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My invention relates to piezo-electric devices
and more particularly to supporting means for a
piezo-electric device. While not limited thereto,
my invention is particularly useful for supporting
a high frequency piezo-electric device which nor-
mally is operated at one of its harmonic fre-
quencies. By harmonic frequency, I mean a fre-
quency which is substantially a harmonic of the
crystal fundamental frequency, sometimes re-
ferred to as a “mechanical” harmonic frequency
of the crystal. ,

An object of my invention is to provide a new
and improved method of supporting a piezo-elec-
tric erystal with the active parts of its oscillating
surfaces out of physical contact with fixed physi-
cal objects. .

A further object of my invention is to provide a
greatly simplified and inexpensive supporting ar-
rangement for a piezo-electric crystal and one
having the advantages of extreme compaciness,
sturdiness and a high degree of reliability.

Another object of my invention is to provide a -

crystal mounting in which the crystal is freely
supported in, and has each of its surfaces in close
heat transfer relation with, & fluid cooling me-
dium such as helium, argon or the like.

A further object of my invention is to provide
a new and improved piezo-electric crystal of the
high frequency type. By high frequency, I mean
any frequency from about one megacycle to the
highest frequency at which crystals may be used.
My invention contemplates that the electrical
circuit terminals and physical supporting means
for the crystal are fixedly secured to the crystal
by securing devices which extend through aper-
tures provided in the body of the crystal.

The novel features which I believe to be char-
acteristic of my invention are pointed out with
particularity in the appended claims., My inven-
tion itself, however, will be better understood by
reference to the following description taken in
connection with the accompanying drawing in
which Fig. 1 represents an embodiment of my
invention; Fig, 2 is a bottom view of a crystal
holder constructed according to my invention;
Fig. 3 illustrates an additional view of the crystal
at a right angle to the view in Fig. 1 and Figs.
4 and 5 show certain modifications of my inven-
tion.

Referring particularly to Fig. 1 of the drawing,
my invention is illustrated as embodied in a
crystal holder having an outer housing {0 of
metal, glass, or the like in the interior of which
is supported. as by a bracket {1, a piezo-electric
crystal 12. The crystal 12 is here shown merely
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for purposes of illustration as greatly exaggerated
in size. In practice, a crystal which is ground for
fundamental operation has a definite relation be-
tween the length of its principal frequency deter-
mining dimension, measured in thousandths of
an inch, and its operating frequency, measured
in megacycles, which relation is a product be-
tween about 70 and about 113, depending on the
particular manner in which the crystal is cut.
Crystals operated at ‘“mechanical” harmonics, as
referred to above, also have such a product which
is usually over 200. A particular type of such an
harmonically operated crystal, which is especially
useful, operates at its third mechanical harmonie,
and has a product of about 300 of its operating
frequency in megacycles and length of its prin-
cipal frequency determining dimension in thou-
sandths of an inch. ' :

The piezo-electric crystal, here shown as of the
harmonically operated type, is provided with flex-
ible metallic electrodes i3, {4 (Figs. 1 and 3) fix-
edly secured in opposing relation over the central
portion of each of the crystal faces. 'The -elec-
trodes 13, 14, as shown in Fig. 1, are very small
relative to the size of the crystal, thereby to have
small mass and minimum interelectrode capacity
to enhance operation of the crystal at a harmonic
frequency. The electrodes are preferably evapo-
rated upon the faces of the crystal to assure
minimum mass and are placed only on the cen-
tral portion of each face to assure minimum ca-
pacity. In the present embodiment, each of the

 electrodes 13, 14 has an extended portion 15, 16,
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respectively, which extends to opposite corners of
the crystal body.

