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1
This invention relates to piezoelectric crystal

apparatus and particularly to low frequency
flerure mode composite or duplex type quartz

crystals, suitably bonded together and mounted
for use as frequency control units in such systems
as oscillation generator systems, electric wave

filter systems, and in electromechanical vibratory
systems generally. .
One of the objects of this invention is to pro-

vide a composite or duplex type flexure mode
piezoelectric crystal body of low temperature co-
efficient of frequency.

Another object of this invention is to previde a
duplex type flexure mode piezoelectric. crystal
body with such nodes of motion that the body
may be there supported and electrically con-
nected with minimum interference with its de-
sired frequency of vibration.

Another object of this invention is to provide
& low temperature-frequency coefficient piezo--
electric crystal body of relatively low impedance,
and of relatively small and economical size at
iow frequencies such as, for example, frequen-
cies below 5 or 10 kilocycles per second.

In such systems as low frequency electric wave
filter systems and oscillation generator systems,
for example, it is often desirable to utilize vibra.
tory crystals which have a low temperature co-
efficient of frequency at a low frequency such as
a irequency below 5 to 10 kilocycles per second,
and which for many applications may have a

- relatively lower impedance than is usually attain-
able in former low frequency, low Semperature
coeificient crystals. It is also desirable that such
crystals be of relatively small and convenient
size in order to save quartz and to avold the
expense thet is usually involved in crystals of
the relatively larger sizes. Since the crystals pro-
vided in accordance with this invention may have
@ relatively small size at low frequencies, they
may be constructed economically down to be-
low 1 Ellocycle per second and accordingly are
advantageous for use in low frequency oscillators,
filters and other low freauency systems where a
low frequency of low temperature coefficient is |
desired.

- In accordance with this invention, relatively
thin bonded piezoelectric quartz crystal plates of
suitable handedness, orientation, electric poling,
and dimensions may be subjected to a thickness
direction electric field or fields and vibrated at
a resonance frequency thereof dependent both
upon the longest or length dimension and also
upon the thickness dimension of the bonded
crystal plates in a mode of vibration which may
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be called a flexural mode bending in the thick-
ness direction.. To obtain a low temperature co-

efficient of frequency, the orientation of each of _

the bonded crystal plates may be that of an X~ ©
cut crystal element rotated in effect about --5

‘ degrees about its X axis thickness dimension, —
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which may be called a +-5-degree X-cut crystal

element. Hxamples of quartz crystal cuts, which
may be utilized in the face-to-face bonded form

of this invention to obtain a low frequency of low
temperature coefficient, are disclosed in W. P.
Mason Patent 2,259,317, dated October 14, 1941,

which discloses the +5-degree X-cut crystal ele-
ment, and in W. P. Mason Patent 2,268,413 dated

December 30, 1941, which discloses a -+-5-degree
X-cut type of crystal element that is in addition
rotated in effect about its length or longest dimen- -

sion L.

- While the +5-degree X-cut crystal element

gives a low temperature coefficient of frequency

for any of the smaller dimensional ratios of the

width W with respect to the Jength 1 thereof,

certain ratios such as, for example, a width W
to leneth L. ratio of about from .20 te .85 may be

utilized to cbtain a low temperature-frequency

coefficient over a quite wide temperature range.

The composite or duplex type piezoelectric

crystal body may consist of two +-5-degree K-cut
type quartz crystal plates, or of other suitable cut

of crystal plates which preferably have a low tem-

pereture coefficient of frequency for their length
jongliudinal mode of vibration. The two erystal

plates may be soldered or otherwise securely

bonded together in face-to-face relation to form
the composite or duplex type piezoelectric crystal
body and with a suitable electric ficid applied

thereto, the composite crystal eody is adapted for
flexure mode vibrations bending in the thickness
-direction along two nodal regions located about
.224 of the length dimension from each end
thereof. The frequency of vibration may be a
low frequency cf the order of 1 to 10 kilocycles
per second, more or less, dependent mainly upon

the length and thickness dimensions selected for
the composite body. With such a composite

erystal body a low frequency may .be obtained
with a relatively small amount of quartz material

and where the individual crystal elements there-
of are made of a suitable cut such as +-5-degree

2-cut type crystal plates of suitable handedness
and poling, a very low temperature coefficient of

frequency of the order of 0.3 cycle per million

per degree centigrade may be obtained for the

composite flexure mode vibrator.

The two quartz crystal. plates to be bonded
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may be made from quartz of the same handed-

ness or one of them may be of left-handed quartz

and the other of right-handed quartz. When

the two bonded quartz crystal plates are made

of the proper handedness and electric poling with

respect to each other, the resultant nodal lines

of the composite body may be perpendicular to

-the length dimension and the long edges thereof.

The crystal body may be conveniently mounted

at points on or as near as possible to such nodal

lines with a minimum of interference with the

desired vibration of the crystal body. The crystal

mounting may consist of pressure type clamping

pins or alternatively of fine spring wires soldered

to the crystal major surface electrodes or to side

surface coatings at‘any point or points on or as

near as possible to such nodal lines.

Examples of crystal wire supporting systems

that may be utilized are illustrated in A. W.

Ziegler United States Patent 2,275,122, dated

March 3, 1942. If desired, the crystal supporting
wires May be provided with vibration damping

means, or With nodal reflectors as disclosed in

I. E. Fair United States Patent 2,371,613, dated

March 20, 1945, granted on application Serial

No, 470,759, filed December 31, 1942, in order to

remove the adverse effects of undesired wire vi-

prations on the crystal frequency and activity.

When provided with such nodal reflectors, the

crystal supporting wires attached to the crystal

body may have a natural frequency that is sub-

stantially equal to the frequency of the piezo-

electric crystal body whereby the crystal body

and its supporting spring wires secured thereto

- operate as a composite vibrator at a common nat-

ural frequency with minimum interference with

the crystal frequency and activity.

For operation at the fundamental flexure

mode frequency, the crystal electrodes may sub-

_ stantially wholly cover the two outside, major

faces of the bonded crystal plates. For opera-

tion at any overtone or harmonic frequency of the

fundamental fiexure mode, the crystal electrodes

may consist of a plurality of pairs of intercon-

nected platings to drive the bonded crystal at

any selected overtone flexure mode frequency, as

illustrated, for example, in W. G. Cady United

State Patent 1,860,529, dated May 31, 1932. The

crystal electrodes may fully, or may partially

cover the outer major surfaces of the bonded

crystal plates leaving in the latter case, the end

areas thereof uncovered and the central areas

covered, in order to cbhtain a desired value of ca-

pacitance, or an improved driving efficiency that

may result from such partial electrodes.

To reduce or adjust the frequency of the du-

plex type flexure mode crystal unit; it may be

loaded as by the addition of metal onto the major

surfaces thereof. With such loading, bonded

crystal plates of given dimensions may be used

at a somewhat lower frequency than the unloaded

- erystal unit, a feature which is of special inter-

est at the very low frequencies where the un-

loaded crystal plates may become too long and

too thin for convenient use.

The crystal plates may be bonded by spraying

the major surfaces to be bonded with a solution

of Hanovia silver paste, baking the sprayed

crytal plates at an elevated temperature in order

to fix the silver paste coating firmly to the sur-

face of the quartz, burnishing the baked silver

layer and then tinning it, using a stearin flux

and a solder to which is added silver sufficient

for saturation at the melting temperature, plac-

ing the quartz plates to be bonded with the

2,410,825
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: tinned surfaces together and applying sufficient
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pressure to force out the excess molten solder.

The addition of silver to the solder discourages

the molten solder from absorbing the thin film
of silver which has been baked on the quartz

plates. The baked. silver film is of the order of

0.2 mil in thickness. ,

The bonding means between the two +5-de-
gree X-cut type or other type crystal plates may

include a thin metal plate secured between the

two crystal plates and made of stee] or other

metal suitably proportioned with respect to the

crystal plates in order to obtain a temperature

‘coefficient of frequency of selected value for con-

trolling the over-all temperature coefficient of

frequency of the bonded crystal unit. If desired,

one of the two bonded crystal plates could be

made of non-piezoelectric material such as, for

example, a metal plate secured thereto and made .

to have a temperature-frequency coefficient to

balance that of the piezoelectric crystal plate se-

cured thereto, thereby to obtain a low over-all
temperature-frequency coefficient for the bond-

ed unit.

