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Abstract Prism plane slip {1120}1/3{1100} dislocation velocity in sapphire (0-AlO;) single crystals was measured by
etch-pit method. The dislocation velocities were measured as a function of temperature and stress between 1156C and
1400°C for engineering stresses in the range 140 to 250MPa. The dependence of temperature and stress in dislocation
velocity was investigated. The activation energy for dislocation velocity was determined to be 4.2+0.4 eV. On the other
hand, the stress exponent (m) describing the stress dependence of dislocation velocities was in the range of 4.5-0.8.
Through this experiments, it was reconfirmed that the basal plane in sapphire single crystals has the 3-fold symmetry.

Ashol o} (a-ALO;) @24el Sio] prism plane slip BAEES) £5 2 224

MY, 0|5y
itk SIS A 2F S, 43, 609735
“GF) AeSE ARLLY, A, 157030
(20000 449 25¢ H)

8 o Alelo] (0-AlLOs) WA o] prism plane slip {1120}1/3<1100>2) AAEEE x| ME HpYos 23
slge), Agiew 2=HA) Lxwel= 1150°ColM 1400°C7) Fom, S8 9s 140 MPM 250 MPa7iRI%Ith. dojxl 49
o) on B $8 oFAd iE HESNT. AUE5EY) LxdFEAYL o18s)e) prism plane slip AHETE 5 B3
uRE FEEom, I e e 4.2+0.4 Vo)t T3, A9iGEe) SRS UepiE S8R mE 4.520.81Tt.
HH AEE 242 %) Algolo] AR basal Ho] 3-fold thES FHvks A S A Felsisict.

Lol 1A A gk arh Bol A=
H2ol, microhardness2 ©}&3 A F] W7+
AT= indent F99 micro-plastic behaviors ZHE3H
o2 ALdA[12-13] 2L LM [14-16]¢] HAPAE
o] 2AA%F 2 2% B slip systeme] HIE 3
871 s o] o)&HI Urh

dutx oz AR AR AMIHY7|TE PIAFHORE o]

LM B

3}
ot

£

= A 2w E§HS THIE AbFelolE
T2 ARErelx e FERAE 223 ERE] AR
BAzAM §-&o] 7= Aselth. Kronberg[1P}h 3
oA Aloloje] A et AT, Alstolole
900°C opde] oM WY ], AAUFA] WAshe

» 18
T

z9 &AES basal slp {0001}1/3<1120>, prism
plane slip {1120}1/3<1100>, Z#]Z pyramidal slip
{1011}1/3<0111>°] -2 BwslArt. 2 o|F Alo]
o]e] 2 AAAFA =0 e YA 22t F5S
Ho| Haldlithe ARdo] HEg on (2], ook e
olaslr] s L2o)Me] Fa £YA3-6], 715735 R
F2 3 E[7-10], 23 Il =Z11]% 722 Alwlooio]

3] Yaire AHEE & 2ot 71EAR] Aol
Johnstons} Gilman[17]°] ##%=2 Lithium Fluoride (LiF)
AL ARl AL E 243 olg F5EA, ol
2%, ey A dis] B J7t =gt
[18). 3FAITH, A9AEE 29L 9% ol A8l L2
283 B2 2 7K E AREARY tists vl
A |21 TH19].

P

lo



338 Seog-Young Yoon and Jong-Young Lee

F2 S0, HY QA HREE o}83 71 HpHo
2 Alglolo] @AY AYSEE ALeiE.om[20], E3
"A73E9) indent F919] WglE BAFo R Alvfolo] T
ZRe] AAE=E st HFHAIE H= ARt 21).
Zefu AF7HA] HFA whEo R o] Alulelo] wAR e
AYEEE SAHE A= gl

a8Eg 2 A4 Algele]e] 3 AAPEHA] 2%
w2 APEY/RE Ho) ulaRel Ades osE] 9
3] microhardnessE ©]8-3 2|3l Wl X JEY
£ o83l Algolo] AR AAETE E3|laAt &
o g8y 248 AYEre] &% 9 SHo)&o) 3|
AEF A} 3t

2, AE HY

2 d7E A% AvEd F¥L Fig 19 2 el
en, 7+ gAY 4

2.1. A A #

E A8 AME AEE 2450 Algole] AR
[Union Carbide, USA} A18-3}43c}. o] AJHe] Adxptsl
< [0001eIleH, HES S5t AAWES 24 3] 4
&} Laue back-reflection methodE o]-&slgt}. whao
AAR NWL ool A& AR 25%x3X 1.5 mm®
4719 AedA=2 ARsR e, 1 FejE Fig 29 U

- Orientation using

—»
Laue back reflection

Specimen
Indentation | “®  1000°C, 50g, 15sec

Step 1

Ictching | % KOH at 400°C

- 10 observe dislocations
around the indents

Indented sample

to give the stress pulse
for moving the dislocations

Step 1

Chemical etching | <® KOH at 400°C

| optcal micrasopy | < e the diplacements i,

Fig. 1. The overall experimental procedures for mea
suring the dislocation velocities. Step I: introduce dislo-
cation, Step II: measure dislocation displacements.
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Fig. 2. Speciment orientation which has an indentor in-
troduced on the (0001) plane by Vickers indentation.
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Table 1
Resolved shear stress on the possible prism plane slip sys-
tems for applied stress along the axis [c is the applied
stress]

Stress axis Slip plane Burgers vector RSS
{11001 (1210) [1010] 0.430
[1100] (2110 [0110] -0.43c
{1100] (1210 [1010] -0.430
{1100] 2110 [0110] 0.43c
{1100] (1120 {1100] 0
[1100] (1120) {1100] 0
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Fig. 3. Schematic diagrams for measuring the dislocation
velocities: (a) stress pulse shape (b) calculation of average
dislocation velocity.
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Fig. 4. Optical micrograph of etched pattern of (0001)
sample surface after indentation under given condition:
1000°C, 50 g, and 15 sec.
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Fig. 5. Dislocation sub-structure in the vicinity of an
indent before (a) and after (b) four-point bending exper:
ment.
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loading time during bending test.
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Fig. 7. The histograms of the dislocation displacements
after four-point bending experiment.
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function of temperature at constant stress (108 MPa).
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Table 2
The values of stress exponent (m) of the prism plane slip
dislocation velocity

Glide systems Stress  Deformation  Stress

axis temperature  exponent (m)
{1120y <1100>  [1100] 1150°C 5.3+0.6
{11%0} < 1100> [1100] 1200°C 4.8+04
{1120} <1100> [1100] 1250°C 4.5+0.8
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