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My Invention relates to plezo-electric devices
and $o 8 methed for manufacturing the same,
The inventlon will be described in connection
with the manufacture of plezo-electric quariz
crystal wafers; however, it should be well under-
stood that §
the manwufaciure of piezo-electric crystals con-
sisting of other materials, for example, of tour-
maline, end having a shape other than that of g
waler, for example, having the shape of & bar.
The resonani frequency of a guartz crystal
wafser Is o funciion of ifs physical dimensions and
in general in the case of the most generally used
types of crystals, for example, of the so-called
Ke-cut, ¥- AT-cub and BT-cut, the thickness
of the waier lorzely defermines its resonant fre-
QuenCy. in general the wafer Is produced by
grinding & rough-cui crystal blank in lapping
machines in » series of steps until the thickness
of the wafer becomes only slightiy greater than
the thickness corresponding to the desired fre-
guency valus, Subseguently the wafer is manu-
2y lapped undil Ik exhibits the desired frequency.
In some instances the normal lapping is substi-
r

shere, for example, by exposure o

cic geld vapors, or in an etching solu-

12, by immersion In a solution of

uoride until the desired final fre-
A1

querney is =4,
In their subseguent use crystal wafers so proc-
essed undergo & substantial change in frequency
from the freguency to which the wafer is initially
processed. This change in frequency commonly
identified =s aging, has been found to be greatly
influenced by the presence of disordered crystal-
line material on the surface of the wafer and
within the microscople crystalline peaks protrud-
ing from the wafer surfaces. . This disordered
material and thosé microscopic crystals at the
surface of the wafer which are not permanently
secured tc ihe body of the wafer become dislodged
to a greater or lesser degree in the stbsequent use
of the wafer and correspondingly vary the electro-
mechanical! constanis and hence the resonant fre-
quency of the wafer. Since the conditions under
which the crystal wafer is to be subsequently
operated are not generally known, the course and
extent of the resnitant frequency change are un-
predictable snd subject to wide variations.
i . of my Invention to provide s
. for manfacturing plezo-electric
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novel apparatus for processing quartz crystal
wafers,

These and further objects of my invention will
appear as the specification progresses. ‘

In accordance with my invention the ahove-
neted aging of piezo-electric crystal wafers is
substantially entirely precluded or minimized to
the point that aging in the subseguent use of the
wafer is of a minor character and predictable by
subjecting the wafer to combined chemical and
physical forces which dissolve and simultaneously
disrupt the disordered crystalline material and
non-permanently secured microscopic erystals
from the wafer surfaces. More particularly, the
crystal wafer is immerseq In an etching solution
which is agitated at a supersonic frequency
whereby the wafer surface is chemically etched
and the wafer is simultaneously subjected to
physical forces derived from the high kinetle
energy imparted to the etching solution which
disrupt the disordered crystelline material ang
non-permanently secured microscople crystals
from the wafer suriace.

In the preferred form of the inventicn the
etching solution is agitated at a supersonic fre-
quency by the crystal wafer being processed.
More particularly, the wafer is made to act as o
piston in the etching sclution by elecirically cou-
pling the wafer to an oscillator preferably operat-
ing at the resonant frequen~y of the wafer. In
this preferreq arrangement g further advantage
is obtained in that by measuring the frequency
of the oscillator in well-known manner, the reso-
nant frequency of the wafer becomes known and
the supersonic etching of the crystal wafer can
be prevented from continuing to a point beyond
the desired final frequency of the wafer.

My invention will be des:ribed in greater detail
with reference to the appended drawing forming
pvart of the specification in which:

Fig. 1 is a perspective view showing an etching
container for processing g quartz crystal wafer in
accordance with my invention. For clarity of
illustration one side of the container has been
broken away. .

Fig. 2 is a schematic diagram of apparatus for
processing ‘a quartz crystal wafer in accordance
with the preferred embodiment of my invention.

Referring to the drawing, the apparatus shown
in Fig. 1 comaprises a rectangular tank 10 of hard
rubber, Bakelite or the other clectrical insulating
material resistant to the siching solution, the side
walls 1§—11 of which are notched at {2 o recelve
a crystal wafer 13 which divides the jank into
two compartments [4-—id, Within each com-
partment {4 is an etching scluticn 13 consistlng,
for example, of a 40% waler solution of hydro-
fuoric acid or a 259, ¢ solution of ammonivm
difiuoride. Each of the etching solutions i3 alsu
serves ag an electrode for the crysial wafer by
meangs of which slectrical energy is aprlied tothe
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crystal wafer for vibrating the same at a super-
sonic frequency thereby producing supersonic
agitation of the etching solution. Electrical con-
nections to the etching solutions are made by
electrode plates {6—1£8, for example, of copper.
The crystal wafer 138 is completely immersed in
the etching solution snd {o minimize direct elec-
trical conduction between the compartments the
barrier formed by the crystal wafer is preferably
supplemented by means of an insulating masking
element 17 of hard rubber which barrier extends
beyond the surface of the etching solution.