The duplex type fiexure mode crystal body
supported at or as near as possible to its nodes

by supporting wires or by other suitable sup-

porting means may be mounted in an evacuated

or sealed metal or glass tube or other suitable

sealed container, as disclosed for example in the

A, W. Ziegler Patent 2,275,122 hereinbefore re-

ferred to.

The sealed crystal container may be evacuat-

ed or alternatively, it may contain dry air or

other inert gas which may be heavier or lighter

than air and of suitable density or pressure

which may be greater or less than atmospheric

pressure, in order to suppress or damp out the

weaker secondary resonances of the crystal body

or to slightly damp the major or desired res-

onance thereof in case of excessive vibration and .

for other purposes such as to control or adjust
the frequency of the desired resonance or res-
onances. Examples of gases which may be used

to provide an inert atmosphere for control of the

crystal resonances are helium, neon, hydrocar-

bons, carbon dioxide, argon, krypion, xenon.

For a clearer understanding of the nature of

this invention and the additional features and

objects thereof, reference is made to the fol-

lowing description taken in connection with the

accompanying drawings, in which like reference

characters Tepresent like or similar parts and in

which:

Figs. 1 and 2 are enlarged views of a major face .
- and a long side edge, respectively, of wire mount- _

60

65
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75

ed, electroded and bonded fundamental flexure

mode -++5-degree X-cut quartz crystal plates

which are constructed of the same handed quartz

and poled oppositely; - :

Figs. 3 and 4 are, respectively, major face and

long side edge views of bonded quartz crystal

plates similar to those of Figs. 1 and 2 but con-

structed of opposite handed quartz;

Figs. 5 and 6 are, respectively, major face and

long side edge views of bonded quartz crystal

plates similar to those of Figs. 3 and 4 but pro- .

vided additionally with an inner electrode con-

nection; ,

Figs. 7 and.8 are, respectively, major face and

long side edge views of bonded quartz crystal
plates similar to those of Figs. 5 and 6 but con-

structed of the same handed quartz;

Fig. 9 is a graph illustrating the temperature-
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frequency characteristics of bonded -+-5-degree

X-cut quartz crystal plates;

Figs. 10 and 11 are, respectively, enlarged views

of a major face and the small end of a bonded

crystal body that is provided with a longitudi-

nally divided electrode coating and a wire sup-

porting system; :

Fig. 12 is a greatly enlarged view of details of

the crystal unit, illustrated in Figs. 10 and 11; and

Fig. 13 is a greatly enlarged view illustrating a

modification of the device shown in Fig. 12.

This specification follows the conventional ter-

minology as applied to crystalline quartz which

employs three orthogonal or mutually perpen-

dicular X, Y and Z axes, as shown in the draw-

ings, to designate an electric, a mechanical and

the optic axes, respectively, of piezoelectric quartz

crystal material, and which employs three orthog-

onal axes X’, Y’ and 2’ to designate the direc-

tions of axes of a piezoelectric body angularly

oriented with respect to such X, Y and Z axes

thereof. Where the orientation is obtained by a

single rotation of the quartz crystal element sub-

stantially about an electric axis X, as particularly

illustrated in Figs. 1 to 8, the orientation angle ¢

designates in degrees the effective angular posi-

tion of the crystal plate as measured from the

optic axis Z and from the orthogonal mechanical ©

axis Y.

Quartz crystals may occur in two forms,

namely, right-handed and left-handed. A right-

handed quartz crystal is one in which the plane

of polarization of a plane polarized light ray

traveling along the optic axis Z% in the crystal is

_rotated in a right-hand direction, or clockwise

as viewed by an observer located at the light

source and facing the crystal. This definition

of right-handed. quartz follows the convention

which originated with Herschel. Trans. Cam.

Phil. Soc., vol..1, page 43 (1821) ; Nature, vol. 100,

page 807 (1922), Conversely, a quartz crystal is

designated as left-handed if it rotates such plane

of polarization referred to, in the left-handed or

counter-clockwise direction, namely, in the direc-

tion opposite to that given hereinbefore for the

right-handed crystal.

If a compressional stress or a, squeeze be applied

to the ends of an electric axis X of a quartz body -

2 or § and not removed, a charge will be devel-

oped which is positive at the positive end (+)

of the X€ axis and negative at the negative end

(—) of such electric axis X, for either right-

handed or left-handed crystals. The magnitude

and sign of the charge may be measured in a

known manner with a vacuum tube electrometer,

for example.

right-handed crystal, the sense of the angle 6

which the new axis Y’ makes with respect to the

‘axis Y as the crystal plate is rotated in effect

about the X axis is deemed positive (++) when,

with the compression positive end (+-) of the X

axis pointed toward the observer, the rotation is

in a clockwise direction as iWlustrated in Fig. 1.

A counter-clockwise rotation of such a right-

handed crystal about the X axis gives rise to a

negative orientation angle ¢ with respect to the

4 axis. Conversely, the orientation angle of a

left-handed crystal is positive when, with the

compression positive end (+-) of the electric axis

X pointed toward the observer, the rotation is

counter-clockwise, and is negative when the rota-

tion is clockwise. The crystal material 2, illus-

trated in Figs. 1 to 8, is right-handed as the term

is used herein. For either right-handed or left-

- handed quartz, a positive (-+-) angle ¢ rotation

In. specifying the. orientation of a.

6
of the Y’ axis with respect to the Y axis, as illus-
trated in Fig. 1, is toward parallelism .with the
plane of a minor apex face of the natural quartz

crystal, and a negative (—) @ angle rotation of

the Y’ axis with respect to the Y axis is toward
parallelism with the plane of a major apex face
of the natural quartz crystal.
Referring to the drawings, Figs. 1 to 8 are

major face and corresponding long side edge
views of thin piezoelectric quartz crystal plates

or elements 2 and 3 cut from crystal quartz free
from twinning, veils or other inclusions and made
into a bonded plate { of substantially rectangular
parallelepiped shape having a length or longest
dimension L, a width dimension W which is per-
pendicular to the length dimension L, and a

_ thickness or thin dimension T which is perpen-
dicular to the other two dimensions L and W. ;
The final major axis length dimension L of

the bonded quartz crystal elements 2 and 3 of
Figs. 1 to 8 is determined by and is made of a
value according to the desired flexure mode res-
onant frequency. The thickness dimension T
also is related to the desired flexure mode fre-
quency. The width dimension W may be of the
order of one-fifth or other suitable vaiue relative
to the iength dimension L to suit the desired fre-
quency of the bonded flexure mode crystal ele-
ments 2 and 3.
The length dimension L of each of the indi-

vidual crystal plates or elements 2 and 3 of Figs.
1 to 8 lies along a Y’ axis in the plane of a me-
chanical axis Y and the optic axis Z of the quartz
crystal material from which the elements 2 and
3 are cut, and is Inclined at a positive (+-) 6 angle
of degrees with respect to said Y axis, the angle
6 being one of the values between about +4 and
+6 degrees more or less, or substantially +5 de-
grees. The major surfaces and the major planes
of the crystal elements 2 and 3 are disposed sub-
stantially in the plane of the ¥ and Z% axes men-
tioned. The angle between the width dimension
W, which lies along the 2’ axis in the plane of
the Y and Z axes mentioned, and the @ axis is

45 also inclined at the angle 6 with respect to the
optic axis Z. it will be noted that the individual
crystal elements @ and 3 of Figs. i to 8 are in -
effect X-cut crystals rotated e=substentially +5
degrees about the X axis. At this angle of O=+5
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. 60 degrees, tests show that the first or fundamental
lexural mode vibrational frequency has a iow
temperature coefficient of frequency. While the
individual crystal plates 2 and 8 are shown in
Figs. i ie 8 as having their opposite major faces

