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This invention relates to a resistance de-
vice. It specifically relates to a variable re-
sistance device which employs copper com-
pounds as the resistance element. The ob-

6 ject of the invention is the provision of a
variable resistance device capable of perma-
nent operation and having a wide range of re-
sistance within predetermined limits.

For certain applications the invention con-
stitutes an improvement upon the variable
resistance device described in my co-pending
application 806,608 filed in the United States
Patent Office September 17, 1928, by means of
which contact pressure changes vary the con-
ductivity of a cuprous oxide resistance ele-
ment. -

In variable resistance elements of the prior

“art various materials are employed, such as a
coating upon a ceramic base, composed of a
thin layer of carbon, tellurium, graphite or
germanium. To obtain wider ranges of re-
sistance variation, other means are used, such
as multiple coatings upon sections of the ele-
ment.
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coating of any of these materials, employing
the usual binder materials, such for instance,
as sodium silicate, the resistance layers are
subject to atmospheric effects and are not
permanent. Accurate-control is difficult to
obtain, as is uniformity of product.

I have found that copper oxidized at a
temperature so high as to form a pure cu-
prous oxide mass, having its crystals ther-
mally fused ito a clear ruby red material,
‘produces a permanent high resistance body.

I have also found that if such cuprous oxide
body is exposed to the vapors of ammonium
polysulphide the oxide is converted into cu-
prous sulphide and its resistance decreases in
proportion to the period of exposure and the
density of the vapor. For example, a solid
strip of cuprous oxide three inches by one
inch by twenty-five mils, has a resistance of
about 500,000 ohms. As a contact is moved
along towards the more completely converted
_region, the resistance of the strip decreases
with the length included in the circuit. After
being suspended vertically over a quantity
of ammonjum polysulphide, it is partially
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Because of the inherent weakness of a thin-

converted into cuprous sulphide, the degree
of conversion being dependent upon the prox-
imity of the area of the surface of the sul-
phide and the time of exposure. By exposure
of the cuprous oxide element to the heated
vapors of selenium or tellurium, the oxide is
converted into a selenide or telluride having
low resistance. That is, after such treatment
the resistance change is greatest at a section

exposed where the vapor density was greatest

and least at a point most remote from the sur-
face of the sulphide. Thus, the oxide strip
which had 500,000 ohms resistance over its
three inch length, and in direct proportion to
the distance between contacts, now has a high
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resistance at one end and a low resistance at .

the other, the latter dependent on the percent-
age of oxide converted to sulphide. The
resistance of another strip so treated varied

‘somewhat in the following order: 1st quarter

(exposed longest to the sulphide vapors),
500 ohms ; 2nd, 2,000 ohms; 3rd, 20,000 chms;
4th, 50,000 chms. The ratio varies with the
time and temperature of the exposure and
w:th the shape of the copper compound body.
‘When applied to a circular piece, such as used
in rotary type of resistance or potentiometer,
different sectional resistance values are:ob-
tained by exposing portions of the oxide strip
to the sulphide vapor for different lengths of
time. Thusa rotary resistance has been made
having a resistance range of 100 ohms to
100,000 chms within 270° of a slider contact.
The oxide and sulphide sections are hard and
of smooth crystalline material and are capa-
ble of long use.

To more completely describe this invention,
reference is made to the accompanying draw-
ing of one embodiment thereof, in which
Fig. 1 shows a plan view of one side of the
device and Fig. 2 a sectional view at 2—2.

Tn the drawing 1 indicates a solid cuprous
oxide circular strip mounted on porcelain

“base 2 and having {erminals at 8 and 4. At

5 is an arm mounting contact brush spring
6, rotating on metal rod 7 and having a ter-
minal at 8. Knob 9 is mounted on rod 7 for
rotating the contact arm, the contact brush
6 being held in contact with resistance strip
1, by nut 10 against spring 11.
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The resistance strip is made by héating a
copper piece of the desired shape in an oxi-
dizing atmosphere at approximately 1030°

- C. for two hours when the copper is wholly
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converted into a vitreous mass of cuprous
oxide. This temperature is necessary to in-

sure conversion of any cupric oxide that may -

be formed during the heating into cuprous
oxide and to produce a fused-like structure.

The surface of the element is then composed

of black cupric oxide formed as the cuprous
oxide strip is exposed to the air, and which
must be removed by immersion in a strong
mixture of hydrochloric and nitric acids.

“When thus cleaned, the strip constitutes a
chemically pure cuprous oxide element of a

~ bright ruby red color and which is trans-
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lucent. Sections of the oxide strip are then

‘exposed to vapors from ammonium polysul-

phide for different periods, according to the
desired resistance range or control. The re-
sultant resistance element consists of a base
of cuprous oxide, coated with a layer of much
higher conductivity, consisting of a mixture

‘of copper oxide and copper sulphide, the pro-

portion of copper sulphide in this lever vary-
ing along the length of the resistance. For
a low resistance over the entire element it is
exposed for a long enough period to the
vapors of ammonium polysulphide. If only
portions are desired to be of low resistance

‘then only those portions are so exposed. Any

resistance range can thus be obtained; that

is, from several megohms to a fraction of an .

ohm, dependent upon the degree of conversion
of the cuprous oxide to cuprous sulphide,
The sulphide surface has a blue color.

