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Growth of Pb[(Zn1/3Nb2/3)0.91Ti0.00]O3 Single Crystals Directly from Melt
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Piezoelectric Pb[(Zn3Nby/3)0.01Tio.0g] O3z (PZNT 91/9) single crystals were grown directly from melt by a modified Bridgman
method. X-ray diffraction confirms that the crystals are of pure perovskite structure. The obtained crystals have piezoelectric
constantdss in the range of 1800—-2000C/N, which is comparable to that of the PZNT crystals grown from flux. However,
compared with the flux-grown PZNT 91/9 crystals, there is a broad diffused peak on the curve of temperature dependence of the
dielectric constant, and a lower dielectric peak at@3omain observation shows that both the rhombohedral and tetragonal
orientation states coexist in the morphotrpic PZNT 91/9 crystals.
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The relaxor ferroelectric Pb(4pxNb,,3)O3 (PZN) is char-
acterized by a diffuse maximum of the dielectric constant
associated with a strong frequency dispersion. On the
other hand, PbTi@ (PT) shows a typical long-range ferro- R 2 , f
electric property with a ferroelectric (FE)-paraelectric (PE) S iR
phase transition alc = 490°C. The solid solution of .
(1 — x)Pb(Zn,sNb,,3)03—xPbTiO; (PZNT) is expected to
combine the advantages of both relaxor FE PZN and FE PT.

Indeed, single crystals of PZNT have been reported to exhibit R T .
a very high electromechanical coefficiekgq > 90%) and 7, I o e 2 8
piezoelectric coefficientgs > 2000 pC/N).» Such excellent et —}‘——g—q
performance has triggered much research on this material, o o

and also makes PZNT a much better candidate for transduéé 1. As-grown Pb[(ZiysNbs/3)o01Tioo]Os crystal boules grown di-
materials than the PbZgOPbTiO; (PZT) solid-solution sys- rectly from melt by a modified Bridgman method without flux.

tem for a broad range of advanced applicatib®Compared

with the growth of PZT single crystals, PZNT single crys- . . . .
tals are relatively easily grown from PbO flux over a wide Single crystals of PZNT 91/9 were obtained with the size

composition range. Recently, intensive work has been uﬁl—bOUt 1_5mm in diameter ?nd 50 mm in length (Fig. 1). Thg
dertaken on the growth and characterization of PZNT sirgro‘"’th interface angle deviates slightly fr°‘.“ .the pseudocubm
gle crystals by the conventional flux method and the qu>Qlll)ClJb face.. The as-grown crystal; exhibit a light brown
Bridgman method:® However, it is difficult to grow large color on their surface QUe t a thin coqt of thg PbO or
PZNT crystals using the flux method due to its poor repro[-’erChlore _pr_\asg r_esultlng frpm segregation during crystal
ducibility and spontaneous nucleation during crystal growtfg._rowm' This Is §|m|lar to that in the growth of PMNT 67/33
In this letter, we will report a novel method for the growthsmgIe crystals directly from melt by the Bridgman metfod.

of Pb[(Zry/sNby/2)0.01 Tio.0s]O3 (PZNT 91/9) crystals directly Due to segregation, there is a sma!l amount of the pyrochlore
from melt without flux by a Bridgman technique. phase on their surfac;e. The impurity of red color on the sur-
Single crystals of PZNT 91/9 were grown by a modifie(face of the crystals is composed of a large amount of lead
Bridgman method with an allomeric Pb[(MgNbz,s)o.6o- and zinc elements, which was determined using an electron
Tio31]O3 (PMNT 69/31) seed crystal without any flux. TheProbe microanalyzer (EPMA'8705.)' The lattice structure of
size of the PMNT 69/31 seed crystal is 15mm in diamet e PZNT 9.1/9 crystal; was |nvest|gated by X-ray diffraction
and 35mm in length. The seed crystal was orientated alo RD) at different regions (Fig. .2)’ where the length of the
the (111)¢yp direction. To prevent the formation of the py_c.ystal'boule was 45mm. The mgiex numbers of the X-ray
rochlore phase during crystal growth, the raw materials Wel;gffractl_on pe_aks are indexed referring to the results of powaer
precalcined by the B-site precursor synthesis mefhbtigh- X-ray diffraction for PZN and PT. There are no apparent dif-
purity PbO, ZnO, NbOs and TiO, powders were mixed in ferences in XRD patterns from the top to bottom parts, except

a mortar according to the ratio of PZNPT = 91:9. The for the relative intensity of some diffraction peaks. The shift-

highest temperature of the Bridgman furnace is more themg and widening of some diffraction peaks were observed,

1380C. The temperature gradient is about 30:Gfem at which indicates structural imperfection of the PZNT crystals.
the solid-liquid interface. To control the decomposition of /€ €an aiso observe slight splitting of the (200) diffraction
PZNT crystals during crystal growth, the growth rate was rePeak, Wh'IChh'nd'CateS the coexistence of rrlomtzjozgdral and
atively fast, about 0.5-1.0 mm/h. The procedure was simildftragonal phases. Lattice constant= 4.054A and distor-