85 disposed perpendicular to the EX oxis, i will be
understocd that they may be nositioned nearly
perpendicular or within a few degrees of or con.
siderably away from such perpendicular relation-
ship with respect to the X& axis. .
As illustrated in Figs. 1 to 8, the low tembpera-

ture-frequency coefficient fundamentel fexure
mode crystal body { comprising two bonded
crystal elemenis 2 and 8 has two nodal tine re-
gions each extending from one side face to the

65 opposite side face and disposed midway between
the outside major surfaces of the bonded body #.
The nodal lines 6 intersect the center line length
dimension L or Y’ axis of the duplex crystal ele-
ment ! at points spaced about 0.224 cr less of

70 the length dimension L from each end thereof,
as shown in Figs. i to 8. At any point or points

on or near to the two nodal lines 6, the duplex
crystal body | may be mounted and electrically
connected as by means of a supporting wire sys-

75 tem 1, or by rigidly clamping it between one or

80

tne
vis
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more pairs of oppositely disposed pressure type

clamping projections of small contact area which

may, if desired, be inserted in small semispherical

indentations or depressions provided at or as near

as possible to the nodal points on the oppeosi‘e

.major surfaces or on the side surfaces of the

duplex crystal body !. The nodal line regions 6
of the bonded flexure mode crystals 2 and 3 are

. shown in Figs. 1 to 8, and in addition, the integral

electrode coatings 4 and 5 therefor, the bonding

means {0 and the conductive projections 7 and 8
that may be utilized for mounting and establish-

ing. electrical connections with the flexure mode
crystal body (.

As illustrated in Figs. 1 to 8, suitable conduc-

tive electrodes, such as the two crystal electrodes
4 and 5, for example, may be placed on or adja-

cent to or formed integral with the opposite out-

side major surfaces of the bonded crystal plates
2 and 3 to apply electric field excitation to the

duplex type quartz body { in the direction of the

X axis thickness dimension T, and by means of

suitable electrode interconnections and any suit- .

able circuit, such as for example, a filter or an

oscillator circuit, the quartz body ! may be vi-

brated in the desired first or fundamental fiex-

ural mode of motion at a response frequency

which varies inversely as square.of the major

axis length dimension L, and directly as the thick-

ness T.

capacities r of about 175, and a Q of about 30,000

when operated in a vacuum. As another exam-

ple, two bonded -++5-degree X-cut quartz plates

2 and 3 constructed as illustrated in Figs. 1 and

2 and each having a length L of about 60 milli-

meters, a width W of 10 millimeters and a thick-

ness of about 0.390 millimeter give a first or fun-

damental flexure:mode frequency of about 1250

_ cycles per second. A similar bonded crystal body
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The fundamental fiexure mode frequency of .
the bonded quartz crystal plates 2 and 3 of Figs.~

1 to 8 is given approximately by the relation

(1)

where:

’ f=frequency in cycles per second; |

L=length or longest dimension in millimeters of

' the bonded crystal unit;

T=thickness or thinnest dimension in millime-

ters cf the composite crystal body;

K=a value which varies with. the fabrication

of the bonded quartz plates.

gree X-cut quartz crystal plates 2 and 3 when

poled in opposite directions, as iNlustrated in

Figs. 1 and 2 or poled in the same direction as

shown in Figs. 5 and 6, the value of K is about

5.83 x 108, and when poled in the opposite di-

rection, as illustrated in Figs. 3 and 4, or in the

same direction as shown in Figs. 7 and 8, the

value of K is about 5.65 10°,

As an example, the dimensions for a funda-

mental flexure mode 4-kilocycle per second bond~-

ed crystal body { constructed from two +-5-de-

gree X-cut quartz crystal plates 2 and '3 may be

about 1 millimeter in over-all thickness T, about

23 millimeters in length L, and about 11.5 milli-

meters more or less in width W, the bonded crys-

tai body vibrating in the manner of a free-free

bar bending about its two nodal lines 6 in the di-

rection of the thickness T.

As another example, a bonded crystal unit !

constructed following the arrangement illus-

trated in Figs. 1 and 2 and utilizing two +5-de-

gree X-cut quartz crystal plates 2 and 3 each

about 65 millimeters long, 13 millimeters wide

For the +5-de-.

Li]
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and .832 millimeter thick has a fundamental flex- ~

ure mode frequency of about 2.3 kilocycles per

second, a temperature coefficient of frequency of

about one part per million per degree Fahren-

heit at ordinary room. temperature, a ratio of

i of the same length but constructed. with plates

2 and 3 each of 0.427 millimeter thickness gives
a fundamental] flexure mode frequency of about
1400.cycles per second,

Small adjustments in the resonant frequency
of the bonded crystal plates 2 and 3 of. Figs. 1

to 8 may be made by grinding off or otherwise

removing small amounts of. quartz from: either

or both of the small ends of the bonded crystal.

plates 2 and 3, thereby shortening the over-all

length L and slightly raising the frequency. To

lower the frequency slightly, smail and equal

amounts of quartz may be removed from both of

the lengthwise minor faces of the bonded crystal

plates 2 and 3 at the ends of each of the two nodal

lines 6 thereof. .

The crystal electrodes 4 and 5 of Figs, 1 to 8
when formed integral with the outside major

surfaces of the crystal body 1 may consist of thin

coatings of silver, or other suitable metallic or.

conductive material, deposited upon the bare
quartz by evaporation in vacuum or by other |

suitable process. If desired, the crystal electrode

4 located on one major surface of the crystal body

{ or the crystal electrode 5 located on the oppo-

‘site major surface thereof may be longitudinally

shortened, leaving the end portions of the crystal

major surfaces equally uncovered. Also, the elec-

trodes 4 or 5 may be centrally separated or split

along the center line of the length dimension L,

thereby forming two separate electrodes on each

major.surface in order to provide the crystal body |
{ with additional connections to suit the oscilla-

tor or other circuit with which it may be con-

nected. Figs. 10 and 11 illustrate such splits or

separations in the crystal electrode 4. Where the

electrodes 4 and 5 are shortened lengthwise to

less than the distance between the two nodal lines

6, they may be provided with small ears extend-

ing over the mounting points 7a adjacent the
nodal lines 6 of the crystal body i in order to

make electrical contact with the ends of the con-

ductive supporting wires 7 disposed at or near

such nodal points. Where the electrodes 4 and

5 are split lengthwise, the lengthwise gap or sep-

aration of the electrode platings 4 and 5 on the

outside major surfaces of the crystal body 1 may

be about 0.365 millimeter, the center line of such

splits in the platings on opposite sides of the

bonded crystal body ! being aligned with respect .

to each other. To drive the crystal body { in

the desired first or fundamental flexure mode, the

opposite outside electrodes 4 and 5, and in cer-

tain cases, the inner electrode 10 also, are utilized

to apply a field or fields in the thickness direction

T through the crystal body ij in order to lengthen

one crystal plate 2 or 3 and simultaneously

shorten the other crystal plate, thus bending the

composite crystal body~! in the thickness direc-

tion about the two stationary nodal lines 6 in the

desired first flexural mode of motion, as illus-

trated by the curved broken line in Figs. 2 and 6.

Examples of crystal and electrcde arrangements

that may be utilized for operating the composite

crystal body | in the fundamental flexure mode

vibration are illustrated in Figs. 1 to 8 which
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show duplex type flexure mode crystal bodies |!

’- gonstructed in four different ways.

