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÷ò�+, Yb� ��Z�[��:;M()|} \]^ H�_��?@
ìï/îï+î`/ñ÷+

G�H�I�(La3Ga5SiO14)

aª÷-éêëìW�§¨©�mÆ
®8O�mÆ
;>b/c78'$�
/Æ

dKL><=���
ìï/îï+î`-ñ÷-
óï/îïô^ô�ïê^ôñ÷-
óï/îïô^ôæ�ê^ôñ÷- `e\^
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jk³lm´

´G�H�I�JjnNtA*wxo4>p?ÉtÜX�

<$qMk
pÉ>o4�rsj()Æxt

u�I�>vI��!wx:;KLlm:Ãtyzs(yt

´ H. Takeda et al., J. Alloy Compd. 408-412 
(2006) 474.

G�H�I�J�jN>:;j�P

A3 B C3 D2 O14

La3Ga5SiO14 * La3GaGa3(Ga,Si)2 O14

G�H�I�J:;t
vI���I�{s|�M}}}

�����d�J:;

10

G�H�I�J�jN>:;j�Q

u�I�s~�ÒwÆo4

A ��� La� Na� Sr
B ��� Ga� Nb� Ta� Sn
C ��� Ga� Ge
D ��� Si� Ge� Al
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��d�J:;>�*

Ca3 Nb Al3 Si2 O14

Ca3 Ta Al3 Si2 O14

Ca3 Nb Ga3 Si2 O14

Ca3 Ta Ga3 Si2 O14

Sr3 Nb Ga3 Si2 O14

Sr3 Ta Ga3 Si2 O14

��d�J:;Mx

A3 B C3 D2 O14
>u�>vI���I�s±��>o4�~�y0>

1998, B.V. MillËs~���d�J:;��**
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s5'$ � 
 * 78'$ � 
s5'$ � 
 * 78'$ � 


G�H�I�J:;M78ÓO>��

LGS: La3Ga5SiO14
PGS: Pr3Ga5SiO14
NGS: Nd3Ga5SiO14
LTG: La3Ta0.5Ga5.5O14
LNG: La3Nb0.5Ga5.5O14
SGG: Sr3Ga2Ge4O14
NCG: Na2Ca2Ge6O14

CNAS: Ca3NbAl3Si2O14
CTAS: Ca3TaAl3Si2O14
CNGS: Ca3NbGa3Si2O14
CTGS: Ca3TaGa3Si2O14
SNGS: Sr3NbGa3Si2O14
STGS: Sr3TaGa3Si2O14

s5'$ a [nm]
0.805 0.810 0.815 0.820 0.825
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�
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�
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ä���]E��G�H�I�:;>¾¿i5ÉÓO

�5R�78<=���I�b���âã120053~�

1010 ��cm at 400oCt�* S. A. SakharovË(FOMOS) �IEEE Ultrasonics symp.120053~�

�r<=>?@>��O

at 550oC

14

4¾¿j�>��

<=n*�Ï>u�

�r<=>?@

Ar��]E�:;��0(�x�á��(ylangasite
1010 ��cm at 400oCt�*´

´�5R�78<=���I�b���âã120053

T��>��O

A ��� La
B ��� Ga
C ��� Ga
D ��� Ga+Si

Langasite>�n

Á�W�140��&'� 

YZ7�45�j��]

<=?@¡¢

:;�� �£�G��Ñ�¤or
�c����¤�l6¥Þ

78ÓO langasiteMd;
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<=>¦§

*H. Takeda et al., Appl. Phys. Lett. 79 (2001) 4201.
* H. Takeda et al., Trans. MRS-J (2005) in press.