- . tion anglex = 89.90° have been reported for the rhombohe-
to that for growing the Pb[(MgsNDby,3)0.67Ti0.33]O03 (PMNT ; .
67/33) single crystals directly from mé. dral PZNT 92/8 single crystél,whereas the powder diffrac-

tion data sbow the average lattice constapts 4.036A and
¢t = 4.146A, which deviates slightly from those of the pseu-
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Fig. 2. X-ray diffraction patterns of initial part and ending part of 320 400 480 560 640 720 800
Pb[(Zny/3Nbz/3)0.91Tio.00]O3 crystall. Wavelength (nm)
Fig. 4. Transmittance spectra of an unpoled (001) PZNT plane crystal
30000 —=— 100Hz (3604m).
o —-— 300Hz
2s000 S
2 —s+— 50kHz
e e PN phase may influence the dielectric performance of the PZNT

© - 15000} crystals. Furthermore, the lattice structure may not be per-

fect. Figure 4 shows transmittance spectrum of the unpoled

10000 i \
5000 _‘,ﬁ% {04 (001) PZNT plane crystal (360m in thickness) recorded on a

05

o P {03 E} Shimadzu UV-2501PC spectrophotometer. It shows the crys-
Ry .. loa © tal has rather high transparency, and the cut-off edge appears
i s o "'\N o at about 390 nm. Piezoelectric performances were measured,
thw ‘ and the results show that the piezoelectric coefficteptis
20 30 120 60 200 00 about 1800—-200@C/N within a wafer, which is comparable
Temperature (C ) to that of PZNT 91/9 crystals grown from flux.

Fig. 3. Temperature dependence of real part of dielectric constant and dis-ObserVed under a polarlzmg ||ght microscope, PZNT 91/9

sipation factor of unpoled (001) PZNT 91/9 plane crystal at different freplat_eS of (0_01) _CUt from the top of a crystal boule exhibit no
quencies upon heating. obvious extinction regions, but there are alternately arranged

domain stripes. However, the plates cut from the bottom
exhibit obvious extinction, but where no macrodomains are
docubic structure. observed. From the viewpoint of crystal symmetry and the
Figure 3 shows the temperature dependence of the d@ws of extinction, the results indicate that rhombohedrally
electric constant and dissipation factor of an unpoled PzZNand tetragonally orientated domains coexist in the PZNT 91/9
91/9 (OO]_) plane crystal at different frequencies upon heatiﬁg’ystab. Such domain configurations have also been observed
(HP4192A). The measured plane crystal wasx122 mn?.  inthe PZNT 91/9 crystals grown from fluk.
Silver electrode paste was formed on the specimen and thern conclusion, Pb[(Zy3sNbz/3)0.01Tio.09] O3 single crystals
fired in the air at 558C for 1 h. Compared with PZNT crys- With piezoelectric constandss of about 1800-200QC/N
tals grown by the flux Bridgman method, the relationship bewere grown directly from melt. Because of the little structure
tween the dielectric constant and temperature is abnorméifference between PMNT and PZNT crystal, the PMNT seed
The former has two obvious anomalies at about(7&nd crystals can effectively prevent spontaneous nucleation. The
180°C, corresponding to phase transitions from the rhonfaster growth rate can effectively control the decomposition
bohedral FE phase to the tetragonal FE phase and the éluring PZNT crystal growth, which leads to the formation of
bic PE phase with increasing temperature. However, for tHeyrochlore and segregation of PbO. The allomeric PMNT
PZNT 91/9 crystals grown directly from melt, there is onlyseed crystals and faster growth rate are advantages for the
one anomaly at a rather low temperature, about@Q@here PZNT crystals grown directly from melt, however, the quality
frequency dispersion is apparent. The temperature whedéthe PZNT crystals must be further improved.
the maximum dielectric constant appears increases with fre-The authors would like to thank the National Sciences
quency; at the same time, the value of the dielectric majoundation of China (Grant Nos. 59995520 and
imum decreases with frequency in the dielectric response9872048) and the Shanghai Municipal Government (Grant
The peaks of dielectric response are much broader, and tNe. 99XD14024) for financial support.
full-widths at half-maximum (FWHM) of the dielectric peaks
are round 70C. The detailed of the reason for this phe-1 1 Kuwata. K. Uehino and SN o3, Aool. PRIE1982) 1266
nomenon are not yet clear. .We PrOpose that there may beZ S Sl;\?t’?he?’T. kof)e:;:si? K. i—ia?;?ilgasl.gﬁi.m.anﬂii.andyi{(. Yam)ashita.: Jpn.
small amount pyrochlore mixed in the perovskite phase, al-" ;' ap| phys3a7 (1998) 3053.
though it was not detected by XRD due to the sensitivity lim-3) s. Saitoh, T. Kobayashi, K. Harada, S. Shimanuki and Y. Yamashita:
itation of X-ray diffraction. The existence of a pyrochlore |EEE Trans. Ultrason. Ferroelectr. Freq. Con#5(1998) 1071.
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