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My invention relates to rectifiers and particu-
larly to rectifiers depending upon the uni-iateral
electrical conductivity which exists between &
body of copper and a layer of oxide formed on

5 the surface thereof. '

‘One object of my invention is to provide a
method of heat treatment for a rectifier com-
prising a copper base costed with an oxide layer.

Another object of my invention is to provide a

30 method of producing an oxidized copper rectifier
which shall be capable of withstanding higher
impressed voltages than rectifiers of the same
general type in the prior art.

It is now well known that the junction between

15 certain metals, for example, copper, and an oxide
layer formed thereon possesses a umni-lateral
electrical conductivity; that is to say, electrons
apparently flow much more readily from the

- copper to the oxidized layer than in the reverse
gp direction. By proper methods of manufacture,
the resistance in the highly-conductive direction
‘can be made less than 1000th of the resistence in
the non-conductive direction of current flow.
Such & rectifier accordingly produces nearly @

95 pure uni-directional current when an alternating
voltage is impressed upon it; and by properly
combining two or more such units in well-known
circuit connections, a continuous current output
may be obtained.

ap - However, it is found that as the alternating
voltage impressed betweeh the underiying metal
and the oxide layer is increased above & certain
critical value, the current flow in the non-con-
ductive direction increases very rapidly much

gs more than current in the conductive direction.
Since current flow in & non-conductive direction
represents a clear loss of power it has been found
advisable hitherto to limit the alternating volt-
age Impressed between an oxide layer and its un-
o derlying metal to about 3 volts. When it was
desued to rectify larger voltages than the fore-
going, it has been necessary to employ a sufficient
number of rectifier units in series, so that each
unit has impressed upon it only 3 volts.

For many purposes, the foregoing limitation as
to voltage per rectifier unit has made it neces-
sary to employ an undesirably large number of
units in series; and this, even in the case of rec-
tifiers in which the current output required was
50 very low, such for example, as B-battery elimi-
nators for radio sets. Such rectifiers have ac-
cordingly had a bulk and cost which was exces-
sive in view of the small power output which they
were called upon to supply.

It is one of the features of my invention that
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I have discovered a certain method of forming
oxidized metal rectifier discs which produces
units capable of withstanding as high as 20
volts per disc; and accordingly, resulting in a
great decrease in the number of units which it is 0
necessary to employ in series when it is desired to
rectify relatively high voltages.

One of the features of the process which I
have devised comprises a particular series of
steps of heat treatment to which the oxidized 65
discs are subjected.

In accordance with the foregoing objects and
prineiples, & metallic disc, which is preferably
of copper, but which may alternatively comprise
an alloy of. copper with another metal or metals 70
such as zine, is heated to a temperature just he-
low its melting point in contact with an oxidizing
atmosphere. for a predetermined period. In the
case of copper, the temperature is preferably be-

tween 1000 and 1025 degrees C. and the heating 75

may be continued for approximately 8 minutes. .
The unit is then gradually cooled, during a pe-
riod of several hours duration, to room temper-
The cooling is preferably at a uniform
rate for approximately 4 hours.

After the unit just described has reached room
temperature, the oxide may be removed from a
portion of its surface and contact made to the
underlying metal for the terminal of an electric
circuit. Another portion of the oxidized surface 85
may be reduced to the metallic sthte by contact :
with a reducing liquid or gas, such as ethyl al-
cohol, and contact made to the reduced surface
for another terminal of the electric circuit. It is
preferred not to reheat the unit in performing %0
these last-mentioned steps. The resulting unit
possesses a uni-lateral  electrical conductivity
and may be combined in circuit arrangements
which are well-known in the rectifier art.

Instead of reducing the surface of the oxide ¢§
layer, contact for the electrical circuit may be
made therewith by firmly pressing a contact disc
of some impressible metal such as lead or tin
into contact therewith. Such a unit may also
be employed in standard rectifier connections 100
which are too well-kncwn to require extended

80

‘description.

