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57) ABSTRACT 
Plated ferromagnetic wire for wire memory, in which 
silver-copper alloy having precipitation-hardening 
property is used as the core wire. A method for manu 
facturing the plated ferromagnetic wire, wherein the 
core wire is heat-treated and coated with at least one 
layer of ferromagnetic material. 
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PLATED FERROMAGNETIC WIRE FOR WIRE 
MEMORY 

This is a continuation of application Ser. No. 834,080 
filed June 17, 1969 and now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to plated wire for wire memory 
to be used for high speed memory device, etc. in elec 
tronic computers, and, more particularly, it is con 
cerned with an improvement in the core material for 
the plated magnetic wire. 
As the memory element, in which cylindrical ferro 

magnetic film is used, plated wires and clad wires are 
well known. Of these, the clad wire is manufactured by 
first covering a core wire of high electric conductivity 
with a thin tube consisting of magnetic material such as 
permalloy, etc., then simultaneously drawing both of 
the core wire and the thin tube to reduce the diameter 
thereof, and finally depositing a ferromagnetic sub 
stance on the core wire. On the other hand, the plated 
wire for the wire memory is manufactured by first re 
ducing the diameter of the core wire to a required 
thickness, and then electro-plating on the core surface 
a magnetic material such as permalloy, etc. 
From the preceding explanation, both types of wires 

appear to be very similar to each other in their con 
struction. However, they are actually of different char 
acteristics, and also are entirely distinct in the field of 
their application. These differences may be summa 
rized as follows. 

a. In the case of the clad wire as the so-called bulk 
magnetic material which is shaped into a required 
configuration beforehand is used, it is not possible 
to reduce the crystal size of the ferromagnetic ma 
terial less than 10 microns. Contrary to this, in the 
case of the plated wire, the crystal size can be re 
duced to less than 100A. 

b. In the case of the plated wire, thickness of the mag 
netic material can be made extremely thin, i.e., the 
thickness of less than 1 micron can be easily ob 
tained. In contradistinction, the clad wire may have 
its minimum thickness of 3 to 4 microns at best. 

. On account of the fact that the clad wire is fabri 
cated by covering its core wire with a magnetic ma 
terial shaped previously and stretching it in the 
axial direction thereof, the wire has an easy mag 
netization axis in its axial direction rather than the 
circumferential direction thereof. Contrary to this, 
since the plated wire is manufactured by electro 
plating the magnetic material on the core wire 
while applying a magnetic field thereto in the cir 
cumferential direction of the wire axis, the plated 
wire is provided with a ferromagnetic thin film hav 
ing its easy magnetization axis in the circumferen 
tial direction of the wire axis. 

In view of the above differences in the wire charac 
teristics, the wire memory made of the clad wire is 
suited for constructing the memory element of a tele 
phone switching system, wherein a semi-permanent 
memory clement is required. In contrast to the clad 
wire, the reverse magnetization in the plated wire mem 
ory is not caused by the movement of the domain wall 
as in the case of the clad wire, but it is caused by the co 
herent rotation of magnetization. In this consequence, 
the plated wire is capable of causing cxtremely rapid 
reverse magnetization in comparison with the conven 
tional reversing speed, and also of constructing the 
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memory device for high speed electronic computer, as 
the non-destructive reading is possible. 

In principle, the plated wire memory is constituted by 
combining several numbers of memory planes, each 
being composed of the plated wires arranged in parallel 
at an equal space interval between them on one plane, 
and word lines also arranged in parallel at an equal 
space interval between them in an orthogonal direction 
with respect to the abovementioned plated ferromag 
netic wires. 
As the method for manufacturing the memory plane, 

the following are well known. The one is called a strip 
line coil type, in which the plated ferromagnetic wires 
are inserted into a tunnel sheet provided with a plural 
ity of tunnels in parallel and at equal space interval to 
permit insertion of the plated wire, and, on both sur 
faces of the tunnel sheet, word coils are provided in the 
form of the strip line and intersecting with the plated 
wires. The other is called a woven type, wherein piano 
wires which correspond to the plated ferromagnetic 
wires and insulated conductor wires which correspond 
to the word lines are woven like weaving of cloth with 
the piano wires as the weft and the insulated conductor 
wires as the warp. In this case, the piano wires are sub 
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maintained straight without being bent in any way. 
Next, this woven wire cloth is fixed with resin, after 
which the piano wires are pulled out and the plated fer 
romagnetic wires are inserted into these places, 
whereby a memory plane is obtained. 
The abovementioned plated ferromagnetic wire is 

