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Because piezoelectric vibration element D is thus covered by packaging
resin layer 24 to form piezo- 1. Field of the invention
electric vibration member 26, clamping stress from packaging resin layer 24
may be applied, and thermal The present invention relates to a
piezoelectric   5   stress between packaging resin layer 24 and piezo-
vibration component, specifically a piezoelectric vi-  electric substrate
21 may occur due to the difference bration component which uses an energy
trapped     in the coefficients of thermal expansion of packaging type
thickness slip vibration mode. Furthermore, a  resin layer 24 and
piezoelectric substrate 21, or to piezoelectric vibration component
according to the  changes in the operating temperature. If stress F is
present invention can be used as a piezoelectric trap,  10  applied, due to
one of these factors, in the clamping a piezoelectric filter, a
piezoelectric discriminator, or  direction to piezoelectric substrate 21, a
change a piezoelectric oscillator.                        (shift) from the
design value will occur in resonance frequency fo as indicated by A in Fig.
4. Thus, the 2. Description of the Prior Art                    greater
stress F becomes, the greater becomes the 15 change A-f in the resonance
frequency. Possible rea- From Japanese Journal of Applied Physics/Sup-
sons for this Include the following. Specifically, due to plement vol. 26,
Supplement 26-1, 1987, pages 107  contraction deformation in the length and
width direc- - 149, Tokyo, Japan; T. Inoue and al.: "Trapped-ener-  tions
of piezoelectric substrate 21 caused by stress gy piezoelectric ceramic
resonators and filters with  F, elongation deformation in the thickness
direction of internal electrodes" a piezo-vibrator is known which   20
piezoelectric substrate 21 arises at vibrating elec- operates in a
thickness slip vibration mode.       trode member 22 enclosed within
vibration space 25. From Patent Abstracts of Japan, vol. 9, No. 248  Thus,
the frequency of the standing wave occurring (E-360) (1971),4th Oktober
1985; &JP-A-60 134 618  in the thickness direction of piezoelectric
substrate 21 of 17-07-1985 a thickness shear vibrator Is known, in  in
vibrating electrode member 22 decreases, and it which the polarization axis
may have different angles   25  may be concluded that as the result the
frequency of with respect to the long axis of its rectangular shape.  the
wave propagated in the lengthwise direction in- Fig. 8 shows a
piezoelectric trap element which  creases. is one conventional example of a
member of a piezo-   Therefore, in a conventional piezoelectric vibra-
electric vibration component. Piezoelectric substrate  tion component, when
stress is applied to the piezo- 21 is formed into a rectangular shape from
a ceramic  30  electric substrate from the external resin layer, a or other
plezoelectric material. The substrate Is proc-  large change proportional
to the resonance frequen- essed so that the direction of polarization axis
P Is  cywill occurwhich decreases the reliability of the pie- parallel to
the long side of the piezoelectric substrate  zoelectric vibration
component. In particular, be- 21. Furthermore, a vibrating electrode member
22   cause a change in the resonance frequency occurs and a terminal member
23 are formed by vapor de-  35  due to the thermal stress accompanying a
tempera- position, sputtering, or other thin film formation tech-  ture
change, there have been problems in the thermal nique on the front and back
surfaces of plezoelectric  characteristics of piezoelectric vibration
components. substrate 21. With this piezoelectric vibration ele-  To
resolve these problems in conventional compo- ment D, energy trap-type
thickness slip vibrations are  nents, research has been advanced In the
develop- set up in piezoelectric substrate 21 when an alternat-  40  ment
of new piezoelectric materials characterized by ing current signal is
applied to vibrating electrode  minimal change in the resonance frequency,
and in member 22. The resonance frequency [err] of these vi-  the
development of suitable packaging resins to ach- brations is determined by
the thickness of the piezo-  ieve a minimal difference in the coefficients
of ther- electric substrate 21, the mass of the vibrating elec-  mal
expansion between the piezoelectric substrate trode member 22, and other
factors.           45  and the packaging material. Moreover, this
piezoelectric vibration element D   The present invention has as its
objective to re- forms piezoelectric vibration member26 (Fig. 9)when  duce