For certain purposes, it will be found desirable
to have a rectifier unit with a lower resistance in
the conductive direction than that made in ac- 105
cordance with the process just described, even
though it is necessary to sacrifice somewhat of
the capacity for withstanding high impressed -
voltages. When rectifiers of the latter type are

desired, discs of the character already described 110
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may be heated in contact with an oxidizing agent
to a temperature of approximately 1005° C. for
about eight minutes. The foregoing figures are
those which I now consider preferable, but it will
be understood that departures from them may be

found desirable in certain instances, and that.

my invention is not limited to the employment of
the precise temperatures thus stated. After be-
ing maintained at the aforesaid temperature for
approximately eight minutes, the discs are trans-
ferred to an environment, such as air, at a tem-
perature of about one-half the foregoing figure,
the exact temperature which I have previously
found preferable being 490° C. The discs are
maintained in this environment for about two
and one-half minutes and then cooled off in air

for from two to three minutes. The units are-

then quenched in water at room temperature. It
will be recognized that the foregoing figures are
given as a specific example of what has been
found desirable for certain purposes, but that it
may in certain instances be found desirable to
vary them, and even to omit such steps as the
cooling in air or the quenching.

Contact may be made with the underlying
metal and with the outside of the oxide layer in
the same manner as that described in the case
of units made by the process first described.
Rectifier units made in accordance with the
process last described will be found capable of
withstanding impressed alternating voltages of
approximately 10 volts per unit. They may be
connected in series and in multiple in accordance
with the standard rectifier connections.

While I have given precise figures for tem-
peratures and times of application applicable to
copper discs, it will be recognized that similar
process steps may be applied to copper alloys. or
to other metals with such modifications as are
necessitated by the variance of their melting
peints from that of copper.

In accordance with the patent statutes, I have

" glven detailed examples of the application of my
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invention but the principles thereof are broadly

applicable and various modifications will be evi- -

dent to those skilled in the art. I accordingly
desire that the appended claims be given the
broadest interpretation which their terms admit
in view of the prior art.
- I claim as my invention:

1. A process of forming rectifying devices com-
prising the steps of subjecting a metal containing

~ copper to a temperature of 1000 to 1025° C. for
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several minutes in an oxidizing atmosphere and
gradually cooling during a period of several
hours the resultant product to substantially
room temperature, - '

2. In a method of forming a rectifying device, 80
the steps of subjecting a metal containing copper
to a temperature between 1000° C. and 1025° C,
for several minutes in an oxidizing atmosphere,
and maintaining said unit in an environment
having a temperature of approximately 480° C. gp
for several minutes and then cooling said unit
to room temperature. i

3. The method of forming elements having
& uni-directional electrical conductivity which
comprises the steps of subjecting metallic cop- 90
per to a temperature just below its melting point
for a period of several minutes in an oxidizing
atmosphere and then gradually cooling said cop-
per during a period.of several hours to substan-
tially room temperature. . 95

4. In a method of producing rectifier elements,
the steps of heating metallic copper to a tem-
perature between 1000° C. and 1025° for a period
of several minutes in an oxidizing medium, cooling
said copper over a period of several minutes to 100
substantially 490° C. and then cooling said cop-
per at room temperature. )

5. In a method of producing rectifier elements,
the steps of heating metallic copper to a tem- i
perature between 1000° C. and 1025° C. for a period 105
of several minutes in an oxidizing atmosphere,
cooling said copper over a period of several min-
utes to substantially 490° C., cooling said copper
at room temperature for a period of several min-
utes and then quenching said copper in a liquid at 110
substantially room temperature. - v

6. In a method of producing rectifier elements,
the steps of heating a metal containing copper to
& temperature not far below its melting point for
several minutes in an oxidizing medium, cooling 115
said metal for several minutes in an environment
which is at a temperature of substantially 480° C.
cooling said metal at room temperature for sev-
eral minutes and then quenching it in water.

7. In a method of producing devices having a 120
uni-lateral electrical conductivity, the steps of
heating a metal containing copper to a tem-
perature not far below its melting point for sev-
eral minutes in an oxidizing medium, gradually
cooling said metal during a period of several 125
minutes to a temperature of substantislly 490°
C. and quenching said metal in. a liquid near

room temperature, )
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