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This invention relates to the manufacture of
quartz oscillator plates and the like and has for
its object certain improvements in the apparatus
for depositing films of metal on quartz oscillator
plates and the like. The invention also has for
its object improved quartz oscillator plates as
an article of manufacture.

Quartz oscillator plates tend to lose activity
on ageing, for example, by being stored. Various
treatments of the plates have been proposed to
restore the activity of the plates, at least in
large part. Among such treatments is that of
sputtering the plates with a suitable metal, such
as gold. The most common method is to cover
the plates completely with a thin layer or coating
of gold, not only the surfaces of the two major
sides or faces but also the surfaces of the edge
portions of the plates. For oscillating purposes,
the plates must have high electrical resistance
between the surfaces of the two major faces and
it is, therefore, necessary to remove the gold from
the edges of the plates. This is usually done by
abrading the gold from the edge portions of
the plates. As a result of the abrading operation,
the oscillator plates are frequently scratched,
and this in turn impairs their oscillating char-
acteristics.

The all-gold coated oscillator plates tend to
have further undesired characteristics. For ex-
ample, they tend to have a lower activity than
that of the uncoated, but unaged, plates. Some
of the coated oscillator plates also tend to os-
cillate with a spurious frequency. This latier
trait is especially detrimental because its occur-
rence is erratic, unpredictable and not necessarily
reproducible even in the same oscillator plate.

An uncoated quartz oscillator plate which ex-

hibits no spurious frequency may show one or
more after being covered with gold. )

As a result of my investigations, I have dis-
covered that if the quartz oscillator plates are
coated with metal in a certain manner, disad-
vantages of the kind enumerated may be largely
overcome. The thin film, coating or layer of
metal may be deposited on the oscillator plates
in such a manner as to make unnecessary the
customary abrading operation on the edge por-
tions and thus minimize greatly the chances of
scratching or otherwise imparing the two main
surfaces of the oscillator plates.

In accordance with the apparatus of the pres-
ent invention, a support for the oscillator plates
is positioned within a chamber, the support be-
ing provided with a hole of predefermined size
across which a plate may be placed in contact
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with the support so that the part of the plate
exposed. through the hole will be covered with
a film of the metal to be deposited while the
unexposed surface of the plate in contact with
the support will not be covered with a film of
metal.

The two main sides or surfaces of the oscil-
lator plates are advantageously covered simul-
taneously with metal in the manner indicated.
This can be done in such a way that the. side
of the plate containing the spot will contain
no metallic deposit other than the spot. This
spot is advantageously located centrally of the,
oscillator plate and is preferably of predeter-
mined size, depending upon the size and intended
use of the oscillator plate.

In a presently preferred practice of the inven-
tion, the metallic films are deposited on the os-
cillator plates by means of a high voltage across
a metal anode and one or more metal cathodes
operating in an evacuated chamber having the
necessary electrical connections. The cathode
disintegrates and the metal of which it is made
is deposited or tends to deposit upon the anode
as an extremely thin and homogeneous film. A
flat sheet or plate of aluminum is advantage-
ously employed as the anode, the anode being
punched with a plurality of spaced holes of a
size corresponding to the metallic spots to be
placed on the oscillator plates. The cathodes.
are advantageously made of gold. The anode
plate is horizontally disposed and equidistantly
spaced between a pair of the cathodes in a pres-
ent practice of the invention.

The oscillator plates are placed on the alu-
minum anode, each plate being centered over
one of the holes in the anode. The upper surface
of each oscillator plate is completely exposed,
as is so much of the lower surface of each os-
cillator plate over the holes.. The remainder of
the lower surface of the oscillator plates is in
contact with the aluminum anode and is, there-
fore, masked off. v :

The chamber is evacuated in the usual manneér
and high voltage current is passed across the
anocde and cathodes. This causes the gold in the
cathodes gradually to disintegrate, filling the
chamber with gold vapor which deposits or tends’
to deposit on the aluminum anode and, there-
fore, deposits a film on the exposed upper sur-
face of the oscillator plates and so much of the
under surface of the oscillator plates as is ex-
posed by the holes in the aluminum anode.

