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This invention relates generally to piezo-electric crystal 
devices, and more particularly to such a crystal device 
operating at a high order overtone for use in high fre 
quency filter circuits. _ _ 

Piezo-electric crystals have been used in filter circuits 
for many years. Such crystals have been used mainly 
in circuits operating at low frequencies below one mega 
cycle. Problems have been encountered in providing 
crystal filters for operating at higher frequencies in the 
range from 7 megacycles to much higher frequencies, 
such as frequencies in the range from 135 to 175 mega 
cycles, for example. For operation at these higher fre 
quencies, AT-cut crystals may be used at odd order over 
tones such as the third, fifth and seventh overtones. In 
such operation, spurious responses have been produced 
by unwanted modes of operation of the ciystals. T‘hese 
spurious responses may occur at frequencies relatively 
close to the frequency of operation, and thereby provide 
undesired response characteristics in the crystal filter 
circuits in which they are used. 

lt is, therefore, an object of the present invention to 
provide an improved crystal device for use in crystal 
filter circuits operating in the frequency range above 7 
megacycles. 

Another object of the invention is to provide a piezo 
electric crystal device for operating at a high order over 
tone, such as the fifth or seventh, and in which spurious 
responses at frequencies adjacent the operating frequencies 
are of low amplitude. 
Another object of the invention is to provide a crystal 

for overtone operation having a low series resistance at 
the frequency used and very high resistance at frequencies 
in the vicinity of the overtone frequency, at which un 
wanted modes of operation may appear. 
A further object of the invention is to provide an over 

tone crystal for use in filter circuits wherein nonlinear 
diode effects are minimized. 
A feature of this invention is the provision of an over 

tone crystal device including a fiat circular A'l`»cut crystal 
blank with circular electrodes on the opposite fiat faces 
thereof, and wherein the diameter of the crystal blank is 
no more than 8 times the diameter of the electrode. A 
plurality of electrodes may be placed on each dat face 
of the blank and in such case the diameter of the blank 
should be no more than 8 times the sum of the diameters 
of the electrodes on one side of the blank. 
Another feature of the invention is the provision of a 

crystal device including a fiat AT-cut crystal blank with 
electrodes on opposite faces, and a conducting shielding 
cover with conductors extending therefrom which are con 
nected to the electrodes, and wherein the static capacity 
between the conductors is in the range from 0.9 to 1.1. 
micromicrofarads. The capacity between the conductors 
includes the capacity resulting from the size of the elec 
trodes and the thickness of the blank, and in addition the 
capacity resulting from the action of the conducting shield 
ing cover. 
A further feature of the invention is the provision of 

a crystal device for operation at its seventh overtone in 
the frequency range from 135 to 175 megacycles, wherein 
the diameter of the blank lies in the range from .l to .2 
inch and the electrode diameter does not exceed .025 
inch. The electrodes are formed on the crystal by a single 
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plating so that there is no junction between dis-similar 
materials to provide a nonlinear diode effect. 
The invention is illustrated in the drawing wherein: 
FIG. 1 illustrates a crystal device in accordance with 

the invention having a single pair of electrodes; 
FÍG. Z is a side view of the crystal device of FIG. 1; 

and 
FIG. 3 illustrates a crystal device having a plurality 

of pairs of electrodes. 
1n practicing the invention there is provided a piezo 

electric crystal device for operating at an overtone and 
to be used in a high frequency crystal filter circuit. The 
crystal blank is AT-cut so that the thickness determines 
the frequency of operation. The flat crystal blank is pref 
erably circular in configuration with circular electrodes 
thereon. One or more pairs of electrodes may be applied, 
with each pair having electrodes positioned opposite each 
other on the flat sides of the blank. Electrodes are pro 
vided by plating a single material so there is no junction 
of dis-similar materials which will provide nonlinear 
diode effects. The crystal blank has a diameter in the 
range from 4 to 8 times the diameter of the electrode 
when a single electrode is provided on each side of the 
blank, and if a plurality of electrodes are provided the 