the change in the resonance frequency pro- a lead terminal (not shown in
the figures) is soldered  duced in conjunction with temperature changes,
and to terminal member 23, and packaging resin layer 24  improve the
characteristics of the piezoelectric vibra- is formed around piezoelectric
vibration element D by   50  tion component. an epoxyresin orotherpackaging
resin. Therefore, as   To this end, we inventors prepared various piezo-
shown in Fig. 9, piezoelectric substrate 21 Is held  electric vibration
elements using a piezoelectric sub- firmly at a position inside packaging
resin layer 24,  strate processed with the polarity aligned in the and a
hollow vibration space 25 is formed between  lengthwise direction and in
which the length of the packaging resin layer 24 and vibrating electrode
55  long side andshort side of the piezoelectric substrate member 22 so
that the vibrations In vibrating elec-  was changed. A compression stress
was applied to trode member 22 are not damped by packaging resin  these
various piezoelectric vibration element materi- layer 24.
als, and the change in the resonance frequency at 2   
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measured. As a result of these meas-  strate having long and short sides,
and characterized urements, it was found that the rate of change of the  by
the alignment of the polarization axis in the direc- resonance frequency to
stress (the tangent of lines A  tion of the short side of said
piezoelectric substrate. and B in Fig. 4) increased proportionally to the
length  In the present invention, because the polarization of the long side
of the piezoelectric substrate. How-   5   axis of the piezoelectric
substrate is aligned more ever, piezoelectric vibration elements have
already  with the short side than with the long side of the pie- been
reduced as much as possible in size due to the  zoelectric substrate, the
length of the piezoelectric demand for the micronization of components, and
substrate In the direction of the polarization axis is there is a limit to
how much the length of the piezo-  shorter when compared with a
conventional piezo- electric substrate can be reduced due to the dimen-  10
electricsubstrate in which the polarization axis is par- sions of the
vibration electrode member and other  allel to the long side of the
piezoelectric substrate technological restrictions. Therefore,we further
ex-  even when using substrates of equal dimensions. As tended the scope of
our experiments and manufac-   a result, based on the findings obtained
from the ex- tured a piezoelectric vibration element in which the
periments as described above, the change in the res- polarization axis Is
parallel for all intents and purpos-  15  onance frequency of the
piezoelectric vibration com- es to the short side of the piezoelectric
substrate (in  ponent when stress is applied can be reduced. a conventional
piezoelectric vibration element, the di-  Thus, in a piezoelectric
vibration component cov- rection of the polarization axis is parallel to
the long  ered by an external resin packaging layer, even if side of the
substrate). These samples were then used  thermal stress occurs between the
piezoelectric sub- in tests in which the amount of compression stress  20
strate and the packaging layer due to a change in op- applied to the
piezoelectric substrate was varied and  erating temperature or other
conditions, the change the resonance frequency was measured, and It was
in the resonance frequencycaused by this stress can found that the change
in the resonance frequency   be reduced, and a piezoelectric vibration
component was small.                                         with excellent
thermal characteristics can be ob- A comparison of the change In the
resonance fre-  25  tained. Likewise, the change in resonance frequency
quency of piezoelectric vibration elements of the  caused by clamping
stress applied to the piezoeleo- same dimensions when the polarization axis
is paral-  tric substrate by contraction during the hardening of lel to the
long side and when parallel to the short side  the packaging resin can also
be reduced, and a pie- is shown in the graph of Fig. 4. The x-axis is the
stress  zoelectric vibration component with small fluctu- applied in the
clamping direction, and the y-axis  30  ations in the resonance frequency
can be obtained. shows the change in resonance frequency. Line A
Moreover, the present invention also reduces the represents the
piezoelectric vibration element in  change In resonance frequency bythe
simple method which the polarization axis is parallel to the long side  of
changing the direction of the polarization axis from of the piezoelectric