The invention will be better understood by
referring to the accompanying  drawing, taken
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in eonjunction with the following description, in
which—

Fig. 1 is a side elevation in section on the line
[—1I of Fig. 2 of an apparatus illustrative of a
practice of the invention;

Fig, 2. is. a. plan. view partly in section, and
partly in fragmentary sections of the same ap=
paratus;

Fig. 3 is a diagrammatic representation of the
internal arrangement of the apparatus;

Pig. 4 is a plan view with a . cut-away portion:
of a quartz oscillator plate treated in the ap-
paratus;

Fig. 5 is an enlarged end view of the quartz
oscillator plate of Fig. 4; :

Pig. 6 is a sectional elevation in part cf an
anode and a mask for s modified practice; and

Fig. 7 is an enlarged end view- ofi the quartz
oscillator plate of Fig. 6.

Referring first to Fig..1, the apparatus shown
comprises a glass bell-jar or cover [0, defining a
chamberii. Thelower circumferential edge por=
tion 12 of the bell-jar fits snugly within an annu-
lar groove I3 of a rubber gasket (4 resting on a
metal base 15. The bell-jar and rubber gasket
are readily removable as a unit from the. steel
base. One end of a conduit 16 is non-leakably
screwed into an opening {7 in base I8, thus
communicating with chamber [, and the other
end of the conduit connects with a. source of
vacuum, not shown.

The parts located within chamber {{ comprise
a pair of spaced metallic cathodes. 28. and. 2f
and a metallic. anode 22 midway between. the
twa, all horizontally: disposed. to. base (8. In. a
presently preferred practice, the cathodes are
formed of gold and the anode. of aluminum.
Thus, upper cathode 20.is formed: of a.thin.sheet
of gold or gold foil 23 underlying an appropriately.
supported upper aluminum plate 24, the over-
lying edge portion. 25 of the gold sheet- being.
bent upwardly and over the top of the edge por-
tions of a.glass plate 26 resting on the top.of the
upper aluminum plate.. In similar fashion, lower
cathode 21 is also formed of a.thin sheet of
gold or gold foil 27 overlying.an.appropriately sup-
ported lower aluminum plate 28, the overlying

edge portion 29 of the gold sheet being bent down-.
wardly and over the top.of the edge portion of an.
appropriately supported. glass plate 38 located:

immediately below the lower aluminum plate.
As shown, upper aluminum. plate 24 and.lower
aluminum plate 28. are held in position. by two.
oppositely located vertical supports. 35: and 38,
the former being provided with an electrical con-
_ductor. Thus, support. 35 consists of a vertically
disposed. conductor rod 31 threaded at both ends,
the lower end of which. extends through an: open-.
ing. in. base 13- and the upper end. of which:
extends.through. a slotted opening 38 in arshoulder
portion 38:of upper aluminum plate 24. The.con-
ductor rod-is held. in position by means of a nut
40 secured well above the lower end of the: rod,.
an. insulating washer 4! being disposed between
the: nut. and the lower side of base. {5, and a
truncated. porcelain. insulator 42, the lower por-
tion of which is reduced in size to fit snugly. in
the same- opening of the base: through which
the rod extends, thus. forming & shoulder portion
43. resting upon the base. The truncated porce-
lain insulator: fits. around an: enlarged lower.
section of the conductor rod, the uppet end of
the enlarged section being threaded. to receive
a. stop: nut. 44. The conductor. rod: exfends

through a. slotted opening in a. shoulder portion.
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45 of lower aluminum plate 28 which rests on
the nut. A cylindrical porcelain insulator 46 fits
around the upper and reduced section 47 of the
conductor rod, the lower end of the insulator
resting on the top of shoulder portion 45 of lower
aluminum. plate 28. The. upper end of the in-
sulator terminates at the upper threaded end of
the conductor red. Shoulder portion 33 of upper
aluminum plate 24 is located on the upper end
of the insulator and is secured thereto by means
ofa nut: 48 turned tightly on the upper threaded
portion of the conductor rod.

Vertical support 36 is advantageously con-
structed in the same manner as vertical support
It is. therefore unnecessary to describe its
construction: in detail. It consists of a rod 58
threaded at. both ends to receive nuts 586 and 57,
and thereby hold in place truncated insulator
58, nut: 59, slotted shoulder 60 of lower aluminum
plate 28, cylindrical insulator 61 and slotted shoul-
der 62 of upper aluminum plate 24. In the con-
struction shown, however,. vertical support. 3§ is
not. designed.: to. form.part of an electrical circuit.

