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made by reissue. 

ABSTRACT OF THE DISCLOSURE 
An improved quartz crystal resonator is supported on 

an all-quartz structure within a quartz enclosure for im 
proved stability with time and temperature. 

The long-term frequency stability of a conventional 
quartz crystal resonator is effected by the relaxation with 
time of stressing forces Within the crystal produced by 
spring mounts and by the dissimilarities in thermal ex 
pansion rates of quartz and of the metallic electrodes at 
tached to the surface of the quartz resonator. Other fac 
tors such as plastic flow or fracture of the bond between 
the resonator and mounting structure and the adsorption 
of gases on the surfaces of the resonator also effect the 
long-term frequency stability of the crystal resonator. 

Accordingly, it is an object of the present invention 
to provide a crystal resonator which overcomes these fac 
tors and which has improved long-term frequency sta 
bility. 

It is another object of the present invention to provide 
a mount for a quartz crystal resonator which reduces the 
amount of acoustic energy absorbed from the vibrating 
resonator. 

It is a further object of the present invention to pro 
vide a crystal resonator which eliminates electrodes on 
the vibrating resonator surfaces. 

In accordance with the illustrated embodiment of the 
present invention, a quartz crystal resonator having a 
relatively inactive outer periphery is disposed between 
upper and lower quartz members which contact the res 
onator only about its outer periphery. Electrodes are dis 
posed on the vibration-free outer surfaces of the upper 
and lower quartz members for establishing a vibration 
exciting electric ?eld through the resonator. 
Other and incidental objects of the present invention 

will be apparent from a reading of this speci?cation and 
an inspection of the accompanying drawing in which: 
FIGURE 1 is a sectional view of one embodiment of 

a crystal resonator according to the present invention; 
and 
FIGURE 2 is an exploded view of the resonator of 

FIGURE 1. 
Referring to the drawing, there is shown a quartz crys 

tal resonator 9 disposed between upper and lower quartz 
members 11 and 13. Electrodes 15 and 17 on the outer 
surfaces of the upper and lower members 11 and 13 are 
connected to a suitable utilization circuit 19 and are dis 
posed to produce a vibration-exciting electric ?eld through 
the resonator 9 in response to an applied signal. The res 
onator has at least one convex surface, as shown in FIG 
URE 1, for concentrating the thickness-shear mode of 
vibrational activity in the central region of maximum 
thickness and for reducing the vibrational activity about 
its periphery. A pair of annular grooves 21 and 23 having 
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general shape as the adjacent surfaces of resonator 9 
near its periphery. These grooves are cut through the 
resonator about substantially the entire circumference of 
the grooves leaving mounting tabs 25, 27 between res 
onator 9 and the resulting ring or annulus 29 and mount 
ing tabs 31, 33 between ring 29 and the outer periphery 
35 of the resonator crystal 9. This produces a gimbal-type 
mount for resonator 9 which absorbs only a negligible 
amount of acoustic energy from resonator 9 through the 
small cross-sectional area of tabs 25 and 27. This insures 
high Q or quality operation (i.e., negligible absorption of 
acoustic energy per cycle of oscillation). Also, this gim 
bal-type mount isolates the resonator from external forces 
and stresses which, if applied to the resonator, would 
shift its resonant frequency. Plastic ?ow and fracture of 
bonds between resonator and conventional mounting 
structures are thus eliminated. The inner surfaces 37, 39 
of the upper and lower members 11, 13 have the same 
general shape as the adjacent surfaces of resonator 9 
and are recessed away from such adjacent surfaces to 
provide space for vibrational movement of the resonator 
surfaces. The outer periphery 35 of the resonator is 
bonded between the mating surfaces of the upper and 
lower sections 11 and 13 to form a hermetically sealed 
enclosure about the resonator. Since the entire resonator 
structure is made of the same material with the same 
crystallographic orientation (or of materials having the 
same thermal expansion coefficient), frequency-shifting 
stresses and forces in the resonator 9 remain substan 
tially ?xed with time and temperature. 

Also, the gimbal-type mount for resonator 9 reduces 
the frequency-shifting stresses and forces exerted on the 
resonator due to such factors as different thermal expan 
sion rates of the electrode material and the quartz mem 
bers, different thermal expansion rates of the bonding ma 
terial and the quartz members and the relaxation with 
time of the bond between electrodes 15, 17 and the 
quartz members 11, 13. The effect upon operating fre 
quency of shock or time-varying forces transmitted 
through the gimbal-type mount may be reduced further 
by orienting the diametrically-opposed tabs 31 and 33 at 
right angles to the diametrically-opposed tab 25 and 27 
and by orienting the later tabs at an angle of approx 
imately [90] 30 degrees with respect to the X axis of the 
resonator crystal. The 30 degree orientation of a support 
with respect to the X axis of the crystal is commonly 
known to be the least force-sensitive mounting for a thick 
ness-shear mode AT-cut crystal resonator. Further, since 
the structure may be evacuated and hermetically sealed, 
the vapor pressure of absorbed gases remains in equi 
librium with the partial gas pressures of each residual 
gas component inside the structure at various tempera 
tures. The absence of dissimilar surfaces which exhibit 
dissimilar depurdance of gaseous adsorption with tem 
perature eliminates frequency-shifting mass transfer be 
tween surfaces with temperature variations. A resonator 
constructed according to the present invention thus op 
erates with high Q and extremely slow aging rate to pro 
vide a high degree of long-term frequency stability. 
We claim: 
1. Signal frequency apparatus comprising: 
a piezoelectric crystal resonator having a convex sur 

