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9 Ciatms. (Cl 204-—192)

(Granted under Title 35, U.S. Code (1252), see. 268)

The invention described herein may be manufactured
and used by or for the United States Government for
governmental purposes without payment to me of any
royalty thereon.

This invention concerns laminated magnetic materials
of both the soft core and the permanent magnet types
and concerns also means and methods for making lami-
nated structures by evaporationm, sputtering and related
techniques. This invention is a restriction from the
parent application Serial No. 591,259, filed June 13,
1956.

As the terms are used herein: laminated materials are
defined as heterogeneocus solid bodies consisting of layers;
a magnetically soft core is a core having a low coercive
force, of a core characterized by low magnetic losses;
and a permanent magaet is a magnet which retains its
magnetism for an indefinite pericd of time. The mag-
netically soft cores contemplated hereby consist of a
plurality of thin films of magnetic and of ingulating mate-
rials, which may be alternately precipitated from their
respeciive vapor phases. Metallic soft cores used for
transformer applications and the like, involving alternat-
ing currents, have to be laminated in order to keep their
eddy current losses low. FEddy current losses also may
be reduced by the vse of magnetic particles separately
insulated from each other with a ceramic, a plastic or
other form of electrical insulator. Previously made
laminated cores have commonly consisted of roiled lami-
pations or strips. Limitations which characterize these
earlier forms of laminated magnetic cores are avoided in
the devices which are contemplated by the present in-
vention.

As a background for insuring a sufficient understand-
ing of the present invention as claimed, in past practices
laminated electrically conductor and electrically insul-
ator bodies have been produced on a horizontal metal
disk which is rotated in an evacuated compartment over
two crucibles which give off different metal and insulator
vapors. The metal and the insulator vapors are deposited
successively in laminations of a thinness which is con-
trolled by the speed of the disk rotation and by the tem-
perature at which the vapors are released. The deposi-
tions of successive film laminations from the vapor
phase upon a colder body is applicable to most elements
and to most inorganic materials.

Metals, alloys, insulators and the like have been applied
to a substrate or a base metal also as a fine spray in the
formation of successive laminations thereon.

The thinness of the resultant laminations is of im-
portance to the performance of the resultant article.
The resultant product consists of stratified layers of dif-
ferent metals, alloys, insulators and the like. The re-
sultant laminated bodies are used as electrical elements
in circuitry assemblages of which radio frequency con-
ductors, light diffraction gratings; capacitors, rectifiers,
etc. are illustrative.

A general statement of the nature and of the substance
of the present invention as claimed comprises in nature
the provision of new and improved laminated strictures.
In substance the present invention comprises laminated
articles, apparatus and methods involving evaporation,
sputtering, electron bombardment, ete., for making lami-
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nated structures. The present invention is inclusive of
.the deposition of laminations within a magnetic field
of ample strength to accomplish the desired orientation
of magnetic domains.

A general statement. object of the present invention,
as claimed, is the provision of a new and a useful family
of laminated bodies and methods for the production of
the bodies by making use of different physical states of
solid, liguid and gas which are accomplished by differ-
ences in temperature levels of elements, metals, alloys,
insulators and the like, within. an inclosure which has a
controlled atmosphere, and to methods described hersin-
after for accomplishing lamination depositions of con-
trolled thicknesses, shapes and magnetic -characteristics.

Additional objects of the present invention are the pro-
duction of-bodies. consisting of laminations -of alternated
conductive and. insulating material of -sufficient thinness
to minimize core losses when the material is so used;
laminated bodies wherein the laminations consist of mag-
netic alloys which, because. of their ‘brittleness, lack of
cohesion or the like, can not be suceessfully: mechanically
rolled to desired degrees of thinness; to laminated bodies
which are protectively coated from the atmosphere by
insulating films or the' like; to. laminated bodies char-

cterized by ‘conirolled magnetic domains which are
oriented during the deposition of films of materials which
form the laminations; to laminated bodies characterized
by the elimination of voids or .air spaces between the
films or laminations, which facilitates the miniaturization
of cores and reduces the corrosion of the materials mak-
ing up the laminations of the resultant body, :and the
provision of new and unigue methods and processes
which are well adapted for use in the production of
printed. circuits and related techniques applicable to the
ficld -of electronic equipment.