óþ/îïôõöñ÷-¨çóþ ©¨óïª¨ð�¨æ«í
«÷÷ ¬ óï¨¨ð�¨¨æ«

óï/îïô�®äå®õöñ÷-¨ç®í
äå¯¼* «÷÷ ÷°¯¼

óï/îïô�®äå®õöñ÷-¨ç®í
äå¯¼* «÷÷ ÷°¯¼
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-
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³ d 14

Pr3+ 1.126A
o

La3Ga5-xAlxSiO14 1&´�LGASx3shi
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µ¶1:;��·~¸¹<3

2.ºZ

3.»¼

4.:;��

1.½3�¾n

Langasite
La2O3(4N)

Ga2O3 (4N)

SiO2(4N)

Langasite
La2O3(4N)

Ga2O3 (4N)

SiO2(4N)

1350oC for 5 h in air1350oC for 5 h in air

RF-heating furnace in Ar atmosphere

using Ir crucible

RF-heating furnace in Ar atmosphere

using Ir crucible

RF-heating Czochralski methodRF-heating Czochralski method

LGAS0.9*
La2O3(4N)

Ga2O3(4N)

Al2O3 (4N)

SiO2(4N)

LGAS0.9*
La2O3(4N)

Ga2O3(4N)

Al2O3 (4N)

SiO2(4N)

7.4578ÓO�'

Ag/Pt-paste coatingAg/Pt-paste coating

using Impedance Analyzer
(HP4194A)

using Impedance Analyzer
(HP4194A)

8.¾¿i5ÉÓO�'

using Ultra High Resistance 
Meter (ADVANTEST R8340)

using Ultra High Resistance 
Meter (ADVANTEST R8340)

100 – 700oC in air100 – 700oC in air

R.T. – 500oC in airR.T. – 500oC in air

6.¿À���ÁO�Â�8Ã��

5.:;�á��

Annealing  at 1000oC for 5h in airAnnealing  at 1000oC for 5h in air

* Takeda et al., Key Eng. Mater. 216 (2002) 43.
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melt

Ar gas and 0.5-1 vol% O2 gas

exhaust

crucible1Ir3

quartz tube

R.F coil
Al2O3 babble

�£�G��Ñ�¤çìÄ ú`eÅë«í

18

Langasite

Langatate
2.0 mm/h
10 rpm
c-axis [001]
5.743Æ0.002g/cm3

11.2cm
2.5cm

1As Grown3

LGAS0.9

Langasite
1.5 mm/h
15 rpm
c-axis [001]
5.556Æ0.003g/cm3

9.8cm
2.7cm

��¡¢M��:;
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+Y plane 200V

+Z plane 200V

+X

+Y

+Y plane 200V

+Z plane 200V

+X

+Y

80oC  0.01 N  HCl aq.  4hour80oC  0.01 N  HCl aq.  2hour

Langasite:; LGAS0.9:;

ÇÈÉOÊ'

äå{Ës~xÇÈÉOÀj

20

at room temperature

dij : piezoelectric strain constants [pC/N]
� ij/� 0 : relative dielectric coefficients [-]

sij : elastic compliance constants [10-12 m2/N]

s11
E

Langasite 9.14

LGAS0.9 9.39

6.075 15.34

6.188 15.86

19.39Æ0.6

18.31Æ0.4

d11 k12� 11
T/� 0

LGAS0.9>78'$d11xG�H�I�~�
/Æ

LGAS0.5 8.80 6.110 16.218.46*

*Kumatoriya et al. J. Cryst. Growth 229 (2001) 289

<='$1åïþÌïÍöe`ª¨óîäõê^ò:;3

g11

35.38

38.18
37.38
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9Ó���cm

45���x
G�H�I�>¾¿iMUÔ

LGAS0.9:;xb1Õ4Æ

Al{Ë�¾¿iÊ's°h

1.1V1077.6V1082.9V1013LGAS0.9
3.6V1055.9V1071.8V1013Langasite

700oC400oCR.T.
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:;��
�£�G��Ñ�¤s)Langasite�LGAS0.9:;>��s*×

:;¹<
Al{Ës~�ÇÈÉO�Ê'

45ÓO¹<
4578ÓO¹<~�

Langasite:;MLGAS0.9:;>78'$x5ÉsØwxÀj�d;
¾¿i5ÉÓO~�

LGAS0.9>¾¿ix45�G�H�I�sUÔb1Õ4Æ

YZ7����<=STM()La3AlxGa55--xxSiO14:;t��(�

Ù>:;¹<M45s·Öx8]³ÓO¹<tÎ�yt

äå{ËG�H�I�s�wxWMX
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G�H�I�ª¨óï/�ïê^ôîïô^ôñ÷-çó�îí:;

