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5 (Claims.

The present invention relates to variable con-’

densers, and will be described in connection with
the type commonly known as trimmer or vadding

condensers which find their chief application as.

semi-adjustable means for tuning the resonant
circuits of radio receivers to fizxed selected fre-
quencies.

Such condensers usually comprise as their main
elements at least one fixed and at icast one fex-
ible and/or adjustable metal plate or armature,
between which metal plates is disposed a layer o
dielectric material, for example, of mica, the as-
sembly being mounted on a suitable base of low-
loss insulating material. To obtain a coniinu-
ous variation of the capacity, the flexible plate is
made of g resilient material having a high degree
of elasticity, and its capacitative relationship to
the fized plate is varied by flexing it jowards or
away from the fixed plate by means of an adjust-
ment screw or the like.

The main difiiculty heretofore encountered in
prior art condensers was that they were incapable
of maintaining their adjusted capacity value,
mainly because of the temperature changes and

. vibration to which the condensers are normally

subjected in operation.

Such influences, as just stated, affect the
capacity of the condenser by changing the sffec-
tive area of the plates, the effective distance be-
tween the plates, and the effective dieleciric con-
stant of the dielectric.

There have been various suggestions o over-
come these difficulties either by constructions
preventing changes in the adjusted capacity of
the condenser or by auxiliary means which would
compensate for such changes. Such solubions
were only partly successful, i e., oniy to the ex-

tent that they eliminated or comneﬂsated for-

capacity changes which were of & ;egula,r and
predictable nature.

I have found, however, that in praciice capacity
changes take place in the operation of such con-
densers which are- highly irregular and of an
erratic and unpredictable nature and the in-
fluence of which has not beenr and could not be
overcome in prior art constructions,

My invention, therefore, relates to adjustabls
condensers ‘aarucularly of the sc-called trimmer
type, in which the possibility of such unpredics-
able capacity changes is eliminated. The occur-
rence of such unpredictable capaciéy changes can
be explained as follows:

In the assembled condenser the fixed elecirods
plate is intended to contact with ils omtzrm efiec-
sive surface with the dielectric layer, whereas

(CL 175—41.5)

the flexible or adjustable plate contacts therewith
with a smaller or larger surface depending upon
the adjustment of the condenser.

An air gap defined by the flexible plate and the
dielectric layer—normally consisting of & mica g
sheet—forms a second dielectric in series with
the mica, and the adjustment of the condenser
takes place by varying the average thickness of
the air gap.

That the condenser for a given adjustment
assumes o definite capacity value and thai after
passing through a heat cycle returns to such
value, is predicated among other things on the
assumptions that the contact between the elec-
trode plates and the dielectric layer is verfect 15
and that the air gap for a given setting is reiiably
defined by the flexible, plate and the dielectric
layer.

With the orior art constructions these assump-
tions are found not to be correct. While the ad- 20
susting means tends to press the dielectric layer
against the fixed plate, the contact between the
two.is far from verfect. 'This is'due to the facts
that the fixed condenser plate and the diclectric
layer consist of materials which are not viastic
ot ordinary temperatures, and that the surfaces
of ihese elements and particularly that of the
metal plate are microscopically rough. One re-
sult thereof is that an air film of indefinite and
non-uniformn thickness is formed between the
fAxed plate and the contacting dielectric layer.

Tn operaiion this air film changes its efective
ares and average thickness for various reasons.
Tor example, when the condenser heats up in
operation, the electrode plate and the dielectric
Aayel, because of their different expansions, are

relatively displaced,

Again when ceoling down, these elemenis con- .
tract and tend to assume their former relative
position; however, the friction between their con-
tacting surfaces interferes with this.

Furthermore, at the higher operating tempera-
tures the materials of the condenser elements be-
come increasingly plastic, and have a iendency
to fow into cach other, and as a rule the con- ,g
densers aiier having passed 4 number of heab -
cyeles are found $o have increased in capacity.

From tne ahove it will be noted thet the im-
periect contact between the dielectric layer and
the Axed elecirode plate, and the variations in
the sxtent and efective thickness of the air flm
between same, cause capacity variaumﬂs oi the
condenser, which are of an erratic Qa,i;u*re and
which have not been taken care of in prior ‘arh
gounsiructicns.
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To eliminate the capacity variations due to the
imperfect contact and the air film between the
dielectric layer and the fixed condenser electrode,
I provide between the two a perfect molecular
contact either by applying to the fixed plate a
thin firmly-adhering dielectric layer, or prefer-
ably by forming the fixed condénser plate as a
thin metallic layer firmly adbering to the dielec-
tric layer. The latter may be achieved by various
well-known methods, for example, by electroplat-
ing, painting or spraying the metal—in a finely
divided state and held by a suitable binder—
onto the dielectric layer. :

While the above measure removes partly the
causes responsible for the erratic capacity vari-
ations found in such condensers, it did not elimi-

‘ nate them altogether.

