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The dielectric layer may readily be at 
tained of this minute thickness by electro~ 
lytic or by purely chemical methods, e. g. heat 
oxidation, sulfurization, .etc., forming the 
same of and directly on the metal base; and 
a dielectric layer consisting of the oxide of 
aluminum thus formed directly of an under— 
lying solid conducting base of aluminum has 
been found very satisfactory for the purpose. 
Over this layer is to be provided the super 
posed coating of substantially greater 0011-‘ 
ductivity than the dielectric, and suitable 
provision is to be made for affording elec 
trical connection on the one hand with the 
base element and on the'other hand with the 
conducting coating located about the inter~ 
mediate dielectric. 

‘In many cases, very satisfactory results 
are had with the superposed coating consist 
ingpartly or wholly ofa compound of cer 
tain metals ; . and this may be attained in dif 
ferent ways. For instance, if a metal, e.v g. 
copper, electrode is used in spattering, lay 
ers of different natures may be obtained ac 
cording to the gas ?lling'of the spattering 
container as well as to the electrical condi 
tions prevailing therein. Thus, either a pure 
metallic layer, (Cu), layer of a compound 
(CugO) or, preferably, a mixture of both 
may be produced directly by the spattering 
process. ' ' 

On the other hand, compounds particular-. 
.ly suitable for this purpose may be obtained 
by subjecting a spattered coating to subse~ 
quent chemical treatment. For example, the 
coating initially deposited may be treated in 
sulfur vapor or with carbon disul?de in 
which elemental sulfur is dissolved; or, it 
may be subjected to oxidation by heat treat 
ment or to oxidizing reagents, e. g. H202 etc. ; 
or it may be treated, as in the case of a coat 
ing of lead, in vacuo. with atomic oxygen in 
order to convert it into PbOz. 
This discovery of vthe insulating proper 

ty' of a minute. layer provided as aforesaid, 
enables one to subject a conducting layer. of 
vextreme ‘thinness (approaching molecular 
thickness) throughout its full volumeto a 
very strong electrostatic ?eld, for example, 
in the provision of an ampli?er device. In 
its design for this particular use, the coating 
provided over the dielectric need not be of 
uniform, thickness throughout, but is to be 
modi?ed tov the extent that at least an ex 
tremely narrow portion thereof and located, 
for example, transversely across the surface 
of the device to afford a line of complete de 
marcation between the two separated coat 
ing portions, is reduced to a degree ap~ 
proaching molecular thickness. Or, the gap 
may be omitted and the entire coating pos-, 
sess molecular thickness only. A predeter 
mined potential, also, is to be applied; to the 
underlying solid conductor so that by this 
expedient a high electrostatic ?eld is set up, 
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or rather rendered available. The conduc 
tivity of such coating portion or layer of min 
ute thickness will depend then upon the elec~ 
trostatic ?eld applied across the insulating 
intermediate layer. Incoming oscillations 
will modify this ?eld and affect thereby 
changes in the conductivity of the conducting 
layer of molecular- thickness, which variation 
may be used for ampli?cation purposes in 
manner well understood. 

If the device be intended for use as a rec 
ti?er (detector) of alternating or oscillating 
currents,‘ the insulating layer itself is punc 
tured or broken at a point or line through 
to the underlying conducting plate or strip. 
This produces a conductive connection of a 
very de?nite but minute’ area between the 
underlying solid conductor and said conduct 
ing coating. Moreover, the speci?c arrange 
ment admits, when voltage is applied to the 
two conducting elements, of a current to pass 
freely in the one direction through the said 
Wall contacting-area but to be. substantially 
impeded in the other direction and thus con 
forming to the requirements of a recti?er ' 
(detector) for oscillating currents. By this 
expedient, a contact of a very de?nite and 
invariable characteristic is produced, which 
is a decided improvement over the usual solid 
contact detectors of uncertain performance. 

It will readily be appreciated, further 
more, that when the intermediate layer of 
dielectric, provided between the base ‘and a 
relatively more conductive coating, is of sub 
stantially uniform thickness throughout and 
not exceeding 10‘4 mm. a highly efficient c011 
denser is afforded which, I have discovered, 
has extremely high speci?c capacity; and, 
withal, the same is very permanent, rugged 
and ‘compact. This feature of the invention, 
however, forms the subject of separate appli 
cation for Letters Patent,‘ ?led by me of even 
date herewith. ' ' 

The invention contemplates, also, a novel 
method for providing the devices herein~ 
before set forth. 
The nature of the invention, however, will 

‘best be understood when described in con— 
nection with the accompanying drawings, in 
which: _ ' 

Fig. 1 is a fragmentary vertical section 
through the novel ampli?er device, greatly 
magni?ed and on a disproportionate scale 
for purpose of illustration. 

