MASTER COPY d 7

-+

KEEP THIS COPY FOR REPRODUCTION PURPOSES
REPORT DOCUMENTATION PAGE oms we. oroscrse )

10N 15 esUMated 10 average ! Nour per response. including the time for reviewing INstructions, searching existing dytawdurses,

ducing this durden. 10 Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jeffenon
', and 10 the Otfice of Management and Budget, Paperwork Aeduction Project (0704-0188), washington. DC 20503.

il 2. REPORT Ya‘lé!l 3. REPORT TYPE AND DATES COVERED
Oct Final 15 Jul 88 - 14 Jul 91

dﬂmq and reviewing the coliection of information. Send comments regarding this burden estimate or any other a: thris

Analytical Investigation of the Acceleration
Sensitivity of Acoustic Bulk and Surface Wave Resonators

6. AUTHOR(S)

Troy, NY 12180

Dept. of Mechanical Engineering

5. FUNDING NUMBERS

DAAL0O3-88-K-0065

Harry F. Tiersten Y ) TUEY
£+ 1 stk
[ 7~ PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) A RO EA L3 ORMING ORGANIZATION
{ZREPART NUMBER
Rensselaer Polytechnic Institute JAN 14139 Z

P. O. Box 12211

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADORESS(ES)
U. S. Army Research Office

Research Triangle Park, NC 27709-2211

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

ARO 25697.11-PH

11. SUPPLEMENTARY NOTES

osition olic

The view, opinions and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army

or decision, unless so designated by other documentation.

12a. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution unlimited.

12b. DISTRIBUTION CODE

was performed.

13. ABSTRACT (Maximum 200 words)

An analysis of the in-plane acceleration sensitivity of ST-cut quartz surface
wave resonators with the substrate extending beyond interior rectangular supports

P ——————
14. SUBJECT TERMS

An analysis of the normal acceleration sensitivity of contoured AT- and SC-cut
quartz crystal resonators supported along rectangular edges was performed.

In subsequent work it was shown analytically that the normal acceleration
sensitivity of contoured quartz resonators with rectangular supports vanishes
when the centers of the mode shape and support ractangle coincide.

It has further been shown that the resultant in-plane acceleration sensitivity
of contoured quartz resonators with rectangular supports vanishes when the
centers of the support rectangle and the mode shape coincide and the active
resonator region is supported symmetrically on both sides.

(cont'd on reverse side) |
15. NUMBER OF PAGES

16. PRICE CODE
17. SECUNITY CLASSIFICATION | 18. SECURITY CLASSIFICATION ] 19. SECURITY CLASSIFICATION | 20. L....'TATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std 23918
298-102




ABSTRACT CONTINUED

Since the resultant in-plane acceleration sensitivity vanishes when
the centers of the support rectangle and the mode shape coincide, an
analysis of the influence of a relative displacement of the center
of the mode shape with respect to rectangular supports was performed.
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BRIEF OUTLINE OF RESEARCH FINDINGS

An analysis of the in-plane acceleration sensitivity of ST-cut quartz
surface wave resonators with the substrate extending beyond interior

8 .
rectangular supports was performeds' . This structure constitutes a

revised version of the frit support configuration used by Raytheon and is
intended to reduce the in-plane acceleration sensitivity. In the treatment
the variational principle with all natural conditions was extended in such
a way as to permit interior surfaces of discontinuity with spring supports
at which the approximating solution functions need not satisfy the
constraint-type conditions,. This extension 1is required for the
approximation procedure used in the calculation of the biasing state. The
calculated in-plane acceleration sensitivity indicates how to select the
distances between the supports so as to minimize the in-plane acceleration
sensitivity for a given surface wave resonator.

An analysis of the normal acceleration sensitivity of contoured AT-
and SC-cut quartz crystal resonators supported along rectangular edges was

performed7’9. The variational principle with all natural conditions for
anisotropic static flexure obtained in earlier work was used in the

calculation of the flexural biasing state. However, in this work7’9 the
biasing shearing stresses with quadratic variation across the thickness of
the plate were determined a posteriori in the conventional manner. The
accompanying quadratically varying biasing shearing strains, which are very
important in this work, were obtained from the constitutive equations along
with all other quadratically varying strains resulting from the anisotropy.
The calculated biasing deformation fields were employed in an existing
perturbation equation along with the equivalent trapped energy mode shapes
of the contoured resonator to calculate the normal acceleration

sensitivity. It was shown7’9 that the mnormal acceleration sensitivity
vanishes for many cases and is less than a few parts in 1013 per g for all
cases considered and is usually less than a few parts in 1015 per g, all of

which are negligible. Furthermore, it was noted7'9 that the calculated
results were always very close to the accuracy of the calculation, which
indicates that the results are not reliable.