Another object of the present invention is the deposi-
tion of magnetic films -within a magnetic field, thereby
achieving an alignment of magnetic domains within the
structure of the films as they are being deposited. A
domain ‘may contain from 1012 to 1015 atoms. The
domains-are magnetized ‘to. saturation with the ‘magnetic
moments of all of the spinning electrons within each
domain. parallel to one -another. A rectangular shaped
magnetic hysteresis loop. is obtained in the performance
of a magnetic core which embodies this invention if the
direction of the ines of force of the applied constant
magnetic field coincides with the direction of magnetiza-
tion to which the finished core is subjected. This methed
of the deposition ' of ‘material .within. a magnetic  field
permits ‘domain ‘alignment’ even in materials with ‘low
Curie temperature, inclusive of materials which do not
respond to the method of domain alignment by anneal-
ing the materials'in a magnetic field.

Another object 'of ‘the present .invention is to produce
and to.provide a method of making a permanent magnet
which is characterized by -thin laminations, .by a flaky
lamination structure; or by the existence of stresses with-
in.the laminations. . The production methods described
herein: for making thinly Jaminated permanent ‘magnets
are in some respects the same as for soft magnetic cores.
The greatly .increased coercive force which character-
izes permanent magnets is due mainly to; first the greater
thinness of ‘the permanent magnet laminations, in com-
parison to the laminations of soft magnetic cores; and
secondly to.the presence of stresses ‘within the films of
the permanent magnets which. stresses are desirable.

The high coercive force of a magnetic film of a certain
critical thickness is believed to be due to the: fact that
such films become ~single magnetic ‘domains ‘and “that
domain rotation is the ‘predominant mechanism of ‘mag-
netization. Coercive force is increased by stress -and by
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crystal anisotropy. These factors determine the optimum
filma thickness at which the highest possible coercive force
can be obtained. Theoretical work on the magnetic
domain structure and on the coercive force of films and
small particles is illustratively presented in “Theory of
Structure of Ferromagnetic Domains,” by C. Kittel, pub-
lished in the Physics Review, volume 70 at pages 965 to
971, in 1946,

In the field of permanent magnets, illustrative film
thicknesses of iron laminations are in the order of several
hundred angsirom units. Thinner laminations are ob-
tained by shortening the time periods during which the
lamination material is evaporated; by a reduction in the
rate of evaporation of lamination material by using de-
creased voltages or power; by the dimensions of the stock
from- which the lamination material is evaporated; etc.
Stresses in laminations are induced by reductions in the
temperature of the substrate during the period of deposi-
tion; by using an insulating film between magnetic lamina-
tions which insulating film has a materially different co-
efficient of thermal expansion than the magnetic lamina-
tions have; and the like.-

Another object of the present invention is the provision
of domain oriented laminated magnets wherein the mag-
netic lamination material is characterized by high crystal-
lie anisotropy, of which magnesium bismuth may be
taken as being illustrative.

lustrative embodiments of the present invention of
magnetic cores and of equipment used in methods by
which the cores are produced, are illustrated in the accom-
panying drawings of equipment positioned within an in-
ciosure which may be evacuated or which may be filled
with a low pressure gas atmosphere, in the order illus-
tratively of about one tenth of one atmosphere.

in the accompanying drawings of equipment for prac-
ticing the present invention:

FIG. 1 is a diagrammatic fragmentary illustration of
an inclosure containing a subsfrate to which laminations
are applied; in FIG. 1A from heated crucibles; in FIG. iB
from sputtering cathode rods; and in FIG. 1C from sput-
tering electrode rods to which alternating cuireat is
applied;

FiG. 2 is a fragmentary diagrammatic illustration of a
base metal or a substrate to which laminations are applied
from one electrode or from desired alternations of elec-
trodes of an elecirical arc;

TIG. 3 is a fragmentary diagrammatic illustration partly
in section of a continuously moving base strip to which
desired laminations are supplied from fixed crucibles;

FIG, 4 is a diagrammatic fragmentary sectional illustra-
tion of a periodically moving base strip passed over heated
lamination supplying fixed crucibles;

FIG. 5 is an end elevational view of a rotating cylin-
drical substrate with lamination material vaporizing boats
on opposite sides of a partition of a cylinder;

FIG. 6 is a perspective elevational view of a trans-
former with a secondary which is an open top ceramic
shell containing a material to be vaporized;

FIG. 7 is a sectional view taken along the line 7—7 of

1G. 6 of the ceramic shell therein;

FIG. 8 is a diagrammatic view, partly in section, of a
centrally apertured concave cathode shaped to focus
emitted electrons upon a target from which vapors are
emitted for solidification upon a substrate;

FIG. 9 is a side, elevational view, partly in section of
particles dropped into an induction heating coil within
which the particles are vaporized for deposition upon a
substrate; and

FIG. 10 is a fragmentary sectional view of a lamination
grooved permanent magnet.