Fig. 2 is a similar View illustrating a 
modi?cation. 

Fig. 3 is a perspective view illustrating 
the novel ampli?er device and shows dia~ 
grammatically the electrical connections in 
volved. 

Figs. 4 and 5 are fragmentary vertical 
sections through the ampli?ed device and il~ 
lustrate further modi?cations therein. 

Fig. 6 illustrates in vertical section a prac 
tical embodiment of the invention, but on 
greatly magni?ed and disproportionate scale. 
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Fig. 6a is. a planview 
ment. ' .1 . V 

Fig. 7~is a fragmentary vertical section, 
similar to ‘Fig. 1, and illustrates a further 
modi?cation whereby the device is ‘rendered 

of a further embodi 

suitable for use as a recti?er (detector) of 
alternating or- oscillating currents. . 

Fig. 8 is a longitudinal section on a greatly 
magni?edand disproportionate scale. of’ a 
recti?erelement; and Fig. 9 is a transverse 
vertical section therethrough taken on the line 

Figs. 10 ‘and 11 are diagrammatic views 
illustrating the application of the. device re 
spectively asa recti?er and. detector. _ . 

. Fig. 12 is a front elevation of the apparae 
tus illustrating themethod of applying cath 
odicallya coating or stratum of conductive 
material to ‘the novel electrical device. 

Fig. 13 is a front elevation of a‘di?'erent 
form of’ apparatus employed in _. applying 
cathodically the said coating or stratum; and 
Fig. lllis an end view, partly in, section, 
qillustrating a further modi?cation in the 
method, of application of said coating. 7 
'Referring to the drawings, 10 designates a 

. metalsuch as aluminum, magnesium, tanta 
lum, tungsten, etc. which forms the base or 
supporting element of the novel device; and 
in accordance with the invention, there is 
provided over a portion of one surface there 
of, or over substantially the entiresurface 
if desired, a non-conductingor insulating 
layer 11 which is formed as a compound of 
the particular metal forming the base mem 
ber. F or'exai'nple, if aluminum be selected 
as the‘ base member, the insulating layer 11 
will be the oxide» of aluminum (A1203), 
which may be provided thereon in any suit 
able and well-known manner as by electro 
lytic or purely chemical methods. If, in the 
former. instance, a high voltage operation is 
required, it is advisable to employ voltagesas 
high aspossible; and when aluminum is uti 
lized as the‘b'ase material, the voltage in the 
electrolytic process will range up to 400' volts 
in an aqueous and‘ up to 1500 voltsin an alco 
holic solution. This layer is then an integral 
part of the base material which is selected, 
also, to, be of relatively thin stock—approxi 
mating 0.03 mm. or less, so that in case of 
bending of a" completed ampli?er unit there 
will be no'serious distortion of said base 
member and resulting injury to said layer 
of oxide, as’ well as to further coatings here 
inafter more fully set forth. The dielectric 
layer itself is to be of minute thickness only, 
or, at least over a narrow‘ portion thereof, 
being of'thejorder of magnitude not exceed 
ing approximately 10‘4 mm., so that a’ very 
strong or intense electrostatic ?eld maybe 
setup by applying a suitable potential to 
the underlying'base material 10. ' ‘ 
Over the aforesaid layer of insulating ma 

_ ite'r'ial or oxide layer llis tobe provided,'and 
in' a molecular contact‘ with it over the total 

contact'area, a superposed coating or stratum 
12 of substantially-greater conductivity than 
said coating ‘and consisting of. disintegrated 
or ?nely subdivided metal or metallic com 
pounds, or' mixtures of- such metal and com 
pounds. , , _ 

