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SAW Properties of SGG and LGS Piezocrystals
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Abstract: A new piezoelectric crystal Sr3Ga2Ge4O14 (SGG) has potential applications in Surface Acoustic

Wave (SAW) device. Based on the piezoelectric properties recently reported, the SAW properties of SGG

crystal in some cuts were calculated by means of Christofel Equation and boundary conditions for the

first time. Compared with the well-known piezocrystal La3Ga5O14 (LGS), SGG crystal shows higher

electromechanical properties.
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u��:�lRG���P*wM��"F�q<AV~!v�3� La3Ga5SiO14 (LGS) �6q�^<AV~!vM�V~_��l�Hqg&\,!z [1,2]. LGS !vP�+�!��Dyz�� P321. ��6A� 4 C:�q`LM!$$z�Cl}|C A3BC3D2O14 H,E���CAq
ABCD $�Cl�:�qLM�-%1�℄Cl�F��℄qLMl�C�C*Zaw�sÆCl6

M�C LGS K>�6q<AV~!v��A�-
ge Sr3Ga2Ge4O14(SGG)[3] !vqQTV~F��� LGS !v��℄M�egw� LGS, ��M�<gaqE
VK
��℄�z����$uAq*9/[+j SGG !vq<J����℄GUq��u�u�CYg5\,/[�AAAN�/G>
X\,lIs��G5u"ejM1Q}^_��� [4] <JR8(
50mm q SGG !v�0
��℄GU�g7qFQ%zu�CYCL��C,w� SGG !vZK
j%z (1370◦C) �*&�"EY "
:,u7V ��uqw}�&�dZj4:q�%L℄H<�jz��;�A~�0o�"
 SGG q SAW qF�CE��qOk���Æ/5/[�J�!v�)B}\q
S�sX��Q}*9�%X<s3q�℄GU�ZOk/��Y�!v X �� Y �Q Z �q:6	20� 2006–01–04, 6�U�	20�2006–03–29��O.� �rO �Mb� (60274062)h
��� 9I� (1970– ), }�8F[+;� EW$L1� h19� E-mail:jxj127@sjtu.edu.cn
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2 SGG �LGS�D4r-v�S")�J:,u7qFqOk��.J+1(�q�℄GU (�FgFGU�V~GU��~GU�q��!�(�Uj�*wqg
Q�

��UGU) �
Christofel �NQ$�z�Hpfy&�.z��q:,u7`� (�FP�\,uQ�P\,u) �g~kT�U (K2) ��
� (PFA) uqFBU��u
��l}qOk��f�EN[l{bYw�
2.1 x'{9V`_iom�3�q�℄GUJ�C3�qOk��q�sQ
S�
 LGS !v�A�q:�\,2V(RYlng�F-q�℄GU�e�J�N+
/5GUqC?F�CYB_\,�
 SGG !v���TM�y:J�ll�2q�℄GU℄�}�l�p 1 LGS,SGG %g!eF
�B�w&z8

Table 1 Constants of LGS,SGG

Constants LGS[6] SGG

Elastic constants/1010N·m−2

cE

11 18.849 –112.830

cE

12 10.42 –119.161

cE

13 9.688 –98.488

cE

14 1.415 1.067

cE

33 26.168 –70.832

cE

44 5.371 5.111

cE

66 4.221 3.1653

Pizeoelectric constants/C·

−2

e11 –0.402 –0.3939

e14 0.130 0.2022

Electric constants

εT

11 19.620 13.61

εT

33 49.410 18.18

Thermal expansion coefficients/10−6

α11 5.630 6.5

α33 4.079 5.8

Density/g·cm−3

ρ 5.7392 5.112

*!6��AAAN�/G>
X\,lIs�u"lC�q�℄GU!��2C? [5]. sX���Ok����-K}�B_�T�Kq��% [6](Rq LGS �℄GUQAA/G>
X\,l\,2V(Rq SGG �℄GU [5], ', 1 lE��%
[5] A(RqJ�℄W�GU s �V~w&GU d,#J_W&��℄��GU c �V~wSGU e.G
:R�g��%A(Rq�℄GU�J
�!Hq� 
y&�.�C����M�
�K'Vq℄(&_�#���℄GU&_j*wq℄(�A� X �U� Y �U� Z �U*wq Euler��-� (90◦,90◦,0◦ ∼180◦) � (0◦,90◦,0◦ ∼180◦) �
(0◦ ∼180◦,0◦, 0◦), �uOk���l}q�℄GU�J�X Euler �J_ÆMq�
2.2 SAW }tAT�=#*V~
�/q SAW V3qFqpfCl?�� ��&^!v$�z�� Christofel �Nq�� [7].  !v℄(�A (� 1) V~!vq7��N��

cE
ijkluk,li + ekjiφki − ρüj = 0

ekluk,ji − εijφki = 0�A�ui �>zq0��i�φ�~H�cE
ijkl �

ekji � εij �-�!vqgFGU�V~GUQ�~GU� ρ �!vqq��
� 1 8*s5oe\'�
Fig. 1 Calculation coordinate system for SAWv4V~!vAq:7Q~W7q�u���

ui = Aiexp
[

jk
(

3
∑

i=1

nixi − νt
)]