Returning. to, vertical support 35, its electrical
connection is. provided by means of a high voltage
line 65, connectible with. a.source of current, not
shown, and a terminal 66 secured to conductor
rod 371, 'The terminal is disposed between nut
40 and a securing nut: 67 on: the lower end: of the
conductor rod.

Turning next:-to anode 22, it will be noted that
it. is. held: in position by three spaced vertical
supports: 10, 71 and 72. 'They are-similar in con-
struction, except that the. latter is- connectible
electrically with the source of high voltage current
to be employed. Thus; vertical support i2' con-
sists. of a- vertically disposed conductor rod- T3
threaded at both ends, the lower end of which
extends. through an opening in base {5 and the
upper end- of which extends through- a slotted
opening. 14 in: a shoulder portion 75 of aluminum
plate 22. The conductor rod is held: in: position:
by means. of a nut 76 secured to the lower: end
of the rod, an insulating bushing 17, which: fits
snugly in: the hole in the:base; a cylindrical-por~
celain insulator 78 and a nut. 18 secured to the:
upper end of the conductor rod. The. electrical:
connection:is. provided: by means of a-lxighr voltage
line 80, connectible with the source:of high:voltage
current, and a terminal 84, = The terminal is dis-
posed. between nut. 18 and: insulating bushing 1%

Still referring to- ancde 22; which, as. stated;.
is. an. aluminum plate, in: & presently preferred:
practice of the invention, it will be noted that
its top portion is. subdivided: into a plurality of
rectangular recesses 85 spaced from one another
by relatively narrow: criss-cross: top: portions 86
of the aluminum: plate. The rectangular recesses
are preferably of a size easily to accommodate:
rectangular: quartz: oscillator. plates 8%. While
rectangular recesses: are-shown, it will be obvious.
that- they may- be: circular or: in: other desired:
configuration. In: the construction shown, each:
recess is provided: with a centrally: located: hole
88, preferably of predetermined: size so: as: to-
make: possible: a. sputtered. spot of predetermined
size. An- advantage of the recess is that when:
an oscillators plate. is placed: therein, it is auto-
matically centered. or aligned: with the hole in:
the recess so that the spot of the oscillator plate
to be sputtered is centrally:located:

Referring: again. to anode.22; as more particu-
larly illustrated in Fig. 6,. a. modified practice: is
shown in part. It may be desirable to sputter a
spot. on: both: major faces of the oscillator plates..
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This may be accomplished, for example, by plac~
ing a mask 89 on the top of anode 22, the mask
being provided with g plurality of suitably spaced
holes 90, preferably juxtaposed to holes 88 in the
anode proper. '

Glass plate 30, which is located immediately
below and. preferably in contact with lower
aluminum plate .28 forming a part of thé lower
cathode construction, is freely supported on three
vertically disposed and spaced supports 91, 92
and 93, resting on base i5. The supports may,
for example, be formed of cylindrical porcelain,
such as used in the other vertical supports. The
supports for the glass plate may merely rest on
the base, although they may be secured thereto,
if desired,

The apparatus described may be operated as
follows in the practice of the invention:

With bell-jar 10 removed, a quartz oscillator
plate 87 is placed in each recess 85 of anode
22. The bell-jar is then returned to cover the
anode-cathodes-assembly and chamber |1 is
evacuated through conduit {6 to a suitable sub-
atmospheric pressure. High voltage current is
next applied across terminals 66 and 81 and thus
across cathode 20 and anode 22 and across anode
22 and cathode 2. This causes gold foil 23 of
cathode 20 and gold foil 27 of cathode 21 grad-
ually to disintegrate, filling chamber (1 with
sputtered gold vapor.
deposited on exposed surfaces of the quartz oscil-
lator plates to form a thin and homogeneous
film. The top and edge and the bottom circular
spot surfaces, being the only portions of the oscil-
lator plates thus exposed, are therefore covered
with gold in this manner. After a suitable inter-
val of time, enough to deposit the desired amount
of gold, the application of current is discontinued
and the vacuum broken; after which the bell-jar
is removed and the treated oscillator plates are
removed. In Figs. 4 and 5, the deposit is shown
as & top and edge film 95 and a bottom spot 86.