. These coatings may be attained byspatter 
ing cathodically from such metals as copper, 
lead, aluminum, etc.; or, vby precipitation 
from colloidal metal suspensions or by pres 
sure spraying. For example, the coating may 
consist of a layer of copper sul?de which may 
be applied thereto by cathodically spattering 
copper thereover and subsequent sulfuriza 
tion thereof. Or, as hereinafter noted, coat 
ings'of various characteristics may be ap 
plied, it being essential only that atleast an 
extremely narrow portion thereof and locat# 
ed, for‘example, transversely across the sur 
face of the insulation 11 to afford a line of 
complete demarcation between the two thus 
separated coating portions, approaches mo 
lecular thickness. l ' " 

In order to apply‘potential across this gap 
or depression affording a complete demarca 
tion between the two coating portions, contact 
plates or blocks 14 and 15 are mounted there 
over upon opposite sides thereof and to which 
leads 16 and 17 respectively may be connected. 
These leads, reference'being had more par 
ticularly to Fig. 3 of the drawings, are in 
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cluded in a circuit embodying the direct cur- . 
rent source of potential 18 and an output cir 
cuit 19 including apparatus (not shown) to 
which ampli?ed current is to. be supplied 
from the said source of potential 18. Simi 
larly, a potential is applied througha- con 
ductor 20 to the base memberlO to polarizae 
the same, preferably positively, from a suit 
able source of-direct current potential 21, the 
‘negative side of which may beconnected to 
the negative side of thesource- of potential ' 
18, or grounded if desired. ‘ The conductor 
20 includes also the secondary of a ‘trans 
‘former 22 whose primary is connected to the 
input circuit 23 containing apparatus (not 
shown) producing or receiving current which 
is to be ampli?ed by the apparatus herein 
before described. ' a - 

An intense electrostatic field is thus set 
up,’ or- rather rendered available, at the'de‘~ 
pressed portion 13- of coating .12 throughout 
its full volume and controls the conductivity 
of the coating at-jsaid portion. Incoming 
oscillations delivered through the circuit 23 
and transformer 22 into] the ampli?er unit 
will affect this ?eld to cause thereby changes 
in said conductivity of the conducting layer, 
more particularly at ‘its said depressed'por 
tion or portion of ‘molecular thickness 13, 
which changes‘ in conductivity effect varia 
tions ‘in the current delivered to the output 
‘circuit 19, in‘ manner well understood. 

' ,As hereinbefore noted,.it is'not essential 
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tively more conducting coating superposed 
thereoverbe, over the entire extent of such 
layer and coating, of the minute thicknesses 
set forth; and in Fig. 2, the layer 11 of insu 
lating material is indicated as of relatively 
substantial thickness but is provided with a 
depressed portion or groove 25 and coincid 
ing with which is the depressed or grooved 
portion 26 of the substantially more conduc 
tive coating 12. 

Moreover, reference being had more par 
ticularly to Figs. 4, 5 and 6 of the drawings, 
the outer more conductive coating may be 
varied to comprise differently constituted 
portions and thesame may also be arranged 
to afford effects not only throughout the 
volume of a layer but also at its contact area 
with another, different layer. For example, 
referencebeing had'more particularly to Fig. 
4 of the drawings, the one portion 30 of the 
conductive layer provided over the oxide 
layer 11 of the aluminum base 10 may consist 
af aluminum while the other portion 31 may 
consist of copper disul?de (CuQS), lead di 
oxide (PbOQ), etc., or vice versa, the effect 
taking place at the contact area 'of the two 
layers as well as through the volume of one 
of them. 
Other combinations may consistof copper 

for the portion 80 and copper oxide for the 
portion 31, etc; or, both of the portions may 
consist of metal or both of compounds of a 
more or less conductive nature. It will be 
observed, also, that the portion 31 is provided 
with a bottom extension or lip 32 which is 
of molecular thickness and ?ts a correspond 
ing recessed portion83 in the underface of 
the portion 30, a gap 34 remaining, of course, 
between portions 30 and 31, while the former 
portion also partly overlies the latter at the 
said lip portion. In this manner, a. contact 
area is provided utilizing the surface effect. 
In Fig. 5, a further overlapping arrange 

ment is indicated, each portion 35 and 36 of 
the conductive coating being provided with 
a laterally extending lip, as‘the lips 37 and 
38 respectively, affording a variation both 
in volume effect of both layers and in sur 
face effect at their mutual contact area. 
Another embodiment of the invention is 