Referring particularly to Figs. 1 and 2, Figs. 1

and 2 are, respectively, major face and side views

which illustrate one of several ways or methods

in. which the composite or duplex type funda-

mental fexure mode crystal.body { may be made
from two equal-sized bonded +-5-degree X-cut

quartz crystal plates 2 and 3. In Figs. 1 and 2,

the latter being a view taken on the line 2—2 of
Fig. 1, the crystal plates 2 and 3 are constructed

of quartz of the same handedness poled in oppo-

site ways, and are provided with outer electrodes
’ & and 5 but have no inner electrode connection
to the bonding means 10. As illustrated by the
plus (+) and minus, (— ) signs in Fig. 2, the two
bonded quartz crystal plates 2 and 3 are poled
in opposite ways so that when voltage is applied
to the outer electrodes 4 and 5, the electric field
produced thereby transverses the thickness di-
mension T of both of the crystal plates 2 and 3
in the same direction with the result that one
crystal plate will expand along its jength 1,

while the other crystal plate simultaneously con-
tracts along its length L, thereby causing the
bonded plates 2 and 3 to curve or bend slightly
as shown in exaggerated form by the curved
dotted line in Fig. 2. The bending occurs in the
thickness direction T about the two nodal lines
6 which are located at a region about .224 of the
length dimension I. from each end thereof and
midway between the. outside major surfaces,
The quartz crystal plates 2 and 3 in Figs, i and 2
are both made of the same handed quartz, that
is, both may be constructed of right-hand quartz
or both may be constructed of left-hand quariz
and the resultant two nodal lines 6 then occur
at right angles or perpendicular to the side edge
or length dimension L of the bonded crystais 2
and 3, as illustrated in Figs. i and 2. Such per-
pendicular nodal lines § are obtained: in the
bonded crystal body { of Figs. 1 and 2, ali ough
the individual +5-degree X-cut crystal plate
and 3 do not have such perpendicular nodal tines
in themselves. The perpendicular arrangement
of the nodal} lines § resulting in the bonded erys-
tal plates 2 and 3 of Figs. 1 and 2 is somewhat
more convenient and easier to use in mounting
and establishing electrical connections with the
bonded crystal | by means of conductive clamping
pins or supporting wires 71 that may be attached
or soldered thereto at points on or as near as
possible to the nodal lines 6, as illustrated in
Figs. 1 and 2. In the individual length-mode
+5-degree X-~cut crystal plates 2 and 3, the nodal
lines are inclined about 11 degrees io the per-
pendicular to the length dimension L. ‘The nodal
lines 6 in Figs. 1 and 2 illustrate the result of
the 11-degree inclined nodal lines of the in-
dividual crystal plates 2 and 3 which become
the perpendicular nodal lines 6 when the two

y
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the two crystal plates 2 and 3 may be placed in
major face to. major face position one on top
of. the other in unbonded condition and driven
at the frequency at which each individual plate
would resonate longitudinally. If the two plates
2 and 3-are poled in the same direction, the two
crystals will resonate longitudinally together and

give approximately as good a “Q” or ratio of
reactance to resistance as though each were driv-
en individually; and if they are poled oppositely,
no resonance will be observed. In this manner,
the poling of the crystal plates 2 and 3 may be
determined before bonding them together.
Secured together and suitably poled, one of the

crystal plates 2 or 3 under the action of an
electric field, will lengthen in the length direc-
tion L and the other will simultaneously shorten,

thus causing the bonded plates 2 and 3 to curve
Slightly into a cylindrical major surface form as
shown in greatly exaggerated form by the curved
broken line in Fig, 2. In an alternating field,
the bonded plates 2 and 3 will curve first in one
direction and then in the other or opposite di-
rection, producing flexural vibrations by bending
in the thickness. direction T about the nodal
lines §

The. flexural vibrations are of considerable
amplitude and their frequency is much lower
than that of the longitudinal or lengthwise yi-
bration of one of the single crystal plates 2 or
& thereof. A wide range of frequencies may Re
obtained by the proper choice of the length L and
thickness T of the bonded erystal plates 2 and
8. The width dimension W is of Uttle effect cn
the fiexure mode frequency if not made toc lerge
and, 88 an example, may conveniently be sien oes
one-fifth of the length dimension 1: ov ‘ott er
able value.

Pigs. 3 and 4 are, respactively, wiajor fe eae
side views, the latter being a view ‘alten 0 on he
line 4—4 of Fig. 3, and Mlustrate e second way in
which a duplex or composite fundamental flexure
mode crystal body | may be made from twe
bonded --5-degree K-cus quartz erystal plates
2 and 3. As illustrated | by the plus (-+) and
minus (—) signs in Fig. 4, the twe bonded erys~
tal plates 2 and 8 are poled in opposite ways like
the crystal plates 2 and 8 of Fig. 2 so that when
the electric field produced by the electrodes 4
and '§ transverses both crystal plates 2 and @ in
the same direction, one erystal plate expands
along the length L, while the other simultane-

. ously contracts along lis length 1, thereby slight-
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+5-degree X-cut crystal plates 2 and 3 of Figs. 1
and 2 are bonded and operated in the flexure
-mode. It will be noted that no inner electrode
connection is used for the inner plating or bond- |

ing means {0 in the arrangement illustrated in

Figs, 1 and 2, and that the electric field supplied

by the outside electrodes 4 and 5 transverses the .

thickness ‘dimension T of both of the bonded

crystals 2 and 3 resulting in a duplex crystal body

’ of somewhat higher impedance level than that

obtained when using an inner electrode connec-

tion of the type illustrated in Figs. 5 to 8. ;

To determine the plus (+) and minus (—)

poling of the individual crystal plates 2 and 3,

65

70

75

ly bending the bonded crystai plates 2 and 3 in
the thickness direction T about the two nodal
lines 6, the inner major surface centers of which
are located about .224 of the length Lb from each
end thereof. It wili be noted that the two crys~

tal plates 2 and 3 of Figs. 3 and 4, unlike those
of Figs. 1 and 2, are made of opposite handed

quartz instead of the same handed quartz. By

opposite handedness, it is meant that one crys-
tal plate is constructed of right-handed quartz -
and the other crystal plate is constructed of left-
handed quartz, as illustrated in Fig. 4. Being

of opposite handedness, the bonded crystal plates
2 and 3 of Figs. 3 and 4 have resultant nodal lines
6 which may be inclined at an angle to the per-

pendicular to the length dimension L and which

in the case of the +5~degree X-cut plates 2 and

3 particularly illustrated are inclined about 11

degrees, as shown in Fig. 3. As illustrated in

Figs. 3 and 4, the 11-degree nodal lines 6 are

both in one direction with reference to the per- .

pendicular to the length dimension L. The prop-
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er direction of rotation may be located by test
for minimum motion.
In Figs. 3 and 4, as in Figs. 1 and 2, no inner

electrode connection is used and the electric fleld
that is supplied by the outer electrode coatings

4 and 5 traverses the thickness dimension T of

both crystal plates 2 and 3 therebetween, giving
a duplex crystal unit that may have a relatively

higher impedance level than that obtained from

the two types of duplex crystal body ( of Figs.

5 to 8, which utilize an inner electrode connec-

tion 8 that may be made by soldering to the

bonding means 10.

For high impedance level bonded crystal plates
2 and 3, the construction illustrated in Figs. 3

and 4 using one crystal plate taken from right-

ia
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handed quartz and the other crystal plate taken —

from left-handed quartz represents a desirable

atrangement for -+5-degree X-cut type. quartz

plates 2 and 3 from the standpoint of very low

temperature coefficient of frequency, as illus-

trated by the curves of Fig. 9. It will be under-
stood, however, that duplex flexure mode crys-

tals made from bonded +5-degree X-cut type

quartz plates generally as shown in Figs. 1 to 8,

display. very low frequency-temperature coeffi-

cients of the order of one part or less part per

million per degree centigrade, 2 value which is

less than that displayed by the individual plates

_ when operated singly in unbonded condition.

