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[57] ABSTRACT 

A plurality of core wires each covered by a layer of 
magnetic material are positioned in a desired arrange 
ment relative to each other. The arrangement of cov 
ered core wires is embedded in molding material. The 
molding material is hardened to ?rmly af?x the cov 
ered core wires in their arranged positions. A section 
of the molded arrangement of covered wires is re 
moved at substantially right angles to the axes of the 
wires. Each of the core wires is then removed from the 
section and the layer of magnetic material of each is 
retained in the section. 

7 Claims, 20 Drawing Figures 

/2 

24 











1. 
METHOD OF MANUFACTURE OF ANNULAR 

MAGNETIC CORES 

This application is a Continuation-in Part of Pat. ap 
plication Ser. No. 755,368, filed Aug. 26, 1968. 

DESCRIPTION OF THE INVENTION 

The invention relates to a method of manufacture of 
annular magnetic cores. More particularly, the inven 
tion relates to a method of manufacture of annular 
magnetic cores of very small size utilized in memory 
devices and the like. 
Memory devices utilized in electronic computers and 

other equipment must be of high speed and of smaller 
size and greater reliability than those utilized in other 
types of equipment, as well as being operable by less 
electrical energy than in other types of equipment. In 
order to satisfy these requirements, research work is 
being done on the miniaturization of ferrite cores and 
the development of magnetic thin ?lm memory ele 
ments. Ferrite cores permit an increase of capacity, 
since such cores are relativey inexpensive and may be 
operated by a current coincidence selection system. 
Thus, many ferrite cores are utilized as memory ele 
ments in electronic computers, and the like. Ferrite 
cores, however, have defects or disadvantages. Thus, 
for example, the switching velocity is relatively slow 
and the temperature characteristic is unsuitable. Fur 
thermore, recent miniaturization of ferrite cores in an 
effort to increase the speed and to operate such cores 
with less electrical energy has created difficulties in 
their manufacture and winding. ' 

Magnetic thin film memory elements'have a high 
switching velocity or speed and an excellent tempera 
ture characteristic. It is difficult, however, to increase 
the capacity of thin film memory elements, since the 
magnetic circuits of such elements themselves gener 
ally become open magnetic circuits. Moreover, since 
magnetic thin film memory elements are operated by a 
word selection system, peripheral circuits, such as the 
driving circuit and the selecting circuit‘ of the memory 
device, may become complicated and complex and the 
equipment becomes expensive when the capacity ofthe 
memory device is increased. 
The principal object of the present invention is to 

provide a new and improved method of manufacture of 
annular magnetic cores. 
An object of the present invention is to provide a 

method of manufacture of annular magnetic cores 
which produces magnetic cores which do not have the 
disadvantages or defects of known cores. 
An object of the present invention is to provide a 

method of manufacture of annular magnetic cores 
which produce magnetic cores of small size which are 
operable by very little electrical energy. 
An object of the present invention is to provide a 

method of manufacture of annular magnetic cores 
which produces magnetic coreswhich are operable by. 
current coincidence selection. 
An object of the present invention is to provide a 

method of manufacture of annular magnetic cores 
which produces magnetic cores having a high switching 
speed and an excellent temperature characteristic. 
An object of the present invention is to provide a 

method of manufacture of annular magnetic cores 
which is effective, efficient and reliable. 
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In accordance'with the present invention, a plurality 
of core wires each covered by a layer of magnetic mate 
rial are positioned in a desired arrangement relative to 
each other. The arrangement of covered core wires is 
embedded in molding material. The molding material 
is hardened to ?rmly af?x the covered core wires in 
their arranged position. A section of the molded ar 
rangement of covered wires is removed at substantially 
right angles to the axes of the wires. Each of the core 
wires is then removed from the section and the layer of 
magnetic material of each is retained in the section. 
The layer of magnetic material is a thin film. The 

layer of magnetic material may comprise a plurality of 
metallic magnetic materials of different coercive 
forces. The magnetic material comprises a metal and 
the molding material comprises one of a metal and 
resin. . 

The molding material may comprise a low fusing 
point metal and . insulation is provided between the 
magnetic thin ?lm cores and the molding material. 