indicated in the construction shown in Fig. 
6 of the drawings, which illustrates in ver 
tical section an ampli?er unit constructed 
according to the arrangement described in 
connection with Fig. 4 of the drawings. In 
this embodiment, 40 indicates a centrally dis 
posed base element, as of aluminum, about 
which is provided a layer of aluminum oxide 
41 substantially covering the entire surface 
thereof with the exception of a projecting 
tongue 42. , A substantially more conductive 
coating about the same is indicated by the 
coating 43, for example of copper disul?de, 
and the coating portion 44, as of aluminum. 
lThe former coating is indicated as provided 
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with or tapering down to the lip portion 45 
which is to be of molecular thickness, while 
the latter coating has'a portion 46 overlap~ 
ping the said lip. Terminal members 47 and 
48 as of tin foil or the like are provided over 
the coatings 43 and 44 to which are con 
nected conductors 49 and 50, respectively, for 
affording connection to the ampli?er; and a 
conductor 51 is secured to the tongue 42 to 
polarize the element 40 of said ampli?er. 
While it has been found in the case of op 

eration with lower voltages, that the contacts 
to the conducting coatings may be established 
by applying thereover a soft foil, as tin foil 
or the like, without further precaution, as 
shown in Fig. 6, for the operation under high 
voltages it is advisible to design the device 
in a manner such that the conducting coating 
should not touch the edges either of the 
underlying oxide coated aluminum or of the 
contact-making foil. To satisfy these con 
ditions, reference being had to Fig. 6a, the 
aluminum is oxide-coated over the entire area 
(except tongue 42) as in the previously de 
scribed embodiments, but the conducting 
coatings 43 and 44 are to be applied there 
over to provide for a surrounding oxide mar 
gin 55 so that the edges of the coatings will 
be displaced somewhat from the correspond 
ing edges of the oxide-coated aluminum base 
element 40. Furthermore, insulating wrap 
pers 56 of paper, mica, etc. and having 
windows 57 therein slightly smaller than the 
coating may be wrapped ‘about the coatings, 
the edges of the paper overlapping the out 
line or perimeter of said coatings; and over 
the respective windows are applied a pair of 
tin foil elements 58 for making contact 
through said windows with the correspond 
ing coatings, a foil being pressed ?rmly 
through a window to insure good contact. 
‘When the device is intended for use as a 

recti?er or detector of alternating or oscillat 
ing currents, reference being had more partic 
ularly to Figs. 7 to 9 inclusive, a similar 
underlying or base element 60, of metal, such 
as aluminum, is provided, and an insulating 
layer 61 as‘ of aluminum oxide formed over 
a portion or the whole of one of its surfaces. 
In this embodiment, however, the insulating 
layer is punctured or broken over a very 
de?nite but minute area, as at the portion in 
dicated at 62 so that a conductive material 
may be applied therethrough to make contact 
with the covered surface of the underlying 
base element 60. This contact may readily 
be effected by providing a substantially more 
conductive layer 63 over the insulating layer 
61, the same extending through the break in 
said insulation to make direct and molecular 
contact with the base element 60, as afore— 
said. This more conductive layer 63 may 
consist of a metal such as copper, aluminum, 
etc., or a compound thereof, or a mixture of a 
metal and a compound, and is readily ap~ 
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plied thereto, by spattering the samev cathod 
ically' thereover or in any 'othersuitable and 
well known manner,‘ asby pressure spraying 
or by precipitation from colloidal suspension, 

stance, also, it‘is' not essential that the said 
layer 63 be of extreme thinness, although to‘ 
reduce bulk of apparatus this‘ may, be de~ 
sira-ble; Aterminal element 64¢ is provided 
to make contact with the layerY63~and vto 
which element is connected'a conductor 65' for 
applying to the recti?er or detector the cur 
rent to be recti?ed or detected‘, the other con 

15’ tached to the base element 60. I 7 . , 

* Figs. 8 and 9indicate' respectively intrans 
' verse and longitudinal Vertical section a 
practical: construction of the invention as 
embodied inv arecti?er or- detector ‘device.’ 

