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This invention relates to electric current
rectifiers and the like, which employ asym-
metric couples of the dry surface-contact va-
riety.

R);ctiﬁers of this variety are known, which
are characterized by the use of a body of rela-
tively electropositive material, employed as
one electrode element, disposed in electrical
contact with a body of relatively electronega-
tive material employed as the other electrode
element ; there being an intervening film hav-
ing inverse current-blocking properties.
Such rectifiers depend for their operation
upon the resistance and current-blocking
characteristics of the film which forms as
the result of electrochemical action. Recti-
fiers depending on these characteristics
known to the prior art, have been low in effi-
ciency and limited in their application to

4 small currents, because of improper condi-

tions for film-formation and maintenance,
and become substantially inoperative after
short periods of use.

The invention has for its object generally
to provide an improved device of the char-
acter specified, which is efficient, economical
and readily manufactured,and has a relative-
ly long operating life for high current-densi-
ties. To this end the electronegative elec-
trode material here employed is preferably in
powder form and selected to withstand the

- effects of electrolytic action.

50

A more specific object of the invention is to
provide an asymmetric couple in which the
electronegative electrode element has rela-
tively high density and is also relatively con-
formable to the co-operating surface of the
electropositive electrode element, so that
there is substantially a maximum area at all

5 times at the contacting surfaces of the elec-

trode elements.

Other objects of the invention will in part
be obvious and will in part appear herein-
after. ‘

The invention accordingly comprises the
features of construction, combinations of ele-
ments, and arrangement of parts, which will
be exemplified in the constructions herein-
after set forth and the scope of the applica-
tion of which will be indicated in the claims.

For a fuller understanding of the nature
and objects of the invention, reference should
be had to the following detailed description
taken in connection with the accompanying
drawings, in which:

Figure 1 shows diagrammatically a rec-
tifying device constructed in accordance with
the invention ; 4

Fig. 2 is a cross-sectional view showing th
arrangement of the electrode elements here
employed; .

ig. 3 is an elevational view showing the
form of the plate members employed in the
asymmetric couple shown in Fig. 2; and

Fig. 4 is an elevational view showing a
single asymmetric couple of the present in-
vention mounted upon standards.

Referring now to the drawings and par-
ticularly to Fig. 2, 10 denotes a cup, or recep-
tacle having upturned sides, which is made of
suitable conducting material; for example,
copper, brass or steel, in which is disposed a
layer of material 11, here employed as the
electronegative electrode element.

An electropositive electrode element is
shown as a plate member, or disc 12, of suit-
able material disposed in co-operative contact
above the layer of material 11, A second disc
13, adapted to serve as a backing, is disposed
on the disc 12 and is here shown by double
hatching. Any soft metal which will absorb
vibration and compensate for excessive ex-
pansion-contraction of the elements, may be
chosen as the component material for dise 13,
for example, lead. Above the disc 13 is a
third disc 14 designed as a closure for the cup
10 and is preferably of the same material as
the cup 10.

When the asymmetric couples of the pres-
ent invention are to be assembled by means
of a bolt, the dises and cup 10 are perforated
and have an insulating tube 15 passed there-
through. In order also that the electrical re-
lation of the elements of the couple be not dis-
turbed at the outer edge, an insulating collar
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16 is inserted between the upstanding rim of

the cup 10 and the edges of the discs.

The cup and the plate-members, thus as-
sembled, comprise an asymmetric couple
which affords a convenient unit from which 10C
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to build up a rectifying device of any conven-
ient character; for example, as a four-couple
device as shown in Fig. 1, or as a single-couple
device, as shown in T“ig. 4. In the latter a
couple @ is shown as disposed between con-
ducting end-plates 17, formed to serve as
standards. ‘

In the device, illustrated in Fig. 1, two
groups comprising two couples each, the cou-
ples being disposed between conducting end-
plates 177, are inverted with respect to each
other, and disposed in conducting relation
with the central terminal-plate 18. The
clamping-bolt 19 extends through the assem-
bled couples and has spring-washers 20 in-
serted between the terminal-plates 17" and the
head-ends of the bolt. By the arrangement
shown, it is seen that the four couples here
employed comprise the arms of a Wheatstone
bridge, of which the terminals provided at 18
and 21 comprise one diagonal of the bridge
circuit, and are adapted to serve as terminals
for the output circuit of the rectifying device,
here shown as conductors 22 and 23, leading
to the terminals of a direct-current consum-
ing device, here symbolically indicated by the
signs + and —.