In another embodiment of the present invention, 
each ofthe plurality of core wires positioned in a de 
sired arrangement relative to each other is covered by 
va layer of electrically conductive material and a layer 
of magnetic material covering the conductive material. 
The core wiresmay comprise wires covered by a thin 

layer of metal magnetic material and expanded to a de 
sired thickness. ' 

Magnetic cores produced bythe method of the pres 
ent invention have thesame compound magnetic char 
acteristic as ‘the piggy-backtwister disclosed by W. A. 
Baker in Session 8 of "Proceedings of the 1964 Inter 
mag Conference’Tof Apr. 6, 7, 8, 1964. 

In accordance with the present invention, a cylindri 
cal electrical conductor may be affixed directly or via 
insulating layers between the layer of magnetic mate 
rial and each core wire which said layer covers. The 
covered core wires are then positioned in matrix form 
and the electrical conductors of cylindrical con?gura 
tion on the cores may be electrically interconnected, so 
that such conductors may be utilized as the driving 
wires or sensing wires of a memory device. This results 
in a simpli?cation of the process of winding the core 
and in facilitating the manufacture of a memory device. 
The magnetic thin film core produced by the method 

of the present invention is provided by forming a closed 
magnetic circuit on the core wire by utilizing a metal 
magnetic material. The switching speed may be in 
creased by utilizing a magnetic thin ?lm as the metal 
magnetic material. 

In order that the present invention may be readily 
carried into effect, it will now be described with refer~ 
ence to the accompanying drawings, wherein: 
FIGS. la, 1b, 1c and 1d are schematic perspective 

views illustrating the method of manufacture of the 
present invention; 
FIGS. 2a and 2b are ‘schematic views, partly in sec 

tion, illustrating the removal and polishing of distortion 
layers of the magnetic cores produced by the method 
of the present invention; 
FIGS. 20 and 2d are schematic views, partly in sec 

tion, illustrating the removal of a core wire in accor 
dance with the method of the present invention; 
FIG. 3 is a schematic diagram of a core matrix of a 

memory device utilizing the magnetic cores produced 
by the method of the present invention; 
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FIG. 4 is a schematic view, partly in section, illustrat 

ing a magnetic core produced by another embodiment 
of the present invention, wherein an electrically con 
ductive cylinder is included within said core; 
FIG. 5 is a perspective schematic view illustrating the 

electrical interconnection of magnetic cores produced 
by the method related to FIG. 4; 
FIG. 6 is a sectional view of the electrically con 

nected magnetic cores of FIG. 5; 
FIGS. 7a, 7b, 7c and 7d illustrate the method of man 

ufacture of the present invention for manufacturing in 
dividual magnetic cores; 
FIG. 8 is a graphical presentation of the 3-H curve of 

a double magnetic thin film core of the present inven 
tion; and 
FIGS. 9a, 9b and 9c are graphical-presentations of the 

waveforms of the driving current and the output volt 
age when the double magnetic thin film core of the 
present invention is non-destructively read out. 
As shown in FIG. In, each ofa plurality of core wires 

11 is covered by a layer of magnetic material and said 
core wires are positioned in a desired arrangement rela— 
tive to each other. The layer of magnetic material may 
be applied to each core wire 11 by any suitable process. 
Thus, the layer of magnetic material may be provided 
on the core wire 11 by electroplating, chemical plating, 
evaporation, sputtering, or any suitable mechanical or 
other process. The core wire 11 may be either electri 
cally conductive or electrically non-conductive. 
The magnetic material is preferably applied as a thin 

film which is illustrated in greatly exaggerated dimen 
sion in the FIGS. for the purposes of illustration. The 
mechanical process for applying the magnetic material 
to the core wire 11 involves'coating a magnetic metal 
material on the core wire and thinning the wire by 
drawing it until it reaches the desired diameter'or thick 
ness and the desired dimension of the magnetic thin 
film. The arrangement of core wires 11 covered by lay 
ers of magnetic material is that of a matrix, as shown 
in FIG. 1a, wherein said core wires are positioned in 
rows and columns in a manner whereby adjacent ones 
thereof are equidistantly spaced from each other and 
are parallel to each other. 

In accordance with the present invention, as shown 
in FIG. 1b, the arrangement of covered core wires 11 
is embedded in molding material 12 and the molding 
material is hardened, so that said covered core wires 
are firmly affixed in their arranged positions. ' 
After the molding material has hardened, a section of 

the molded arrangement of covered wires 11 is re 
moved by cutting at substantially right angles to the 
axes of said wires. The cut or removed section is shown 
in FIG. 10, wherein the segments of core wires 11 cov 
ered by magnetic thin filsm are embedded in the mold 
ing material 12 in a matrix arrangement. 

