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Comparative Study of LiNbO, Crystal Cuts for use as High-Voltage Acoustic Wave Sensors

Abstract Nishant Patel,-3 Stefan Cular,! Darren W. Branch,? Edl Schamiloglu 3 .
A comparison study between Y+36° cut and 0° X-cut lithium niobate “Sandia National Laboratories, Primary Electrical Standards —V LINbO3 Response vs. Voltage Results
(LINbO.) was performed to determine crystal cut influence on a ’Sandia National Laboratories, Biosensors and Nanomaterials Y+36° LiNbO, 0° X LiNbO,
3 . : : — — T
piezoelectric high-voltage (HV) sensor’s performance. Direct current *University of New Mexico £.1000 o | |7 £.1000 ]
(DC), alternating current (AC), and pulsed voltages were applied to the ’ £ £ [ 4 +
crystal. Data suggest LiNbO, has a frequency sensitive response to I1l. Cr Stal s Temperature De ende.nce % 100 1.z ] % 100 | :INNENANN
voltage and the crystal cut angle did not significantly influence the 20 From Data Analysis: _‘g’ v e et _‘g’ EEL
response when AC and pulsed voltage was applied to the crystal. = . *A +0.5 °C lab temperature E o e ooves ?c, o e o
E ) . o . O 640V AC at 100 Hz O 640V AC at 100 Hz
. . . . = fluctuation yields a shift of 49 ps. o Qoo & X o4V AGa 10 kit
I. Background, Motivation, and Objective § 10 ! i : A * smveam
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*High-voltage (HV) measurements are traceable to the Sl via a S 05 eJoule heating of crystal after 0 250 500 750 1000 0 250 500 750 1000
NIST developed resistive voltage divider, NIST-N1 ( 0.5% . applying 1100 V DC for 1 hour Applied Voltage [V] Applied Voltage [V]
uncertainty at k=2.).. This work seeks to lower measurement ;8:_05 amounted to 0.01 °C temperature /L"II%ZFS’ 4. Expelr/mental fESU/js.OfC/g)éStg/CfGSP;nsi OJ;tWCl?
uncertainty by removing the divider. % change in crystal or 0.14 ps change th) - Sgtg?/sta cuts after applying AC, DC, and pulsed voltages
Y 2 .4 . . s inacoustic wave propagation time. yords .
*LiNbO, has an electrical breakdown strength of 20 kV/mm and Temperature [*C] V. Uncertainty Budget
can be grown thick enough to handle voltages reaching 500 kV. Table 1. Estimated Uncertainty Table for HV Measurements
V. Wave Propagation and Delay with Voltage based on Crystal Cut
*The voltage response of the device can be tailored based on _ 0 i Descring V436° 0° X
LiNbO3’s anisotropic properties. Transducer Response vs. Time cglculated Acoustic Velocity: ncertainty Description + cut -cut
1.5 ; *0° X-cut: ~6700 m/s Crystal Response 37 ppm 18.8 ppm
ll. Experimental Setup and Procedure 1.0 1 Temperature 217 ppm 118 ppm
S 0.5 *Y+36°cut: ~7300 m/s Time Interval Counter 8.02 ppm 8.02 ppm
;if’ 0.0 1 | 10 MHz Timebase Negligible Negligible
S -0.5 1 Two ,1'5 MM PIECes O_f glass Crystal Dimension 2.33 ppm 2.33 ppm
<o ; contributed to acoustic wave - —— o
Lithium Niobate o propagation time. o m, plezoelectric 0.30 0.16
TN B '2"/1 1.5 strain term, d;
T ij:ﬁ. -1 0 1 2 3 4 Expanded Combined
- \sducer Time [ps] | | Uncertainty, Uy, (k=2.03) 60% 32%
Voltage Induced Shift vs. Time *Settling  time of  crystal including d; error
— 80 for 640 V DC Applied to Crystal between applying voltage to Expanded Cdmbined
N .
Z  b): crystal was at least 2 minutes Uncertaint _ o o
. . | | | = (b): v, Uoe, (k=2.03) 0.045% 0.024%
Figure 1. Experimental setup with crystal fixture outlined by red box. = o, 9>
< 60 | ; for DC and AC measurements. excluding d; error
Temperature Characterization: 3 | ny |
*Temperature was varied from 20 - 30 °C and propagation time 3 40 fVO taige wazs dppIiie fto DCéystad VI Summar
. . ° — ¢
monitored with no applied voltage. ® or at least 2 minutes for DL an VI. soummary
Voltage Characterization: s 20 AC measurements. *Pulsed measurements yielded a 32-fold increase in response
*DC, AC, and pulsed voltage was applied to each crystal. Both > versus DC voltage response at 640 V for the X-cut crystal and
ale 0 T °5 measurements were taken at - 39_ £\ increase for the Y+36° cut crystal
crystalsare 15 mm (l) x 5 mm (w) x 5 mm (h). 0 1000 2000 3000 4000 5000 6000 . . voltage and frequency ystal.
Elapsed Time [s] ' . o .
*The acoustic wave propagation time was monitored prior, Figure 3.(a) Time dependent voltage transducer response output * dij terms are insufficient to predict crystal response vs. voltage.
during, and after applying voltage using a time interval counter. through the 15 mm LiNbO, crystal.(b) Representative voltage response

data outputted from time interval counter.
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