In the accompanying drawings FIG. 1 illustrates a sub-
strate 1 mounted in_a magnetic field suitably provided,
as by a magnet 2 energized by a winding 3, by a perma-
nent magnet or the like. The use of the magnet accom-
plishes domain alignment and crystallographic orientation
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within the resultant magnetic laminations deposited upon
the substrate, if the substrate temperature is below the
Curie temperature of the magnetic material being solidi-
fied. In FIG. iA a pair of containers, such as crucibles
& and 5 are separately energized by a switch 6 from a
power source 7. The substrate 1 and the crucibles 4 and
5 are positioned within an inclosure, indicated by a dash
fine 8. If preferred the magnet 2, the switch 6 and the
power source 7 may be positioned outside of the com-
partment 9.

Current from the power source 7 vaporizes the contents
of the crucibles 4 or 5, which then solidifies on the sub-
strate 1 with the compartment 9 evacuated. Vapor from
the crucible 4 may be a ferromagnetic material, such as
iron, and vapor from the crucible 5 may be an electrically
insulating material, such as magnesium fluoride or the
like. As the crucible temperature is increased, vapor from
that crucible solidifies as a film or a lamination, upon the
substrate 1. The crucibles 4 and § may be of greater
pumber, if preferred. The crucibles may be heated sepa-
rately or together for alloys and thereby caused to give off
vapors 4, 8, etc. which deposit as liminations 4", 5,
etc. on the substrate 1.  The crucibles may be resistance
heated, inductance heated, heated by electron bombard-
ment, or by similar methods.

The equipment shown in FIG. 1, which is inclusive of
sub-FIGURES 1A, 1B and 1C, is applicable to crucible
heating and to sputtering from holder supported rods 4B
and 5B in FIG. 1B and holder supported rods 4C and 5C
in FIG. 1C. In the sputtering process the compartments
8B and 9C are filled with an inert gas, such as argon
maintained at a low pressure. In FIG. 1B the power
source 7B is of sufficiently high voltage to maintain a
gas discharge and is conuected to a .counter electrode 8
within the inclosure 9B. During sputtering in FIG. 1B
a gas discharge is maintained between the material sources
4B or 58 and the counter electrede 8. The laminations
may be deposited from a desired plurality of material
sources acting as cathodes consecutively connected to a
suitable power sounrce.

A modified sputtering method concerns the use of the
material sources 4 and 5 as electrodes connected to an
alternating current source 7C shown in FIG. 1C.

Laminations of most magnetic substances can be made
by the equipment and the method described above, using
the apparatus shown in FIG. 1, as well as other apparatus
to be described hereinafter. The sputtering of the lamina-
tion material is particularly advantageous with iron alloys
which contain embrittling amounts of silicon, aluminum,
cobalt and the like.

Eiectrically and magnetically poor conductor and non-
conductor lamination materials iustratively are oxides,
nitrides, halides, borides and related compounds-of iron,
relatively in-
sulating films on previously deposited laminations. The
iron oxides and the iron nitrides permit a simplification in
the operation of the apparatus in FIG. 1A. As a modi-
fication in the use of the apparatus in FIG. 1A of the
accompanying drawing, instead of two lamination mate-
rizl sources a single source of iron or an iron alloy, is
adequate and the single source remains permanently con-
nected across the power supply 7.