substrate, and B represents the  the direction of a conventional component
(aligned piezoelectric vibration element in which the polarize-  35  with
the long side of the piezoelectric substrate), and tion axis is parallel to
the short side of the piezoeleo-  is therefore not accompanied by the
technical prob- tric substrate. As is obvious from the graph, the  lems
arising from making the piezoelectric substrate change (and the rate of
change) in the resonance fre-  smaller when the length of the long side
aligned with quency issignif icantly less in a piezoelectric vibration  the
polarization axis of the piezoelectric vibration ele- element with the
polarization axis parallel to the short  40   ment is shortened. Moreover,
because it is not neces- side of the piezoelectric substrate than in a
piezoelec-  sary to develop new piezoelectric substrate materials tric
vibration element in which the polarization axis is  with a small change in
the resonance frequency, and parallel to the long side of the piezoelectric
substrate.  the change in the resonance frequency can be re- From the above
experiments, we came to a con-   duced using the same packaging resins and
piezo- clusion that the change in the resonance frequency   45  electric
materials having the same Young's modulus can be more efficiently reduced
not by shortening the  and coefficient of thermal expansion as current ma-
length of the long side of the piezoelectric substrate,  terials, the
present invention can be easily imple- but by actually reducing the
dimension of the piezo-  mented. electric substrate in the direction of the
polarization axis.                                         50   BRIEF
DESCRIPTION OF THE DRAWINGS SUMMARY OF THE INVENTION
These and otherobjects and features of the pres- ent invention will become
apparent from the following A piezoelectric vibration component according
to  description taken in conjunction with preferred em- the present
Invention is an energy trapped type, thick-  55   bodiments thereof with
reference to the accompany- ness slip vibration mode piezoelectric
vibration com-  ing drawings, throughout which like parts are desig- ponent
comprising vibration electrode members on   nated by like reference
numerals, and In which: the front and back surfaces of a piezoelectric sub-
Figs. 1 and 2 are the front and back plan views, 3   
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a piezoelectric vibration compo-  In the embodiment shown in Figs. 1 and 2,
two vi- nent according to a first embodiment of the pres-  bration
electrode members 2, 2 are formed on piezo- ent invention;
electric substrate 1, such that vibration electrodes 4, Fig. 3 is a circuit
diagram showing an equivalent  4 are connected respectively to terminal
members 3, circuit of the piezoelectric vibration component   5   3 on both
sides of the front surface through connec- shown in Figs. 1 and 2;
tion conductors 6, 6, and common electrode 5 on the Fig. 4 is a graph
showing the change in the res-  back is connected to terminal member 3 in
the center onance frequency of a piezoelectric vibration   via common
connection conductor 7. An electrical component according to the present
invention    equivalent circuit is shown in Fig. 3, in which two ter- and
that according to a conventional embodi-  10  minal oscillators 8, 8
connected In parallel. ment;
This piezoelectric vibration element A can pro- Fig. 5 is a perspective
view showing an alterna-  duce energytrap-typethickness slipvibrations by
ap- tive embodiment of the present invention;       plying an AC signal to
vibration electrode member 2, Figs. 6(a) and 6(b) are front and back views,
re-  and the resonance frequency [err] of these vibrations is spectively,
of an alternative embodiment accord-  is  largely determined by the
thickness of piezoelectric ing to the present invention;
substrate 1. Furthermore, because the direction of Fig. 7 is a circuit
diagram showing an equivalent  polarization axis P is parallel to the short
side, the circuit of the piezoelectric vibration component  length of
piezoelectric substrate I In the direction of shown In Figs. 6(a) and 6(b);
polarization axis P is much shorter in a piezoelectric Fig. 8 Is a top plan
view of a piezoelectric vibra-  20  substrate of the same dimensions. Also,
as is clear tion component according to prior art; and      from the
aforementioned experiments, the change Af Fig. 9 is a cross-sectional view
of the piezoelec-  in the resonance frequency, when stress is applied to
tric vibration component of Fig. 8 provided in a  piezoelectric vibration
element A, is smaller. There- packaging resin layer.