Such a crystal of .the harmonically operated
type as described has certain relatively mechan-
jecally inactive surface portions lying between the
central portion of the crystal and its periphery.
These inactive portions may extend inward from
the periphery of the crystal by substantial dis-
tances, and may be clamped with forces of several
hundred pounds without interfering with the op-

“eration of the crystal. It is highly advantageous

to clamp crystal supports or electric circuit ter-
minals for the electrodes to such mechanically
inactive surface portions by suitable means.
Electrical circuit connecting terminals 17, I8,
are fixedly secured by small machine screws 19,
20 to the body of the crystal in electrical connec-
tion with the respective extended portions {5, 16
of the crystal electrodes. In the preferred em-
bodiment of my invention, the machine screws
19, 20 extend through holes 28 (Fig. 3) drilled
through the body of the crystal. These holes
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through which the msgchine screws are passed lie

neer the periphery of the crystal as shown in Fig.
3, where the inactive surface portions are located.

The supporting bracket (! is in similar man-
ner fizxedly secured to the crystal {2 by & small
machine screw 2! which extends throush the
bracket {4 and through & hole drilled in the lower
edge of the: crystal near the periphery thereof
where, as explained above, the inactive surface
portions are located. The bracket §f msy be
shouldered, if desired, at the point where it con-
tacts the edge of the crystel, the shoulder ex-
tending under the lower edge of the crystal to
prevent the crystal turning about the screw 26,
The bracket {1 is welded to or otherwise fastened
in position on & base plate or header 22 which
forms an end wall of the housing {8,

The housing 18 is provided at its lower end
‘with & base 28 similar to those used on vecuum
tubes, the base having electrical connecting
prongs 24 suitably arranged for insertion into
a standard vacuum tube socket. . The use of a
tube base and a tube socket in this manner
greatly facilitates the replacement of one crystal
uni{ with another having the same or different

. operating characteristics. Electrical connection
is made between the several terminals 24 and the
electrical terminals {7, 18 by electrical conduec-
tors 28, 26, which extengd through insulsting beads
26, 28, provided in the header 22.

The interior of the housing 1§ may be evacu-
ated through the sealing-off stem 27 which ex-
tends through and is hermetically sealed to the
header 22. After evacuation, the housing may be
refilled to & desired pressure, usually slightly less
than atmospheric, with & dry gaseous fluid me-
dium as air or, if greater heat conductivity is
required, with helium, argon, or the iike, After

" the refilling operation, the housing 8 is her-
metically sealed by closing the end of the stem
.27, It will, of course, be understood that ithe
header 22 is hermetically sealed to the housing
18. The use of a dry ges in the interior of the

4

support the weight of the crystal, crystel eleg-
trodes and the electrical termingls, ' This modi-

- fleation has the important advantage that the
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conductors 25, which have a certain amount of
resiliency, support the crystal in resilient manner
from the header 22.

A modified support arrancement is ﬂlustrated
in Fig. 5. The support {{ is here provided with
an integrally formed stud 28 which extends
through the aperture 28 provided in the erysial
{2 and is threaded at its end to receive g nu} 36,
A washer 34, preferably formed of a soft mets},
as Woods metal, prevents damage to the surface
of the crystal wheun the nut 38 is tightened rig-
idly to secure the support {1 to the crystal.

It will now be apparent that I have provided
a small, compact, crystal unit of sturdy construc-
tion in which the crystal is enclosed in 5 hermeti-
cally sealed housing. The housing when con-
structed of metal provides an electrostatic shieid-
ing of the crystal in addition to protecting the
crystal from the deleterious effects of dirt and
moisture. It will be evident that a ctystal and
its holder constructed in accordance with my in.
vention has the added advantage that the crys-
tel is supported in the best possible heat transfer
relation to the surrounding cooling medium.