In the practice of this modification of the present in-
vention a lamination such as 4" may consist of iron or
iron alloys permanently heated in a single crucible of the
assembly. The lamination 4" of iron may be followad by
a successive lamination 5" of iron oxide by the admission
of oxygen into the continuocusiy evacuated inclosure 9.
A venturi nozzle 9 intermittently directs a high velocity
stream of oxygen toward the iron lamination. The oxy-

gen moelecules have a kinetic energy which speeds up the -

rate of reaction between the iron and the oxygen. The
venturi nozzle 9° also causes the oxygen to avoid con-
taminating the lamination material source. The com-
partment § i3 again evacuated and o third lamination of
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iron is deposited. Repetitions of the process provide con-
secutive depositions of iron and iron oxide which then
comprise the laminations on the substrate 1. The sub-
stitution of nitrogen for oxyzen in the above described
process permits the building up upon the -substrate 1 of
laminations of iron alternated with iron nitride, where

referred. In a similar manner laminations of different
compounds from a greater or lesser number of sources
may be built up upon the substrate 1 with the-equipment
shown in FIG. 1. If desired the laminations so built up
may be peeled away from the substrate 1 in many of the
constructions described herein.

In FIG. 2 of the accompanying drawing is shown a
cenirally apertured circular substrate 18 to one surface
of which laminations are applied. The laminations may
come from electrodes 11 and 12 connected through sup-
ports 13 and 14 to a power source 15. When an arc is
struck between the electrodes 11 and 12, vapor from
either or both of the electrodes solidifies as-a lamination
upon the substrate,

A desired rate of electrode vaporization and a desired
alloy deposit can be obtained by ‘a proper composition of
electrode materials; by the diameter of the electrodes 11
and 12; by the current density of the arc; by the type and
pclarity of current; and by the time duration of its ap-
plication.

Hlustratively, the electrode 11 may be made of iron
and the electrode 12 may be made of nickel, in which
case the lamirations on the substrate 1§ would be alter-
nazfely iron and nickel or an iron-nickel alloy, depend-
ing upon whether the potential from the power source 15
is direct current or is alternating current respectively.

If desired nonmetallic laminations caa be alternated
with metallic laminations by intermittently admitting oxy-
gen or nitrogen through a venturi nozzle, as in FIG. 14,
to oxidize or to nitride a metallic lamination. Magnetic
domain corientation within the laminations deposited upon
the substrate 1§ is accomplished by the magnetic field
surrounding the electrode #2. " This equipment is particu-
larly desirable in the production of ring-shaped cores used
in magnetic amplifiers, computers and the like.

FIG. 3 of the accompanying drawing represents a base
strip 26 which moves in the direction indicated by the
arrow, either continuously or intermittently, as preferred,
over one or more rows of a desired number of continu-
ously heated crucibles 23, 22, etc. which individually give
off the vapors of their contents. As the sirip 20 moves
along over the crucibles 21, 22, efc. the sirip 28 has ap-
plied thereio successive laminations 217, 227, eic. until
a desired plurality of laminations is carried by the strip.
The resuliing laminated strip is provided with a desired
plurality of laminations depending upon the number of
applications of vaporized crucible contents over which
the strip 20 passes. The equipment illustrated in FIG. 3
of the drawing may be operated within an evacnated
container, or it may pass through a plurality of atmos-
pheres, if preferred, and has the advantage of being a
continuous lnminated strip producing apparatus. The
lamination depositions may be accomiplished within a
magnetic field for the purpose of aligning magnetic do-
mains therein, if desired.

In FIG, 4 of the accompanying drawing a base strip
25 is caused to move intermittently over a desired plu-
rality of crucibles 26, 27, etc. The crucibles illustra-
tively may be of open topped shape, and may be induc-
tively heated by coils 38, 31, etc. or the like. The travel-
ling strip 25 is stopped for predetermined periods of time
in order that each crucible may apply its contenis as a
lamination of a predetermined thickness on the strip 25.
The equipment represented in FIG. 4 may be caused to
operate within an inclosed furnace or within a furnace
having a regulated atmospheré. It will be apparent that
the shape and the contour of the ring laminations ap-
plied to the underside of the intermittenily. moving strip
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25 may, if desired, be other than apertured circles to meet
a particular demand.

In FIG. 5 of the accompanying drawing is shown a
substrate or a base cylinder 35 which is adapted for rota-
ion around a stationary axially extending divider 36. The
‘divider 36 separates vapors from a desired plurality of
stationary boats 37, 38, etc. Additional dividers may be
positioned within the cylinder 35 and may provide lamina-
tion ‘material vapor deposition compartments for addi-
tional stationary boats, if preferred, within the scope of
the present invention. Vapors rising from the boats
within the rotating cylinder 35 supply successive lamina-
tions to the cylinder, as the rotation of the cylinder 35
leaves one compartment to which vapor is applied from
a first crucible and enters a second compartment supplied
by vapors from a second crucible. A stationary winding
39 provides a magnetic field for. magnetic domain align-
ment- within the magnetic laminations which are suc-
cessively applied.to the inside of the rotating cylinder 35.