Figs. 5 and 6 are, respectively, major face and

side views illustrating a third way in which a

duplex fundamenta! flexure mode crystal body {

may be made from two +5-degree X-cut type

quartz crystal plates 2 and 3 secured together by

conductive bonding means i0. In Figs. 5 and 6,

the inner plating or bonding means {0 is used as

one electrode for the crystal body !, the con-

nection thereto being made by means of a fine

lead wire 8 connected or soldered thereto at the

node 6 or otherwise, and the two outer platings
or coatings 4 and 5 being connected together by

any suitable means such as @ connector 9, for
example, and used as a second or outer electrode

for the two crystal plates 2 and 3 connected in

parallel.. The arrangement shown in Figs. 5 and

6 provides a duplex crystal unit | which has about

one-fourth of the impedance level provided by
the connections used in the two arrangements

shown in Figs. 1 to 4 where no outside connec-

tion to the inner electrode is utilized. The lower

impedance level provided by the inner electrode
connection 8 of Figs. 5 and 6 may he of advan-

tage in certain applications. When using the
inner electrode connection 8 of Figs. 5 and 6, the
quartz crystal plates 2 and 3 are poled in the

same way, as illustrated by the plus (+-) and

minus (—) signs in Fig. 6, in order to obtain an

expansion of one plate along its length L and
simultaneously a contraction of the other plate

‘along its length L, thereby bending the bonded

-erystal plates 2 and 3 in the thickness direction
T about the two-nodal lines &, in the manner de-

scribed hereinbefore in connection with Figs. 1

and 2. In Figs. 5 and 6, the bonded crystal plates

2-and 3 are of opposite handedness, that is, one

plate is constructed from right-handed quartz,

while the other plate is constructed of left-

handed quartz, as illustrated in Fig. 6. The

crystal plates 2 and 3 of Figs. 5 and 6 being of

opposite handedness, poled in the same way and

operated with fields in opposite. directions, the

two nodal lines 6 thereof are substantially at

right angles to the length dimension L, ag illus-

trated in Figs. 5 and 6. Accordingly, the bonded
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crystal plates 2 and 3-of Figs. 1, 2 and Figs. 5, 6
provide the same type of nodal lines 6 although

constructed with different connections, poling

and handedness. Also they have in general the
same temperature coefficients of frequency. -

Figs, 7 and 8 are, respectively, major face and
side face views illustrating a fourth method by

which a duplex fundamental flexure mode com-

posite crystal unit | may be made from two +-5-

degree X-cut type quartz crystal plates 2 and 3.

In Figs. 7 and 8, the in-between plating or bond-

ing means i0 is used as one externally connected

electrode 8 and the two outer coatings 4 and 5 are

connected together and used as a second electrode,

as in the case of Figs. 5 and 6; and also, the crystal

plates 2 and 3 are poled in the same way as illus-

trateq by the plus (4-) and minus (—) signs.in

Fig. 8. The crystal plates 2 and 3 of Figs. 7 and 8

are made however of the same handedness, that

is, both of the crystal plates 2 and 3 are con-

structed either of right-handed quartz or of left-
handed quarts, and the resulting nodal lines 6 are

inclined at an angle of about 11 degrees with re-

spect to the perpendicular to the length dimen-

sion L, as shown in Fig. 7, where the quartz plates

are +5-degree X-cut type crystal plates 2 and 3.

The duplex crystal unit | of Figs, 7 and 8, like that

of Figs. 5 and 6, has an impedance level about

one-fourth of that given by the duplex crystals |!

of Figs. 1 to 4. The characteristics of the duplex

crystals of Figs. 7 and 8 and Figs. 3 and 4 are

similar,each having an 11-degree nodal line 6, the

same dimensions fora given frequency, and about

the same temperature coefficients of frequency.

While the connections required to form the

bonded crystal units of Figs. 5 to 8 require an in-

ner electrode connection that is not required in

those shown in Figs. 1. to 4, the inner electrode

connection of Figs. 5 to 8 has the advantage that
for the same crystal dimensions the impedance

obtained is about one-fourth that obtained by the

method used in Figs. 1 to 4 where no inner elec-

. trode connection is utilized. In Figs. 5 to 8, the
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inner electrode connection may be made by sol-

dering a fine wire 8 which may be a supporting

spring wire to the inner electrode 10 at a node end

‘6 thereof on the side surface thereof. It will be

understood that the composite crystal unit {| of

Figs. 1 to 8 may be mounted and electrically con-

nected if desired entirely at the side surface node

-ends 6 by means of four fine conductive spring
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wires 8 soldered to baked silver paste spots ‘(2

placed at the four side surface nodes 6 or by pres-

sure type conductive clamping pins, for example,

the pins or wires 8 being individually connected

to the electrodes 4 and 5 by integral crystal coat-

ings that are separated from each other and from

the inner coating 10, the inner coating being re-

moved at the ends only of the nodal lines 6 where

connections are made to the outside coatings 4

and 5,

It will be noted that in the flexure mode of mo-
tion, one of the bonded crystal plates 2 or 3 be-

comes shorter while the other crystal plate si-

multaneously becomes longer, thus throwing the

bonded crystal plates 2 and 3 into the flexure

mode vibration in the direction of their thinnest

dimension T. To produce this vibration, the

bonded crystal plates 2 and 3 are poled in opposite

directions when voltage is applied only to the two

outer majorsurfaces of the crystalplates as shown

in Figs. 1 to 4, and are poled in the same direc-

tion when the electric field goes through them in

opposite directions as shown in Figs. 5 to 8. To

obtain the nodal lines 6 that run through the
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bonding means {0 of the crystal at right angles to
the length dimension. L, the bonded crystal plates

.2 and 3 may be made of the same handedness,
either right or left, as in Figs. 1 and 2, or of op-
posite handedness as in Figs. 5 and 6. To ob-

. tain the 11-degree nodal lines §, the poling and
handedness may be as in Figs. 3 and 4 or 7 and 8.

The temperature-frequency coefficient and the

frequency constant that relates the crystal di-
mensions to the frequency are somewhat different

for the 11-degree nodal line 6 construction as
compared with the perpendicular nodal line 6

construction, the temperature. coefficient being
superior in the latter case,
While in Figs. 1 to 8, the +5-degree X-cut type

erystal plates are particularly illustrated, it will

be understood that other low temperature co-
_ efficient longitudinal mode crystal plates may also

be used in the same manner of fabrication to ob-
tain a low temperature coefficient of frequency for
the flexure mode vibration of the bonded crystal

body. |

Fig. 8 is a graph showing the measured tem-
perature-frequency coefficients of six duplex type

fundamental flexure mode 4- ixilocycle per second
crystals { each composed of two bonded +5-de-
gree X-cub crystal plates 2 and 3 made in accord-

ance with the method illustrated in Figs, 3 and 4.
The curves of Fig. 9 illustrate that aesemun fre-
quency stability with teraperature change occurs
in the region of 70° for bonded +-5-degree KX-cut
type crystal plates 2 ang 2 made in accordance
with the method as ifustrated in Figs. 3 and 4.
Similar measurements made on bonded +-5-de-
grea 2f-cut tyoe <-llocycle per second flexure
mode crystal plates 2 and @ but arranged in ac-

cor dance with the method as illustrated in Figs. 1

and 4 show that maximum frequency stability oc-
curs in the region of about 38° F. While either ar-
rangement of the konded crystels may be used at

ordinary temperatures to obtain 2 geod temmpera-
ture coeficient of frequency, the curves of Fig. 9
show that between 64 and 91° F., for example, the
frequency of the bonded crystal plates 2 and 3
made by the method of Figs. 3 and 4 shows a var-
jation of only about nine parts per million at 4
Kilocycles per second, whereas the same cut of
composite crystal plates made by the method of
Figs. 1 and 2 vary about eighteen parts per million.
These figures correspond toe about two parts per
million per degree Fahrenheit and four parts per
million. per degree Fahrenheit, respectively, and
represent a fairly high degree of frequency stabil-.

ity. In accordance with the foregoing illustration,
and as illustrated by the curves of Fig. 9, the tem-
perature at which the zero temperature coefficient
of frequency occurs for a composite flexure mode
crystal { may be varied by a suitable selection
and arrangement of the proper crystal plates,

Figs. 10 and 11 are, respectively, major face
and small end views of a duplex fundamental
flexure mode crystal body { provided with longi-
tudinally divided electrode coatings 4a and 4b

on one outside major face thereof, a non-divided
electrode coating 5 on the other outside major
face thereof, and a wire support system compris-
ing fine phosphor bronze spring wires 1 soldered

by means of small solder cones Ta to the crystal

coatings 4a, 4b and 5 at. points over the two nodal
lines § of the flexure mode bonded crystal plates

a !
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2 and 3 held securely together by the bonding -:

means {0. While in Figs. 10 and 11 the crystal

wire supporting system 7 and the longitudinally

divided electrode coatings 4a and 4b are shown
particularly in connection with the bonded crystal 75

14
construction of the type illustrated in Figs. I and
2, it will be understood that these features may
be applied also to the other types of bonded