fabricated by plating a magnetic alloy, etc. on a core 
wire which has high mechanical strength and high elec 
tric conductivity and whose surface is smoothed by an 
appropriate treatment. This plated layer is extremely 
thin of about 0.1 - 1 micron thick, and, in order for the 
plated layer to be electrically deposited uniformly and 
tightly on the core wire, the material of the core wire 
should have such property that electroplating thereon 
is easily carried out. Further requirements on this core 
material are that it should be able to maintain stability 
of ferromagnetic thin film after it is electro-plated 
thereon; it should have as high mechanical strength as 
possible in consideration of workability in constructing 
the memory planes; and it should have as high an elec 
tric conductivity as possible in view of the fact that 
electric current flows constantly therethrough during 
operation. 
For such material that is capable of satisfying the 

abovementioned condition, attention is eventually 
drawn to hard copper or copper alloys, and there have 
heretofore been used phosphorus bronze or beryllium 
bronze, or the like as the core wire. These materials 
have been selected on the basis of their having excel 
lent mechanical strength and higher electric conductiv 
ity than other metals or alloys in general, although 
these copper alloys are disadvantageously defective 
from the standpoint of easiness in plating. Particularly, 
in the case of beryllium bronze, the condition of the 
plated layer is inferior due to the fact that beryllium 
which has precipitated on the surface of the core wire 
is easily oxidizable, and that this oxide of beryllium pro 
duced on the surface of the core wire is liable to re 
markably deteriorate the conditions of the plated mate 
rial. Furthermore, the abovementioned two alloys are 
still not so sufficient in their electric conductivity. That 
is, the elcetric conductivity of phosphorus bronze is ap 
proximately 20 to 40% to that of pure copper, and ber 
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yllium bronze approximately 40 to 60%. 
SUMMARY OF THE INVENTION 

It is therefore a primary object of the present inven 
tion to provide a specially improved plated ferromag 
netic wire for wire memory which exhibits excellent ca 
pability when used as memory elements, etc. of high 
speed electronic computer as memtioned in the forego 
ling. 

It is another object of the present invention to pro 
vide a plated magnetic wire which is superior to the 
heretofore known plated wires in its mechanical and 
electrical characteristics, particularly in its electrical 
conductivity. 

It is still other object of this invention to provide a 
method for producing the plated magnetic wire. 
The foregoing objects and other objects of this inven 

tion will become more apparent from the following de 
tailed description of the invention when read in con 
junction with the accompanying drawing, in which the 
single FIGURE represents a flow process chart for 
manufacturing the plated ferromagnetic wire according 
to the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 
As already stated in the foregoing, in order to obtain 

a wire memory having excellent performance, it is nec 
essary that a core material for the plated magnetic wire 
capable of giving satisfactory condition to the plated 
material thereon be selected. 
The present invention has been made on the basis of 

finding that ferromagnetic wires having excellent 
plated layer could be obtained by selecting a silver-cop 
per alloy, wherein very fine crystals of silver precipitate 
on the copper phase (base). That is, the characteristic 
point of the present invention resides in discovering 
that the magnetic wire for the wire memory consists of 
the silver-copper alloy containing 0.2 to 99.5 atomic 9% 
of silver as the core. 
The solid solubility of silver with respect to copper is 

8 at.% at the eutectic temperature of both materials, 
i.e., 779°C, and the solid solubility of copper with re 
spect to silver, when the quantity of silver becomes in 
creased, is 4.9 at.% at the same eutectic temperature 
The solid solubility of both elements at a normal or 
room temperature is 0.1 at.% or so. The silver-copper 
alloy of medium composition with respect to that as 
above-noted assumes its precipitation hardening prop 
erty at a normal temperature. According to the re 
searches conducted by the present inventor, it has been 
found out that a silver-copper alloy containing 0.2 to 
99.5 at.% of silver and the balance of copper indicates 
excellent precipitation hardening property after it is 
subjected to solubilization treatment and then to a se 
were cold reduction. 
This binary alloy of silver and copper consists of the 

copper phase containing some amount of silver in solid 
solution and the silver phase containing some amount 
of copper in solid-solution, and possesses extremely 
high electric conductivity nearly equal to the electric 
conductivity of pure copper irrespective of the added 
amount of silver. From the standpoint of mechanical 
strength, too, it excels phosphorus bronze, and is sub 
stantially equal to beryllium bronze. For example, a 
core wire, which is manufactured by subjecting the sil 
ver-copper alloy containing 6 at.% of silver to the solu 
bilization treatment at a temperature of 800°C, then to 
a wire-drawing treatment at room temperature to give 
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4. 
surface reduction of 99.98% or so to render the mate 
rial into a wire of 0.1mm dia., and further subjecting 
this wire to a stress relief annealing, is found to have ex 
tremely good rectilinearity, a tensile strength of about 
60 kg/mm and above which is twice as much as that of 
phosphorus bronze wire obtained by the same process 
as mentioned above, and electric conductivity of about 
90% to that of pure copper which is far superior to ber 
yllium bronze. 
The silver-copper alloy wire thus obtained is highly 

excellent in its plating capability, the reason for which 
is considered as follows. 