Thus, while T have illustrated a varticular em-
bodiment of my invention, I do not wish to be
limited thereto since many modifications may be
made in the several elements embployed and in
their arrangement and I, thlerefore, contemplate
by the appended clgims to cover any such modi-
fications as fall within the true spirit and scope
of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A piezo-electric crystal whose operating fre-

-quency is higher than-its fundamental frequency

and greater than a megacycle, said crystal having

- an aperture formed therethrough near the pe-

housing is desirable in that it protects the crys- =

tal from dirt and moisture. Helium, argon, or
the like gas, additionally aids in the rapid trans-
fer of heati from the crystal to the stmosphere

surrounding the crystal housing. It should be

noted, in this connection, that the gaseous me-
dium is in intimate heat transfer relation with
all surfaces of the crystal and therefore provides
the maximum possible cooling of the crystel dur-
ing its normal operation. It is evident, there-
fore, that a crystal supported in the menner of

my invention reaches its operating temperature &

rapidly and in a minimum of timé.
Fig. 2 is o bottom view of the base 28 and
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shows the arrangement of the base prongs 24, 24 -

and the manner in which the cross-sectionsl view
~ of Fig, I was made along the plane §—1{.

Fig. 3 is another view which shows more clear-
1y the arrangement of the crystal 2, the elec-
trodes 13 and {4, the securing screws {9, 28, and
the supporting bracket {8.

A modification of my mVentlon is ghown in
Fig. 4 in which elements corresponding to like
elements of Fig. 1 are designated by like reference
characters. The supporting bracket {{ of the
Fig. 1 arrangement is eliminateq in this modifi-
cation and the crystal 12 is supporied directly
by the electrical conductors 25, 28. - The elec-
trical conductors 25, 2§ are of larger cross-sec-’
tion than are the same conductors of the Fig. 1
arrangement for purposes of mechanicsl strength

since -1t is apparent that the conductors must
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riphery thereof, and supporting means extending

through sald aperture and secured to said crystal

in rigid supporting relation therewith.

2. A piezo-electric crystal of the harmonicelly
operated type having s relatively active central
face portion and a relatively inactive peripheral
face portion, elecirodes fizedly secured in oppos-
ing relation to each other over s2id active por-
tions, electrieal civeuit terminals, and means ex-
tending through apertures formed in said periph-
eral portions for fixedly securing said terminals
to said erystal each in electrical connection With
‘'8 respective one of sald electrodes.

3. A plezo-electric crystal having fiexible elec-
trode coatings in opposing relation over the cen-
tral portion of opposite faces thereof, said coat-
ings being electrically conductive and each hav-
ing & current conducting portion extending to re-
spective spaced apart points near the periphery
of said crystal, apertures through said crystal at
said spaced apart points, and mesns extending
through said apertures for securing electricel cir-
cuit terminals each in electrical contact with 2
respective one of said electrode extending por-
tions,

4. In a support for g piezo-electric device, the
combination with a piezo-electric crystal whose
operating freguency is higher than its fundamen-
tal frequency and is also greater than & mega- -
cycle, of means extending through apertures
formed through said crystal for securing elec-
trical circuit terminals to said crystal, electrodes
evaporated on opposite faces of said crystal,
means for electrically connecting each of said
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electrodes with a respective terminal, 'and means:
utilizing said terminals for supporting said crys-
tal suspended free of physical objects.

5. In a piezo-electric crystal mounting, the

combination of a housing having an interior
chamber filled with a thermally conductive fluid,
a piezo-electric crystal, and means for support-
ing said crystal within said chamber with all of
the exterior surfaces of said crystal in close heat
transfer relation to said fluld, said last named
means including a supporting bracket, and means
~ extending through an aperture formed in the pe-
ripheral edge of said crystal for fixedly securing
said bracket {o said erystal.

6. A piezo-electric crystal whose operating fre-
quency is higher than its fundamental frequency
and higher than a megacycle, said crystal having
electrodes positioned adjacent opposite faces
thereof, and means passing through a  hole
through said crystal for pressing an electrical
terminal against said crystal, said means being
arranged to maintain electrical connection be-.
tween said terminal and one of said electrodes,

7. In a support for a piezo-electric device, the
combination with a piezo-electric erystal whose
operating frequency is higher than its funda-
mental frequency and higher than a megacycle,
of means passing through an aperture formed
through the periphery of said crystal for press-
ing an electric circuit terminal with substantial
force against sald crystal, electrodes on opposite
faces of said crystal, said means maintaining
electrical connection between said terminal and
one of said electrodes, and means utilizing said
terminal for supporting said crystal free of sur-
rounding objects,