The terminal-plates 17”” disposed interme-
diately of the inverted groups are the termi-
nals of the other diagonal of the bridge cir-
cuit and serve as terminals for the alternat-
ing-current input circuit, here shown as the
conductors 24 and 25, leading from the low
tension side of a suitable step-down trans-
former 26, which is here shown as connected
to an original source 27 of alternating cur-
rent; for example, a commercial 60-cycle,
110-volt, AC-supply.

By the arrangement shown, when the con-
ductor 24 has a plus polarity, the electronega-
tive electrode element in the cup 10 adjacent
to the terminal-plate 17/ to which the con-
ductor 24 leads, will be positively charged
and a direct current will pass, as a result of
rectification, to the plate 18, and thence by

“way of the conductor 22 to the plus terminal

of the direct-current consuming device, and
from thence by way of conductor 23 and a
second electronegative electrode element ad-
jacent to the terminal 21 to the conductor 25;
and vice versa when the conductor 25 has a
plus polarity. :

The electropositive electrode element here
employed is a metallic body in solid form of
substantially any relative stable but highly
chemically active electropositive element, for
example, aluminum, boron, calcium, magne-
sium or zine, such as taught in my co-pending
application Serial No. 69,215, filed Novem-
ber 16, 1925.

The electronegative electrode element is a
body preferably in powdered form, of a rela-
tively highlv electronegative chemical ele-
ment in a relatively pure state. In the ar-
rangement shown at 11, in Fig. 2, a body of
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powder which is relatively highly com-
pressed, is disposed in the bottom of the
cup 10. The chemical elements adapted to
be components of the electronegative elec-
trode elements are preferably the elements
of the sixth group of chemical elements in
the periodic table, which have relatively
high electrical conductivities and are
adapted also to react strongly in forming
an’ inverse current-blocking film at the
contacting surface between the electropos-
itive and electronegative elements. Suitable
chemical elements have been ascertained to be
selenium and tellurium,

In order that there may be a sufficient ener-
gy for the reaction of electrochemically form-
ing and meintaining the inverse current-
blocking film supplied out of the resistance
losses incident to the passage of rectifying
current through the asymmetric couple, as
set forth in my co-pending applications Se-
rial No. 38,781, filed June 20, 1925, and Serial
No. 113,009, filed June 1, 1926, a resistance
layer is provided at the contacting surface
between the electropositive and electronega-
tive electrode elements. Such layer may be a
thin coating of an oxide 12’ disposed over the
contacting surface of the disc 12 and is placed
in contact with the electronegative element 11.
Where the disc is of magnesium and the elec-
tronegative electrode element is powdered tel-
lurium having an effective contacting surface
of substantially one square inch, a uniform
layer of .0001 of an inch in thickness of mag-
nesium oxide on the magnesium dise is suf-
ficient for the practice of the present inven-
tion, The pressure to be applied to the
couple, as set forth in my application Serial
No. 38,781, should be sufficent to prevent the
inverse current-blocking film for being dis-
rupted by electrostatic repulsive forces oper-
ating at the contacting surfaces.

Where the electronegative electrode ele-
ment is in powder form, it is adapted to ad-
just itself for intimate contact with the elec-
tropositive electrode element under substan-
tially all conditions of operation and is, there-
fore, adapted for operation at substantially
maximum current densities.
certained that in asymmetric couples of this
character in which the contacting surface has
been electrolytically oxidized to provide a
relatively rigid contacting resistance layer,
a couple is produced capable of resisting the
effects of the composition by electrolysis, and
in consequence has a high stability character-
istic and is adapted for service under severe
operating devices over relatively long periods
of time.