La3Ta0.5Ga5.5O14(LTG)���
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Al{ËLTG:;
i³

�¤

ÜÎ��[1]

LTGs·Æ)0dÝ>hÃ�Þß

LTG>4¾¿j

dJ:;�àxLGSs)Gat±7Al�{Ë
wxáMs~�:;>¾¿i�'Î

Al{ËLTG (La3Ta0.5Ga5.5-xAlxO14�LTGAx):;t��
8]¾¿imË¸s785ÉÓO>¹<
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(LGAS0.9)

LGS
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âã·tA*wx:;>��

äiâã·tA*wxå*!ù§M
1(�Si-Ge¾;�Al2O3-Cr2O3ù3

BA

5
É

T*

B3*

Y

Z

æ§ç

â§ç

j�³�N³Oè>éèm:;>��

{ËwxAl>êÉ�é±

ë*�é±m:;>��

AlxGaM{Ëwx
ì

âã·tA*

±²³s�
âã·�xë*�é±m:;>���íî

�ë*Y>æ§ÊËxë*Z>:;�Ø*
�ë*�ïð³sÀj
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Al{ËG�H�I�9:;��

La3Ga4.0Al1.0SiO14
(âjig=0.8)

La3Ga4.1Al0.9SiO14
(âjig=0.8)

ñòNó°��

ô'õ8É: 1mmh-1

Initial Final

9:;���xäå3®©ê^òW�{Ë¥Þ

Takeda et al., Key Eng. Mater. 216 (2002) 43.
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:;Qs·ÖxAléèO

1.0
3.0

5.0

7.0

1.00

1.05

1.10

1.15

1.20

0.3

0.5

0.7

k ef
f

x in La 3
Ga 5-x

Al x
SiO 14

Growth rate / mmh -1

keff (Al)

ö:;Qs·ÖxäåéèO

NO>é±O
• SAW 8É
•8]¸¹:n�$

)1()1( 1
0

��� effk
effs gCkC

Al÷m�$ 1.05ø1.07

:;Qsäåxù�úWÝÒwÆ

M. Kumatoriya et al., J. Cryst. Growth 229 (2001) 289.
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âãûü��[�as~x:;��

LGASºýå*!ù§M
La3Ga5SiO14

Al3(x)

LaAlO3§

?Á

xþ1.0

5
É

T*

x<1.0

(Ê(� A�{ËG�H�I�LGASxs·Æ)´

�Al{Ës~�aª�'Î*Al�:;Qs~�ÒwÆ
�àxAl{Ë3~��§�Ø**A�{Ë3sûü�àx

*H. Takeda et al., Key Eng. Mater. 216 (2002) 43

ë*é±m:;>���¥Þ

AlêÉ�±'Mmxë*�Õ�
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ó�î�>äå{Ë3>�'
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1470oCø1525oCs)Z*
Xç&�s)§d'

�LaAlO3+Ta2O5�LTG Phase

�LTG+LaAlO3+Ta2O5 �Molten
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x¯¼sÏÆs5'$ÐÑ

Impurity
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LTG�>Alâãûü3x x=2.0
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äå{Ëó�î��:;

Melt

Ar gas and O2 gas

Exhaust

Crucible1Ir3

Quartz tube

R.F. coil

LTGA0.0(LTG) LTGA0.3

LTGA0.5

LTGA0.6

Seed LTG
Growth direction c -axis

Atmosphere Ar + 0.5 Vol% O2

Pulling rate 1.5 mm/h
Rotation 15-20 rpm

Growth conditions

LTG�LTGA0.3�LTGA0.5
Xç&�s~�9§t��

LTGA0.6�LTGA1.0
:;CsI�����£���

Al{Ëûü3x=0.5

LTGA1.0

32

äå{Ëó�î:;Q>äåêÉÀj

Al{Ë3x=0.5W�9:;���¥Þ
�(�~�	
mu����
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ë*À��Ö
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ªø/+><='$M�'6��

