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The present invention relates to an improved alternat-
ing current rectifying device and method for producing
such a device; more particularly, the invention relates to
a rectifying device employing titanium dioxide as the recti-
fying medium. .

Plate rectifiers of the copper oxide and seleninm type
have been known for many years. Other substances
- which are good semi-conductors have been known but in
general their use for rectification purposes has not meas-
ured up in quality to plate rectifiers utilizing copper oxide
or selenium: :

It is an object of this invention to provide a titaniim
dioxide alternating current rectifier of the plate type which
has a high degree of temperature stability and in other
respects compares favorably with rectifiers utilizing copper
oxide and selenium.

Briefly stated, in accordance with one embodiment of
this invention, a rectifier comprises a base electrode com-
posed of titanium which has a layer of titanium dioxide
in which titanium metal is incorporated, overlying at least
a portion of the titanium surface, and a metal electrode
of high work function or one having a higher work func-
tion than the titanium dioxide overlying the layer of tita-
nium dioxide.

In the drawing Fig. 1 is a sectional view showing the
layers of a rectifier produced in accordance with this in-
vention. Fig. 2 is a sectional view of an alternative em-
bodiment of the invention. In Fig. 1, a base electrode
10, composed of titanium metal, is subjected to a treat-
ment which produces a partially-reduced oxide layer 11
over all, or a portion of, its surface. Overlying the layer
11 is a counterelectrode layer 12 composed of a metal
or alloy having a higher work function than layer 11.

The base electrode 10 is made thick enough to provide
structural rigidity for the rectifier.
layers 11 and 12 is greatly exaggerated in the drawing in
order to achieve clarity of illustration. In actual prac-
tice these layers may be less than a thousandth of an
inch in thickness. For example, the layer 11 may have
a thickness of about 0.0005".

In Fig. 2, the base electrode 10, partially reduced
oxide layer 11, and counterelectrode 12 are the same as
in Fig. 1. However, Fig. 2 includes a blocking layer
11a which is applied to the partially reduced oxide layer
11. The layer 11a may be composed of a semiconduct-
ing oxide such as an oxide of germanium, silicon, or tita-
nium. These oxides may be applied by vapor deposi-
tion in a vacuum. The layer 11¢ may also be produced
by further oxidation of the surface portion of the partially
reduced oxide layer 11 as by heating the layer 11 in the
presence of free oxygen.

In fabricating the rectifier, the titanium plate forming
the base electrode 10 is provided with a clean surface.
This may be accomplished by an abrasive process or by
immersing the plate in an acid cleaning solution. A
solution of 80% nitric acid and 20% hydrofluoric acid
is satisfactory for this purpose. After the base electrode
10 has been provided with a clean surface, it is subjected
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to a heat treatment in an atmosphere containing oxygen
in order to produce the thin layer 11 of titanium dioxide.
While the layer 11 is shown as covering only a portion
of one surface of the base electrode 10, it is frequently
easier in actual practice to cover the entire surface of the
electrode: 10 with the oxide layer. Titanium has a very
high melting point and consequently the oxidation step
may be carried out at a high temperature in order to
promote rapid oxidation. I prefer temperatures in ex-
cess of 600° C. for this purpose and preferably within
the range of 600° C. to 800° C. However, there is noth-
ing critical about this temperature range. Lower tem-
peratures may be used but the time of treatment to pro-
duce a satisfactory oxide layer must be increased. Tem-
peratures above 800° C. may also be used but in this
event the rate of oxidation is fairly rapid, and it is dif-
ficult to maintain close control over the thickness of the
oxide layer. At temperatures above 800° C. treatment for
just a few minutes is sufficient to provide an oxide layer
of the necessary thickness while at temperatures below
600° C. the time of freatment may run to many, many
hours. Within the range 600° C. to 800° C. oxidation
in air for a period of 2 to 4 hours is sufficient.

The layer 11 of titanium dioxide must be partially re-
duced. This reduction may be carried out by maintain-
ing the temperature at the same level that was used for
oxidation but changing the atmosphere to a reducing at-
mosphere, preferably provided by hydrogen. Continuing
the heat treatment for four to eight hours in a hydrogen
atmosphere is normally sufficient to bring about the par-
tial reduction of the oxide layer 11.