8. A piezo-electric crystal whose operating fre-
quency is a mechanical harmonic frequency of
gaid crystal higher than its fundamental fre-
quency, conducting material evaporated in a thin
film upon the central portions of opposite faces
of sald crystal to form elzctrodes therefor, said
thin films extending to respective spaced apart
points near the periphery of said crystal, and
means passing through a hole through said erys-
tal at each of said spaced points for pressing an
electric circuit terminal against the respective
thin film to maintain electric connection between
said terminal and the respective one of said elec-

trodes. i

9. In a piezo-glectric device, a piezo-electric
crystal having an operating frequency higher than
its fundamental frequency, said crystal having
relatively mechanically inactive surface portions,

an electrode positioned adjacent said crystal, an

electric circuit terminal, means for clamping said
terminal to one of said inactive surface portions
of said crystal with force sufficient to maintain
said terminal in fixed relation to said crystal,
and means for connecting said ferminsal to said
electrode. :

10. In a piezo-electric device, g piezo-electric
crystal having an operating frequency which is a
mechanical harmoniec freguency- of said crystal
higher than its fundamental frequency, a thin film
of conducting material evaporated only upon the
central portions of opposite faces of said crystal
to form elecirodes therefor, said thin films ex-
tending {o respective spaced apart points near the
periphery of said crystal, a palr of electric circuit
terminals, and means for clamping said electric
circuit terminals to the respective thin film por-
tions at each of said spaced peints to maintain
electric connections between said terminals and
the respective electrodes.
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11. In a piezo-electric device, a piezo-electric
crystal having an operating frequency which is a
mechanical harmonic frequency of said crystal
higher than its fundamental frequency, said
crystal having relatively mechanically inactive
surface portions, a thin film of conducting mate=-
rial evaporated on a surface of said crystal form-
ing an electrode and having g portion extending
over one of said inactive portions, an electric
circult terminal, and means for clamping said
terminal to sald thin film over said inactive sur-
face portion to maintain electric connection be-
tween said terminal and film, ) :

12, In a piezo-electric. device, a plezo-electric -
crystal having an operating frequency higher
than its fundamental frequency, said crystal hav-
ing relatively mechanically inactive surface por-
tions at a substantial distance from its veriphery,
a support for saild crystal, and means for clamp-
ing sald support to one of said inactive surface
portions with sufficient force to support said crys-
tal during use of said device. :

13. In a plezo-electric device, a piezo-electric

“erystal having an operating frequency which'is g

mechanical harmonic frequency of said crystal
higher than its fundamental frequency, said crys-
tal having relatively mechanically inactive sur-
face portions, g thin film of conducting material
evaporated on a surface of said crystal and form-
ing an electrode thereon, said thin film having
a portion extending over one of said inactive sur-

- face portions, an electric cireuit terminal, means
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for clamping said terminal o said thin film over
said inactive surface portion to maintain electric
connection between said terminal ang film, and
means for supporiing sald crystal from at least
one of said inactive portions.

14. In a piezo-electric device, 5 piezo-eleciric
crystal having an operating frequency which is a
mechanical harmonic frequency of said crystal
higher than its fundamental frequency, said crys-
tal having relatively mechanically insctive sur-
face portions, & thin film of conducting material

‘evaporated on g surface of said crystal and form-

ing an electrode, said thin film having a portion

extending over one of said inactive surface POT-
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tions, an eleciric ecircuit terminsl, means for
clamping said terminsl to s2id thin film over sald

Anactive surface portion to malntain electric con-

nection between said terminal and flm, and
means utilizing sald terminal for supporting said
crystal, .

