
Jan. 19, 1932. J. SLE:P1AN 1,842,212 
RECIIFIER 

Filed Sept. 13, 1928 

ZZZZZZZZ?ZZZZZZ 

z? 
22ZZZIZZIZZIZIZZIZZZIZIZZZZIZZZIZZZZIZZZZ 22 ZZZIZZZ 2222 

|NVENTOR 

/zo z/ 3/pran 
BY -- -44?" TTORNEY -- 

    

  

  

  



Patented Jam. 19, 1932 

UNITED STATEs 

1,842212 

PATENT oFFIcE 
OBBPE: 8IPIAII, OI' 1PI BURGE, ImarvanA, ASSIG OB, IC) 7 T&GEOTCSK 
?ICBIC & IIATUACTUBIG CODIPAKrz, A CoBPOBATTor of PENTFTIVATA 

’ IBECIIIRB 

Appiationalea eptemier 1, 168, Barial o, 805.74. 
My invention Irelates to Irectifiers and par 

ticularly to rectifiers of the junction type 
which depend for operativeness on the tini 
lateral electrical conductivity by the layers 
of solid Imaterials. 
One of the objects of my invention is to 

prowide a junction rectilie in which the re 
Werse currentis reduced to a minimum. 
Another object of my inventionis to pro 

10 yide rectifiers of the jinction type, of such 
form thatithesize and gost foragivenouput 
capacity 8re minimized by reducing the heat 
dissipatedinthe flow ofreversecurrent. 
Other objects of my invention will be ap 1 parent on readingthe folowingspecification, 
? in connecion with the drawing, in 
7 : 
The figure is a sectional wiew of a rectifier embodying the principles of Inyinvention. 

20 ?tis nowwelknown thatifablock of cop 
per has a portion of the surface oxidized and 
contacts aremadetiothemother copperand to 
the surface of the oxide respectively, B, ci 
cuit element is obitained which Ipossesses 8 

2 uni-lateral conductivity; thatistosay, it con 
· ducts electricity much more readilyin the di 

rection in which electrons flow from the 
mother copper into the oxide than in the d 
rectionimwhichelectronsfiow fron the oxide 
into the mother copper. IBy Properly Con 
bining elementarytinits of the above de 
scribed character, an arrangementyhich Will 
convert alternating current into direct Cur 
rent may be proditiced. Such arragements) agoolei66heiromegasied 
description here. Itisfound, however,thatywhile the gurent 
flow in the so-called "non-conductive” direc 
tion may be made very small, it is Inot abso 
lutely 2ero. IFor most practical purposes, 
however, ilis desirable that this reverse Cur 
rent shall be Imade as smail as posible, n 
vestigation shows that the Imagnitude of he 
revere curent is largely getermineg by te 

imeter of the openingwhich must be magie 
imi the oxidelayercovering he surface of the 
copper in order tomake electrical contaclbe 
783m the mother copper and conductorg o 

the circtit in which he uni is included. 
50 It is further found that with a given pe 

imeter fot the boundary of this opening, the 
rgverse gurent maybe minimized ifama 
ginis left between the terminal plates which 
are used to make contact with the outer sur 
face of the oxide and the boundary edge be 
tween the oxide and the mother copper. It - 
is also found that reverse currentig mini 
inized ifthe oxidized surface is of such form 
asto have lo sharp.edges or points In accordance with ome feafire of my in- * 
yention, make the copper block in a form 
having no sharp edges or points; for in 
stance in the form of a circtalar rod or cyl 
inder With rounded endis. Ithen Imake con 
tact between a line terminal and the mother 
metal underlying the oxide by piercing the 
oxide surface atione point witha holeonly 
slightly larger than the line terminal to be 
engaged. IBythis meansitheperimeter of the 
boindary edge of the layer.between the 
mother metal andthe oxideisminimized, and 
reverse current is reduced by reason of the 
shortness of this boundary and of the ab 
sence of sharpedges and ponts on the gxi 
dized surface. Ingeneral, itis desirable that 
the length ofthe perimeter ofthe junction of 
the layer ofcompoundwith the mother metal 
shall be less han the square root of - 
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times the area of the junction, 
-- 

-- 
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where the perimeter and the area are eX 
pressed in corresponding unis, -- Wih the foregoing principles Ind objects 
immind, my invention maybe embodied in a g 
structuresichas that shown in the figgre, whigh a coppereyinder witroundegenge 
hasits entife surface oxidized by heating in 
contact with oxygen to apptorinnately 1000° 
C. The unit ismaintained at this tempera- g 
ue for about three minutes and is them 
cooled in the course of about five minutes to 
a temperature of 700° C. . It my thenbe rapidly guenched by plunging i into Wit 
or Tanthe suitablecooling medium. Such, 16 
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treatimenticoversitheentiresurface ofthe cyl- - 
inder.1 withlayer orlayers2 ofoxidized cop 