In a service, however, where compactness
is more important than high current density,
an electronegative electrode element of the
character here employed can still be made use
of by casting the same into a solid disc and
assembling the rectifier, as taught in my co-

It has been as- -

0

75

80

85

00

95

100

105

110

115

120

127



10

15

20

30

560

[
Cr

[}

1,826,055

Pending application Seria] No. 750,939, filed
Novem er-18, 1924,

Since certain changes may be made in the
above construction and different embodi-
ments of the invention could be made without
departing from the scope thereof, it is intend-
ed that all matter contained in the above de-
scription or shown in the accompanying
drawing shall be interpreted as illustrative
and not in a limiting sense.

Having described my invention, what I
claim as new and desire to secure by Letters
Patent, is: .

L. In dry surface-contact rectifying de-
vices and the like, an asyminetric couple hav-
ing an electronegative “electrode element of
metallic tellurium, and an electropositive
electrode element of a relative stable highly
chemically active electropositive metal
formed to have a contact resistance adapted
to supply the energy from resistance losses
for the formation and maintenance of an in-
verse current-blocking film at the contacting
surface, and means for maintaining said cou-
ple assembled under pressure sufficient for a
relatively permanent rectifying effect.

2. In dry surface-contact rectifying e-
vices and the like, an asymmetric couple hav-
ing an electronegative “electrode element of
metallic tellurium; and an electropositive
electrode element of a relatively stable highly
chemically  active electropositive metal
formed to havea contact resistance adapted to
supply the energy from resistance losses for
the formation and maintenance of an inverse
current-blocking film at the contacting sur-
face, means in contact with said electroposi-
tive electrode element for absorbing the
eneray of vibration in said couple, and means
for maintaining said couple assembled under
pressure sufficient for a relatively permanent
rectifying effect.

3. In dry surface-contact rectifying de-
vices and the like, an asymmetric couple hav-
ing an electronegative electrode element of
metallic tellurium, and an electropositive
electrode element of g solid body of metallic
magnesium formed to have a resistance layer
over its contacting surface adapted to supply
the energy from resistance losses for the
formation and maintenance of an inverse
current-blocking film at the contacting sur-
face, and means for maintaining said couple
assembled under pressure sufficient for a rela-
tively permanent rectifying effect.

4. In dry surface-contact rectifving de-
vices and the like, an asymmetric couple hav-
ing an electronegative electrode element of
metatlic tellurium. and an electropositive
clectrode element of a solid body of metallic
magnesium formed to have a resistance layer
of magnesium oxide uniformly disposed over
its contacting surface adapted to supply the
energy from resistance losses for the forma-

+ tion and maintenance of an inverse current-

3

blocking film at the contacting surface, means
In contact with said electropositive electrode
element for absorbing the energy of vibration
in said couple, and means for maintaining
said couple assembled under pressure suffi-
cient for a relatively permanent -rectifying
effect.

5. In dry surface-contact rectifying de-
vices and the like, an asymmetric couple hav-
ing an electronegative “eleetrode element of
metallic tellurium in powder form, a conduct.-
ing cup adapted to support the same, an elec-
tropositive electrode in plate form of a rela-
tively stable highly chemically active clectro-
Positive metal disposed in saiil cup in contact
with said powder element and formed to
have a contact resistance adapted to supply
the energy from resistance losses for the
formationand maintenance of an inverse cur.
rent-blocking film at the contact surface, and
means for maintaining said couple assem-
bled under pressure suflicient for a relatively
Permanent rectifying effect,

6. In dry surface-contact rectifying de-
vices and the like, an asymmetric couple hav-
Ing an electronegative electrode element of
metallic tellurium in powder form, a con-
ducting cnp adapted to SUpport the same, an
electropositive electrode in plate form of a
relatively stable highly chemically active
electropositive metal disposed in said cup in
contact with said powder element and formed
to have a contact resistance adapted to supply
the energy from resistance losses for the
formation” and maintenance of an inverse
current-blocking film at the contacting sur-
face; a second plate of soft metal disposed
in said cup upon said electropositive elec-
trode plate, and means for maintaining sajd

couple assembled under pressure sufficient

for a relatively permanent rectifying effect.