15. In & piezo-electric device, a piego-electric
crystal having an operating frequency which is
a mechanical harmonic frequency of said crystal
higher than Its fundamental frequency, said
crystal having relatively mechanically inaciive
surface portions, & thin film of conducting mate-
rial evaporated on a surface of said crystal and
forming an electrode, said thin film having o por-
tion extending over one of .said inactive surface
portions, an electric circuit terminal, means for
clamping said terminal o said thin film over said
Inactive surface portion to maintain electric con-
nection between said. terminal and flm, and
means for supporting said crystal from another
of said inactive portions.

16. In combination, s piezoelectric crystal, a
pair of electrodes each partially covering an elec-~
trode face of said crystal, an uncovered area of
each of said crystal faces being in register, re-
spectively, with a covered area of the other of said
crystal faces.

17. The invention as set forth in claim 16 and
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wherein said electrodes are integral with the
electrode faces of seid crystal.

- 18. In combination, a piezoelectric crystal, a
pair of electrodes each partially covering an elec-
trode face of said crystal, said electrode faces

"having non-covered areas adjacent opposite edge
portions of said crystal, and & pair of supporting

members secured to said crystal adjacent the:
said non-covered arees of its said electrode faces,:
-each of sald -supporis contacting one of said elec-.

trodes and compmsmg an electrical connectlon'
thereto.
19. In combingtion, a p1ez0electn¢ crys’c&l a

pair of elecirodes secured respectively to the op-

posite electrode faces of said crystal, said elec-
trode faces having non-covered areas adjacent
" diagonally opposite edge portions of seid crystal,
and means for supporting said crystal at its said
diagonally opposite non-covered areas.

20. In combination, & piezoelectric crystal, a
pair of evaporated-metal electrodes partially
covering the electrode faces of said crystal, non-
covered areas of said electrode faces being adja-

. cent opposite ends of said crystal, and a pair of
supporting members secured to said crystal ad-
jacent the said non-covered areas of its elecirode
faces, each of said supports contacting one of
said electrodes and compnsmg an electrical con-
nection thereto. ’

21. In combination, & piezoelectric crystal hav-
ing oppssite faces each partly covered with a

10

8

another cormer of said crystal element, conduc-
tive supporting means mounting said crystal
element at said corners and establishing indi-
vidual electrical connections with said coatings
at. said corners, said means comprising conduc-
tive spring wires.

24, A thickness-mode plezoelectric crystal ele-
ment having substantially rectangular opposite
major faces, the thickness of said crystal ele-
ment between said opposite major faces being
made of & value corresponding to the value of
said thickness-mode frequency thereof, 4 pair

" of conductive coatings formed integral with said
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metal film, the metal covered areas of said crys- -

t2l faces comprising elecirede areas, non—covered
areas of said faces heing at opposite ends of said
crystal, and a clamp sdjacent each of the said
crystal ends, each clamp comiacting the non-
covered area of one face end the metal covered

. ares of the other face..
22. A thickness-mode p1ezcelectrxc crystal ele- .

ment having substantially rectangular opposite

opposite major faces, said conductive coatings
being disposed opposite each other at the central
portions only of said msjor faces and forming-
electric field-producing electrodes spaced entire-
ly inwardly of all of the peripheral edges of said
major faces, one of said coatings on one of said
major faces extending to one corner of sald
erystal element and the other of said coatings -

.on the other of said major faces extending to

another corner of said crystal element, conduc-

"tive supporting meens mounting  said crystal

clement at said corners and establishing Indi-
vidual elecirical connections with said coatings
at sald corners.