Continucus films or laminations of magnetic and in-
sulating materials may be deposited by this method. on
the inside of the cylinder 35. The contents of the cruci-
bles may be evaporated or may be sputtered, if preferred,
to form a desired number of successive laminations. In
this  installation, '‘as well as in others described herein,
the crucibles or boats 37, 38 or the like, are fixed in
position and when provided with separate electrical cir-
cuits their temperatures and their times of functioning
are separately controlled so that the laminations which
are applied thereby are of controlled thicknesses or are
of different combinations of materials, within the scope
of the present invention. The circuit heating the cruci-
bies or boats 37, 38, etc. may be wired in series by leads
46, 41 and 42, as shown, to also supply a magnetic field
and thereby in part orient the magnetic domains within
the laminations, if preferred.

The crucibles or boats which are discussed herein and
are intended for the melting therein of irom, iron oies
or the like, may be made of electrically conductive cx-
ides and hydrides of titanium, zirconium and the like, if
the resistance heating through the crucibles or the boats
is to be employed.

FIG. 6 of the accompanying drawing is & transformer
consisting of a magnetic core 45, a primary winding 46
and a closed loop secondary 47. The transformer sec-
ondary 47 consists of a closed loop, open top ceramic
shell which illustratively contains a metal 48 in its molten
state. FiG. 7 is a sectional view of the ceramic shell
transformer secondary 47 which is designed to reduce
the current carrying cross section of a part of the molten
metal 48 within the transformer seconzdary. The re-
-duced molten metal cross section increases its resistance
and its temperature at the more shallow part of the sec-
ondary winding. = The molten metal reduced cross sec-
tion preferably is outside of the magnetic core 45, so
that-the vapor stream from the more shallow portion of
the molten metal 48 is not obstructed by cther parts
of the transformer primary core 45. The Iateral dimen-
sion between the walls of the shell may be reduced. 1o-
cally to achieve the same result of a decreased cross sec-
tion of molten metal.

FIG. 8 of the accompanying drawing is a substrate or
a base metal 5§ to which successive laminations of Gif-
ferent materials are applied from a lamination source
material 51 which may consist cf a metal alternated with
an insulator, or it may be of a uniform composition, ‘or
of a desired number of compositions, as preferred. The
source material 51 shown is a rod which is continucusty
fed for vaporizaticn, such thai its end to be melted
or vaporized is at a predetermined proximity to a cathode
52 which is apertured centrally at 53. Vaporized lamina-
ions. of the rod 51 pass through the cathode aperture
53 in approaching the substrate 50 for adherence to the
substrate or to laminations previously applied thereto.
The rod 51 is adjustably positioned within a support



3,077,444

54, The material of the rod 51 is heated and is evap-
orated only locally at the tip of the rod by the concen-
tration of fast electrons given off from the concave sur-
face of the cathode and directed to the tip of the rod
51, The cathode 53 and the red 51 are supplied a po-
tential from a powsr source 55 which is adequate to ac-
complish the vaporization of the lamination forming ma-
terials comprising the rod 53.

In FIG. 9 of the accompanying drawings is shown an
apparatus for accomplishing the deposition of lamina-
tions upon the inner surface of an illustratively rotating
cylindrical substrate 8. Pellets 61, 61’ etc. of desired
lamination materials preferably are preheated and then
are carried by a suitable device such as a conveyor belt
63 and are discharged into an eleciromagnetic field of
an induction heating coil 66 or the like, where the parti-
cles are evaporated. The conveyor belt 63 moves in the
direction shown by the arrow on wheels 64 and 65. The
induction coil 66 may, if preferred, be replaced by a ca-
pacitor, a crucible or the like. A magnetic fisld within
which the laminations solidify with magnetic domain
alignment may be provided where desired, as in FIG. 5.