20 As ‘shown, the base'element is constituted by 
the centrally‘disposedv element 70 havingfa 
projecting tongue'71' ‘to which ‘an outgoing; 
conductor 72'may-be attached. ' Atit's‘upper 
end,‘ the element 70‘is tapered to a subs'tah» 
tially narrow‘edge 73, thesurroundinglinsw 
lating layer 7 4L‘ entirely enclosing said "-ele-' 
ment e'Xcept'at ‘this edge 7 3 and at thetongue 

1 portion ‘71, whiledaboutjtheentire central 
element with the exception ‘of. itstongue 71 
and over the insulation layer 74 as wellgas 
the; edge ‘portion 73*‘oflthe1base element, is 
provided-the more i'condu‘ctive- coating_'i~75-._ 

30' 

About the-latter is provided a terminal bandv 
or connection member 7 6-‘ to which'is attached 
a ‘conductor 77 'forlconnecting the unit for 
service. An insulating bushing vor coating . 
7 8v is provided over theton-gue portion'and 
insulation layer; to; prevent short-circuiting 
of-the centrally disposed element 7 0' and-the 

‘40 outer coating 75.“ - > I , , 

indicate,vrespectively, the :Figs; ‘10 and 1117 
arrangement of thesenovel recti?er 'units, 
moreparticularly of the type indicated in ‘the 

a Figs: '8:andp9,'respectively,"in a full wave 
. V 45 recti?'cation.system* and .in a ‘system for de 

tecting oscillating currents. " As shown in 
Fig. 10, theincoming ‘current to ‘be recti?ed 

‘ ' is» connected to a transformer 80" having‘ a 
_, divided secondary with neutral: lead ~81'and 

50 between which and the other leadsy82 and 83v 
. rare‘connected the novel- recti?er units 84' and ‘ 

v85, respectively, and in manner well under-7,. 
‘ stood.v As‘sho'wnin‘Fi'g.V11,aIdetecting unit‘ 
1 7. 86is connectedin-series in'a circuit 87 in 
'55 which oscillating; currents prevail, said ci’rf' 

cuit; including, ‘suit able - v‘means for‘ indicating ‘ 
or receiving thedetected oscillations, for ex 

. ample, a pair ofl‘he'ad phones8j8. 711'‘ 
i In- order‘ ‘conveniently to"v prepare‘the ele 

‘ments employedin the foregoing apparatus, 
I‘have’ found it desirable to spatter the coat; 
ing or coatings‘ {overth‘e base member Vbyi'di 
recting, 1 for ‘ example a. ~ stream _ or; streams, 

-' from la" metallicfelectr'ode' over or to, opposite 
sides of the ‘base element, ‘suchas'ai'strip of 

or by electrolytic ‘deposition, etc. ' In this'in- 

nection being through a - conductor ~ '66‘7 

5 

aluminum which maybe suitably supported 
or suspended within thelcontainer in which 
the cathodic s'pattering is conducted. : Refer 
ence being had more especially to Fig. 12~0f . 
the drawings, this’ element is indicated at 90 
as horizontally supported on and clamped to 

70 

a conducting table or platform’ 91 while in‘ 
Figs.» 13 and 1a it‘is shown as heldvalong'three 
of its edges by'means of a frame 92, its free 
edge 93 in the‘latter emb'odiments'beingset . 
very closely to a surface 94. This surface 
is, preferably, highly polished and mirror 
like so that the said edge may be set parallel 
thereto with-great precision; In the embodi 
ment illustrated. in- Fig.- 12‘there is mounted 
over element. 90 a ‘shadow castin‘g‘object~ 95, 
the same :being'he‘ld by brackets 96 and _lo 
cated in the path of a stream of cathodically 
spattered matter vdirected to said element; or 
when the same is suspended, streaming by 
the, same in ‘the'direction ‘indicated by the 
arrows. In the latter instance, generally, 
thi'swill result in a'rather non-uniform dis 
tribution ' of i‘ the material ‘constituting ‘the. 
coating, the same fading away before it 
reaches the edge 98 which ismore or less re‘ 
mote from the source or 'spattering- cathode. 
It is preferred, therefore, torslightly incline 
the beams of spattered material toward the 
element 90', for example, as indicated in Fig; 
14, where the spattering cathodes 97 are 10 

‘ cated upon'opposite sides‘of-the strip 90' and 
are‘ both slightly inclined vthereto I This ' af-. 
fords a practical means of control of the ap- . I > ' 

100 plication of the coating'to the ‘base’ ‘element, _ 
and the attainment of anappreciable coating 
substantially up to the ‘edge 93'which is to 
be then ‘graduated thereover.for-application 
more especially in the manner‘ set forth in v. 