25. A thickness-mode pzezoelectnc quartz
crystal element having substentially rectengular
opposite major faces, the' tmcmess of seid ele-
ment between said opposite major faces being
made of 2 value corresponding to the value of
the thickness-mede frequency of said crystal ele-
ment, & pair of substantially equal size and op-
positely disposed ield-producing conductive
coatings formed integral with the central por-
tions of said opposite major faces and spaced

- entirely inwardly of all of the peripheral edges
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mejor faces, the thickness of said crystal element

between said opposite major faces being made of

a value corresponding to the value of said thick-',

ness-mode frequency thereof; & pair of conduc-
tive coatings formed integral with said opposite
meajor faces, said conductive coatings being dis-
posed opposite each other at the central portions
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only of said- major faces and forming electric

~ fleld-producing electrodes spaced 'entirely in-
wardly of all of the peripheral edges of said major
faces, one of said coatings on one of said major
faces extending to one corner of said crystel ele-
ment and the other of said coatings on the other
of said major faces extending to another ‘corner
of said crystal element, conductive supporting
means mounting said crystal element at said cor-

a0

of seid major faces, and a pair of relatively
narrow connective conductive coatings formed
integral with s=id opposite major faces and ex-

tending from said field-producing conductive

coatings to two different corners of said crystal
element,

26. In combination, & thlckness-mode piezo-
eleciric crystal element having its thickness
made of a value corresponding to the value of
its thickness-mode freguency, and & pair of con-
ductive coatings each partially covering an elec-
trode surface of said crystal element, the un-

covered ares of each of said crystal elecirode -~

. surfaces being opposite a covered area of the

(3234

ners and establishing individual electrical con- -

nections with said coatings at said corners, said
means compnsing conductive spring wires.'
23. A thickness-mode piezoelectric crystal ele-

ment having substantially rectangular opposite

major faces, the thickness of said crystal ‘element
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between said opposite major faces being made
of & value corresponding to the value-of said =

thickness-mode frequency thereof, a. pair-of con-.

ductive coatings formed integral with said op-
posite major faces, said conductive coatings be-
ing disposed opposite each other at the central
portions only of said mejor faces and forming
electric field-producing electrodes spaced entirely

~——inwardly of all of the peripheral edges of said

major faces, one of said.coatings on one of said
“major faces extending to one cornmer of: said
crystal element and the other of Said coatings
on the other of sa.id major faces
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other of said crystal electrode surfaces, and the
covered areas of each of said crystal electrode
surfaces being disposed opposite each other only
at the central portions of said crysial electrode
surfaces said oppositely disposed covered areas
forming opposite field-producing electrodes hav-
ing an effective field area covering less than
806 per cent of the area of one of said crystal
electrode surfaces, said field area being spaced
entirely away from 2ll of the peripheral or mar-
ginal edges of said crystal electrode surfaces.
97. In combination, a thickness-mode piezo-
electric crystal element having its thickness made
of a value corresponding to the value of its thick-
ness-mode frequency, and a pair of conductive
coatings each partially covering an electrode sur-
face of said crystal element, the uncovered area

"of each of said crystal electrode surfaces being

opposite a covered area of the other of said crys-
stal electrode surfaces, and the-covered greas of
each of said crystal electrode surfaces being dis-
posed opposite each other ‘only at the central por-

extending to 76 tions of sald crystal electrode surfaces said op-
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positely disposed c’ovebred areas forming opposite

" field-producing electrodes spaced entirely awsay
from all of the peripheral or marginal edges of
said crystal electrode surfaces, said oppositely dis-
posed covered areas forming opposite fleld-pro-
ducing electrodes of substantially circular shape
having an effective field area less than 80 per cent
of the area of one of said crystal electrode sur-
faces. .

28. In combination, a piezoeiectﬂc erystal ele--

ment having its thickness made of a value cor-
responding to the value of its thickness-mode
frequency, and a pair of conductive coatings each
partially covering an opposite major st}rface of

2,412,080
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sald crystal element, each of sald coaotings cov-
ering a ‘marginal edge portion of one of sall
major surfaces and tapering in width from sald

_margingl edge portion thereof towards the cen-
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tral portion of each of sald mgjor surfaces, said
pair of coaiings being dispesed opnosite each
other only at said central portions and forming
opposite field-producing electrodes heving an ef-
fective fleld ares covering less than 80 per cent of
the drea of one of szid major surfaces, said fleld
area belng spaced entirely inwardiy of gll of the
marginal edges of said major suriaces.

‘CHARLES P, BALIDWIN,