In accordance with the method of the present inven 
tion, each of the core wires is then removed from the 
section and the layer of magnetic material or the mag 
netic thin film of each is retained in the section. Thus, 
for example, the section shown in FIG. 10 is immersed 
in a solution which dissolves or electrolyzes the core 
wires embedded in said section, but which does not dis 
solve or electrolyze said magnetic thin ?lms or the 
molding material 12. The core wires may also be dis 
solved by heat or pyrolysis. FIG. 1d shows the section 
after the core wires have been dissolved and only the 
magnetic thin ?lms 13 remain in the molding material 
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12. The resultant device is thus a magnetic thin film 
core matrix, as shown in FIG. 10'. 
Metal magnetic thin film cores may be manufactured 

by various methods, among which the mechanical 
method is of special advantage due to the facility of 
control of the characteristics of the cores and the rapid 
ity of manufacture. When the magnetic thin ?lm core 
is manufactured by the electroplating method, the core 
wires utilized are generally thin wires of copper or cop 
per alloy such as, for example, beryllium copper or 
phosphor bronze. It is necessary to control the condi 
tion of the surface of the core wire, since it sensitively 
affects the magnetic characteristic of the electroplated 
end product. 
A magnetic thin film core must have an excellent 

square type magnetic characteristic in the direction of 
the closed magnetic circuit thereof. Thus, in the manu 
facture of the magnetic thin film core, it is necessary to 
form an easy magnetization direction axis in the cir 
cumferential direction and to improve the sqare mag 
netic characteristic in the circumferential direction by 
electroplating during the application of a magnetic 
?eld in the circumferential direction of the core wire by 
producing a current flow in said core wire. 
A magnetic thin ?lm core may be distorted during 

the manufacturing process. If the magnetic thin film 
core is distorted, it causes deterioration of the magnetic 
characteristic of the core. It is thus desirable, during 
the manfuacture of the magnetic thin film core, that the 
magnetic distortion of the magnetic thin film be ad 
justed, so that the characteristic of said magnetic thin 
?lm core will not deteriorate. 

Initially, before the magnetic thin ?lm-covered core 
wires 11 are embedded in the molding material, they 
are provided at specific lengths, so that they may be 
tested for their magnetic characteristics and only those 
having desired characteristics may be utilized. The sec 
tions which are cut from the hardened molding mate 
rial, as shown in FIGS. 1c and la‘, are cut at a specific 
thickness, so that the magnetic thin film cores have a 
speci?c length. 
The molding material 12 must harden to a suitable 

degree and must not require such heat in hardening or 
generate such heat in hardening that the magnetic thin 
film cores will deteriorate or become distorted or de 
formed during such hardening or upon the completion 
of such hardening. A suitable molding material may 
comprise, for example, a thermoplastic or thermoset 
ting resin or an alloy having a low fusing point. The 
alloy of low fusing point may comprise a metal. In such 
case, of course, insulation must be provided between 
the magnetic thin ?lm cores and the molding material. 
When heat must be provided in the hardening process 
or heat is generated in the hardening process, and par 
ticularly when a metal of low fusing point is utilized as 
the molding material, the magnetic thin film cores must 
withstand such heat. The utilization of a metal as the 
molding material 12 has advantages which include the 
improvement of heat radiation in the magnetic thin film 
cores and driving wires, the decrease of the impedance 
of the X and Y driving wires and a reduction in noise 
induced in the sensing wires. 
When the sections are cut from the hardened mold 

ing material 12, care must be taken to avoid distortion 
or deformation of the thin ?lm magnetic material 
covered core wires 11. Even if a covered core wire 11 
is cut with care, distortion layers are formed in the cut 



