LiINbO ; composite oscillator for internal friction and modulus measurement
at elevated temperatures
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We describe a longitudinal LiNbOcomposite oscillator at 100-300 kHz to measure internal
friction and Young’s modulus of a small sample bar, which is directly heated in a furnace at elevated
temperatures up to 800 °C. Resonant frequency, mechanical loss, and electric conductivity of a
fabricated LiNbQ oscillator are measured as a function of temperature. The present method is
successfully applied to YBEuU,Og, , Wires with 1 mm diameter and 7 mm length at 30—800 °C.
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Internal friction and elastic modulus anomaly are a sen{Yamaju Ceramics, JapanThe piezoelectric-grade wafers
sitive probe of the motion of defects in solids. Specifically,were 1 or 2 mm thickness of 128° rotat¥deut for a SAW
they are useful for electrically conductive crystals which canilter in the MHz band. We fabricated & Xl) 128° crystal
not be applied by dielectric loss measurement. Many methescillator with longitudinal vibration mode at frequencies of
ods have been used, and the choice is dictated by the desir@80—300 kHz, whose dimension is 8—-12 mm length and
temperature and frequency range of the measurement. THex2 mm cross section. The piezoelectdcmatrix in the
piezoelectric composite oscillator method using a compositenodified axes at room temperature was calculated using data
bar of a quartz crystal and a specimen bar is one of the usefih Refs. 11-14. Under an applied voltage to both faces of a
techniques for elastic measurement at 30—300 kHz. In itpresent wafer normal to the modifigdaxis, the modifiedk
original form1~° the specimen was excited into vibration at direction along a long direction of a bar was proper in order
the resonant frequency by cementing it to one end of do obtain pure longitudinal strain. The modifiddvalue was
quartz. A quartz crystal is used as a detector as well as thealculated tod,,;= —1.34x 10 ** C/N. If one takes a strain
excitation of vibration of the composite bar. The modifica- S; (z axis), thenS,#0, so both longitudinal and stretching
tion of this method has been reported by Marand vibration are excited. The electrodes were coated with a
Robinsor in order to improve the accuracy of the measure-platinum ink(Engelhard, N)Jfollowed by sintering—bonding
ment for internal friction in low-amplitude range. The advan- of platinum wires at center positions on both surfaces of bars
tages of a one-crystal technique using a quartz in a cryostat 850—900 °C under a certain temperature schedule. The
was described by SchwatzThe technique using a simple oscillators fabricated were further annealed at 900 °C for 30
composite bar is in practice very useful for the elastic meamin in air. The composite oscillator assembly in this work is
surement of a small specimen such as 5—-10 mm length aritfustrated as in Fig. 1.

1-3 mnf cross-section area, achieved by less expensive ap- The system to evaluate the resonance of both LijNbO
paratus. We applied this method to the study of the relaxitself and a composite bar with a specimen consisted of an
ation behavior of oxygen vacancy in single-crystal and polyimpedance analyzefHewllet Packard, HP 4192A a per-
crystalline ZrQ-Y,0; at moderate temperatures of sonal computer with IEEE-488 interfa¢dEC-PC-9801, Ja-
100-500 °C>1% However, a measurement technique using apan, and a homemade electric furnace. The measurement
quartz crystal was limited by low and moderate temperatur@rocedure was the same as the evaluation of a piezoelectric
ranges, because a quartz oscillator loses the piezoelectricitgsonator. 300 point sets of absolute admittance, phase shift,
above the phase transition of 573 °C. A multicomponent sysand applied frequency were recorded at resonance. A reso-
tem with a buffer rod to avoid heat influence on an oscillatornant frequency was graphically obtained from a plot of an
often need a complex ailment for a sample/oscillator com-admittance circle in a complex plane by the same manner as
posite, because of a large variation of modulus and internapplied to an usual resonator. Figure 2 shows the plots of
friction in wide temperature range. Also, the homogeneousesonant frequency and mechanical loss versus temperature
heat environment for a sample and an oscillator is nofor longitudinal 200 kHz LiNbQ oscillator. There appeared
achieved in these measurements. to be a large loss peak and corresponding small nonlinear