f diameter of the blank should be in the range from 4 to 8 
times the sum of the diameters of the electrodes on each 
side. The static capacity of the crystal device as evidenced 
at its terminals should lbe in the range from 0.9 to l.l 
micromicrofarads. This includes the capacity controlled 
by the diameter of the electrodes and the thickness of the 
crystal blank, and the additional capacity produced by the 
crystal enclosure. The thickness of the planting of the 
crystal is kept low, and in the construction of a crystal 
for operation in the range from 135 to 175 megacycles, 
for example, the thickness of the blank without plating 
should be at least 95 percent of the total thickness of 
the blank with the electrodes plated on the two sides 
thereof. 

In the drawing, FIGS. 1 and 2 illustrate a crystal de 
vice in accordance with the invention. The crystal blank 
16 is a thin plate of piezo-electric material having a cir 
cular periphery, and may be an AT-cut from a quartz 
crystal. A'n electrode 12 of a material such as aluminum 
is plated on each side of the crystal. The electrodes proper 
are of circular configuration and the electrodes on op 
posite sides are entirely coextensive. Extensions 13 on 
the platings form connections to the edge of the crystal 
blank 10. The crystal is supported on a base 15 through 
which conducting pins 16 extend for making electrical 
connections to the crystal electrodes, and also to provide 
a mechanical plug-in connection. Resilient wires 17 se 
cured to the conducting pins 16 have clip portions 18 
which extend on both sides of the crystal blank 16 to 
support the same. The clip portions engage the extensions 
¿i3 of the platings so that electrical connections are lmade 
to the two electrodes 12 on the opposite sides of the 
blank 10. A cover 2t) is secured to the mounting base and 
forms an enclosure for the crystal. This is made of a 
conducting material to form a shield. 
The crsytal device is constructed to operate in an over 

tone made in a high frequency filter circuit. Unwanted 
modes of vibration producing spurious responses in the 
vicinity of the overtone are reduced by use of a crystal 
blank having a diameter no greater than 8 times the diam 
eter of the electrodes 12, and preferably in the range from 
4 to 8 times the electrode diameter. For operating at .the 
seventh overtone in the frequency range from 135 to 175 
rnegacycles, the diameter of the crystal blank may be in 
the range from .l to .2 inch, with the electrode diameter 
not exceeding .025 inch. In such a crystal the series re 
sistance at the seventh overtone is relatively low, being in 
the range between 200 and 600 ohms, and the resistance 
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for other modes of vibration in the vicinity of the seventh 
overtone is very high and may be greater than 100,060 
ohms. This minimizes the spurious responses closely ad 
jacent to the operating frequency. 

It has been found that the static capacitance between the 
terminal 16 of the crystal device should be of the order of 
0.9 to 1.1 micromicrofarads. This capacitance is made up 
of two main factors, the capacitance resulting from the 
electrodes with the crystal therebetween and the ca 
pacitance resulting from the coupling to the cover. The 
capacitance between the electrodes may be defined as 
DeZ/T, where De is the diameter of the electrodes i2, and 
T is the thickness of the crystal blank llii. The static ca 
pacitance also includes the capacitance resulting from the 
coupling of the conducting cover to the electrodes and 
conductors extending therefrom, The two elements of ca 
pacity may be on the same order of magnitude. 

Another factor which may be of importance in minimiz 
ing the spurious responses is to hold the thickness of the 
electrodes to a minimum value which provi-les reliable 
plated electrodes on the crystal blank. For crystals operat 
ing in the frequency range from 135 to 175 megacycles, 
the thickness of the plating should be such that the thick 
ness T of the crystal blank alone is at least 95 percent of 
the total thickness TP of the blank and platings. 