An outstanding advantage of the electron bombard-
ment equipment represented in FIG. 8 of the drawing
and of the use of inductive and dielectric heating using
the equipment shown in FIG. 8, is complete freedom
from contamination of the lamination material by avoid-
ing contact with other materials.

In FIG. 10 of the accompanying drawings is shown a
substrate 7@ upon which is deposited a first magnetic
lamination 71, which has been scraped by a siecel wire
brush 75 or the like. The brush scraping provides a
plurality of ribs extending aiong and partly or all of
the way through the thickness of the lamination. The
lamination so modified has bonded thersto a nonmagnetic
second lamination 72. A desired plurality of additional
scraped magnetic and nonmagnetic laminations 73 and
74, respectively, may be bonded to the first pair of lamina-
tions.

Improved permanent magnet characteristics are ob-
tained if magnetic laminations of proper thickness are
broken up or are divided into marrow strips or flakes.
The strips or flakes then become single magnetic do-
mains, according tc magnetic theory, and display ex-
tremely high coercive force. The direction of the mag-
netic fisid during the production and in later use as
permanent magaets is parallel to the strips and lamina-
tions. A preferred method of producing improved per-
manent magnets of the narrow sirip or flake construc-
tion is accomplished by applying ercoves to the magnetic
films on the inside of the cylinders in FIG. 5 and in
FIG. 9, such as the film 71 preferably immediately after
the film is formed. The film may be flat, curved or of
other contour. The grooves may be applied to a filin
by scratching it with a fine wire brush or other tool,
to make the striations extend substantially in a single
direction. 'The wire brush 73 shown enlarged in FIG.
10 of the accompanying drawings preferably may be re-
movably positioned within the cylinder 35 of FIG. 5
so that it scratches striations or grooves in the mag-
netic films as they are being deposited on the inner sur-
face of the hollow cylinder 35 during its revolution. In
a similar manner the wire bristie brush 78 shown in FIG.
10 may be correspendingly meunted to impart striations
in the magnetic films or laminations in the continuous
process shown in FIGS. 3, § and 9.

In FIGS. 3 and 8 the deposits of laminations occur,
preferably although not necessarily, within a magnetic
field provided by a magnet, such as the magnet 2 in
FIG. 1 or the like, which is omitted from the FIGS.
3 and 8 for purposes of clarity of presentation. The
width of the strips of the magnetic film as scratched need
not be uniform. Striated strips may be deposited dur-
ing the production of the lamination by positioning a
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screen or a stencil, not shown, between the vapor source
and the successive laminations applied to the substrate,
within the scope of this invention.

The open tapped ceramic shell transformer secondary
47, shown in FIGS. 6 and 7 of the drawings, illustratively
is shown as a step-down transformer, since the secondary
has a single winding, and is shown as a means for evapo-
rating lamination materiz] and as such is adapted tc re-
place corresponding lamination material vaporizing means
shown elsewhere in the drawings where such substitution
is desirable.

The noaferromagnetic laminations may be made as thin
as possible consistant with their insulating functions. A
high ratio of ferromagnetic material to nonferromaguetic
material is thus obtained. This characteristic resuits in
cptimum magnetic properties for the magnetic cores and
the permanent magnets, the making of which are primary
objects of the present invention. The thicknesses of fer-
romagnetic laminations in magnetic cores and in perma-
nent magnets is in the order of about from 193 to 10-7
inch. The thicknesses of nonferromagnetic laminations
are maintained at 2 minimum cosnsistent with needed insu-
lating characteristics, whether the insulator be nonmag-
netic or elecirically nonconductive. Ferromagnetic metals
cannot be rolled successfully to a thinness below 10—%
inches. The deposits from vapor of laminations of ferro-
magnetic materials is accomplished by the vaporizing
equipment and by the methods which are disclozed herein
making laminations of thicknesses below 10—* inches.

In practicing the processes disclosed herein and in pass-
ing oxygen or nitrogen through the nozzie 97, the sub-
sirates and the laminations deposited thercon are at a
desired high temperature from heat erergy radiated from
the crucibles or from another source, as required.

It is to be understocd that the equipment that is dis-
closed herein and the described methods for its use may
be modified somewhat within the scope of the present
invention where there are particular advantages to be
derived therefrom within the scope of the present inven-
tion, where the modifications accomplish the same or
comparable results.

