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The growth of YMnO; single crystals using a floating zone method

Dahl Huwey Kwon, Seung Gu Kang*, Eung Soo Kim*, Yoo Taek Kim* and Kwang Bo Shim
Department of Ceramic Engineering, Hanyang University, Seoul 133-791, Korea

*Department of Material Engineering, Kyonggi University, Suwon 442-760, Korea

(Received May 8, 2000)

Abstract High quality crystals of YMnOs, which is interested in non-volatile memory device application, were grown
by the floating zone method. Optimum condition for powder synthesis was established to be 1200C for 10 hrs and
optimum condition for sintering of YMnQ; feed-rod was established to be 1500°C for 10hrs respectively. It was found
from non-seeded growth experiment that YMnOQy crystal was grown preferentially to the [1010] orientation. The YMnO,
single crystal, which was grown to the direction of perpendicular to C-axis, was typically 5mm in diameter, 50 mm in
length and showed dark-blue color.
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Fig. 1. XRD patterns of YMnO; powder synthesized at
different temperatures (¥ : the peak of Y,0,, : the peak
of Mn,0;).
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Fig. 2. SEM micrographs of YMnO; powders synthesized at different temperatures
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Fig. 3. The Relative Density of YMnGO, Sintered at Dif-
ferent Temperatures.
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Fig. 5. The image of stable molten zone.
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Fig. 6. The sequence of occurrence of strong facet.
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Fig. 4. SEM micrographs of YMnO; sintered at different temperatures
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Fig. 7. Growth Steps made on YMnO; single crystal of
15 mm in length.
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Fig. 9. YMnO; single crystal grown 50 mm in length.

ks d= thh AR £xE wWEA sNgs ZA7}
URAT feed rode] FA7F F7E& de §q] 4= B
ofX| 2 A=l AR FA G4 S7EP] wEe] $4
o} gl 2LApo)= QIgE cracke] WAHS #E
g = YA o)9kzko] cracke] WA Aol crack®
Holl 2 A7 o] Zo] @AIsle ©] o]t A B
7Fs8k . Cracke] FAYE @, 7mm ©]32] feed
rodg AMIE e ALl AAZE E7FsRL 4 mm T
9] feed rodg AREF-E W% necking® #1538k crack
< AAsk=dl 5r7F 7ol A9t

27 4mme] ke feed rodE AREE] AAAAA|oE
A1Z2¥g 3mm AE2] £EZ pulling downs 330
feed rod®] FA7} AZ4E pulling down £55 24
AZoh A7 7mmY feed rodS AMRS] 2RAAAS T
ZSole pulling down £=& 2.5 mm/h 2 ZAAFAk
Elgs oi=

Feed rod®] A7} FALZTS feed rodE =0]7] ¢
3 7% powerrt oY ow IZAE Fo)7] 3l pull-
ing down speed= ZFAAlAkeE FTh 3F gojo] Fol
7] wjio] B §AL Aofsl= o] WL ofHHTY).
o] g7 mo] F4lHel oFole] 2ERbsF AR
seed 9] F4AFE 2IHL = Yoz EXFT.
o]|2213) seed 2] A BR} feed rodZe] AR E
o] FE3h= 2] U AF A olF FE wEe
UAge] sido] wAlEY AggaAe] B stepel I
o] defect®] sourceZ} HAth. Seed £ feed rodZ:
9] 25¢ 97 9AelA powerE Z7HZH L™ power?
Z7k= Q8 Z2RAAA e =8 AAol cracke] A471=
agle] 7= Yt

Power?] Z717)F AA) crackS AARAFIE o2
AR v B.9)9] & V|72 QlE] EEAe] A
kA BskevE AlE T 28 cracke] EAEA e
A% 71971 S8iXe AXol HAskE seed 3 feed
rod 4] TAFE] M2 FE3R] B A= power
Hobe 23 FAkd powerZ U8 Fo] TAsks B
th= 22 pointel4le] controle] FR3IATH &-§the] =
G QtoE 2F Q&S efere] &8t Ao 7F
vl s vH14].

YMnO, @24 2444 DCXRDE <Js H71=EA
o}, FWHM 312 ¢k 170.1 arcsecEX de] HAY o

A=A

4. d 8

FZ 328 YMnO, %E%S A=K Ha FF=A
2 F7 7mme) feed rodE AFEHLS W HALEE 25
mm/h, 4522 AETE 30 rpm RS HAETE
25 rpm ©JAth YMnOg= 20A] Ak AL vehl7)
il ST Bo7le AE TESST 34X 98
274 22142 1200°ColA 1077 F438 B2 1500°C
N 10AZF 2AE Wk 2AYS RIS 2R
Al 9-4& Aahakek (preferred orientation)o] FA|FHE
1F 4= IET), ol Fx facete] VeI o3 A
9] faceto] AIAY AL sty 7 wEkgol 7
facet we} A4F3e S¢to g NG 4 Q). 4AH
ZARe HelE ool 4 [1010] WFelgon 2 9
o] wfgbolA= cracke] WAL E sl A7o] BIFssIA
th AAE YMnO; @238 7 5mm ZolE 50 mm
7ol Hw TAA9] ofze] ZHA ot

[1]1T Mitsui and S. Nomura, Landolt-Bornstein
Numerical Data and Functional Relationships in
Science and Technology, New Series, Group 3 Vol. 16/
a, Ferroelectrics and Related Substances, Oxides, ed.
K.-H. Hellwege (Springer, Berlin, 1981).

[2]1 E.E Bertaut, F. Forrat and PH. Fang C. R. Acad. Sci.
(Paris) 256 (1963) 1958.

[3]1 ZJ Huang, Y. Cao, Y.Y. Sun, Y.Y Xue and C.W, Chu,
Phys. Rev. B 56 (1997) 2623.

[ 4] Nobuyuki Iwata and Kay Kohn, J. Phys. Soc of Japan,
67, 9 (1998) 3318.

[ 5] N. Fyjimura, T. Ishida, T. Yoshimura and T. Ito, Appl.
Phys. Lett. 69 (1996) 1011.

[6] N. Fuhimura, S. Azuma, N. Aoki, T. Yoshimura and T.
Ito, J. Appl. Phys. 80 (1996) 7084,

[7]1 HN. Lee, Y.T. Kim and Y.K. Park., Appl. Phys. Lett.
74 (1999) 3887.

[8] G. Teowee, K.C. McCarthy, ES. McCarthy, B.H.
Dietz, D.G. Davis, Jr. and D.R. Uhlmann, Mat. Res.
Soc. Symp. Proc. 495 (1998) 327.

[91 WC.Yi, C.S. Seo, S.I. Kwon and J.G. Yoon, Abstract of
1999 Material Research Society Spring Meeting (San
Francisco, USA, 1999) p. 424.

[10] H. Kitahata, K. Tadanaga, T. Minami, N. Fujimura and
T. Ito, J. Am. Ceram. Soc. 81, 5 (1998) 1357.



The growth of YMnO, single crystals using a floating zone method 285

[11] A.W. Vere, Crystal Growth Principles and Progress, [13] R.A. Brown, Advanced Crystal Growth (ISCG6) 6-11
Plenum Press (1987) 775. Prentice Hall Press (1986) 41.

[12] W. Keller and A. Muhlbauer, Floating Zone Silicon, [14] S. Kimura, I. Shindo, K. Kitamura and Y. Mori, J.
Marcel Dekker Inc (1981) 108. Crystal Growth 44 (1978) 621.