- erystal plates illustrated in Figs. 3 to 8. While in -

Figs. 10 and 11 the longitudinally divided system
of electrodes 4a and 4b is shown as being applied
only to the electrode 4 of Figs. 1 to 8, it may also

be applied similarly to the crystal electrode 5.
The longitudinally divided electrode, such as the
electrodes 4a and 4b, may be utilized for the pur-
pose of providing connections to suit the par-

ticular circuit such as an oscillator circuit with
which the duplex crystal unit may be connected.
As shown in Figs. 10 and 11, the crystal sup-

porting fine spring wires 1 may extend .a short
distance from the solder dots or cones Ta in a
direction perpendicular to the major faces of the
bonded crystal body {, may then be bent at right
angles and extend outwardly in the direction
shown in Figs. 10 and 11 or in any direction, and
may then be bent again at roughly right angles
ahd attached to four larger supporting spring
wires I{ as illustrated in Figs. 11 and 12, Alter-

natively, instead of being previded with multiple

L-shaped bends as illustrated In Figs. 10, 11 and
12, the fine supporting spring wires 7 attached to
the crystal body may extend directly to the sup-
port wires 1!, as illustrated in Fig. 18. The sup-
port wires 3 lust trated in Figs. 11, 12 and 13 may
be, for example, four upright parallel wires ex-

tending through the press of an evacuated metal

or giass tube 14 illustrated in Fig, 11 and may be
of the type disciosed in A. W. Ziegler Patent
2,275,122, dated March 3, 1942, I¢ will be under-

stood that the crystal wire supporting system

May be of any suitable form that is adapted to

support and establish electrical connections with
the bonded crystal bedy i, and that the wire

supported crystal unit may be mounted in any

suitable container such as a vacuum tube {4 of

the type disclosed in the A. W. Ziegler Patent
2,275,122 mentioned, for example.

The sealed crystal container 14, illustrated in
cross-section in Fig. 11, may be evacttated or

alternatively, it may contain dry air or other
inert gas which may be heavier or lighter than

air and of suitable density or pressure which

may be greater or less than atmospheric pres-

sure, in order to suppress or damp out the weaker
secondary resonances of the crystal body or to

slightly damp the major or desired resonance
thereof in case of excessive vibration and for other
purposes such as to control or adjust the fre-

quency of the desired resonance or resonances.

Examples of gases which may be used to provide
an inert atmosphere for control of the crystal

resonances are helium, neon, hydrocarbons, car-

bon dioxide, argon, krypton, xenon.

Fig. 12 is an enlarged detail view illustrating
a crystal supporting wire 7 provided with multiple

bends which may function to dampen or dissipate
undesired wire vibrations and to absorb exter-
nally applied mechanical shock. Alternatively,
as shown in Fig. 13, a straight-wire 7 may be used
extending perpendicularly from the major surface
of the crystal body { to the slightly heavier sup-
port spring wire {i. The fine crystal lead wire
7 may be attached to the support wire Hi by
solder or other suitable means. The extreme end

of the lead wire 7 that is adjacent the crystal
‘body { may be bent at right angles as illustrated
in Figs. 12 and 13 or may be bent in hook form

or otherwise in order to retain it more firmly in
the solder cone Ta in which it is embedded. The
lead wire 1 may be firmly attached to the crystal
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surface at @ node thereof by means of the solder
joint la soldered to a baked silver paste spot 12

of circular shape formed on the bare quartz

crystal, as illustrated in Figs. 12 and 13, The

solder cone 7a may be formed from any suitable

solder such as, for example, a solder of the type

~ used for the ponding means 10 to be described.
The small silver spots 12 on the outside major

’ surfaces and on the nodes 6 of the side surfaces

of the bonded crystal plates 2 and 3 may he

formed there by applying to the bare quartz,

spots 12 of silver paste and then baking in an

oven at an elevated temperature.

As to the conductive crystal bonding means (6,

the inside major surfaces of the quartz crystal

plates 2 and 3 may be firmly bonded together by

applying to one major face of each of the un-

bonded bare quartz plates 2 and 3 a coating 19a

of silver paste covering substantially the whole

surface, of each of the inside major surfaces

which after baking thereon may be soldered to-

gether by a layer of solder (00, as illustrated in

Figs, 12 and 13. The silver paste coating 10a may

be applied to each of the inside major surfaces

of the unbonded crystal plates 2 and 3 by spraying

it thereon with an air brush, for example, using

a mixture of one part by volume of silver paste

such as Hanovia silver paste and two parts by’

volume of distilled turpentine and an air pressure

_ of approximately 25 pounds per square inch. The

weight of the silver coatings {0a may be about

35 milligrams per square inch after final heat

treatment. The silver paste coatings {Ga may be

baked firmly onto the quartz by baking the silver-

‘coated crystal plates in separated form in an oven

at a temperature of about 220 to 250° F. for about

15 minutes and then increasing the temperature

approximately 350° F. per hour until the crystal

plate reaches a temperature of about 950 to

1000° F, After maintaining this elevated tem-

perature for a period of approximately 30 min-

utes, the crystal plates 2 and 3 may be allowed

to coo] gradually. The baked silver paste coat-

ings [0a on the inside major surfaces.of the

crystal plates 2 and 3 to be bonded may then be
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purnished with a glass brush or other suitable

means until a bright metallic lustre is obtained.
The individual crystal plates 2 and 3 may then

be placed on a hot platen with the burnished side

up and heated to a temperature of about 315° F.
At this point stearine soldering flux may be ap-
plied to the heated silvered surfaces and solder

{0b evenly applied over these surfaces to he

bonded. As an example, the solder {0b may be

composed of about 32 per cent lead, 50 per cent

tin, 18 per cent cadmium and a small quantity or

sufficient silver for saturation at the melting point

of the solder which is about 300° F. The purpose

of using the silver in the solder composition {0b

‘is to prevent the solder 106 from absorbing the

silver from the silver coatings 10a@ on the crystal

plates 2 and 3. The molten solder. {06 may be

distributed with a suitable spreader such as a

piece of tinned copper wire. After the solder is

molten and has been evenly distributed over the

entire upper major surfaces of the crystal plates

2 and 3, one of the two crystal plates 2 and 3 to

be bonded may be picked up and placed evenly
on the other crystal plate with the major surfaces

having the molten solder coating 100 facing each

other. A pressure of about 4 pounds per square

inch may be applied and the excess solder which

is forced out from between the two crystal plates

2 and 3 may be removed, . The pressure may then

be released and the crystal plates 2 and 3 re-
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moved from the hot platen. Before the bonded ~
crystal plates 2 and 3 have cooled below the melt-

ing point of the flux, the flux may be removed by

wiping with a clean lintless cloth or other suit-

able means. The bonded crystal plates 2 and 3

may be cleaned by immersing and brushing in

carbon tetrachloride and drying with clean warm

air. The baked silver paste coatings {0a adhere

firmly to the quartz and-when soldered together

at 10b form a strong bond {0 between the two

crystal plates 2 and 3.

If desired, the bonding means [0 as illustrated
in Figs. 2, 4, 6 and 8 for example, may comprise
a thin metal plate 10 secured between the two

crystal plates 2 and 3 and made of steel or other

metal suitably proportioned with respect to the

crystal plates 2 and 3 in order to obtain a tem-

perature coefficient of frequency of selected value

for controlling the over-all temperature coeffi-

cient of frequency of the bonded crystal unit 2, 3
and (0. If desired, one of the two bonded crystal

plates 2 or 3, such as the plate 3 illustrated in
Fig. 12 for example, may be made of non-piezo-

electric material and made to have a tempera-

ture-frequency coefficient to balance that of the

crystal plate 2 secured thereto, thereby to obtain

a low over-all temperature coefficient of fre-

quency for the bonded unit.

Although this invention has been described and

illustrated in relation to specific arrangements,

it is to be understood that it is capable of appli-

cation in other organizations and is therefore
not to be limited to the particular. embodiments

disclosed, but only by the scope of the appended .

claims and the state of the prior art.

