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Abstract

The present paper presents a numerical analysis of a plano-convex AT-cut quartz crystal
resonator oscillating with its fundamental, 3rd overtone, and 5th overtone thickness-shear re-
sonant vibration frequencies. The unmerical resonant frequencies and the vibration mode forms
calculated numerically by using a Schrodinger's equation with a finite element method show good
agreement with those obtained experimentally.
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Fig.1 Notation of nornal stresses and shear
stresses referred to rectangular
coordinate system.
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Fig.2 Cartesian coordinate system for the
analysis of a rectangular resonator.
Xz-axis is normal to princlpal surfaces
of the resonator.
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Fig.3 AT-—cut quartz crystal plate coordi-
nate system (x,’, x,’, xs”) referred to
crystallographic axes of quartz crys-
tal.
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Fig.5 Thickenss shear stress distribution of
plano-convex AT—cut plate.
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Hy(x)=4x2—2 Hs(x)=32x°—160x°+120x
TH52 502, HlziEn=p=1084, H, (=1 7% (42) iz
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Fig.8 Thickness shear vibration mode of
plano-convex AT—cut quartz crystal
resonator with fundamental oscilla-
tion ferequency (m=1, n=1, p=1).
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Fig. 9 Relative depth of potential well for the vibration of plano-
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P VHF) &2 TORTEEO KR Fig 1012573, FR (a) TlBEEOMUICYL | U2
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Fig. 10 Two types of potential well (a)
Quadratic potential well and (b) in-
finite depth potential well.
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Fig. 11 Diagram showing a 98—node, 160— Fig. 12 A trinangle element. ’

element system covering a quater
circular quartz plate.
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THd, (58) RIF—2DERIZOWTOBRRA TH 55, ZOBRIZLEERIZOWTHRITLNT,
CEFRLER L ELAEHFERXEED, BEME BEXZME2KRKDDL LMD, FTEOHE
ELTIZ QREZFIAL 7.
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LBBHIRLENDETHAT,
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6.2 SERIME & EHEME & o Y
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(b) DK UL (v, x") OB
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1|11 | OB sl TS 5 i Ry

Plano-convex AT-cut quartz resonator;R=95mm, b=14mm, he=1.68mm

Table 2 FEIRE ¥ LB

m n/p S HE(KH,) SEEKH) | Willsond (k)
1| 11 1,286.0 1,281.0 1,275.8
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724l T A1 Wilson DB (42) 12 k- TRHFEL 2 TH 2. FRL 2 & 5 BRI FEBEIE & )
DT EV—8ERL, EMTREBEICK - ¢, FEEEENEs sRns, Hb, Hiw
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Fig. 13 Comparison between the experimental and the calculated
thickness shear displacement in fundamental mode. The
measured values are taken from lijima et al.
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Fig. 14 Comparison between the experimental and the calculated
thickness shear displacement in inhrmminc thickness
shear mode. The measured values are taken from Lijima
et al.
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Fig. 16 Comparison between the measured and the calculated
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Az'(orxi)

Electrode | [\||/ \

x'(orxi)

Py

Fig. 19 Diagram showing a 95—node, 144—
element system covering a rectang-

ular plate.
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Fig. 20 Relation between the area of excite
electrode and the resonant frequency
of a rectangular AT —cut quartz plate
(x’, y', z’=I18, 0.568, 20mm).
Measured values had been taken by
Nakazawa et al.
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Ratio of areas 7.5- \ Measured
Se/Sp=0.16 I\ & Calcurated
Thickness of y -3 2/0
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. I K
t=0.23 micro m >
Electrode x'
4
B
Se/St=0.27 ﬁ' LN -
o
t=0.03 micro m 9.9 5
/ 8
~
[
1]
> el
o
C
Se/Sp=0.43 Al.4<
- . \
t=0.30 micro m 13.6 o
>
/£ 3
Electrode ]
— o
N
D 4
Se/Sp=0.73
15
t=0.78 micro m
17
/
unit: mm

Fig.21 Comparison between the measured thickness shear dis-
placements and the calculated values.

taken by Nakazawa et al.