More particularly, I found that a condenser in
which the fixed electrode was formed as a metallic
layer adhering to the dielectric gave satisfactory
results as long as the percentage capacity ad-
justment was small; i. e., as long as the flexible
electrode contacted only with a small portion of
the dielectric layer. However, at large percent-
age capacity adjustments the behavior of the
condenser was not much more satisfactory than
that of condensers of the prior art,

I found that this was due to an imperfect con-
tact also occurring hetween the flexible plate and

the dielectric layer and an air film also forming -

between their contacting surfaces, the effect of
which, however, manifests itself only with large
bercentage capacity setting.

" This can be explained as follows: As long as the‘

capacity adjustment is small, the flexible elec-
trode plate contacts with the dielectric layer over
a very small surface. Consequently the pressure
of the adjusting means is distributed over a small
contact area, and the resulting high specific pres-
sure insures a good contact. Furthermore, even
if an air film is formed between the contacting
surfaces of the flexible electrode and the dielec-
tric layer, its extent and average thickness.varia-
tions are small and thus any variations thereof
have but a negligible influence on the condenser.
However, for larger capacity settings the contact-
ing surface of the flexible electrode increases,
with a corresponding decrease of the specific pres-
sure; this results in a poorer contact and pro-
duces an air film the variations of which, because
of its greater extent and greater average thickness
variations, have an important influence on the
condenser capacity.

I have found that & trimmer condenser which
at any capacity setting is free from erratic ca-
pacity variations, can be obtained if in accord-
ance with the invention I use a construction in
which the dielectric is divided into two layers.
The two dielectric layers, for example two mica
piates, are each- provided with an outer adhering
metallic coating, which coatings form the elec-
trodes of the condenser. )

To adjust the capacity of such a -condenser
various means may be used. For example, the
two composite elements (each comprising a di-
electric layer with an adhering metallic layer)
may be adjustably spaced from each other by the
interposition of a spring member of metal or of
insulating material, or the composite elements
may be biased externally, for example, by attach-
ing to one of them a flexible spring member. -

In the preferred embodiment the composite ele-
ments are adjustably biased by an interposed
metal spring which may be either a leaf spring
or a spiral spring. It should be well understood

2,179,088

that such metal springs, whatever their shape
may be, do not electrically affect the condenser.

The condenser of the invention thus consists
of two dielectric layers, for example of two mica
plates interposed between two outer metal coat-
ings adhering to them.- As the metal coatings
have a perfect molecular contact with their re-
spective mica plates, and the variable air gap
is defined by the two mica plates, changes in pres-
sure of the adjusting means merely vary the aver-
age thickness of this air gap and no erratic ca-
pacity variations oceur.

It should be noted that irrespective of the
capacity setting and the extent of pressure by
the adjustment means, the mica layers because
of their smooth surface and identical hardness,
neither scratch each other nor are they molecu-
larly pressed into each other. It is important
however to avoid sharp edges of the spring mem-
ber and it is preferable that the contact area of
the spring member with the mica plates remains
substantially constant irrespective of the capacity
setting. -

In the drawing forming part of the specifica-

tion:

Figure 1 is an enlarged schematic representa-
tion of a trimmer condenser in which the fixed
plate is formed as a metallic layer coated on the
dielectric layer;

Fig. 2 is a schematic representation of a trim-
mer condenser, comprising two composite ele-
ments each consisting of a dielectric layer and an
outer adhering metal coating, and an interposed
coil spring which serves as the capacity adjusting
means; :

Fig. 3 is & schematic representation of a con-
denser similar fto that of Fig. 2, but with an
outer leaf spring serving as the adjusting means;

Fig. 4 is a schematic representation of a trim-
mer condenser similar to that of Fig. 2, but with
the composite elements consisting of dielectric
layers deposited on solid electrode plates;

Fig. 5 is an enlarged plan view of a condenser
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similar to that of Fig. 2, but with a leaf spring °

used as the adjusting means;

Fig, 6 is a cross-sectional elevation along the

line 6—6 of the condenser of Fig. 5.
" Referring to the drawing, Fig. 1 represents
schematically a trimmer condenser of the com-
pression type in which a metallic layer [ which
firmly adheres to a dielectric layer 2, preferably
of mica, serves as the fixed electrode of the con-
denser. The metallic layer | may consist of a
thin layer of silver, gold, platinum, zinc, copper,
or the like deposited by various known methods
on the mica layer 2. As a rule I prefer to use
for the metallic layer silver and deposit same by
the process described in the copending applica-
tion of Willlam M. Allison and Mathew Nazzew-
ski, Ser. No. 153,824, filed July 15, 1937. This
process also provides for a clean insulating border
on the mica, which eliminates any possibility of
electrical leakage at the edges.