T have found that for higher mechanical
strength instead of pure copper, the base for
forming the oxide is composed of copper
having a small percentage of another ele-
ment. Bases composed of such alloys as
99.5% copper and .5% nickel; 99.8% copper
and .2% silver or 99.5% copper and .5% alum-
inum are stronger than those having a pure
copper base. As the alloyed elements are ox-
idized the alloying metal also is oxidized
and later sulphided. In these alloysthe oxide
is more dense and the crystals are smaller
and aré of higher specific resistance.

What I claim is: - '

1. A thermally formed resistance element

_for a variable resistance device having a con-
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ductive metal oxide for its lower sector and
an upper sector integrally formed therewith,
said upper sector being a thermally formed
lower resistance compound of the mother
metal of said lower sector oxide, the resist-

ance of said element varying along its
) length in approximate proportion to the

depth of said upper sector. _

9. A variable resistance device comprising
a base composed substantially of a metal ox-
ide, a varying depth surface layer of which
has been converted to a compound of the
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mother metal of said base having a lower
resistance than said base, said surface layer
approximately varying in resistance in pro-
portion to its depth, and a contact member
adapted to make selective electrical connec-
tion with said variable resistance surface
along its length. . _ :
3. A variable resistance device conmiprising

"a base composed substantially of a metal

oxide having an integral surface layer of

lower resistance of a compound of the mother

metal of said base, said layer varying in
resistance along the length of said resistance
element and a contact member adapted to
make selective electrical connection with said

variable resistance surface along its length.:

4. A variable resistance device comprising
a base composed substantially of an elec-
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trically conductive metal oxide and a layer -

of a lower resistance compound formed from
and on the surface of said base and integral
therewith, said layer being a compound of
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the mother metal of said base and an element -

of the oxygen series of the sixth periodic
groups, said layer varying in specific resist-
ance along the length of said resistance ele-
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ment, and a movable contact member mount-

(E’d to pass over said variable resistance sur-
ace, o

5. A. variable resistance device comprising
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a base containing cuprous oxide having an -

integrally formed layer of a more conductive
compound of copper on the contacting sur-
face, said layer varying in specific resistance
along the length of said resistance element,
and a movable contact member mounted to
pass over said variable resistance surface.
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6. A variable resistance device comprising -

‘a. base consisting substantially of copper ox-

ide and an oxide of one or more metals other
than copper, said base having an integrally
formed layer of more conductive compounds
of the same metals on the contacting surface

-varying in specific resistance along the

length of said resistance element, and a mov-
able contact member mounted to pass over
said variable resistance surface.

7. In a rheostat a resistance element com-
posed of a copper oxide base having a layer

‘of a compound of copper and an element of

the sulphur group, other than.oxygen.
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8. In a rheostat a resistance element com-

prising a base containing cuprous oxide and
having an outer layer of a compound of cop-
per and an element of the sulphur group,
other than oxygen, of varying thickness,

9. Tn a rheostat a resistance element com-
prising a base containing cuprous oxide and
having a copper sulphide layer therenpon
varying in thickness inversely with the thick-
ness of the base metal at any given section of
the element. - ,

10. In a rheostat a resistance element com-
prising a base composed of copper oxide and
less than one percent. of an oxide of a metal
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having a higher specific resistance than cop-
per, and having a layer of a compound of
copper and an element of the sulphur series,
other than oxygen. '

5  11. In a rheostat a resistance element com-
prising a base containing cuprous'oxide and

"less than one percent of an oxide of a metal

having a higher specific resistance than cop-

per and having a layer of copper sulphide.
10 12, In a rheostat a resistance element com- .
prising a base containing cuprous oxide and
less than one percent of an oxide of a metal
having a higher specific resistance than cop-
per, and having a layer of a compound of
copper and an element of the sulphur series
of the sixth periodic group, other than oxy- .
gen, said layer varying in thickness along
1{)he base inversely with the thickness of the

ase. v ‘

13. A rheostat having a resistance element
comprising a base containing cuprous oxide
and having a layer of a compound of cop-
per and an element of the sulphur series of
the sixth periodic group, other than oxygen.
~14. A rheostat having a resistance element
“comprising a base containing cuprous oxide
and having a layer of a compound of cop-
per and an element of the sulphur series of '
the sixth periodie group, other than oxygen,
said layer having a thickness varying in-
versely with the thickness of the base metal
at any section of the base metal.

In testimony whereof, SAMUEL RUBEN has
signed his name to this specification this 20th

3 day of October, 1932. ,
| SAMUEL RUBEN.
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