" Figs. 4=toi6.v '* H ' .Y ' 

I claim‘; i" ‘ 'X _ - I 

1; Anelectricalldevic‘e comprising a con 
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ducting solid material havingon one surface I 
fan insulating layer of a thickness of the oré 
der of magnitudeof 10~4 m'm.,'and a ‘super 
posed stratum of solid material. integral 
therewith, of‘ substantially, greaterv conducé 
tivity and insulated ‘from the conducting 
solid material by the said insulating layer. 

2. An electrical device comprising'a con 

110 , 

115 

ducting solid material having on one surface ‘ 
an inorganic insulating .layerjof- a thickness 
of the order of magnitude of 1074111111., and a ‘ 
superposed stratum, of solidv material inte 
gral therewith, of substantially ‘greatercon 
'vductivity, and insulated ‘from’ the conducting '7 
solid‘ material'by the said insulating layer, 

3. An electrical device-comprising a con~ 
ducting solid material having on one surface 

120" 

25 

an insulating layer of minute thickness and , 
chemically formed ofv and on I"said underly- ‘ 
ingw material, and fa ‘ ‘superposed stratum of 
solid'mater'ial in'teg‘ralétherewith, ‘of substan 
tially greater" conductivity" and insulated, 130 
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from the conducting solid material by the 
said insulating layer. ‘ 

4;. An electrical device embodying an inte 
gral strip of two strata of conducting solid 
material and. an intermediate dielectric stra 
tum of minute thickness and constituted as a 
compound of one of the two said strata, said 
dielectric stratum insulating the two strata 
of conducting materials from each other. 

5. An electrical device comprising a metal 
body having a surface provided with a lay 
er of a non-conducting compound of said 
metal chemically formed thereon, and a stra 
tum including copper superposed thereover 
and insulated from the metal body by the 
said non-conducting compound. ' 

6. An electrical device comprising a- metal 
body having a surface provided with a layer 
of a non-conducting compound of said metal 
chemically formed thereon, a stratum of sub 
stantially greater conductivity superposed 
thereover and insulated from the metal body 
by the said non-conducting compound, and a 
metal foil making contact with the latter and 
insulated by the layer of non-conducting 
compound from the metal body. 

7.’ An electrical device embodying an inte 
gral strip of two strata of conducting solid 
material and an intermediate dielectric stra 
tum, and a coating of a n0n~tarnishing metal 
over an outer stratum. 

8. An electrical device comprising'a strip 
of aluminum having a surface provided with 
a layer of the said aluminum formed there 
on as oxide, and a stratum of substantially 
greater conductivity superposed over the lat 
ter and insulated by the layer of oxide from 
the strip of aluminum. 

, 9. A; dry aluminum strip having a layer of 
oxide of aluminum of a thickness of the order 
of magnitude of 1074 mm., and a solid con 
ductive stratum thereover, integrally asso 
ciated therewith and insulated by a layer of 
oxide from the strip of aluminum. 

10. An electrical device comprising a strip 
of aluminum having a surface provided with 
a layer of aluminum oxide, and a stratum in 
cluding copper superposed thereover and in 
tegral therewith. 

11. An electrical device comprising a metal 
body, an insulating layer of a compound of 
said metal chemically formed of said metal 
over a surface thereof, and a conducting stra 
tum of substantially greater conductivity 
provided thereon by cathodically spattering 
a metal. ~ ' 

12. An electrical device comprising a metal 
body having a'projecting conducting tongue, 
and on a surface an insulatingr layer of min 
ute thickness whose outer face has a super 
posed stratum of solid materialof relatively 
greater conductivity, a coating of non-tar 

‘ nishing metal over the latter, and a metal 
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aifordmg contact means thereto. 
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13". An ampli?er for electric current, com 
prising a conducting solid material, an in 
sulating layer on a surface thereof, and a con 
ducting stratum over the latter including a 
portion approaching molecular thickness. 

14. An ampli?er for electric current, com 
prising a conducting solid material, an in 
sulating layer on a surface thereof, and a 
conducting stratum over the latter having 
a portion reduced to a degree approaching 
molecular thickness and a?’ording a line of 
complete demarcation between two portions 
of said stratum. 

15-. An ampli?er for electric current, com 
prising a conducting solid material, an in 
sulating layer on a surface thereof, and a 
conducting stratum over the latter and hav 
ing a narrow portion across the same ap» 
proaching molecular thickness. 