The system that we describe in this work is a simplevariation of the resonant frequency versus temperature at
one-crystal composite oscillator using a lithium niobatearound 690 °C. There has rarely been a reference on such
(LINbO,) crystal for high-temperature measurement. LiNbO relaxation phenomenon to induce a large anelastic loss peak
is a ferroelectric crystal of point grouR,. and transforms to  for LiNbO; at present temperature range. The influence of
paraelectric phase above 1210 °C. There has been literaturepeated heat treatment was not found on this peak. It is
on piezoelectric, elastic properties of LiNpCand its appli-  difficult to determine the origin of this relaxation in the
cation as a resonatdt 1% For the measurement of Young’s present study, however we assume that it is due to a relax-
modulus, we need an oscillator with longitudinal mode ination of a lithium ion or defect in a LiNbQcrystal. The dc
modified cube axes. In a practical procedure to make a res@onductivity of a LiINbQ longitudinal oscillator was also
nator, we employed commercially available LiNp€@ystal measured by a dc impedance from a circle in a Cole—Cole
wafers for surface acoustic wa¥8AW) device application plot at various temperatures of 400—850 °C. The relation be-
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FIG. 1. LiNbO, composite oscillator. —b 3'. .
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tween o and T was represented by an usual equation, 0 200 400 600 800
o=0y exp(—H/RT), whereo,=6.71x10° S/m, and an acti- Temperature (C)

vation enthalp_yH - 1'24. ev. . . FIG. 3. Temperature dependence(af Young's modulus andb) internal
Mathematic analysis of the piezoelectric resonance of &iction of YBa,Cu:O . , Wire annealed in flowing oxygen at 550 °C.

composite oscillator has been given by Reade used a
technigue of a one-crystal composite oscillator of a LiNbO

and a specimen in the measurement under a homogeneoj ns to calibrate internal friction anigy measured using sev-

heat enwronment at elevated temperaturg. The measuredal oscillators having different resonant frequenéfes.
data for mechanical loss need be calibrated in order to reduce Figure 3 shows an example measured using the present

the damping of a used oscillator by the following equation: LiNbO4 composite-oscillator technique at 200 kHz under di-

Qo '=(m Q1 *+myQ, H/(my+my), (1)  rectly heated environment in the furnace. Young’s modulus
PR 1 . . and internal friction of YBgCu;Og,, annealed in flowing

where Q; , Q; °, and Qo ~ are mechanical los¢internal oxygen at 550 °C for 15 h are illustrated as a function of

f_riction) of a resonator, sqmple, and com_posite bar, reSpeci'emperature up to 800 °C. The data were calibrated by Eq.
tively. Solving the longitudinal wave equation for the system(l) and experimental curves for correctibhAnelastic relax-

W'_IT the _apptLemate t'boytnda;r):hcogdmlons m:t_ll dan;:i th ation measurements for YBau;Og . , above room tempera-
X=12, UsIng the continuity ot the displacement and ol In€y, .o haye peen carried out by several metfdts2as well

axial force atx=0, one finds a relation between the resonantas Marx's technique using a quartz and a buffer mateHdl
frequencyf, of a composite oscillator, the free resonarige It has been assumed that an internal friction peak above

of t_he piezoe_lectric crystal driver arig of the specimen, and room temperature is due to the movement of oxygen defect
their respective masses, andms, between O1 and OS5 sites in orthorhombic ¥B&,0¢ . In
m, fq tan(wfy/f) +myf, tan(wfq/f,)=0. 2 Fig. 3, there is observed an internal friction peak at 590 °C,

. . . jndicating relaxation of oxygen vacancy, and an anomaly of
Since the elastic constants of a oscillator crystal and a samp|e 9 Y9 y y

vary differently with temperature, a true match betwdgn modulus due to the orthorhombic-to-tetragonal phase transi-

and f, cannot be maintained over the temperature range otfon ataround 633 °C.
30-800 °C. In order to minimize to mismatches betwégen
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