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Growth of new piezoelectric single crystals by the czochralski method
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Abstract Langasite (LGS) is a material hoped to meet needs required of new base materials for future communication
devices (e.g. SAW filters). In this study, synthesis of new materials was pursued by developing new compounds with
the host structure of Langasite in hopes to obtain materials with improved characteristics; compounds including
La3Tag5Gas501s (LTG) and LagNbg 5Ty 25Gas 5014 (LNTG) were synthesized by solid state reactions. Characteristics of
the compound synthesized in question were determined. The single crystals of Langasite-type were grown using the
Czochralski method. The growth conditions for LTG and LNTG were studied and were found to be similar to those of
LGS. The growth characteristics of LNTG were observed by studying etch pit formation density along the crystal length.
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Table 1
Comparison of the ionic radius of substituted ions

Site Component Coordination type Ionic radius (pm)

Bsite Ga(3+) 6 coordination 76
Nb(5+) 6 coordination 78
Ta(5+) 6 coordination 78
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Fig. 1. Setup of the insulating ceramics and the growth
system.
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Fig. 2. XRD pattern of single La;TapsGass0™ phase after
calcining for (a) 5hours and (b) 15 hours at 1400°C. H:
Secondary GaTaO, phase.
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Fig. 3. XRD peaks indicating a formation of a homo

geneous LasTay sNbg05Gas 5014 after calcination at various

temperatures. W: LagTag2sNbyosGassOy [: GaTaOy

GaNbO,. (a) 1300°C for 15 hours, (b) 1400°C for 15 hours,
(c) 1450°C for 15 hours.
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Fig. 4. LasTay5Gas50,4 single crystals grown by CZ
method. (a) LTG1, (b) LTG2.
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Fig. 5. LagNbyzsTags5Gass0w single crystals grown by CZ
method. (@) LNTG1, (b) LNTG2.
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Fig. 6. XRD analysis of LNTG1. No secondary phases

were observed. a : Crystal 1/5 the distance from seed, b :

Crystal 2/5 the distance from seed, ¢ : Crystal 3/5 the

distance from seed, d : Crystal 4/5 the distance from seed,
e : Crystal 5/5 the distance from seed
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Fig. 7. A decrease in the lattice parameters of LaNbos-
Tay25Gass0q4 along the growth length is observed.

Table 2
Lattice parameter comparison of LNTG with reported
LTG and LNG [13] (unit : A)

Material a c

LNG 8.218 5.122

LTG 8.225 5.123

INTG  singlecrystal  8.217~8.226  5.120~5.126
poly 8.222 5.122

o] Tt RI[13E ARGl BOAE HIE A
o2 Faldr}.

= dx 2R A% A49e melvt 48EAD HE X
3l ARE AL 98 71e 282 FdsHA AAst
5 A% £52 712 1.0mm/hrolA 0.5 mm/hrE 31k
zAsA 449 2A4L 27 22 mmell o7t 46 mmR]
AAoE 27| meltd] 163 %% A3} AHAT (LNTG2).
T WA A4S A LNTG ZAHth: Ze odxa S



398 Jin Ho An, Keun Ho Auh, Kyung Joo and Yong Sun Jung

(a)

Hglo) sARe 24E BRYyel Tk ¥ ¥
$(Fig. 50)& Rtk ol o e ISR Bt
4% LNTG 2944¢ 32 % drke Ag najEn.

3.4. Etching ¥ etch pit #Z

LNTGS) 2349 oigelle 24, A, A4t 59 etch-
ants Qs A7k Lxo) WHilE FUA AAsi.
o}z LTGY LNTGel ™3t etching®l B7t flo] ok
F wos Ags] £ g3, Qlibel AulHez F&
etching 272 2EE el it Ad-gAE51e
hot platecli#] oF 187} etching ¥ 3 w43} SEM
& E3) AW BFsHt

SEMe 2 o3 AL #a & dx, LNTGH Z2A
ol A% A" AA9| shehdo] ] e etch pito] A
AEe B2oag £ 9tk LNTGLY AARFe slai s
A FAF A3, ATH(Fig. 8()9] etch pit density
E ¢ 2x10%m’ AEE AMNEYE, siE(Fig. 8(0b))
9} etch pit densitye ¢ 10x10%m” A=E A=Y
t}. Etch pit #23 23 Jlole ojwd Idolu 2314
E9] inclusiono] 2 <td Aoz wol, AR 28
Wek) el 4 w2 F7RNe 249 A%l 37 239
sle] BE3E4S 7 Aew HxY-. Etch pit&
t}x underdeveloped=l®] &S B9 FATA] gk
u glsfia] 2 etch pite 42HE Bl Zom FAE
o #@3H etch pite] A7 oF 0.8~1.0 um BEHTH

4.4 B
D) A22 3EQ LagTaysGass0ust LagNbyasTags-

Gass007} 1400°CollA 1450°C) Pl /duke-2 B3
& §Hajo} o]FoiTt. LagNbo2sTap :Gas 50102 LayGasSiO,

(b)
Fig. 8. SEM images of the (a) upper LNTGI crystal and (b) lower LNTG1 crystal after etching.
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