What is claimed is:

1. A duplex type thickness flexure mode crystal

body comprising two length-mode -++5-degree

X-cut type quartz crystal plates bonded together

in major face to major face relation to. obtain a
low temperature coefficient for said flexure mode

frequency of said body, the length and thickness

dimensions of said crystal plates being made of

values in accordance with the value of said flex-

ure mode frequency, means for driving said

crystal body in said thickness flexure mode com-

prising electrodes formed integral with the out-
side major faces of said body, and means compris-

ing four pairs of conductive bent spring wires

soldered to said electrodes substantially at the

- nodes of motion of said body for supporting and
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establishing electrical connections with said body
substantially at the nodes of motion thereof.

2. A duplex type thickness flexure mode crystal

body comprising two length-mode -+5-degree

X-cut type quartz crystal plates bonded together

in major face to major face relation to obtain a

low temperature coefficient for said flexure mode

frequency of said body, the length and thickness

dimensions of said crystal plates being made of

values in accordance with the value of said fiex-

ure mode frequency, electrodes on the outside

major faces of said body, and means for support-

ing and establishing electrical connections with

said body substantially at the nodes of motion

thereof, said means comprising conductive spring

wires soldered to said electrodes substantially at
said nodes of motion of said body.

3. A duplex type thickness flexure mode crystal

body comprising two length-mode -+5-degree

X-cut type quartz crystal plates bonded together

in major face to major face relation to obtain a

low temperature coefficient for said flexure mode

frequency of said body, the length and thickness

dimensions of said crystal plates being made of
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values in accordance with the value of said flex-
ure mode frequency, the dimensional ratio of the
width of said major faces with respect to said
length thereof being one of the values substan-
tially from 0.20 to 0.85, means for driving said
body in-said thickness flexure mode comprising
electrodes on the outside major faces of said body,
and means comprising four pairs of wire-like con-
ductive supports contacting said electrodes at
points substantially along the lengths of two
spaced nodal lines of said body for supporting
and establishing electrical connections with said
body substantially at the nodes of motion there-
of, said crystal plates being poled in opposite
ways and subjected to a thickness direction elec-

tric fleld produced by said outside electrodes only.

4. A duplex type fundamental thickness flex-
ure mode crystal. body comprising two length-
mode +5-degree X-cut type quariz crystal plates
bonded together in major face to major face rela-

tion to obiain a low temperature cosficient for
said flexure mode frequency of said body, the
lengih and thickness dimensions of said er;

the value of said flexure mode frequency, x
for driving said crystal body in seid thickn
flexure mode comprising electrodes on tha sv
major faces of said body, and means includ
four pairs of wire-like conductive suvports

tions with said body substantially at the acd
motion thereof, said crystal plates being ;

opposite ways and subjected to a thick:

of crystal quartz of the same handedness, :

said nodes being on nodal lines disnosed substan
tially along said major faces suestentially marei-
is] to the width dimension and verpendicular
said length dimension of said body and spaced
substantially .224 of said length dimension from
each end thereof,

5, A duplex type fundamental thick Ie
mode crystal body comprising iwo le at le
+5-degree K-cut type auariz crystal oiates
bonded together in major face to major face ran
lation to obtain a low temperature cosiisiont for
said flexure mede frequency of said body, the
length and thickness dimensions of said crysis}

oo &bsvplates being made of values in accor
the value of said flexure mode frocuen
for driving said body in said i
mode comprising electrodes on the
faces of said body, and means comp
rality of pairs of wire-like supports
ing and establishing eleciricel connect
said body substantially ab the nodes of
thereof, said crystal plates belne poled i
site ways and subjected to a th é

fh

nodes being on nodal lines of said major surfaces,
said nodal lines being inclined subsiantlaliy 11
degrees with respect to the perpendicular tc said
length dimension of said body, said pernend
being spaced substantially 224 of said 1
dimension from each end thereof.

6. A duplex type thickness flexure mode erystal
bedy comprising two length-mode --5-deeree
-cut type quartz crystal plates bonded together
in major face to major face relation to obtain a
low temperatire coefficient for sald flexure mode
frequency of said body, the length and thicleness
dimensions of said crystal plates being made of
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values in accordance with the value of said flex-
ure mode frequency, means for driving sald bedy

in said thickness flexure mode comprising elec-
trodes on the outside major faces of sald body,
and ‘means comprising conductive bent spring
wires for supporting and establishing electrical
connections with said body substantially at the
nodes of motion thereof, said crystal plates being
poled in the same way and subjected to opposite
direction electric fields produced by said outside
electrodes connected together and an inner elec-
trode between said crystal vlates. ;

7. A duplex type fundamental thickness fexure
mode crystal body comprising two lengih-mode
+S-degree X-cut tyee quarig erystai plates
bended together in major face to major face vela~
tion to obtain a low temperature coeficient fer
said flexure mode frequency of said body, the
length and thickness dimensions of said erystal
plates being made of values in accordance with
the value of said Gexure mode frequency, means
fer driving sald body in said thickness
mede comprising electrodes on the outsic
faces of sald body, and means comor
Guctive bent spring wires for suppor

iablishing electrical connections with sald be

jes of x the
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erystal plates being ri ed quariz and th
other of said crystal plates being left-handed
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i0. A composite thickness flexure mode piszo-
electric crystal body comprising two length-mocle
quext% crystal plates bonded together in masor
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face to major face relation, the length and thick-
ness dimensions of said crystal plates being made

of values in accordance with the value of said

flexure mode frequency, means for driving said

body in said thickness flexure mode comprising

electrodes formed integral with the outside major

faces of said body and a plurality of pairs of

wire-like support members, said members having

ends disposed in contact with said outside elec-

trodes at a plurality of spaced points thereon,

said points being substantially at each of the

plurality of nodal lines extending midway be-

tween said outside major faces of said body, one

of said crystal plates being right-handed quartz

and the other of said crystal plates being left-

handed quartz, said crystal plates being +5-de-

gree X-cut type quartz crystal plates poled in

opposite ways.

11. A composite thickness flexure mode piezo-

electric crystal body comprising two length-mode

quartz. crystal plates bonded together in major

face to major face relation, the length and thick-

ness dimensions of said crystal plates being made

of values in accordance with the value of said

flexure mode frequency, means for driving said

body in said thickness. flexure mode comprising

electrodes formed integral with the outside major

faces.of said body and a plurality of pairs of

wire-like support members, said members having

ends disposed in contact with said outside elec-

trodes at a. plurality of spaced points thereon,

said points being substantially at each of the

plurality of nodal lines extending midway be-

tween said outside major faces of said body, one

of said crystal plates being right-handed quartz

and the other of said crystal plates being left-

handed quartz, said crystal plates being -+5-de-

gree X-cut type quartz crystal plates poled in

the same way. :

12. A low temperature-frequency coefficient

composite piezoelectric crystal body adapted to

vibrate flexurally by bending in its thickness di-

mension direction about its nodes of motion com-

prising two -+5-degree X-cut type piezoelectric

-quartz crystal elements soldered together in

major face to major face relation, the length and

thickness dimensions of said crystal elements be-

ing made of values in accordance with the value

of said flexure mode frequency, the dimensional

ratio of the width of said major faces. with re- 5&0
spect to said length thereof being one of the

values substantially from 6.20 to 0.35, electrodes

formed integral with the outside major faces of

said crystal body, and means comprising conduc-

tive spring wires secured to said electrodes sub-

stantially at said nodes of motion for supporting

and establishing electrical connections with said

composite body.

13. A’ low temperature-frequency coefficient
composite piezoelectric crystal body adapted to

vibrate flexurally by bending in its thickness di-

mension direction comprising two +5-degree

_X-cut type piezoelectric quartz crystal elements

and means for bonding said crystal elements to-

gether in major face to major face relation, said

bonding means comprising coatings of baked

metallic paste formed integral with each of the

inside or inner major faces of said crystal ele-

ments and a layer of solder disposed between and

formed integral with said inner metallic coatings,

one of said crystal elements being made from

right-handed quartz and the other of said ele-

ments being made from left-handed quartz.