In subsequent worklo’12 it was shown analytically that the normal
acceleration sensitivity of contoured quartz resonators with rectangular
supports vanishes when the centers of the mode shape and support rectangle
coincide. This result is a consequence of symmetry and applies to any
shape possessing the required symmetry. This analytical result indicates
that the results presented in Refs. 7 and 9 are simply plots in the round
off error and nothing more. Since it is essentially impossible to realize
perfect symmetry 1in practice, an analysis of the influence of a
mispositioning of the center of the support rectangle with respect to the
center of the mode shape on the normal acceleration sensitivity was

performed. It was shownlo’12 that for a small mispositioning of the
centers the normal acceleration sensitivity increases linearly with the
mispositioning dimension. This 1linear increase with mispositioning




dimension underscores the importance of care in fabrication to achieve low
acceleration sensitivities. An orientation of the support configuration
for a particular aspect ratio of an SC cut, for which the linear increase
in the normal acceleration sensitivity with the mispositioning dimension
exhibits a strong minimum, was found.

It  has further been shownll’la that the resultant in-plane
acceleration sensitivity of contoured quartz resonators with rectangular
supports vanishes when the centers of the support rectangle and the mode
shape coincide and the active resonator region is supported symmetrically
on both sides. This was shown analytically and is a consequence of the
symmetry of the biasing state and the mode shape. The analytical
demonstration holds for any support configuration which exhibits the
required symmetry with respect to the center of the mode shape. It was

also shownll’14 that when the active region is supported on one side only,
in-plane flexure is induced in the plate and this results in an in-plane

acceleration sensitivity of a few parts in 1010 per g.

Since the resultant in-plane acceleration sensitivity vanishes when
the centers of the support rectangle and the mode shape coincide, an
analysis of the influence of a relative displacement of the center of the

mode shape with respect to rectangular supports was performed13. The
calculated influence of the mispositioning of the centers in the in-plane

case13 turned out to be an order of magnitude smaller than in the normal
caselo'lz. Consequently, the aforementioned orientation of an SC cut with
the strong minimum in the normal caselo’12 is indeed practical. The fact
that the resultant in-plane acceleration sensitivity vanishes for a

perfectly symmetric combined resonator plus support system1 indicates
that a biconvex resonator will have lower resultant in-plane acceleration
sensitivity than a plano-convex one because of its inherent additional
symmetry. Since a plano-convex resonator 1is easier to fabricate, an
analysis of the degradation in the in-plane acceleration sensitivity that

arises from the contour being on one side only was performedls. The

calculated results show15 that the in-plane acceleration sensitivity

increases with decreasing radius of curvature and lies in the range of a

few parts in 1012 per g, which is quite small.

Since it is essentially impossible to construct a perfectly symmetric
resonator plus support configuration in practice, a stiffened structure was

considered16, which reduces the biasing deformation in the active region

and provides isolation from the unavoidable variations in the details of
the mounting devices. The structure consists of the active biconvex quartz
resonator attached to identical top and bottom quartz cover plates by means
of small sidewalls around the periphery. The mounting clips are attached
to the top and bottom cover plates without touching the active plate. An
analysis of the normal acceleration sensitivity of this configuration was




performele. The variational principle for anisotropic static flexure in
which all conditions arise as natural conditions was extended to include
the influence of the cover plates, the active region and the clips. The
calculations reveal that increasing the thickness of the cover plates
relative to the active plate reduces the normal acceleration sensitivity
arising from either a misplacement of a clip or a mispositioning of the
center of the mode shape. The calculations also showed that the
orientation of the support configuration for a particular aspect ratio of
an SC cut which yielded a strong minimum in the mispositioning coefficients
for normal acceleration sensitivity without cover plates also yields a
strong minimum when cover plates are present.