?. -- 

A hole is then drilled in one end of this 
unit and maybe reamed to a slightly conical 
form suitable for a line terminal 
plug3. Theholemaybegountersunkslighty 
in the Imargin of the oxide layer to provide 
a proper gap 4 between the terminal 3 and 
the edge of the o?ide layer 2. Contact may e 

be ? to the oxidized surface 2 by any 
suitable method, such assurrounding it by a 
sheath 5ofimpressionablemetal such aslead. 
Pinely pounded graphite may, if desired, be 
rubbed on the portion of the oxide surface 
which underlies the sheath 5. A split sleeve 
6 of copper or other suitable conducting ma 
terial maybe placed around the layer 5 and 
bolted tightlyinto contact therewith by l)olts 20 
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7 extending through lugs 8. A terminal 9 
Imaybeheld tightlyin contact with the sleeve 
6 by the bolts 7. 

unit made up in the manner described 
Will be found tohave a substantially uni-di 
rectional conductivity and it will be found 
that the leakage current in the “non-condic tive”directionvilbevery y Smal. A Imargill 
of separation is preferably left between the 
edge of the opening4 and the edge of theim 
pressionable metal contact 6. 
While Ilhave described myinvention as ap 

plied to junction rectifiers employing oxi 
dized copper, it will be obvious thatitis not 
limited in use to that Imaterial, but may be 
applied to other junction rectifier elements 
employing compounds of other metals; for 
instance, iron oxide. It will also be recog 
Inized thatismall perimeters of the edge ofthe 
layer, margin of separation between the con 

" tact sheith and that edge, and absence of 
sharp corners areadjunctive features in the 
invention. Thus, in the embodiment of my 
invention shown in the drawing, it will be 
noted that thecormers of the oxide layer or 
layers are rounded, asindicated at 30. 
It will be seen that in accordance with mmy 

invention, Ilhave provided junction rectifiers 
offorms in which the reversecurrent ismini 
Imized; thereby reducinglosses and increasing 
the current and voltage capacity ofthe resulf 
ingelements, singesuch capacityislargely de 
termined by ability to dissipate the heatgen 
erated byleakage current. 
In accordance with the patent statutes. II 

have described severalembodiments of my in 
vention ; however,the principles thereof are 
capable of diferent embodiments which will 
beevident to those skilled in the art. I ac 
cordingly desire that the folowing claims 
shall belimited only in accordance with the 
express terms and with the limitations im 
100sed by the prior art. 
I claim as my invention: 
1. A solid rectifier of the junction 

which depends for operativeness upon the 
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Unilateral electrical conductivity acrosslay 
ers of solid materials, characterized by hav 
ing a base of mother metal, a layer of a con 
pound of said metal covering substantially 
the entire surface thereof, and an electrical 
connection to said mother Inetal through ar 
opening in said compound relativelysmal 
compared to the surface thereof. 

2. A rectifier comprising a base of mother 
copper, an oxidized layer covering substan 
tially the entire surface of said copper and 
a connection to the mother copper through 

Ill insaidlayerrelativelysmall com 
pared to the entirestirface thereof. 

3. A solid rectifier of the junction type 
which depends for operativeness upon the 
unilateral electrical conductivity across lay 
ersofsolid materials, characterizedbyhaving 
a base of mother metal, a layer of a com 
pound of said metal formed thereon and 
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covering substantially the entire surface 
thereof and a single opening in said layer 
1elatively small compared to the entire sur 
face thereof. - 

4. A rectifier comprising a base of mothe 90) 

1netal, a layer of a compound of said metal 
Covering substantially the entire surface 
thereof, a single opening in said layer hav 
ing an area small compared to the entire sur 
facethereof, andlineterminalmeans adapted 
t0 make Contact with said mother imetal 
through said opening and filling Inearly the 
entire Cross section thereof - 

5. A rectifier comprising a base of mothe 
inetal and haying a layer of a compound 
thereof partially coveringits surface, of such 
shape that the length of the perimeter of the 
junction of the layer of compound with the 
1mother metal is less than the square Iroot of 
times the area of the junction, where the 

1r 

Iperimeter and area are eXpressed in corre 
sponding units. - -- 
6. A solid rectifier of the junction 

which depends for operativeness upon the 
unilateral electrical conductivity across lay 
ers of solid materials, characterized by hav 
ing such a unilaterally conducting surface 
between two layers of dissimilar solids in 
Contact with each other, one of said solids eing a compound wigless gonductivit 
than the other of said solids, said compoun 
coyering substantially the entire surface of 
sid other solid, said compoundhaving a sin 
Ipared to the entire extent thersof, and a ter 
Iminal connector which is of a cross-section 
snaller than said openingand whic makes electrical contact with said other solid. 
7 A solid rectifier of the junction ? Wilich depends for operativeriess upon the 

umilateral electrical.conductivity across lay 
grs of soid materials, characterized by hav 
ing a rod of mother metal having a rounded 
cross-sectional shape, a layer oficompound 

95 

100 

105 

10 

11% 

gle opening therein relatively smal com- 20 
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of said inetal formed thereon and coverin 
substantially the entire surface thereof, sai compound liawing a single opening therein 
which is disposed atione end of said Irod, 8Ind 
which is relatively smal compared to the 
entire e?tent thereof, and a termin3i conne 
tor which is of a cross-section smaller than 
saidogeningand which maeselectrical con 
tac Wita sid mother metal, 
In estinory Thereof, Ihave hereuntiosub 

scribed Imay ingme this 6h day of September, 
1928. 

OSEIPHI SL PIA. 