A fiexible metallic plate 3 of phosphor bronze,
or other similar resilient metal, serves as the ad-
justable electrode of the condenser. The capacity
of the condenser may be varied by flexing the
plate 3 towards or away from the armature { by
a suitable adjusting means shown as a screw 4.
By distorting a portion of the plate, for example,
by forming a pintle 5, plate 3 is mechanically
biased to press against the adjustment screw 4.

As stated before, a condenser of a construction
as shown in Fig. 1 will perform satisfactorily only
for small percentage capacity settings. How-
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ever, the condensers hereafter described in con-
nection with Figs. 2 to 6 perform satisfactorily
at any adjustment within their capacity range.
The condenser of Fig. 2 comprises two dielectric
layers 6 and 7, preferably two mica plates, the
outer faces of which are provided with adhering
metallic layers 8 and 8 respectively, which form
the electrodes of the condenser. The metallic
layers 8 and § are preferably formed in the same
manner as has been stated in connection with
layer § of Fig. 1.
distanced from each other by an interposed heli-
cal metal spring 10, which for the adjustment of
the capacity of the condenser is compressed by
external adjusting means (not shown) to the

- desired extent.
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The condenser of Fig. 3 is similar to that of
Fig. 2, except that the mechanical biasing means
are formed by an external resilient metal plate
{1 attached to the armature 9 and provided with
a distorted pintle section [2. The capacity of
the condenser is adjusted by varying the average
distance between. the composite elements, for
example by the adjustment screw 4.

The condenser illustrated in Fig. 4 comprises
two metallic plates (3 and 14 serving as the con-
denser electrodes, each plate being provided on
its inner surface with an adhering thin dielectric
layer 15 and 16 respectively. The layers {8 and
16 consist of a low-loss dielectric material and
may be applied to the plates by various well-
known methods, for example, they may be formed
by painting or spraying on the metal plates (3
and {8 a thin film of a selution of “Victron” or
of a suitable resin, whereby after the coating,
the solvent may be volatilized by heating the
plates. A very good dielectric layer for this pur-
pose can be obtained by cataphoretically deposit-
ing on the surface of the plates a flexible insulat-
ing material such as hard rubber. By curing, the
deposited insulating material forms a thin layer
firmly adhering to the plate.

The condenser shown in Figs. 5 and 6 comprises
a base 20 of an insulating material having low
die'ectric losses such as “Bakelite”, porcelain
or the like. The base 28 is provided on its top
face with side walls 2{—21 between which is dis-
posed the condenser assembly, comprising two
mica plates 28 and 25, the respective outer faces
of which are provided with firmly adhering silver
layers 22 and 23 respectively, the layers 22 and
23 forming the condenser electrodes.

The silver layers are preferably deposited by
the above-mentioned process whereby to prevent
clectrical leakage, the edges of the mica plates

- 24 and 25 are left unsilvered. The composite
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element composed of the mica plate 28 and its
silver backing layer 23 is flat and is secured to
the base 29 by means of a rivet 29 together with
o plate 27 interposed between the layer 23 and
the base 26. The plate 27 is preferably of soft
copper or other highly conduciing metal and
serves as a low-resistant electrical connection for
the electrode layer 23. The plate 27 is provided
with an extending lug portion 28 forming one of
the outside terminals of the condenser.
Interposed between the mica plates 28 and 25
and pressing against the mica plate 24 is a curved
rectangular spring plate 26 made of phosphor
bronze or similar highly resilient material. On
top of the composite element 22-—24 is a curved
resilient rectangular metallic plate 3! which
serves as a low resistant contact for the eleéctrode
layer 22. The plate 31 is provided with an ex-
tending lug 36 which serves as the second ex-

The mica plates 6 and 7 are-

3

ternal terminal of the condenser. The plate 81,
'and the composite element 22—24 are secured to
the base 20 by a rivet 30.

The base 20 is provided with a central hole 32
adapted to receive a screw 83, which screw passes
through coerresponding apertures of the plate 27,
composite element 23—28, spring 26, composite
element 22-—24, and plate 36, the respective aper-
tures of these parts being sufficiently large to
prevent contact between same and the screw.
The screw 33 with its nut 34 disposed in an hex-
angular recess 25 of base 20, forms the adjust-
ment means of the condenser.