16. An ampli?er for electric current, ‘com 
prising a conducting solid material, an in 
sulating layer on a surface thereof, a con 
ducting stratum over the latter including a 
portion approaching molecular thickness, 
andmeans to apply a difference of potential 
across said portion. 

17. An ampli?er for electric current, com 
prising a conducting solid material, an in 
sulating layer on a surface thereof, a con 
ducting stratum over the latter including a 
portion approaching molecular thickness, 
means to apply a potential to the conducting 
solid material, and means to apply a differ 
ence of potential across said portion. 

18. An ampli?er for electric current, com~ 
prising a conducting material, an insulat 
ing layer on a surface thereof, a conducting 
stratum over the latter having a transverse 
depression therein of molecular thickness, 
and means to apply a difference of potential 
to the coating upon opposite sides of the de 
pression. . 

19. An ampli?er for electric current, com 
‘ prising a conducting material, an insulating 
layer on a surface thereof, a conducting stra~ 
tum over the latter having a transverse de 
pression therein of molecular thickness, 
means to apply a difference of potential to 
the conducting stratum upon opposite sides 
of the depression, and means to apply a 
third potential to the conducting base ma 
terial. ' 

20. An ampli?er for electric current, com 
prising a conducting solid material, an in 
sulating layer on a surface thereof of min 
ute thickness, and a conducting stratum over 
the insulating layer having a narrow portion 
approaching molecular thickness. 7 

21. An ampli?er for electric current, com 
prising a conducting solid material, an in 
sulating layer on a surface thereof having 
a narrow portion of'minute thickness, and a 
conducting stratum, over the insulating layer 
having a narrow portion approaching molec 
ular thickness and coinciding with part of 
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I metal an insulating layer thereof to a min- ‘ 

*tered coating. - e . . . v i 

24. The method of vforming an'electrical" ‘' 

~ ‘1,900,013 

the said narrow portion ofthe insulating, 7 
cover. , , . ~ . 

.22. The method of'forming an electrical 
device of the character set'forth, which com; 
prises chemically forming upon a stripof 

ute thickness only, and providing a substan 
tially greater conductive stratum over the 'p 
latter by ‘cathodically spattering a metal 
thereon. - ~ ' " ' 

' ' 23. The method of forming an electrical] 
" device of the character.’ set forth, Which ,com- ' 
prises chemically forming upon av strip of 

‘ metal an insulatingfcoating thereof to a minute thicknessonly, providing a substan- ' ' 

tially greater ‘conductive stratum'over the, , V ' 
latterby cathodically spattering a metal , r 1 ' 

treating thespaté > ‘' thereon. and subsequently 

7 device of the character set forth; which com 

. 25. 

‘ prises; electrolytically‘ forming upon ‘a strip 
of aluminum an insulating coating of' alu~ ‘ 
minum oxide to a minute thicknessonly, and‘ ' ' ' 

,providinga substantially ‘greater conductive 
" ' stratum over the latterby cathodically spat; ' 
ytering copper thereon. V v > 
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' ing two streams from said metal substan- , ' 

i ‘- Y 25. In the method of’ forming an. ampli- ’ ' I 

‘ ?er elementof the nature set forth, the step I ‘of cathodically applying from a metal a: 

graduated coating to a metal strip by direct 
inga stream, from said metalthereto at-an 
angle and intercepting ‘said stream“ over a we 
portionof the strip. V .. g ,7 -_ 

26. The method of forming an ampli?er 
. element of the nature set forth, which in-" 

‘ cludes cathodically applying from a vmetal . 
a'graduated coating to theelement by direct 

tially parallel to the element to be coated and 
on oppositesides thereof. ‘r . 

foil an‘ ampli?er element of the nature set 
‘forth, which embodies directing two'streams 

I of cathodically. spattered conducting matter, 
7 thereto andgfrom opposite ‘sides of the “said ‘ - 

r ‘foil. ' ' 

'28. A metal strip having'a dielectric coat-v 
ing over its surface'and a graduated metal 
coating thereoven' '. integrally 
therewith and " insulated by. said 
coating from the metal strip- v 

'In'testimony whereof I a?ix my signature. 
. 55“ p , V JULIUS EDGAR'LILIENFELD, 
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27. The method of forming of a‘ metal ‘ I’ 7 

associated v ‘ 

dlelectric ‘ ‘i 


