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Micro-tube Sapphire Crystal Grown by the Edge-defined-film Fed Method

WANG Dong-Hai', XUE Yan-Yan', LI Na', ZHOU Shi-Ming', XU Xiao-Dong?,
LI Dong-Zhen?, XU Jun', WANG Qing-Guo'

(1. Institute for Advanced Study, School of Physics Science and Engineering, Tongji University, Shanghai 200092, China;
2. School of Physics and Electronic Engineering, Jiangsu Normal University, Xuzhou 221116, China)

Abstract: Sapphire rod with micro-tube (inner diameter: 470 um) and sapphire plate with micro-tube (inner di-
ameter: 160 um) were grown by the edge-defined-film fed method (EFG). Profile curves of the small liquid menisci
were investigated on the base of numerical solution of the Young-Laplace equation. By inserting Mo wires, new
type of die was designed to form and sustain size of micro-tube in the volume of the crystal. Two problems were
solved at the same time: 1) obtaining high quality sapphire crystal; 2) forming and sustaining necessary micro-tube
sizes in the volume of the crystal. The crystal were transparent, colorless, no cracking and good XRC value of 3.8
arcmin, demonstrating the high quality of the as-grown crystal.
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Fig. 1 Schematic diagram of tube forming by a hollow in the
die surface

H AT CRIE ) S EEAEK R KRS R A
B 42 85 mml”, BRSSP RAEANREN
0.5 mm™, A KABFLE 5 A SR B8 e T AR K
FE PR RIRZS S it N AR K B b 4 i L B 2,
X2 RO AL AR /DN T A R A S
(6 mm), MR H AR AT, b TR R A R(D):
2y cosl (1)
Prg
Horbe oy NIRRT 5K ) ZB(N/em), p NIEWREE
(g/em®), r NBLNE F45(cm), g NESIINEEZN/g),
O N EBENE A - AT WAL, FLN R T E TR
5, 34 =03 mm B H=120 mm, &&4KERFLK
Dy FE A I R T AR R 2R AR A I I I AR AR 2,
W OR AL 2, 3R Bl 2 I REAEAR /N [ N AR
A DL 5 A0 T PR S R B, A B DR FE AN L Ao
(Chs A B JE ) ik 20> LD 3 B0 A 0 0t P ik 2>, g s
PRANET 3 N AS 2R T B S0 B AL, T 2R R
KERDIRE), XA AKORS BT T3, X
1A 7y 5 55 3R T g ] A — B2 T 3 B0 S ARG,
W eI T e A R A AR SR B, T THR
WIS AR R B2, AR IRt N C A KR SL
BSLEEZE, BrLL, ERRM A SEEEKE S A
R IR LUAE KN AR/ T 0.5 mm S A
B, WER 1, R RIET S AL A
NNAE

4 K B A ORS8RI AL A R A
TV SRR 4 4 Tl L PR A e A K T I BE R PR A, 7% [
IR P AN ) R 1)3RA5 e o0 B b A 2) 4TS
FROTHIRSE K . A K B = A iR R AT 2
TEJE AR IR RS 8 AEAE I, FE 45 G AT 4E 35S 1) BE & 1)
Sl RIS ARTTT, A TR A 5 4 A A 50 R 94 A T
AL RS A2 e 1, 75 2R A Tk v 3, e
IF, A AN FE AR DS, 3 O A T R AR, DABLE
NN EYRE SO SS E C TN AT TN Y IR

A TCARIEE AT B AL S i AR KB, B
DIAEKHEHNFLE<0.5 mm BIRFLEE F A dmik, &K
KA 220 mm, FFXA KR TALEE = A il R gt AT
T HERRIR .

1 BNMSEIERBAEEARNERNESH

Table 1 Minimal inner sizes of sapphire tube grown by
different companies with EFG method

H=

Company Minimal tube ID size/mm Nation
Tydex 0.80 Russia
Rostox-N 0.50 Russia
Namiki 2.00 Japan
Kyocera 1.30 Japan
Saint-gobain 0.58 France
Crytur 0.60 Australia
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Fig. 2 Schematic diagram of micro-tube forming
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Fig. 3 Calculation model of sapphire tube growth
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Fig. 4 Profile curves of small internal menisci at different
crystal radii
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Fig. 6 A raise meniscus level and rod formation
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Fig. 7 (a) Photo of as-grown micro-tube sapphire with the inner diameter of 0.47 mm; (b) Microscopic photo
of the as-grown micro-tube sapphire; (c) SEM image of the as-grown micro-tube sapphire
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Fig. 8 (a) Photo of as-grown micro-tube sapphire with the
inner diameter of 0.16 mm; (b) Microscopic photo of the as-grown
micro-tube sapphire
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