What I claim is:

1. The apparatus for continnously building a plurality
of laminations upon the inside of a rotating cylinder com-
prising a rofating hollow cylinder, means imparting a
magnetic field to the cylinder, and a plurality of series
connected electrically heated vapor supplying means with-
in the cylinder, and partition means positioned inside of
and dismetrically across the inside of the cylinder be-
tween the vapor supplying means and restricting the vapor
distribution within the cylinder.

2. An apparatus for vaporizing a material comprising
a transformer consisting of a pair of primary and second-
ary windings, the secondary windings consisting of an up-
wardly open container having a decreased section high
terperature portion from which an electrically conductive
material is vaporized.

3. An apparatus for solidifying magnetic laminations
comprising a substrate, a substantially concave cathode
emitting electrons from a concave electron emission sur-
face, a lamination source material tip heated to vaporiza-
tion by electron bombardment from the concave electron
emission surface of the cathode and which vaporized
lamination source material solidifies as laminations on
the substrate, and an electric power source applied to the
cathode and to the lamination source material and sequen-
tially vaporizing the lamination source material.

4. An apparatus for consecutively solidifying a plurai-
ity of different laminations comprising a hollow cylinder
substrate, an induction heating coil within the cylinder,
conveyor belt means for consecutively introducing into
the induction coil a plurality of materials discharged into
the electromagnetic field of the induction heating coil and
deposition as adhering laminations upon the inner sur-
face of the cylinder.
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5. The apparatus for solidifying a plurality of lamina-
tions on a substrate base comprising a rod that consists
of a plurality of superimposed material compositions ad-
hered together for the length of the rod and the red hav-
ing a melting end and a supported end, a rod support en-
gaging the supported end of the rod in adjustable relation
therewith, a cathode with a concave surface for directing
fast electrons to the melting end tip of the rod when a
sufficient potential difference is applied across the cathode
and the rod of sufficient magnitude to vaporize the rod
material and the cathode being apertured centrally, a
base metal substrate spaced from the side of the cathode
remote from the rod and to a surface of which substrate
vaporized lamination material from the rod tip contacts
and solidifies as films after having passed through the
aperture in the cathode, and a power source applying a
potential difference across the cathode and rod.

6. The apparatus for successively solidifying a plural-
ity of Iaminations on a centrally apertured circular sub-
strate base that comprises a pair of aligned electrodes be-
tween which an arc may be struck, a power source con-
nected for supplying power to the pair of electrodes for
maintaining an arc therebetween, a pair of electrode sup-
ports separately attached between the electrodes and the
power source, and a cenirally apertured circular substrate
base through which aperture one of the electrodes ex-
tends and maintains a magnetic field within which the
substate is positioned and to onme surface of which sub-
strate laminations come in vapor state from electrolytic
action between the electrodes following the striking of an
arc therebetween whereafter the vaporized electrode ma-
terial solidifies as laminations upon the substrate within
the magnetic field maintained by the electrode that passes
through the substrate base.

7. The apparatus for solidifying a plurality of circular
laminations on a substrate base strip comprising a base
strip movable linearly thereof intermittently for predeter-
mined periods of time and stopped for intervening periods
of time, a plurality of open-topped crucibles of circular
shape with their open tops adjacent the base strip and
with their contents vaporizing and adhering as rings on
the adjacent base strip surface during the periods the base
strip is stopped over the crucibles, and a plurality of in-
ductive heating coils on the crucibles for vaporizing the
contents thereof,
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8. The apparatus for continuously building laminations
on the inside of a rotating cylinder comprising a rotating
hollow magnetizable substrate cylinder, means imparting
a magnetic field to the cylinder, vapor supplying means
within the cylinder from which vaper supplying means
vapors are deposited within the cylindrical magnetic field
in adhering to the inner surface of the cylinder substan-
tially solid successive laminations characterized by uni-
formly aligned magnetic domains, and divider means
within the cylinder and limiting the area of deposition of
vapor from the vapor supplying means and adhering to
the inner surface of the cylinder.

9. A method for producing a body of thin laminations
from a laminated rod by successively vaporizing the lami-
nations of the rod from a rod end that is continuously
fed for vaporization at a predetermined proximity to a
cathode that is apertured centrally, and by solidifying in
the same succession the vapors that pass through the
cathode aperture in approaching the body and adhering
thereto as thin laminations adhered together.
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