7. Indry surface-contact rectifying devices
and the like, an asymmetric couple having
an electronegative electrode element of metal-
lic tellurium in powder form; a conducting
cup adapted to support the same, an electro-
positive electrode in plate form of a relative-
ly stable highly chemically active electro-
positive metal disposed in said cup in con-
tact with said powder element and formed to
have a contact resistance adapted to sup-

ply the energy from resistance losses for the -

formation and maintenance of an inverse
current-blocking film at the contacting sur-
face; a second plate of soft metal disposed
insaid cup upon said electropositive electrode
plate: a third plate of conducting material
stmilar to said cup disposed upon said second

plate and arranged to serve as a closure for
sald cup, and means for maintaining said

couple assembled under pressure sufficient, for
a relatively permanent rectifying effect,

8. Indry surface-contact rectifying devices
and the like, an asymmetric couple having
anelectronegative electrode element of metal.
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lic tellurium in powder form; a conducting
cup adapted to support the same; an electro-
positive electrode element of a solid body of
metallic magnesium formed to have a resist-
ance layer of magnesium oxide uniformly dis-
posed over its contacting surface adapted to
supply the energy from resistance losses for
the formation and maintenance of an inverse
current-blocking film at the contacting sur-
face: a second plate of soft metal disposed
in said cup upon said electropositive elec-
trode plate; a third plate of conducting ma-
terial similar to said eup, disposed upon said
second plate and arranged to serve as & clo-
sure for said cup, and means for maintain-
ing said couple assembled under pressure suf-
ficient for a relatively permanent rectifying
effect. .

9. A dry surface-contact rectifying device
including an anode of tellurium and a cathode
of a relatively highly electropositive metal.

10. A dry surface-contact rectifying device
including an anode of tellurium and a cathode
of magnesium.

11. A dry surface-contact rectifying device
comprising an anode of tellurium and a cath-
ode of a relatively highly electropositive
metal and an oxide layer therebetween.

12. A dry surface-contact rectifying device
comprising an anode of tellurium and a cath-
ode of magnesium and an oxide layer there-
between.

In testimony whereof I affix my signature.

SAMUEL RUBEN.
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lic tellurium in powder form; a conducting
cup adapted to sups)ort the same; an electro-
pusitive electrode element of a solid body of
metallic magnesium formed to have a resist-
ance layer of magnesium oxide uniformly dis-
posed over its contacting surface adapted to
supply the energy from resistance losses for
the formation and maintenance of an inverse
current-blocking film at the contacting sur-
face;-a second plate of soft metal disposed
in said cup upon said electropositive elec-
trode plate; a third plate of conducting ma-
terial similar to said cup, disposed upon said
second plate and arranged to serve as a clo-
sure for said cup, and means for maintain-
ing said conple assembled under pressure suf-
ficient for a relatively permanent rectifying
effect. .

9. A dry surface-contact rectifying device
including an anode of tellurium and a cathode
of a relatively highly electropositive metal.

10. A dry surface-contact rectifying device
including an anode of tellurium and a cathode
of magnesium.

11. A dry surface-contact rectifying device
comprising an anode of tellurium and a cath-
ode of a relatively highly electropositive
metal and an oxide layer therebetween.

12. A dry surface-contact rectifying device
comprising an anode of tellurium and a cath-

ode of magnesium and an oxide layer there-
between.
In testimony whereof T afix my signature.
SAMUEL RUBEN.
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