a : (XYt)60o

b : (XYt)30o

c : (XYt)0o

d : (XYt)-30o

e : (YZt)45o

f : Y-plate
g : X-plate
h : Z-plate

Z

Y

X

g
f

h

30o

�30o

60o

45o a

b

c

d

Z

Y

X

e

Elastic compliance constants 6 pieces 

Piezoelectric constants 2 pieces 

Dielectric constants 2 pieces

TotalTotal 1010 piecespieces

d 11 - d11 0 d14 0 0
0 0 0 0 - d14-2d11
0 0 0 0 0 0

T
11��

T
11��

T
33�

0 0
00

00

s11 s12 s13 s14 0 0
s11 s13 - s14 0 0

s33 0 0 0
s44 0 0

s44 -2 s14
s66

E E E E

E E E
E

E
E E

E

(s66
E = 2(s11

E-s12
E) )

34

<='$�':Ã

30o

45o

c60o

- 30o

dg

a

be

Z

Y

X

f

a�(XYt)60o

b�(XYt)30o

c�(XYt)0o

d�(XYt)�30o

e�(YZt)45o

f�Z-plate
g�(YXt)0o

ªø32<='$�'6��5

������¤

I�[�d����GIZ
1HP 4194A)

LTG LTGA0.3 LTGA0.5

a 8.239 8.231 8.222

c 5.126 5.118 5.117

Mass density [g/cm3] � m 6.134(4) 6.064(4) 5.998(6)

s 11
E 9.06(2) 9.08(3) 9.09(1)

s 12
E � 4.64 � 4.67 � 4.68

s 13
E � 1.95 � 1.97 � 2.02

s 14
E � 3.54 � 3.58 � 3.70

s 33
E 5.18 5.19 5.27

s 44
E 21.9 21.8 21.8

s 66
E 27.4 27.5 27.6

d 11 6.62(3) 6.62(5) 6.63(2)
�  d 14 3.68 4.03 4.19

�11
T /�0 20.0(2) 19.9(2) 19.8(2)

�33
T /�0 79.9 72.0 67.9

Lattice constants [Å]

Elastic compliance
constants

[×10-12m2/N]

Piezoelectric
constants [pC/N]

Relative dielectric
constants [�]
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A-site (decahedral)

B-site (octahedral)
D-site

(tetrahedral)

C-site
(tetrahedral)

A�I�{ËLGS[2]

LTG�>Al{Ë

B, C, D�I�sAl{Ë �I���

§Ø³sA�I�
 � d14 


La3+ 1.16 Å

rÉ�s5'$��8i>ÐÑ

�53�I��µ� Ga  Al

s5'$Ö
8ü�¼#>8]ÀÓÖ�8i

rÉ�s5'$

Ga3+ Al3+

B -site 0.62 0.54

C , D -site 0.47 0.39

69.7 27.0

Ionic raudi [Å]

Atomic mass

� d14>¯¼

Ionic radius [Å]

Pi
ez

oe
le

ct
ri

c 
co

ns
ta

nt
s [

pC
/N

]

0

2

4

6

8

1.08 1.12 1.16 1.20

d11
�d14

NGS

PGS
LGS

La3Ga5SiO14
(LGS)

Pr3+ 1.13 Å
Pr3Ga5SiO14
(PGS)

Nd3+ 1.11 Å
Nd3Ga5SiO14
(NGS)

A�I�
 78'$
A-site: La,Pr,Nd
B-site: Ga,Ta,Al
C-site: Ga,Al
D-site: Ga,Al

[2] H. Takeda et al., Trans. MRS-J 30 (2005)

G�H�I�J:;s·Öx78'$>Àj
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GaPO4

Ca3TaGa3Si2O14
��d�J:;

La3Ta0.5Ga5.5O14
�����d�J:;
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RCa4O(BO3)3 From0j��	

D.V. Balitsky et al.
JCG 275 (2005) e887
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