14. A low temperature-frequency coefficient

composite piezoelectric crystal body adapted to
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vibrate flexurally by bending in its thickness di-
mension direction comprising two piezoelectric

quartz crystal elements and means for bonding

said crystal elements together in major face to

5 major face relation, said bonding means compris-
ing coatings of baked metallic paste formed in-

tegral with each of the inside or inner major

_ faces of said crystal elements and a layer of solder

disposed between and formed integral with said

inner metallic coatings, one of said crystal ele-

ments being made from right-handed quartz and

the other of said elements being made from left-

handed quartz.

15. A duplex type flexure mode crystal body

comprising two length-mode +5-degree X-cut

type quartz crystal plates bonded together in

major face to major face relation to obtain a

low temperature coefficient for said flexure mode

frequency of said body, the length and thickness

dimensions of said crystal plates being made of

values in accordance with the value of said flex-

ure mode frequency, electrodes on the outside

major faces of said body, and means for support-

ing and establishing electrical connections with

said body. substantially at the nodes of motion

thereof, said bonding means comprising coatings

of baked silver paste formed integral with each

~ of the inside major surfaces of said crystal plates

and a layer of solder disposed between and

formed integral with said inside crystal coatings,

said solder comprising silver as an element of its

composition.

16. Piezoelectric erystal apparatus comprising
a composite or duplex type crystal body adapted
to bend in thickness flexure mode vibrations at

a relatively low frequency determined mainly by

the length and the thickness dimensions of said

crystal body, said length and thickness dimen-

sions of said crystal body being of values corre~

sponding to. the value of said thickness flexure

mode frequency, conductive electrodes disposed

on the outside major faces of said crystal body,

and means for supporting and establishing elec-

trical connections with said electroded crystal

48 body substantially adjacent the nodes-of motion
thereof, said crystal body comprising two length-

mode quartz crystal plates and means for bond- .

jing said crystal plates together in major face to

major face relation, said crystal plates being +5

degree X-cut type quartz crystal plates construct-

ed from crystal quartz of opposite handedness

one of said crystal plates’ being right-handed

quartz and the other.of said crystal plates being

left-handed quartz whereby a very low tempera-

58 ture coefficient is obtained for said thickness flex-
ure mode frequency.

17. Piezoelectric crystal apparatus comprising

a composite or duplex type crystal body adapted
to bend in thickness fiexure mode vibrations at

82 a relatively low frequency determined mainly by
the length and the thickness dimensions of said

crystal bedy, said length and thickness dimen-

sions of said crystal bodv being of values corre-

sponding to the value of said thickness flexure

mode frequency, conductive electrodes disposed

on the outside major faces of said crystal body,

and means for supporting and establishing elec-

trical connections with said electroded crystal

hody substantially adjacent the nodes of motion

70 thereof, said crystal body comprising two leneth-
. mode quartz crystal plates and means for bond-

ing said crystal plates together in major face to

maior face relation, said crystal plates being +5

degree X-cut type quartz crystal plates con-
75 structed from crystal quartz of opposite handed-
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ness one of said crystal plates being right-handed

quartz and the other of said crystal plates being

left-handed quartz whereby a very low tempera-

ture coefficient is obtained for said thickness fiex-

ure mode frequency, and the dimensional ratio

of the width of said major faces with respect to

said length thereof being one of the values sub-

stantially from 0.20 to 0.35.
18. Piezoelectric crystal apparatus comprising

a composite or duplex type crystal body adapted

+o bend in thickness flexure mode vibrations at

a relatively low frequency determined mainly by

the length and the thickness dimensions of said

crystal body, said length and thickness dimen-

sions of said crystal body being of values corre-

sponding to the value of said thickness flexure |

mode frequency, conductive electrodes disposed

on the outside major faces of said crystal body,

and means for supporting and establishing elec-

trical connections with said electroded crystal

body substantially adjacent the nodes of motion .

thereof, said crystal body comprising two length-

mode quartz crystal plates and means including

solder for bonding said crystal plates together in

major face to major face relation, said crystal

plates being +5 degree X-cut type quartz crystal

plates constructed from crystal quartz of oppo-

site- handedness one of said crystal plates being

right-handed quartz and the other of said crystal
plates being left-handed quartz whereby a very

low temperature coefficient is obtained for said

thickness fiexure mode frequency.

19. Piezoelectric crystal apparatus comprising

@ composite or duplex type crystal body adapted

to bend in thickness flexure mode vibrations at

a relatively low frequency determined mainly by

the length and the thickness dimensions of said

crystal body, said length and thickness dimen-

slons of said crystal body being of values corre-

sponding to the value of said thickness flexure

mode frequency, conductive electrodes disposed

on the outside major faces of said crystal body,

and means for supporting and establishing elec-

trical connections with said electroded crystal

body substantially adjacent the nodes of motion

thereof, said crystal body comprising two length-

mode quartz crystal plates and means for bonding

said crystal plates together in major face to major
face relation, said crystal plates being +5 degree

X-cut type quartz crystal plates constructed from

erystal quartz of opposite handedness one of said

crystal plates being right-handed quartz and the

other of said crystal plates being left-handed

quartz whereby a very low temperature coefficient

is obtained for said thickness flexure mode fre-

quency, said crystal plates being electrically poled

in opposite ways and subjected to a thickness

direction electric field produced by said outside

electrodes, and said nodes being lines disposed

midway between said outside major faces and ex-

tending from side edge to side edge of said body
in a direction which is inclined substantially 11

degrees with respect to the perpendicular to said
length dimension of said body.

- 20. Plezoelectric crystal apparatus comprising

@ composite or duplex type crystal body adapted

to bend in thickness flexure mode vibrations at

a relatively low frequency determined mainly by

the length and the thickness dimensions of said
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crystal body, said length and thickness dimen-

sions of said crystal body being of values cor-

responding to the value of said thickness flexure

mode frequency, conductive electrodes disposed

on the outside major faces of said crystal body,

and means for supporting and establishing elec-

trical connections with said electroded crystal

body substantially adjacent the nodes of motion

thereof, said crystal body comprising two length-

node quartz crystal plates and means for bond-

ing said crystal plates together In major face to

major face relation, said crystal plates being +5

degree X-cut type quartz crystal plates con-

structed from crystal quartz of opposite handed-

ness one of said crystal plates being right-hand-

ed quartz and the other of said crystal plates

being left-handed quartz whereby a very iow

temperature coefficient is obtained for. said

thickness flexure mode frequency, said crystal

plates being electrically poled in opposite ways

and subjected to a thickness direction electric

field produced by said outside electrodes, and

said nodes being lines disposed midway between

said outside major faces and extending from side

edge to side edge of said bedy in a direction which

is inclined substantially 11 degrees with respect

to the perpendicular to said length dimension of

said body, and the dimensional ratio of the width

of said major faces with respect to said length

thereof being one of the values substantially from

0.20 to 0.35.

21. Piezoelectric crystal apparatus comprising

a composite or duplex type crystal body adapted

to bend in thickness flexure mode vibrations at

a relatively low frequency determined mainly by

the length and the thickness dimensions of said ©

crystal body, said length and thickness dimen-.___

sions of said crystal body being of values corre-
sponding to the value of said thickness flexure

mode frequency, conductive electrodes disposed

on the outside major faces of sald crystal body,

and means for supporting and establishing elec-.

trical connections with said electroded crystal

body substantially adjacent the nodes of motion

45 thereof, said crystal body comprising two length-

mode quartz crystal plates and means including

solder for bonding said crystal plates together

in major face to major face relation, said crys-

tal plates being +5 degree X-cut type quartz

50 crystal plates constructed from crystal quartz of

opposite handedness one of said crystal plates

being right-handed quartz and the other of said

crystal plates being left-handed quartz whereby

a very low temperature coéfficient is obtained for

55 said thickness flexure mode frequency, said
crystal ‘plates being electrically poled in oppo-

site ways and subjected to a thickness direction

electric fleld produced by said outside electrodes,

and said nodes being lines disposed midway be-

go tween said outside major faces and extending

from side edge to side edge of said body in a

direction which is inclined substantially 11 de-

grees with respect to the perpendicular to said

length dimension of said body, and the dimen-

65 sional ratio of the width of said major faces with

respect to said length thereof being one of the

values substantially from 0.20 to 0.35.
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