fore, a piezoelectric vibration element A with good 25  thermal
characteristics Is obtained, specifically, an DETAILED DESCRIPTION OF THE
PREFERRED              element is obtained in which the change Af in the
res- EMBODIMENTS                                        onance frequency is
small even if thermal stress oc- curs between the substrate and the resin
packaging The present invention is described herein below  layercovering
piezoelectricvibration elementA. Also, with reference to the accompanying
drawings.  30  the ratio of change [err] of the resonance frequency
Referring to Figs. 1 and 2, front and back plan  to the temperature change
AT is reduced. For exam- views, respectively, of a piezoelectric vibration
ele-  pie, in a piezoelectric trap using a piezoelectric sub- ment A is
shown. Piezoelectric vibration element A is  strate of which the length of
the long side is L=6.7 mm provided with a vibration electrode member 2 to
gen-  and the length of the short side is 2.8 mm, the ratio erate energy
trap-type vibrations, and terminal mem-  35  of change [err] will be -50
[err] when the po- ber 3 to connect a lead terminal (not shown) on the
larization axis is aligned with the long side, but the front and back of a
thin piezoelectric substrate 1.  same will be +5 [err] when the
polarization axis is Piezoelectric substrate 1 is formed from a piezo-
aligned with the short side. It is understood that the electric ceramic
material into rectangular thin sheet,  ratio of change has been improved by
one tenth. and then baked. Furthermore, this piezoelectric sub-  40
Referring to Fig. 5, an alternative embodiment strate 1 is polarized by
applying a voltage in a direc-  according to the present invention is
shown. A strip tion parallel to the short side of the substrate, and
electrode layer 9 of a metallic thin film is formed on therefore has a
polarization axis P in the direction par-  the front and back of a
rectangular piezoelectric sub- allel to the short side of the substrate as
indicated by  strate 1 sheet Atthe centerof piezoelectric substrate a bold
line arrow shown in Figs. 1 and 2. Of course,  45   1 on opposing strip
electrode layers 9 is the two ter- while this alignment is said to be
parallel, there Is a  minal-type vibration electrode member 2, and at the
certain width of allowance for error. On the front and  ends of strip
electrode layers 9 are terminal members back surfaces of the piezoelectric
substrate 1 are  3, thus forming an energy trap-type thickness slip vi-
formed metallic thin film vibration electrode member  bration mode
piezoelectric vibration element B. In a 2, terminal member 3, and
connection conductors 6,  so   piezoelectric vibration element B of this
type too, the 7 using a vapor deposition, sputtering, or other thin  change
in resonance frequency can be minimized by film formation technology.
Vibration electrode mem-  aligning the direction of polarization axis P
parallel to ber2 placesvibration electrode 4 on the frontsurface  the short
side of piezoelectric substrate 1. of piezoelectric substrate 1 and common
electrode 5    Referring to Figs. 6(a) and 6(b), front and back on the back
of piezoelectric substrate I In opposition,  55  views of a piezoelectric
vibration element C is shown, thus producing the vibrations of the
thickness slip vi-  in which two vibration electrode members 2, 2 com-
bration mode between vibration electrode 4 and com-  prised of a pair of
divided electrodes 10a, 1Ob and mon electrode 5.