Table 5 MRIREIF 0 ILIR E Mk

Measuced values

&) F o kg Mo B oW HE A M ®oo=E
£ m ox L — 4157.1kH, —
¥ & Tmm 4163.8kH, 4151.3kH, 0.3%
% 3 & 4mm 4158.7kH, 4154.5kH, 0.1%
T & rmm 4154 6kH, 4152.5kH, 0.05%
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8.2 F¥ AT —cut DR
(a) HEFH
EfFE22mm, EX 0.4mm OfF AT—cut K EIEE)FIi2 10X10° cm 4 EBH % F, ToOMIC
EKELIRBFEMZMEY, RNFRIC L 2SR & ERE & o EBRE 2475 . BERORY KX
Fig 1LIZRT@IRN 1/4 % L), BEIGE 217572, BETH =3I N T 3EHOE SO KT
Yo VAL fi feld

2
f= c66< e )2{%%(%—2—) +0.0088} (94)

DEIizB i,

(b) SR & MO
SR WU 51 2TE Lg% Table 5107 T, X, 24 Oft % Fig. 22 157+, =0

AR, b, TEICEBSEESIN T 20T, HEHRIC L 2840 (BH) S OEBIZ CTE Zho
72, $€- TFig 22 12 3fHHERERO A ZRY, FHEHERY LBBEOEME % /S { § 2 LIREEATI2h
DENCERT 2, Lo L, BENZZ ALY - LIASIZER TE 3, ~~)L % (HEABRYIZ 13 convex)
DMTIC & B LRDPUETH B, Fig. 23 12~~~ T % L 72 FIEOREN T O AR K= D) IRE 0L
WA 2R, FEOMER, BOTL VI ANX—H LAY ALN S, HEHERKICOWTY,
Table 5 DR TFNZRT & 512, ~UMTO%RWBEE LD L, FBEA L,

No-electrode .
£ z-‘ W1571
MHz

bo.
8
gmé
% <
501
5‘0-3 Fund. oscill.
sl
X'axis digection 11 mm 0.6 — fr=4.1525 MHz
:
£0.4 [
©
Electrode, / 30 2 =
r=4.1513 MHz Au-1000 r§4.1545 MHz ®
[ ||
0 2 4 6 8 11
X'-axis direction (mm)
by
_Electrode x!
Electrode \\ — —
7 mm 4'mm Beveled circular AT-cut plate

Fig. 22 Relative calculated thickness shear Fig. 23 Calculated thickness shear displace-
displacements and resonant frequen- ment of the beveled circular AT —cut

cies of the circular AT—cut quartz quartz crystal resonator.
crystal resonator.
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Fig. 24 Relation between the exciting elec-
trode diameter and the resonant
frequencies in the circular AT—cut
quartz crystal resonator.
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8.3 plano-convex AT—cut R DT

(a) HHEFH
plano-convex AT —cut #i&H & L T, ERE 4.
0mm, F&KAEK h,=1.68mm, BiER}E R=05
m (ZEE9.0mm, EE(.20 um DEEE LK
_I:, THICHEAE L 2IRB T 2 1F- 72, BERO5E|
i3 Fig 11127/ L 72080 T, (87) iz (88) R %
RALTHEE1T- 72,

(b) iME & SHEED &

IREN L AT D FHEAE L Fig. 25 0 A, B, C, o
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Fig. 25 Calculated displacemnts of plano- RTE2. AATHEEAT SRHT LMIER

convex AT—cut quartz crystal re- 1%

sontor. (A) Fundamental oscillation ;

calculated f,=1.0445M H,, measured mr h

fr=10454M H, (B) 3rd overtone 61’1:066< 7o > < “1) (95)
oscillation ; calculated f,=3.0133M
H,, measured f,=3.0246M H, and (C)
5th overtone oscillation ; calculated
fr=4.9998M H, measured f,=
4.9995M Hz+ 6P2:C55< ) [4?)]%[,9 ( 77Le >2

Yo

(C) 5th overtone oscillation
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Fig. 26 Relative potential values of the
unelectroded plano-convex AT-—cut
guartj crystal plate, and of the elec-
troded plate.
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