Air oxidation is satisfactory for the purposes of this
invention but we prefer to have the oxidation take place
in an atmosphere of steam. Treatment in a stearn atmos-
phere at a temperature of about 650° C. for about 4
hours js sufficient to produce a partially reduced oxide
layer having a thickness of approximately 0.005”, which
is satisfactory for our purposes.

Two methods of treatment with reference to the layer
11 have been described. On the one hand, the layer is
applied by heat treatment in an atmosphere of air fol-
lowed by heat treatment in an atmosphere of hydrogen.
On the other hand, the layer is applied by heat treat-
ment in an atmosphere of steam. Both treatments pro-
duce a layer 11 which has a certain amount of reduced
titanium metal in it. In the case of the steam treatment,
this is brought about by the fact that the breakdown
of the water vapor molecule to provide the oxygen for
oxidation results in the production of a hydrogen molecule
which has a reducing effect. = Rectification requires that
the layer 11 contain some titanium in the reduced state.

The counterelectrode 12 is composed of a metal having
a work function greater than that of layer 11 such as bis-
muth, nickel, or platinum. Metals having a work func-
tion lower than that of layer 11, such as cadmium, zinc,
tin, aluminum, and magnesium, are not satisfactory count-
erelectrodes as the resulting rectifier would have inferior
rectification properties.

The partially reduced oxide layer is an “n” type semi-
conductor and, as previously explained, the free titanium
associated with the layer 11 contributes the electron con-
duction. The counterelectrodes of bismuth, nickel, or
platinum all having missing electrons in their “d” shells
which contribute holes for “p” type conduction. Counter-
electrodes of materials having these characteristics are
satisfactory for our purpose. Accordingly, the term
“metals of high work function” is intended to include
metals which have missing electrons in their “4” shells
and which have “p” type conduction.

The counterelectrode 12 may be applied by any methed
which insures a “union” between the layers 11 (or 11a)
and 12. Application from the molten state will accom-
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plish this if carefully performed and vapor deposition
is also satisfactory. Bismuth lends itself readily to vapor
deposition and for this reason we prefer to utilize this
metal as a counterelectrode.

Rectifiers made in accordance with our teaching pos-
sess excellent stability under high temperature conditions
and in other respects, such as current loading and voltage
rating, are on a par with selenium rectifiers.

While the present invention has been described with
reference to particular embodiments thereof, it will be un-
derstood that numerous modifications may be made by
those skilled in the art without actually departing from
the invention. Therefore, we aim in the appended claims
to cover all such equivalent variations as come within the
true spirit and scope of the foregoing disclosure.

What we claim as new and desire to secure by Letters
Patent of the United States is:

1. The method of preparing a titanium dioxide recti-
fier which comprises oxidizing at least one surface of a
titanium plate by heating it in air for from four hours at
600° C. to two hours at 800° C., reducing the resulting
oxide surface by heating said plate in a hydrogen atmos-
phere for from eight hours at 600° C. to four hours at
800° C. and coating said reduced surface layer with a
counterelectrode metal of work function greater than that
of said reduced surface layer, said counterelectrode metal
being selected from the group consisting of bismuth, plat-
inum and nickel.

2. The method of preparing a titanium dioxide recti-
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fier which comprises partially oxidizing at least one sur-
face of a titanium plate in a steam atmosphere for about
four hours at about 600° C. and coating the partially
oxidized surface with a counterelectrode metal of work
function greater than that of said partially oxidized sur-
face, said counterelectrode metal being selected from the
group consisting of bismuth, platinum and nickel.

3. The method of preparing a titanium dioxide recti-
fier which comprises oxidizing a surface of a titanium
plate by heating said plate in air for from four hours at
600° C. to two hours at 800° C., reducing the surface of
the resulting oxide layer by heating said plate in a hy-
drogen atmosphere for a period of from four to eight
hours at a temperature of about 600° C. and coating the
reduced surface of said oxide layer with a counterelec-
trode metal having a work function greater than that of
said reduced surface, said counterelectrode metal being
selected from the group consisting of bismuth, platinum
and nickel.
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