If, on the other hand, it is desired to sputter
a spot on each major face of oscillator plates 87,
mask 89 is placed on the top of anode 22, As
sputtering of gold from cathodes 20 and 21 takes
place, spots 89’ are also placed on the oscillator
plates. Portions of the oscillator plates covered
by the mask will then obviously not be sputtered
with the gold. When the spots are centered in
the manner indicated, they provide electrode con-
tacts, which brings the electric field to the center
of the oscillator plates where it does the most
good,

‘While in the practice described above high volt-
age cathode sputtering is employed, it will be
clear to those skilled in this art that other means
may be employed to deposit the film of metal in
the manner desired. Arc sputtering may also be
used.. Pencils of the metal to be deposited may
be brought together with a suitable electromotive~
force applied between them. A voltage may be
applied between the cathode of the arc and the
oscillator plate to cause the metal ions to pass
over the exposed surface of the plate to be coated.
Various evaporation methods may be employed,
such ags distillation of the metal to be deposited
from a heated container in the chamber, or
thermal evaporation of the metal, for example,
as a coating from heated tungsten filament.
will thus be clear to those skilled in this art that
the practice of the invention lends itself readily
to a number of highly useful modifications.

I claim:

1. In apparatus for depositing films of metal on

Some of the gold vapor is 3

It

10

15

20

45

50

60

75

6

quartz oscillator plates and the like, means de-
fining a chamber, a pair of vertically spaced cath-
odes in said chamber and of the metal to be de-
posited, an anodic support in said chamber for

“the plates having an upper plate supporting sur-

face, said support horizontally disposed and lo-
cated substantially midway between said- cath-
odes, said support provided with a vertically ex-
tending hole of a size across which a plate may be
disposed with the plate in contact with said upper
surface of the support about said hole whereby
that portion of the lower face of the plate €xposed
through the hole and the entire upper face of the
plate will be covered with films of metal from said
cathodes.

2. In apparatus for depositing films of metal on
quartz oscillator plates and the like, means de-
fining a chamber, a pair of vertically spaced hori-
zontal flat sheet cathodes in said chamber and
of the metal to be deposited, a flat sheet anodic
support in said chamber for the plates having an
upper plate supporting surface, said support hori-
zontally disposed and located substantially mid-
way between said cathodes, said support being
provided with a plurality of vertically extending
holes each of a size across which a plate may be
disposed with the plate in contact with the por-
tions of the upper surface of the support about
the holes whereby the portions of the lower faces
of the plates exposed through the holes and the
entire upper faces of the plates will be covered
with films of metal from said cathodes. )

3. The apparatus as in claim 2 including a mask-
provided with a plurality of holes, said mask dis-

5 posed on the upper side of said anodic support

and having its respective holes in alighment with
the upper faces of the respective plates whereby
such upper faces will be covered with films only
on their portions exposed through the holes in the
mask.

4. In apparatus for depositing films of metal on
quartz oscillator plates and the like, means defin-
ing a chamber, a pair of vertically spaced cathodes
in said chamber and of the metal to be deposited,
a horizontally disposed anodic support within said
chamber for the plates having an upper plate
supporting surface, said support located hetween
said cathodes, and said support being provided
with a vertical hole therethrough opening down-
wardly to the lower cathode and of a size across
which g plate may be positioned in contact with
said upper surface of the support and with a por-
tion of the lower face of the plate exposed through
said hole whereby of the lower surface of the plate
only that portion exposed through said hole will
be covered with a film of metal from said cathode
and whereby the upper side of said supported plate
is not obstructed by said support.

5. In apparatus for depositing films of metal on
quartz oscillator plates and the like, means de-
fining a chamber, a pair of vertically spaced hori-
zontal flat sheet cathodes in said chamber and
of the metal to be deposited, a flat sheet anodic
support within the chamber for the plates having
an upper plate supporting surface, said support
arranged horizontally within the chamber and
between and substantially parallel with said cath-
odes, upstanding partition walls upon the upper
surface of said anodic support subdividing it into
2 plurality of recesses each adapted to receive
an oscillator plate, and said support being pro-
vided with a vertical hole within each of said re-
cesses inwardly of its partition walls whereby the
plates located in said recesses will have the por-
tions of their lower surfaces exposed through said
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