Interposed between the head 40 of the screw
32 and the plate 3! is an insulating washer 37 of
mica, porcelain, “Bakelite”, or the like.

As will be noted from the drawing, the com-
posite element 22—24 is sufficiently flexible to
assume under the pressure of curved spring plate
26 substantially the same shape as has the curved
plate 8f; this holds for any position which the
plates 31 and 26 may assume due to the different
settings of the adjustment screw 33. The ar-
rangement also provides for sufficient elasticity of
composite element 22—24 fto permit a smooth
continuous variation of the capacity setting.

The side walls 2{—2{ of the base serve to pre-
vent rotation of the parts about the rivets 28
and 30.

T have found that the wearing qualities of the
metallic layers 22 and 23 are much improved by
either providing on top of the same a coating
of a hard metal as copper electrolytically de-
posited thereon or by making the metallic layer
as such a harder and thicker coating.

The insulating base 20 can also be replaced by
a metal base which may at the same time serve
as the conducting plate 27, whereby no side walls
are required as the riveting of the condenser
clements to a metal base insures them from dis-

placement. In this case the rivet 38 is to be in-

sulated from the base.

I have found that condensers made in accord-
ance with my invention, show remarkable sia-
bility in capacity, irrespective of the number of
heat cycles or the temperature ranges to which
they are subjected.

For instance, when condensers made in accord-
ance with the invention are placed in an electric
oven and passed through three consecutive heat
cycles, from 25° C. to 65° C. and back, no appre-
ciable change in their capacity can be detected,
while condensers of the prior art subjected to
the same test, show permanent capacity changes
of several percent, whereby the higher the initial
capacity of the condenser, the greater the change.
I have found that even the best of present day
condensers have capacity drifts three or four
times as great as the condensers of my invention.

Furthermore, the temperature coefficient of ca-
pacity of the condensers of the invention because
of their high stability can be made positive or
negative, or substantially zero, as it may be de-
sired.

A further important advantage is that with
trimmer condensers made in accordance with the
invention, maximum capacity settings can be ob-
tained which are about 50% greater than those
of prior art condensers having the same dimen-
sions and total thickness of the dielectric layer.

While I have described my invention in con-
nection with specific embodiments and examples,
I do not wish to be limited thereto, but desire
the appended claims to be construed as broadly
as permissible in view of the prior arf.
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What I claim is:

1. In an adjustable condenser, a c'ondenser
electrode, a flexible composite element consisting
of a metal layer and a dielectric layer, said layers
being in molecular contact with each other, said
element adapted to be flexed relative to the
electrode to vary the capacity of the condenser.

2. In an adjustable condenser, a condenser

electrode, a flexible composite element consisting-

of a thin dielectric layer and a thin metallic layer
disposed on one face of said dielectric layer and
in molecular contact therewith, said element
adapted to be flexed relative to the electrode to
vary the capacity of the condenser.

3. In an adjustable condenser, two mica plates
and two metallic layers serving as electrodes, one
metallic layer forming a strongly adhering outer
coating on one mica plate and the other metallic
layer forming a similar layer on the other mica
plate, said mica plates facing each other and
means to vary the capacity of said condenser by
flexing one cf said layers towards the other.

4. In a trimmer condenser, a stationary elec-
trode and a flexible electrode, and a dielectric
layer interposed between said electrodes, said di-
electric layer comprising a thin flexible mica
plate, said flexible electrode consisting of a me-
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tallic layer adhering to the outer face of said
plate, a resilient metallic backing member in
electrical contact with said flexible electrode, re-
silient distancing means contacting with the inner
face of the mica plate, and adjusting means to
vary the shape of the mica plate and its average
distance from the stationary electrode, said mica
plate assuming substantially the shape of sald
backing member.

5. An adjustable condenser comprising a com-
posite element consisting of a mica layer and a
metallic layer adhering to the outer face thereof,
said metallic layer forming the stationary elec~
trode of the condenser, a second composite ele-

‘ment consisting of a flexible mica plate and a

metallic coating adhering to the outer face there-
of and forming the adjustable electrode of the
condenser, a resilient metallic backing member
in electrical contact with said coating, a concave
spring member interposed between the two mica
plates, and adjustment means to vary the shape
of the flexible mica plate and its average distance
from the stationary electrode, said mica plate as-
suming substantially the shape of said backing
member.
ROBERT C. SPRAGUE.
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