face and another surface and being adapted to vibrate 
with a relatively inactive periphery in response to 
an applied electric ?eld; 

said resonator having an annular groove near the pe 
riphery thereof forming a region of relatively thin 
cross-section; 

a pair of members of the same material as said res 
onator disposed on opposite sides thereof; 

means attaching at least one of said members to said 
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resonator about the outer periphery thereof on the 
side of said groove remote from the central region 
of the resonator; 

the inner surfaces of said members adjacent said sur 
faces of the resonator being recessed away from the 
resonator to permit vibration thereof; and 

electrodes disposed on said members to produce a 
vibration-exciting electric ?eld in said resonator in 
response to signal appearing on said electrodes. 

2. Apparatus as in claim 1 wherein: 
said annular groove in the resonator passes through the 

thickness thereof substantially about the entire cir 
cumference of the groove leaving at least two tabs 
of resonator material radially traversing the groove. 

3. Signal frequency apparatus comprising: 
a piezoelectric crystal resonator having a convex sur 

face and another surface and being adapted to vi 
brate with a relatively inactive periphery in response 
to an applied electric ?eld; 

said resonator having an annular groove through the 
thickness of the resonator substantially about the 
entire circumference of the groove forming a plu 
rality of mounting tabs traversing the groove radially; 

a pair of members of the same material of said reso 
nator disposed on opposite sides thereof; 

means attaching said members to said resonator about 
the periphery thereof on the side of said groove re 
mote from the central region of the resonator; 

the inner surfaces of said members adjacent said sur 
faces of the resonator being recessed away from the 
resonator to permit vibration thereof; and 

electrodes disposed on said members to produce a vi 
bration-exciting electric ?eld in said resonator in re 
sponse to signal appearing on said electrodes. 

4. Signal frequency apparatus comprising: 
a crystal resonator of piezoelectric material having a 

convex surface and another surface and being 
adapted to vibrate with a relatively inactive periph 
cry in response to an applied electric ?eld; 

a pair of annular grooves of dissimilar radii near the 
periphery of said resonator extending through the 
thickness dimension thereof substantially about the 
entire circumference of the grooves to form an an 
nulus interposed between the outer periphery of the 
resonator and the central portion thereof, the an 
nulus being attached to the central portion of the 
resonator by a ?rst set of at least two tabs of res 
onator material and being attached to the outer pe 
riphery of the resonator by a second set of at least 
two tabs of resonator material; 

support means for said resonator; 
means attaching the outer periphery of the resonator 

to said support means; and 
means for producing a vibration-exciting electric ?eld 

in said resonator in response to signal appearing on 
said electrodes. 

5. Apparatus as in claim 4 wherein: 
the ?rst and second sets of tabs are angularly displaced 

about said annulus. 
6. Signal frequency apparatus comprising: 
an AT-cut crystal resonator of piezoelectric material 

having an X-axis and having a convex surface and 
another surface, the resonator being adapted to vi 
brate with a relatively inactive periphery in response 
to an applied electric ?eld; 

a pair of annular grooves of dissimilar radii near the 
periphery of said resonator extending through the 
thickness dimension thereof substantially about the 
entire circumference of the grooves to form an an 
nulus interposed between the outer periphery of the 
resonator and the central portion thereof, the an 
nulus being attached to the central portion of the 
resonator by a ?rst set of at least two tabs of reso 
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nator material and being attached to the outer pe 
riphery of the resonator by a second set of at least 
two tabs of resonator material; 

?rst and second members of the same material as said 
resonator disposed on opposite sides of said reso 
nator; 

means attaching the outer periphery of the resonator 
to at least one of the ?rst and second members; and 

electrodes disposed on the surfaces of said members 
for producing a vibration-exciting electric ?eld in 
said resonator in response to signal appearing on said 
electrodes. 

7. Apparatus as in claim 6 wherein: 
the ?rst and second sets of tabs are displaced about the 

annulus by an angle equal to one-half the angle 
between a pair of tabs in one of the ?rst and second 
sets; and 

the X-axis of the crystal resonator is oriented at an 
angle of approximately 30 degrees with respect to a 
radius through a tab of the ?rst set. 

8. Signal frequency apparatus comprising: 
a piezoelectric crystal resonator having a convex sur 

face and another surface and being adapted to vi 
brate with a relatively inactive periphery in response 
to an applied electric ?eld; 

a pair of members of the some material as said reso 
nator disposed on opposite sides thereof; \ 

means attaching at least one of said members to said 
resonator continuously about the outer periphery 
thereof; 

the inner surfaces of said members adjacent said sur 
faces of the resonator being recessed away from the 
resonator to permit vibration thereof; and 

electrodes disposed about said resonator to produce a 
vibration-exciting electric field in said resonator in 
response to signal appearing on said electrodes. 

9. Signal frequency apparatus as in claim 8 wherein: 
said pair of members are disposed on opposite sides of 

the resonator to enclose said resonator; and , 
said electrodes are disposed on said members to pro 

duce a vibration~exciling electric ?eld in said reso 
nator in response to signal appearing on said elec 
trodes. 
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