In FIG. 3 there is illustrated another embodiment of the 
invention, and in this construction the crystal may op 
erate as two separate sections with the sections having the 
same, or somewhat different frequency responses. The 

crystal blank 2.5 has thereon a iirsL set of electrodes which are of circular configuration and coextensive on 

the two sides of the crystal blank, and a second set of 
electrodes 27 which are similarly coextensive on t'ne two 
sides of the blank. The electrodes are plated on the blank, 
and the platings extend from the electrode 26 on one side 

to form a connector 28 thereto, and from the electrode on the other side of the crystal blank to form connector 29. 

Similarly connectors 30 and 31 extend from the electrodes 
27. The connector extensions 28 and 30 may be engaged 
by clips of supporting wires 32 and 33 as in the structure 
of FIG. 1. The connectors 29 and 31 join together and are 
connected to a third supporting wire 35 which may also 
be of the same construction as in FIG. 1. lf desired, the 
connectors 29 and 31 can be separate and engaged by sep 
arate clips, but in many applications one electrode of 
each section may be held at a common potential. 

In the structure of FIG. 3 the same basic considerations 
apply as set forth in connection with the structure of FiG. 
1. By control of the thickness of the plating of the elec 
trodes, the two crystal sections may have series resonant 
frequencies spaced from each other. The sections can then 
be used in a bandpass crystal ñlter circuit. The two sets 
of electrodes are mounted on the crystal blank at approxi 
mately 45 ° with respect to the XX or electrical axis of 
the quartz blank, and also 45° with respect to the ZZ or 
optical axis of the blank. This reduces the coupling be 
tween the sections. In order to reduce undesired spurious 
responses, the ratio of the diameters of the blank and 
the electrode must take into account the two electrodes 
on each side of the blank. 'I‘he diameter of the blank 
should be 4 to 8 times twice the diameter of the individual 
electrodes, or 4 to 8 times the sum of the diameters of the 
two electrodes on each side. For operating in the fre 
quency range between 135 and 175 megacycles, the diam 
eter of the blank may be .400 inch and the diameter of 
each electrode may be .025 inch. The capacity between 
the contact pins connected to each pair of electrodes should 
be within the range of 0.9 to 1.1 micromicrofarads. 

It may be desired in certain instances to provide more 
than two pairs of electrodes on a crystal blank. It would 
be possible to provide 4 pairs of electrodes, with the third 
and fourth pairs positioned alonga line at right angles 
to the line through the tirst and second pairs as shown in 
FIG. 3. 'I'hen each pair would be at 45° to both the elec 
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trical and optical axis of the crystal blank. In such case 
the diameter of the blank should be from 4 to 8 times the 
sum of the diameters of the four electrodes on each side 
of the blank or 4 to 8 times 4 times the diameter of each 
electrode. The plating extensions forming connections to 
the electrodes should be arranged so that they are not di 
rectly opposite each other on the two sides of the blank, 
and can be entirely separate or joined in pairs as may be 
desired for particular circuit applications. The crystal 
device would therefore act as four separate crystal sec 
tions and could be used in a four crystal filter circuit. 
The additional plating on the crystal blank providing 

a plurality of electrodes, and for the connectors therefor, 
acts to stilien the crystal blank. This increases the power 
handling capability of the blank. It may be desired to 
apply platings which are not connected in a circuit to 
provide added stiffness to the crystal blank. 

Crystals constructed as has been described have oper 
ated at high frequencies and have been substantially free 
of spurious response. Such crystal have operated satisfac 
torily in the frequency range between 135 and 175 mega 
cycles. Filter circuits using a plurality of crystal sections 
on a single blank, as described, have provided the desired 
characteristics. 

l/Ve claim: 
l. A crystal device including in combination, a thin 

flat AT-cut crystal blank having a circular periphery, 
first and second electrodes of circular configuration se 
cured to opposite flat sides of said blank, a mounting base, 
support means for said blank including iirst and second 
conductors connected respectively to said first and sec 
ond electrodes, said conductors being supported by said 
mounting base and having portions extending there 
through for connection to a circuit, and conducting cover 
means supported by said mounting base and cooperating 
therewith to enclose said crystal blank and said elec 
trodes, said crystal blank having a diameter in the range 
from 4 to S times the diameter of each electrode, and 
the static capacity between said conductors including the 
capacity between said electrodes with the blank there 
between, and the capacity resulting from said cover, being 
in the range from 0,9 to 1.1 micromicrofarads. 

