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PZNT Single Crystals, Having High Electro-mechanical Coefficient
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Piezosingle crystals of Pb(Zn,;;Nb,,3),Ti,,O05( = 0.90-0.93) (PZNT) of 50 mm in diameter were grown and their dielec-
tric and piezoelectric properties were investigated. PZNT single crystals were grown by the Supported Solution Bridgman
Method. The electro-mechanical coupling coefficient for the rod samples (k,;) and the piezoelectric constant (d,;) were
approximately 950 and 2 400 pC/N, respectively. Those for the wafer samples (k) and (d,;) were approximately 5601 and
1800 pC/N, respectively. Dielectric and piezoelectric properties of PZNT piezosingle crystals were advantageous to the
usual piezo-ceramics such as PZT. Applications to high efficiency and high resolution acoustic transducers and high posi-

tion sensitive actuators are expected.
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Fig. 3 Ternary phase diagram of the relaxer materials, PZ and
PT (Morphotropic phase boundary (MPB) I and II are
shown)
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Table 1 Growing conditions of the suspended crucible method
for single crystals of 40 mm in diameter

PbO : PZNT (mol0) 55:45
Maximum temperature (°C) > 1150
Holding time (h) 8
Growth rate (mm/h) 0.35
Gas flow rate (cm®/min) 500
Crucible Pt

Suspended crucible
method

Upper furnace l
Lower furnace
Cooling rod

Fig. 4 Schematic illustration of the suspended crucible method
for single crystal growth of 40 mm in diameter
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Fig. 5 Schematic illustration of the 3 zone Bridgman furnace and
the crystal growth by the supported solution Bridgman
method
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Largest single crystal portion

Photo 1 Multi-nucleated crystal (Single crystal ratio is approxi-
mately 8001 )
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Photo 2 PZNT crystal of 10000 single crystal ratio (50 mm in
diameter)
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Fig. 8 Directions of spontaneous polarization?
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Table 2 Dielectric and electro-mechanical properties of PZNT rod samples

Before poling

Item Density (X10°g/m?) C (nF) tand (0) g, T. (O
Sample A 8.36 0.0362 3.6 2860 173
Sample B 8.36 0.0421 3.2 3320 180
Sample C 8.36 0.033 8 3.6 2670 175
Average 8.36 0.037 4 35 2950 176
After poling
Item C (nF) tan 0 (O) &'/ /. (kHz) £, (kHz) kyy (O) ds; (PC/N)
Sample A 0.0589 1.1 4650 39.5 118.1 95.2 2500
Sample B 0.0491 1.3 3870 40.3 118.6 95.1 2200
Sample C 0.0597 1.0 4710 38.6 116.5 95.3 2550
Average 0.0559 1.1 4410 394 117.7 95.2 2417
C: Capacitance, tan d: Dielectric loss, &3;"/¢,, ¢,: Dielectric constant, T,: Curie temperature, f,: Anti-resonance frequency,
f.: Resonance frequency, ks, k,: Electro-mechanical coupling constant, d;;: Piezoelectric constant
Table 3 Dielectric and electro-mechanical properties of PZNT wafer samples
Before poling
Item C mF) tan 0 (O) e, T, (°O)
Sample A 6.06 44 1520 166
Sample B 343 3.9 1290 168
Average 4.75 4.2 1410 167
After poling
Item C (uF) tan 6 (O) e’/ J: (kHz) f. (kHz) ks (D) dsz (pC/N)
Sample A 12.0 1.1 3000 5440 6400 56.5 1700
Sample B 8.0 1.3 3000 5440 6360 55.1 1830
Average 10.0 1.2 3000 5440 6380 55.8 1770

C: Capacitance, tan o: Dielectric loss, €3;'/¢,, ¢,: Dielectric constant, 7,: Curie temperature, f,: Anti-resonance frequency,
f:: Resonance frequency, ks, k,: Electro-mechanical coupling constant, d,,: Piezoelectric constant

10 mm

Wafers

Photo 3 Rod samples (4 X 4 X12mm, 2 X 2 X 12mm) and sev-
eral kinds of wafer samples
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Fig. 9 Frequency dependence of impedance of a rod sample
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