3,813,767 
5 

surfaces and cause deterioration in the magnetic char 
acteristic. It is therefore desirable to remove the distor 
tion layers. The distortion layers may generally be re 
moved by mechanical polishing and electrolytic polish; 
ing, or by chemical polishing. FIGS. 2a, 2b, 2c and 2d 
disclose a method for removing the distortion layers. 
Immediately after the removal of the section of hard 

ened molding material, the cut surfaces of the covered 
core wires of the matrix are uneven and the cut sur 
faces of the molding material 12, the magnetic thin ?lm 
core 14, as shown in FIGS. 2a to 2d, and the core wire 
15, as shown in FIGS. 2a to 26, have distortion layers 
16, as shown in FIG. 2a. Most of the distortion layers 
16 may be removed by mechanical polishing such as, 
for example, polishing with emery paper. It is then nec 
essary to polish the distortion layers 16 with care, com 
mencing with rough polishing and ending with ?ne pol 
ishing. Most of the distortion layers 16 may be removed 
by mechanical polishing, although some of said distor 
tion layers remain, as shown in FIG. 2b. 
Upon the completion of mechanical polishing, the 

distortion layers 16 are removed completely, as shown 
in FIG. 2c, by electrolytic polishing or chemical polish 
ing. The core wire 15 is then removed or dissolved, as 
shown in FIGS. 20 and 2d, and the magnetic thin ?lm 
core 14, as shown in FIG. 2d, having no distortion due 
to the cutting of the section, remains. The core wire 15 
may vcomprise a metal, in which case it may be removed 
by chemical or electrolytic polishing. The core wire 15 
may comprise an organic material such as, for example, 
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3.0 
a resin, in which case it may be removed by dissolution ‘ 
in a solvent or by pyrolysis. Thus, for example, when 
the core wire 15 comprises a copper alloy such as, for 
example, phosphor bronze or beryllium copper, or just 
copper, and the molding materiall2 comprises a resin, 
said core wire may be removed by chemical polishing 
by a mixture of chromic acid having a concentration of 
200 to 600 grams per liter and sulfuric acid having a 
concentration of 5 to 100 grams per liter. 

After the core wire 15 (FIGS. 2a, 2b and 2c) hasbeen 
removed, a protective ?lm of electrically insulated ma 
terial is applied to the inside of the magnetic thin ?lm 
core 14 (FIGS. 2a, 212,20 and 2d), to protect said mag 
netic thin ?lm core from distortion or damage during 
the winding of the driving wire and the sensing wire. A 
magnetic thin film core 14 manufactured in the forego 
ing manner may be utilized in the same manner as a fer 
rite core. 

FIG. 3 illustrates a matrix comprising the magnetic 
thin film cores 13 (FIG. 1d) produced by the method 
of the present invention. In FIGS. 2a to 2d, the mag 
netic thin film 14 represents said magnetic thin ?lm 
during the process of manufacture, whereas in FIG. 1d, 
the magnetic thin film 13 represents the completed 
magnetic thin ?lm core after the completion of the 
method of manufacture. In FIG. 3, a plurality of mag 
netic thin film cores 13 are arranged in matrix form, in 
rows and columns. The X driving wires 17 are coupled 
to each of the magnetic thin ?lm cores 13, as are the 
Y driving wires 18. 

In FIG. 3, a sensing wire 19 is coupled to each of the 
magnetic thin ?lm cores 13, as indicated, and an inhibit 
wire 21 is coupled to each of said cores. In the usual 
manner of operation of a core matrix, when there is 
current in the X and Y driving wires of a selected mag 
netic thin film core 13, said core, at the intersection of 
said driving wires, is read out. Read-in is provided at a 
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6 
magnetic thin ?lm core 13 when there is current in the 
X and Y driving wires of said core as well as in the in 
hibit wire thereof. 
A magnetic thin ?lmvcore matrix may be formed of 

magnetic thin ?lm cores 23, as shown in FIG. 4.. The 
magnetic thin ?lm core 23 comprises a different em 
bodiment from the magnetic thin ?lm cores 13 of FIG. 
Id. In the embodiment of FIG. 4, the magnetic thin film 
core 23 comprises an electrical conductor 24 of cylin 
drical con?guration which covers the core wire (not 
shown in FIG. 4). The magnetic thin ?lm 25 covers the 
electrical conductor 24. The embodiment of FIG. 4 
thus differs from that of FIG. 1d and FIG. 2d in that an 
electrical conductor is interposed between the core 
wire and the magnetic thin ?lm. 
The cylindrical conductors 24 of the magnetic thin 

film cores 23 may be electrically coupled to each other, 
as desired, by electrically conductlve ?lm'or layers 26, 
as shown in FIGS. 5 and 6. The electrical conductors 
26 may be provided by evaporation, sputtering, chemi 
cal plating, or the like. The circuit comprising the cylin 
drical conductors 24 and the conductive films or layers 
26 may be utilized, as shown in FIGS. 5 and 6, as a driv 
ing wire or as a sensing wire of a matrix arrangement. 
Furthermore, a two wire or four wire matrix may be 
provided by windings through the holes of the cylindri 
cal conductors 24. . ' . 