φ = A4exp
[

jk
(

3
∑

i=1

nixi − νt
)]CA�i=1 �2�3; ν �7qV3`��k �7U�

ni �7V3�.q�.� � Ai �0����u7q�`)V~!v7��N�Cnj Christofel�N�
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Γik = cE
ijkln1nm, Γ14 = eejlnkn1, Γ44 = εiknink

i, k = 1, 2, 3)/ SAW #�y~�{D	 Christofel ���Bmi�tN�[O�O[)ro(^� vs O vm.

2.3 ��m�K7 (K2) ��;�S{u{?�d{iR�SI	wS{Æ~.ZD�oDbAS�m�yS{=Zod6�O{�5x(XiRI[�R�7�x+i7)r4Æ~oDiO.Z_E	2t�n


K2 =

U2Y
Uf · U�

UY 
eD
�{(XZ{�p�� Uf 
eD�p��U� 
�{�p�	�t{SjN(o{0e?f<��^L
t4�`f<�"I^
)r4�r
�7)r4Mh?�d{iR�S�,

7�o�n [8]

K2
≈ 2

ν2 − νm

ν2

νs 
N�)r*P4o4^�νm 
�O[)ro4^	.%�no�MmnIUv!o�&B*P4��U�o)r{G�{n)r^�?"��RoiR�
{�Ox�.{G�dj!Lox+d"�\�kh<^��	\o%[	.a�{N�)rO�O[)ro(	^�EG)1)r^�oiRIRMo	
2.4 /(� (PFA) ��;�a��KR�-��I9�a^� (�a�-) 
(^� (4T1�-) 5xoq��m�yW74�U^2o\0	u3(^�g�- θ o%[Bk)D
 ν(θ), {n)/�a�-Im��'o�'�-�"�a� φ B� tanφ = 1

ν
dν
dθ
�P	

� 2 LGS � SGG  u X �T (90◦,90◦,Ψ) p8*s5pE
Fig. 2 SAW characteristics of LGS, SGG crystals in X-cuts(90◦, 90◦, Ψ)

� 3 LGS � SGG  u Y �T (0◦,90◦,Ψ) p8*s5pE
Fig. 3 SAW characteristics of LGS, SGG crystal in Y -cuts (0◦,90◦,Ψ)



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

276 � e > [ L � 22 6
� 4 LGS � SGG  u Z �T (Ψ, 0◦,0◦) p8*s5pE

Fig. 4 SAW characteristics of LGS, SGG crystals in Z-cuts(Ψ, 0◦,0◦)

3 �<��
^>)�	�t=Z2�'-pD�9}o�#
T1�-,o SAW oDEp�	\	bO�W�
P{�t~ToD�-"H	�to'%�-�Bnd���Y
)i�Ru{b�o�#
T1�-	�ÆA>W LGS r}I�to.4Y) [9],ndW SGG �t� X �� Y �O Z �o7)r4 (SAW) oD�/
(}�-o LGS �tooD�BW�		&� 2 � 3 � 4 jD	(^�ondÆB)v�� X �S
 Y �S?� SGG 
 LGS o7)r4(^�(E9\��
±150m 5x�
� Z �SBk;P� SGG o(^�80	 LGS �to(^�	^�EY 60∼150m,	vo(^�)vW� SAW Æ~�f;0?[oB�	d{iR�SondÆB)v�Z �S SGGod{iR�Sa�,� LGS 0�
� X �S
 Y�S� SGG �tod{iR�Sb��\	 LGS�t	� (90, 90, 0) �-, SGG �tod{iR�S[iW 0.82%, ��\	 LGS �t (0.48%), XvW SGG �t~Tod{I^D�	d{iR�S!P	�vD9iL�r!Æ~o.Z_E	�a��yW74�U^2o\0�U!��.B#/	7)r4Æ~I9Po	nd)v�X�S
 Y �S,� SGG �t
 LGS �to�a�a��\�Z �S SGG �to�a��
 LGS�to 60% Y���P	r!7)r4Æ~oD

�	}?�Ynd?;P�Y �SO Z �So SAWoD℄ 90◦ �',	K�P{.%oy��~[?Bk|0O~���|0nd.ZU	
4 �)zb�1W:? SGG S{�ti�D��/YMh,��W� X �S� Y �SO Z �So7)r4oD�/
 LGS �t�BW�		4AW
SGG S{DJ�d{iR�S!�IfBU�u{�$o:?S{�t	�ÆoMh��ÆBBk
�=ZoÆ~[r2Mhh/	y HM
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