In carrying out the process in accordance with
the invention, a crystal wafer {3 is cuf to the de-
sired shaps and to a thickness greater than the
thickness corresponding to the desired resonsnd
frequency. The rough cut wafsr may then bhe
machine lapped to & thickness velue correspond-
ing to or greater than the thickness ai which
heretofore the manuai processing of the wsfer
was initiated,

For vibrating the crystal wafer at a stpersonic
frequency the weafer is coupled to an osclilator,
for example, of the type shown in Fig. 2. The
oscillator shown combrises o discharge tube 28
having a cathode 2f, & control grid 22 and an
anode 28 connected in feedback relationship in
known manner to an inductance-capacitance
tuned circuit 24—25 having & resonant frequency
in the supersonic range, i. e., & resonsnt fre-
quency greater than ebout 25 kilocycles. A self-
regulating operating bias voltage for the tube 206
is provided by means of a grid-leak resistor 26.
Ammeter 27 serves as & grid-current Indicator
during operation of the oscillator. The crystel
wafer to be processed is connected across the res-
onant circuit 24—25 by means of conductors
affized to the electrode plates {6-—18 (see Fig. 1).

The cutting of the wafer from the mother
crystal and the subsequent lapping thereof pro-
duces & substantial amount of disordered erystal=
line material in microscopic form which remains

on the surface of the wafer and/or within the

microscopic cavities preduced by the crystalline
elements protruding {rom the surface of the crys-
tal, By immersing the wafer in an etching solu-
tion agitated at supersonic frequency the wafer
is subjected simultanecusly to chemical sction
and to the action of the kinetic energy forces im-

parted to the solution by the supersonic agitation

and it is found that the disordered crystalline
material is substantially completely removed as
well as those microscopic crystals which are only
partially etched out by the chemical action and
thus non-permanently secured to the crystal
wafer.

In the preferred arrangement of my invention,
the constants of the tuned circuit 26—28 are so
selected that the resonant frequency of the tuned
circuit approximates the resonant frequency of
the crystal wafer whereby the crystal wafer vi-
brates at its resonant frequency snd becomes the
- frequency determining element of the oscillator.,
Under this condition of treatment relatively little
energy is demanded from the oscillator and it is
found that an oscillator employing receiving tyoe
tubes, for example, of the type 6J5 produce suffi-
ciént excitation of the crystal wafer to bring
about vigorous agltation of the etching solution.
Furthermore, & simple method of continuously
checking the degree of etching is provided by
means of which the etching of the wafer to &
point beyond the desired final frequency is pre-
vented, More particularly, the oscillator mey be
coupled to o best-frequency detector 30 end the

4

frequency of the wafer comparéd with. & signel

- voltage of the desired frequency derived from &

frequency standard 3f. The bea{ freguency pro-
duced by detector 38 is applied to & frequency
meter 8! and the etching of the waier ig termi-
nated when the resonant frequency of the wafer

 attains a predetermined value with respect to the
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frequency of the standard 3{ as indicated by the
freguency meter 32,

While I have described my invention by means
of specific examples and in specific embodiments
I do not wish to be limiteg thereto for cbvicus
modifications will occur to those skilled in the
art without departing from the spirit and scope
of the inveniion.

What I ciaim is:

1. In the manufacturs of piezo-electric cle
ments the steps coroprising immersing o crystal
element in an siching soiution and ciching the
surface of the element so immersed while simul-
taneously vibrating the ciement and aglisiing
sgid solution st o supersonic {reguency.

- 2. In the manufacture of piezo-glectric ele-
ments the steps comprising predimensioning a
crystal element to & resonant frequency greater
then sbout 25 kilocycles, immersing the predi-
mensioned element in an etching solution, snd
etching the surface of said element so immersed
while simultaneously vibrating the element and
agitating said solution at the resonant freguency
of the element.

3. The method of manufacturing a piezo-elec- -
tric element having @ predetermined resonant -
frequency, comprising predimensioning & crystel
wafer to & resonant frequency greater than about

e §

25 kilocycles, immersing the predimensioned ele-
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ment in an efching solution, etching the surface:
of said eleinent so immersed while simultaneously
vibrating the element and agitating said solution
at the resonant frequency of the element, meas-
uring the resonant frequency of the eiement, and
terminating said etching when the resonant fre-
quency of the element equals the sald predeter-
mined resonant frequency.

4, Apparatus for processing piezo-electric cle-
ments, comprising a container for an etching
solution, means to so position the element in the
container that the major surfaces of the element
are exposed to the etching solution and the cle-
ment divides the container intc two compart-
ments, and means to electrically connect the
etching solution in each of said compeartments
to a source of electrical potential.

5.. Apparatus for processing piezo-eleciric ele-
ments, comprising a container for an etching
solution, means to so position the element in the
container that the major surfaces of the element

~are exposed to the etching solution and the ele-

ment divides the container into two compart-
ments, and means coupled to said element
through the etching solution {o vibrate the cle-
ment at @ stuper-sonic frequency.

6. Apparatus for processing plezo-electric ele-

. ments, comprising a container for an etching
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solution, means to so position the element in the
container that the major surfaces of the ele-
ment.are exposed to the etching soluticn and the
element divides the container into two compart-'
ments, means coupled to the element through the -
etching solution to vibrate the element at the
resonant frequency of the element, and means to
measure the resonant freqguency of the element
during the etching thereof.
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