2. A crystal device -for operating in the frequency 
range from 135 to 175 megacycles including in combina 
tion, a thin fiat AT-cut crystal blank having a circular 
periphery, first and second electrodes of circular contigu 
ration secured to opposite flat sides of said blank, said 
electrodes being formed by conductive platings on said 
blank which have portions extending from said elec 
trodes, a mounting base, support means for said blank 
including iirst and second conductors supported by said 
mounting base and having portions extending there 
through for connection to a circuit, resilient conducting 
wires connected to said first and second conductors and 
supporting said blank and engaging said portions ex 
tending from said ñrst and second electrodes respective 
ly and conducting cover means supported by said mount 
ing base and cooperating therewith to enclose said crystal 
blank and said electrodes, said crystal blank having a 
diameter in the range from 4 to 8 times the diameter of 
each electrode, and the thickness of said blank alone 
being at least 95 percent of the total thickness of said 
blank and said platings thereon. 

3. A crystal device including in combination, a thin 
dat AT-cut crystal blank having a circular periphery, 
Iirst and second electrodes of circular configuration se 
cured to opposite dat sides of said blank, said electrodes 
being formed by conductive platings on said blank which 
have portions extending from said electrodes, a mount 
ing base, support means for said blank including first and 
second conductors supported by said mounting base and 
having portions extending therethrough for connection to 
a circuit, resilient conducting wires connected to said 
ñrst and second conductors and supporting said blank 
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and engaging respectively said portions extending from 
said first and second electrodes, and conducting cover 
means supported by said mounting base and cooperating 
therewith to enclose said crystal blank and said elec 
trodes, said crystal blank having a diameter in the range 
from 4 to 8 times the diameter of each electrode, the 
static capacity between said conductors including the ca 
pacity between said electrodes with the blank therebe 
tween and the capacity resulting from said cover being 
in the range from 0.9 to 1.1 micromicrofarads, and the 
thickness of said blank alone being at least 95 percent 
of the total thickness of said blank and said platings 
thereon. 

4. A crystal device for operating in the frequency 
range from 135 to 175 megacycles including in combi 
nation, a iiat AT-cut crystal blank having a circular pe 
riphery, first and second electrodes of circular configura 
tion secured to opposite flat sides of said blank, a mount 
ing base, support means for said blank including iirst and 
second conductors connected respectively to said first 
and second electrodes, said »conductors being supported 
by said mounting base and having portions extending 
therethrough for connection to a circuit, and conducting 
cover means supported by said mounting base and co 
operating therewith to enclose said crystal blank and said 
electrodes, said crystal blank having a diameter in the 
range from 0.1 to 0.2 inch and the diameter of each 
electrode being no greater than 0.25 inch. 

5. A crystal device for operating in the frequency range 
from 135 to 175 megacycles including in combination, 
a fiat AT-cut crystal blank having a circular periphery, 
ñrst and second electrodes of circular configuration se 
cured to opposite fiat sides of said blank, a mounting base, 
support means for said blank including iirst and second 
conductors connected respectively to said first and second 
electrodes, said conductors being supported by said mount 
ing base and having portions extending therethrough for 
connection to a circuit, and conducting cover means sup 
ported by said mounting base and cooperating therewith 
to enclose said crystal blank and said electrodes, said 
crystal blank having a diameter in the range from 0.1 
to 0.2 inch and the diameter of each electrode being no 
greater than .025 inch, the static capacity between said 
conductors including the capacity between said electrodes 
with the blank therebetween and the capacity resulting 
from said cover being in the range from 0.9 to 1.1 micro 
microfarads. 