common electrode 11 are formed on piezoelectric 4  



7                   EP 0 350 814 B1                     8 substrate 1, thus
forming an energy trap-type thick-  Claims ness slip vibration mode
piezoelectric vibration ele- ment C connected in parallel to two three
terminal os-  1. A piezoelectric vibration component (A) of an en-
cillators 12, as shown in Fig. 7. In this type of piezo-  ergy trapped type
in which vibrating electrode electric vibration element C. the change in
resonance   5  members (2) are deposited on both front and frequency can be
minimized by aligning the direction   back faces of a piezoelectric
substrate (1) which of polarization axis P parallel to the short side of
pie-  has long and short sides and which operates in a zoelectric substrate
1.                                thickness slip vibration mode, said
piezoelectric It Is to be noted that an energy trap-type thick-  vibration
component (A) characterized In that ness slip vibration mode piezoelectric
vibration ele-  10  the polirization axis (P) is aligned in the direction
ment according to the present Invention can be con-    of the short side
(S) of the piezoelectric substrate structed other than those described
above. Further-    (1) in order to reduce the temperature coefficient.
more, according to a preferred embodiment the di- rection of the
polarization axis is parallel to the short side of the piezoelectric
substrate, but it is not neces-  15   Patentanspriche sary for the
direction of the polarization axis to be lit- erally parallel to the
direction of the shortside. In other  1. Piezoelektrische
Vibrator-Komponente (A) vom words, the change in resonance frequency can be
energie-angelagerten Typ, bel der vibrierende made less than that of a
conventional element by       Elektrodenelemente (2) sowohl an
derVordersel- aligning the polarization axis closer to the short side   20
te als such an der ROckseite sines piezoelektri- direction than to the long
side direction of the piezo-  schen Substrata (1) aufgebracht sind, das
lange electric substrate. Therefore, in a rectangular piezo-  und kurze
Seiten hat und in einem Dickengleit- electric substrate as described above,
it is sufficient  Vibratlonsmodus arbeitet, dadurch gekenn- for the angle
formed by the polarization axis and the  zeichnet dal3 die
PolarisatIonsachse (P) in Rich- direction of the short side to be less than
45 degrees.  25  tung der kurzen Selte (S) des piezoelektrischen However,
In a parallel quadrilateral the angle will not  Substrats (1) ausgerichtet
ist, urn den Tempera- necessarily be less than 45 degrees.
turkoeffizienten zu reduzieren. According to the present invention, the
change In the resonance frequency when stress is applied to the
piezoelectric substrate can be reduced. There-  30   RevendIcations fore,
an element with excellent thermal characteris- tics In which the change in
the resonance frequency  1. Composant vibrant pl6zo6lectrique (A) du type a
will be small even if thermal stress is applied to the  6nergie pidg6e,
dans lequel des 6l6ments for- piezoelectric vibration element from the
resin pack-   mant electrodes de vibration (2) sont disposes aging layer by
a change in the operating temperature  35  sur les faces avant et arribre
d'un substrat pid- or other conditions can be achieved. Furthermore, a
zoilectrique (1) qui a un grand et un petit cit6s piezoelectric vibration
element with high reliability in  et qui fonctionne suivant un mode de
vibration a which the variation in resonance frequency is small
glissement en 6paisseur, ledit composant vibrant and the change in the
resonance frequency caused       pihzodlectrique (A) 6tant caract6risd en
ce que by contraction during hardening of the packaging res-  40  Iaxe de
polarisation (P) est aligns dans la direc- in is minimal can be obtained.
Moreover, the invention  tion du petit ct6 (S) du substrat piezoelectrique
can be achieved by the simple method of changing       (1) afin de rhduire
le coefficient de temp6rature. the orientation of the polarization axis
from the direc- tion of conventional elements, and can be implement- ed
easily without the difficulties presented by devel-  45 oping new materials
or reducing the size of the plezo- electric substrate. Although the present
invention has been fully de- scribed in connection with the preferred
embodi- ments thereof with reference to the accompanying   50 drawings, it
is to be noted that various changes and modifications are apparent to those
skilled in the art. Such changes and modifications are to be under- stood
as included within the scope of the present in- vention as defined by the
appended claims unless  55 they depart therefrom.    
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