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(1) WERER, 0 DEEOVA b (By) KHEETIEHEIX. &V 4 FETProbsER
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BB FEMEE LTEMENTWEary Loy MO LINDOs (=4 7 Y F 7 1)
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D, HlZIXGaNBY A MZADAREMEEZMRF L THD, BY A FIZ Ta, Ga, vacancy

4 A TOAHENSHRF LA ERZOY A MEA O ATREME

CTGS: Gain B site
A B C D g: Ga population ratio in B site
3 1 3 2 v: Vacancy population ratio
Ca Ta Ga Si Stoichiometric (@)
Ca Ta, Ga Ga Si g =0 — Stoichiometric X
Ca Ta, Ga, V Ga Si 2g + 5v = 0 — Stoichiometric X
Ca Ta, Ga Ga,V si 2g+ 3.v:O — St0|c_h|0.metr|c _ »
Negative freedom in site occupancy — C site
Ca Ta, Ga Ga Si,V 5g + 4v = 0 — Stoichiometric X
CTGS: Ga in B site and Si in C site
A B C D s: Si population ratio in C site v: Vacancy population ratio
3 1 3 2 g: Ga population ratio in B site
. . s-29=0
T . I .
Ca 2 Ga Ga, Si Si Negative freedom in site occupancy — C site %
. . §-29-3v=0
Ca Ta, Ga Ga, Si, V Si Negative freedom in site occupancy — C site x
. . $-20-5v=0
Ca Ta, Ga, v Ga, Si Si Negative freedom in site occupancy — C site %
Ca TaGa | Gasi siv | $:-20-v=0 x
' ' ' Negative freedom in site occupancy — C, D site
CTGS: Si in Csite
A B C D s: Si population ratio in C site
3 1 3 2 v: Vacancy population
Ca Ta Ga, Si Si s =0 — Stoichiometric x
Ca Ta Ga, Si,V Si s-3v=0 (@)
. . s-4v=0
C T: Ga, S Si,V . L .
2 2 e ! Negative freedom in site occupancy — D site x
Ca Ta, V Ga, Si Si s-5v=0 (@)
CTGS: Gain D site
A B C D g: Ga population in D site
3 1 3 2 v: Vacancy population ratio
Ca Ta Ga Si, Ga g = 0 — Stoichiometric X
Ca Ta Ga Si, Ga, V g + 4v = 0 — Stoichiometric X
Ca Ta Ga, V Si, Ga g + 3v =0 — Stoichiometric X
Ca Ta, V Ga Si, Ga g + 5v = 0 — Stoichiometric X
CTGS: Tain C site
A B C D t: Ta population ratio in C site
3 1 3 2 v: Vacancy population ratio
Ca Ta Ga, Ta Si t =0 — Stoichiometric X
- 2t-5v=0
Ca Ta, v Ga, Ta Si Negative freedom in site occupancy — B site %
Ca Ta Ga, Ta, V Si 2t-3v=0
Ca Ta Ga, Ta Si,V t-2v=0
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A—=BDOHD3LVEL 25, T bbb IOXHRLERTOMAADLEIIRAREL 2D,
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Study of site structure of langasite-type crystal optimized for a substrate of combustion pressure
sensor for automobile use
Crystal chemistry, Citizen Holdings Inc.*
S. Uda, R. Yaokawa*, H. Zhao, K. Maeda, J. Nozawa, K. Fujiwara

Abstract

Four-element langasite crystals have been examined as a promising piezoelectric substrate for
high-pressure sensor for automobile use at high temperature. They are CTGS (CazTaGasSi,014)
and CNGS (CasNbGa3Si,014), which have been proved to be congruent-melting material. Their
optimum compositions have been investigated based on the ionic radius of constituent elements,
charge neutrality and the freedom of crystal site for element occupation. The last criterion has
been newly developed for narrowing down the possible occupation of elements in crystal site
based on the restrictions; mass balance in site, equality of chemical potential of element
distributed among sites and the vacancy population due to charge compensation. This allows us to
determine the optimum composition of CTGS, i.e., higher Ga/Ta ratio and smaller amount of Si
than stoichiometric composition. The crystal grown from such melt shows the resistivity of
1.8x10°Q-cm at 400 °C, which satisfactory meets the resistivity specification of the
high-pressure sensor used for automobiles.
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