A cylindrical conductor such as, for example, the ‘cy 
lindrical conductor 24 of FIGS. 4 and 6, may be pro 
vided with a magnetic thin ?lm by coating a conductive 
material such as, for example, gold, onthe core wire 
prior to the step illustrated in FIG. la of themethod of 
manufacture. The gold will not dissolve during the dis- ‘ 
solution or removal of the core wire later In the method 
of manufacture. A magnetic thin ?lm is then provided 
on the conductive material or gold and the covered 
core wires are then arranged in position, as shown in 
FIG. la. The method of manufacture then proceeds as 
described. Another method of providing a cylindrical 
conductor is to ?rst provide a magnetic thin ?lm core 
13 (FIG. 1d) and then provide a ?lm or layer of electri 
cally conductive material on the inside cylindrical sur 
face of the magnetic thin ?lm by any suitable means 
such as, for example, plating, sputtering, evaporation, 
or the like. In the latter method, the magnetic charac 
teristic of the magnetic thin film core may be improved 
by providing a layer or ?lm of electrically insulating 
material on the inside cylindrical surface of the mag 
netic thin ?lm prior to the application of a ?lm or layer 
of electrically conductive material, so that the mag 
netic material and the electrically conductive material 
are insulated from each other. 
The size of the magnetic thin ?lm core produced by 

the method of the present invention is considerably 
smaller than the size of a conventional ferrite core. It 
is thus possible to manufacture a memory device by the 
method of the present invention in which there are con 
siderably more memory units than usual, which mem 
ory units may be driven by very little electrical energy. 
A magnetic thin ?lm core produced by the method of 
the present invention has a very high switching speed 
which may be provided by suitable adjustment of its 
magnetic characteristic, the con?guration of the core 
and the thickness of the magnetic thin ?lm. Further 
more, the driving wire and the sensing wire may be 
shortened in length by the increase in the number of 
memory units. The magnetic thin ?lm cores produced 
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by the method of the present invention thus provides 
high speed read-out and read-in. 
FIGS. 7a, 7b, 7c and 7d disclose a method of manu 

facture of an individual magnetic thin film core. The 
magnetic thin film is provided as a cover on. the core 
wire 15 and a support layer 28 is provided on said mag 
netic thin film as shown in FIG.‘7a, and a plurality of 
such covered core wires is provided in a group or bun 
dle, as shown in FIGS. 7b. The bundle of covered core 
wires is molded together by the molding material 12, as 
shown in FIG. 7c, and a'section of the hardened mold 
ing material containing the covered core wires is cut or 
removed at right angles to the axes of said core wires. 
Both the core wires 15 and the molding material 12 are 
then removed or dissolved, so that a plurality of indi 
vidual magnetic thin film cores 29, covered with sup 
port material are provided, as shown in FIG. 7d. The 
support layers 28 of the magnetic thin ?lm cores 29 
function to protect the magnetic thin films from defor< 
mation or distortion and may comprise any suitable 
support material. The magnetic thin film cores 29 may 
be utilized in exactly the same manner as ferrite cores. 
Memory units having many characteristics may be 