6. A crystal device including in combination, a iiat 
AT-cut crystal blank having a circular periphery, a plu 
rality of electrodes of circular configuration positioned 
in pairs on opposite sides of said blank, a mounting base, 
support means for said blank including a plurality of con 
ductors connected to said electrodes and supported by 
said mounting base, said conductors having portions ex 
tending through said mounting base for connection to a 
circuit, and cover means supported by said mounting base 
and cooperating therewith to enclose said crystal blank, 
said crystal blank having a diameter in the range from 
4 to 8 times the sum of the diameters of the electrodes 
on one side of said blank, and the capacity between said 
conductors connected to each pair of electrodes including 
the capacity Ibetween said electrodes with the blank there 
between and the capacity resulting from said cover be 
ing in the range from 0.9 to 1.1 micromicrofarads. 

7. A crystal device including in combination, a fiat 
AT-cut crystal blank having a circular periphery, a plu 
rality of electrodes of circular configuration positioned in 
pairs on opposite sides of said blank, said electrodes be 
ing formed by conductive platings on said blank which 
have portions extending from said electrodes, a mounting 
base, support means for said blank including a plurality 
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6 
of conductors engaging said plating extensions and me 
chanically connected to said blank and supported by said 
mounting base, said conductors having portions extending 
through said mounting base for connection to a circuit, 
and cover means supported by said mounting base and 
cooperating therewith to enclose said crystal blank, said 
crystal blank having a diameter in the range from 4 to 8 
times the sum of the diameters of the electrodes on one 
side of said blank, and the static capacity between said 
conductors connected to each pair of electrodes including 
the capacity between said electrodes with the blank there 
between and the capacity resulting from said cover be 
ing in the range from 0.9 to 1.1 micromicrofarads. 

8. A crystal device for operating in the frequency range 
from 135 to 175 megacycles including in combination, 
a fiat AT-cut crystal blank having a circular periphery, 
first and second pairs of electrodes of circular contigu 
ration positioned each having an electrode on each iiat 
side of said blank, said electrodes being formed by con 
ductive platings on said blank which have portions ex 
tending from said electrodes, a mounting base, support 
means for said blank including a plurality of conductors 
engaging said plating extensions and mechanically con 
nected to said blank and supported ̀ by said mounting base, 
said conductors having portions extending through said 
mounting base for connection to a circuit, and cover 
means supported by said mounting base and cooperating 
therewith to enclose said crystal blank, said crystal blank 
having a diameter in the range from .2 to .4 inch, and 
the diameter of each electrode being no greater than .025 
inch, and the static capacity between said conductors 
connected to each pair of electrodes including the capacity 
between said electrodes with the blank therebetween and 
the capacity resulting from said cover being in the range 
from 0.9 to 1:1 micromicrofarads. 

9. A crystal device for operating in the frequency range ' 
from 135 to 175 megacycles including in combination, a 
iiat AT-cut crystal blank having a circular periphery, a 
plurality of electrodes of circular configuration positioned 
in pairs on opposite sides of said blank, said electrodes be 
ing formed Iby conductive platings on said blank which 
have portions extending from said electrodes, a mount 
ing base, support means for said blank including a plu 
rality of conductors engaging said plating extensions and 
mechanically connected to said blank and supported by 
said mounting base, said conductors having portions ex 
tending through said mounting îbase for connection to a 
circuit, and cover means supported by said mounting base 
and cooperating therewith to enclose said crystal blank, 
said crystal blank having a diameter in the range from 
4 to 8 times the sum of the diameters of the electrodes 
on one side of said blank, the static capacity between said 
conductors connected to each pair of electrodes includ 
ing the capacity between said electrodes with the blank 
therebetween and the capacity resulting from said cover 
being in the range from 0.9 to 1.1 micromicrofarads, and 
the thickness of said ’blank alone being at least 95 per 
cent of the total thickness of said blanks and said platings 
thereon. 
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