low surface energy density (b) High surface energy density (c) Low surface energy model (d) High surface energy model

K120 YAG (1121 i i A 25 B2 () SR TR ()
Fig. 20 Surface electron density (top) and surface model (bottom) of YAG (112) surface
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(a) (110) plane in [111] direction

(b) (110) and (112) plane in [111] direction

K21 YAG (111)[H b 5
Fig. 21 stereographic projection on (111) plane of YAG
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Fig. 22 stereographic projection on (100) plane of (110) plane
of YAG

(a) (110) plane in [110] direction

(b) (110) and (112) plane in [110] direction

K23 YAG (110)fi k5T #5218
Fig. 23 stereographic projection on (110) plane of YAG
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