provided by the magnetic thin film cores produced by 
the method of the present invention by providing the 
layer of magnetic material as a plurality of‘ metallic 
magnetic materials of different coercive forces. Thus, 
a plurality of magnetic thin ?lms are provided as covers 
on the core wire, one upon another to form a plurality 
of magnetic thin ?lm layers. Thus, for example, a dou 
ble magnetic thin ?lm may be provided by covering the 
core with a magnetic thin film of relatively small coer 
cive force He, henceforth referred to as'a soft film, and 
covering the soft film with a magnetic thin film of rela 
tive large coercive force He, henceforth referred to as 
a hard film. The hard film is provided directly over the 
soft film and the magnetic characteristics and thick 
nesses of the soft film and the hard ?lm are adjusted. 
Suitable adjustment of the magnetic characteristics and 
thicknesses of the soft ?lm and the hard ?lm permits 
the provision of a magnetic coupling directly between 
said soft film and said hard film and provides a 8-H 
curve having a'compound magnetic characteristic, as 
shown in FIG. 8. If the double magnetic thin ?lm cores 
are arranged in a grid or matrix of which both axes are 
at right angles to each other, a double magnetic thin 
film matrix is provided which provides non-destructive 
read-out. FIG. 9a discloses the X driving current wave 
form. FIG. 912 discloses the Y driving current wave 
form. FIG. 90 discloses the output voltage waveform. 
FIGS. 9a, 9b and 9c illustrate the non-destructive read 
out and read-in of the double magnetic thin film core 
matrix. 

If a signal I is read-in at a time t1, the magnitudes of 
the driving current in the X and Y wires are selected so 
that they may generate magnetic ?elds which are 
smaller in intensity than the magnitudes 31 of the 3-H 
curve of FIG. 8, and the sum of the driving current in 
the X and Y wires may generate a magnetic ?eld having 
an intensity greater than the magnitude 32 of said 
curve. As a result, magnetization of the soft ?lm and of 
the hard ?lm is inverted at the time t1 and such magne 
tizations are stabilized'at the point 33 of the B-I-I curve 
of FIG. 8, in the time interval between 12 and [3. The 
signal I is read out at the time :3. In such case, the mag 
nitudes of the driving current in the X and Y wires are 
selected so that such currents may generate magnetic 
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?elds which are lower in intensity than the magnitude 
34 of the 8-H curve of FIG. 8 and the sum of said cur 
rents may generate a magnetic field which is higher in 
intensity than the magnitude 35 of said B-H curve and 
smaller in intensity than the magnitude 31 of said B-H 
curve. The inversion of magnetization therefore occurs 
only in the soft ?lm at the time [3 and an output voltage 
is provided in the sensing wire. 
At the time 14, the soft ?lm is stabilized in the direc 

tion of magnetization of the hard ?lm by direct mag 
netic coupling and is returned to the point 33 of the 
8-H curve of FIG. 8. Thus, the information or signal I 
is not destroyed by the read-out and may be read out 
at any time. The information or signal 0 is read in at the 
time t5 when there is current in each of the X and Y 
wires, in the same manner as the read-in ofthe informa 
tion or signal 1, and is stabilized at a point 36 of the 
8-H curve of FIG. 8 at the time t6..Read-out at the time 
17 does not cause inversion of the magnetization and an 
output voltage is not provided since a magnetic ?eld is 
applied in the direction in which the soft film and the 
hard film are saturated. Furthermore, the change of 
magnetization does not occur. 

In the aforedescribed manner, the double magnetic 
thin ?lm core provides non-destructive readout as well 
as high speed memory units which may be driven by 
very little electrical energy. These advantages are at 
tained by suitable adjustment of the magnetic charac 
teristic and con?guration of the magnetic thin films. 
As hereinbefore described, and in accordance with 

the present invention, the method of the present inven 
tion produces an extremely thin magnetic ?lm core and 
permits such core to be utilized as a memory unit in 
considerable numbers in a memory device, which 
memory unit functions to switch at very high speeds 
and may be driven by very little electrical energy or low 
voltage. The method of manufacture of the present in 
vention may also be utilized for the manufacture of 
metal magnetic cores in general. 
As hereinbefore described, in the thin ?lm magnetic 

cores of the invention, plated thin ?lms or plated wire 
memories, for example, are utilized as the memory ele 
ments. The thickness of the ?lms of these thin film 
magnetic cores is thus less than several microns and the 
diameter of each core wire is about 0.1 mm. 
A high speed memory may be constructed utilizing 

the aforedescribed magnetic wire memories due to the 
property of the magnetic ?lms, but in such a high speed 
memory, magnetic ?lms are formed continuously on 
the magnetic wires, so that mutual magnetic interfer 
ence occurs between adjacent portions of magnetic 
wires. This prevents the arbitrary shortening of the in 
terval between the portions. 
For the aforedescribed reasons, a memory of a high 

bit density and of high speed may be constructed by 
separating the thin ?lms from each other in the form of 
cores, just as such cores are separated from each other 
in a core memory. This is one of the considerations 
which went into the development of the present inven 
tion. In accordance with the invention, the magnetic 
wires are molded so that the substrate for holding the 
thin ?lm cores, which have a ?nal thickness of less than 
several microns and an inner diameter of approxi 
mately 0.1 mm. may be formed by moiding. Thus, nu 
merous cores may be produced in quantity by cutting 
the magnetic wires after the molding material has hard 
ened. This results in cores forming a memory element 
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group of good order with uniform intervals between the 
memory units, and with a high density. 
When a low fusing point metal is used as the molding 

material, the metal, through which the magnetic flux 
cannot pass easily, may reduce the noises in the mem 
ory and may radiate heat very effectively. 
Magnetic wires may be manufactured at a relatively 

higher speed compared with the method of using plated 
wires. The device for manufacturing the magnetic wires 
may be simplified and the distortions produced'in the 
cutting of the magnetic wires may be decreased. The 
manufacture of plated wires involves the problem that 
in the manufacture of magnetic films of a thickness of 
several microns it is absolutely necessary to dip the 
core wires in the plating liquid for a long period of time 
due to the current value of the core wires and the elec 
trolyzing action of the plating liquid. This results in a 
limitation on the core wire winding speed. In the manu 
facture of the plated wires, furthermore, the manufac 
turing equipment becomes complicated because the 
aforedescribed core wire winding speed must be prop 
erly controlled and the current value and concentration 
of the plating liquid must be kept constant. In the 
method of the invention, wherein the wires are ex 
panded, the wires may be wound at an arbitrary high 
speed, so far as no distortion is produced in the ex 
panded wires. A high speed winding may thus be 
reached. 
Furthermore, the core wires of the plated wires must 

be of conductive material which is generally soft. In the 
expanding of the wires it is not necessary to consider 
the conductivity of the wires and only the hardness 
must be considered. A material slightly harder than the 
magnetic material is best suited for the expanding pro 
cess. The cut surface of the magnetic wire utilizing the 
core wire slightly higher than the magnetic material 
may be made clean and less distortion is produced in 
the magnetic wire. Less distortion insures better mag 
netic characteristics, and magnetic thin film cores hav 
ing less distortion compared to plated wires may be 
provided so that the variation of the width of the mag 
netic films by the succeeding distortion eliminating 
operation may be made small. That is, the precision of 
the width may be increased, and this results in the facil 
itation of the manufacture. 
While the invention has been described by means of 
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speci?c examples and in speci?c embodiments, we do 
not wish to be limited thereto, for obvious modifica 
tions will occur to those skilled in the art without de 
parting from the spirit and scope of the invention. 
We claim: 
1. A method of manufacture of annular thin magnetic 

cores, comprising the steps of 
positioning a plurality of core wires each covered by 
a layer of electrically conductive material with the 
layer of electrically conductive material covered by 
a thin layer of magnetic material in a desired an 
rangement relative to each other; _ 

embedding the arrangement of covered core wires in 
molding material; ' 

hardening the molding material to firmly affix the 
covered core wires in their arranged positions; 

cutting a section of the molded arrangement of cov 
ered wires at substantially right angles to the axes 
of said wires; 

removingdistortion layers of the cut surfaces of the 
section of the molded arrangement of covered 
wires; 

~removing each of the core wires from said section 
and retaining. the layer of electrically conductive 
material and the layer of magnetic material of each 
in said section; and 

electrically coupling the layers of electrically con 
ductive material to each other. 

2. A method as claimed in claim 1, wherein the layer 
of magnetic material comprises a plurality of metallic 
magnetic materials of different coercive forces. 

3. A method as claimed in claim 1, wherein the mag 
netic material comprises a metal and the molding mate 
rial comprises one of a metal and a resin. _ 

4. A method as claimed in claim 1, wherein the dis 
tortion layers are removed by mechanical positioning. _ 

5. A method as claimed in claim 1, wherein the dis 
tortion layers are removed by chemical polishing. 

' 6. A method as claimed in claim 1, wherein the mold 
ing material is a low fusing point metal and insulation 
is provided between the magnetic thin ?lm cores and 
the molding material. 

7. A method as claimed in claim 1, wherein the core 
wires comprise wires covered by a thin layer of metal 
magnetic material and expanded to a desired thickness. 
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