a. The silver phase which constitutes a precipitation 
phase contains some amount of copper in solid 
solution, the quantity of which may be regarded as 
being almost equal to pure silver, hence the prelim 
inary treatment before the electro-deposition is ex 
tremely simple as is the case with pure copper. 

b. The lattice constant of the crystals of both silver 
and copper is very similar, which facilitates growth 
of the plated layer on the surface of the core wire, 
as well as increases adhesion of the plated layer on 
the surface thereof. 

c. As the magnetic field is applied in the axial direc 
tion of the core wire, the electro-plating is carried 
out, while causing current to flow in the core wire. 
However, since the electric resistance of the core 
wire is low, it is possible to maintain uniform condi 
tion for the electro-plating within a plating vessel. 
Moreover, as quantity of heat generated from the 
core wire is small, temperature regulation for the 
electro-plating becomes easy. 

On the other hand, however, when excessive quantity 
of silver is added to the copper phase, the rate of the 
silver phase to be exposed on the surface of the core 
wire increases for its excessive amount with the conse 
quence that growth of the plated layer on the surface of 
the core wire tends to become increasingly non 
uniform and, at the same time, adhesiveness of the 
plated layer to the core wire becomes deteriorated. In 
view of this fact, it can be said that the adding quantity 
of silver is preferably less than 50 at.% or so. Consider 
ing further the economy in production, the quantity of 
silver to be added is preferably selected at less than 10 
at.%. 
Production of the plated ferromagnetic wires for the 

wire memory utilizing the core wire consisting of silver 
copper alloy according to the present invention can be 
carried out in accordance with the process steps as 
shown in FIG. 1. 

In this flow-chart, the solubilization treatment of the 
material alloy rod is carried out as the first step at a 
temperature of about 800°C, followed by a second step 
of cold wire drawing, where the thickness of the rod is 
reduced to a required size. In most cases, the diameter 
of the core wire is selected to be from 0.2 to 0.1 mm, 
and, in some cases where necessity arises, its diameter 
is selected to be more or less than the abovementioned 
range. For example, if it is intended to facilitate high 
compactness of the memory device, to prevent deterio 
ration in the memory characteristics due to magnetic 
strain, to reduce the amount of driving current, and so 
forth, it will become necessary to reduce the wire thick 
ness to less than 0.1 mm. In this connection, studies and 
experiments are being made as to forming the core wire 
in ribbon-shape by a rolling mill. 
The stress relief annealing as the third step of produc 

tion is conducted in a reducing atmosphere at a se 
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lected temperature within a range between 350° and 
600°C. 
At the fourth step of the surface cleaning of the core 

wire, various treatments such as electrolytic defatten 
ing, Supersonic cleaning, etc. are performed. 
The copper plating on the core wire is sufficient to be 

extremely thin, which may be less than a few microns. 
Although this process step may be dispensed with in 
Some cases, and permalloy or like material can be di 
rectly plated on the core wire, it is still considered effi 
cacious to include this step with a view to increasing 
uniformity in the plated layer. 
The wire drawing process after the copper plating 

may also be dispensed with in some cases. 
The stress relief annealing subsequent to the wire 

drawing is conducted in the same manner as in the third 
step annealing. - 
The surface smoothing includes a step of electro 

deposition of, for example, amorphous non-magnetic 
nickel on the surface of the core wire to remove fine 
irregularities on its surface to the least possible. 
For the electro-plating of permalloy, a current of 0.5 

amp. or so is applied to the core wire. A preferable 
electrolytic solution for the electro-deposition of perm 
alloy is one prepared by, for example, dissolving nickel 
Sulfate and ferrous sulphate into a saturated aqueous 
solution of boric acid. 
This process step also includes one, in which electro 

deposition of permalloy and that of a hard magnetic 
material, such as nickel-cobalt alloy, are alternately 
performed in repetition. 
As a protective coating for the permalloy, non-mag 

netic nickel may be considered suitable as is the case 
with the surface smoothing treatment. 
The final annealing is carried out at a temperature of 

about 200°C in a reducing atmosphere of nitrogen gas 
containing therein hydrogen or alcohol vapor. In this 
case, electric current is caused to flow through the 
magnetic wire in a somewhat increased amount de 
pending on necessity with a view to avoiding distur 
bance of the direction of the easy magnetization axis of 
the plated permalloy during the heat treatment. 
The ferromagnetic wire of the present invention 

manufactured in accordance with the aforementioned 
process steps is given an extremely uniform plated 
layer. When this ferromagnetic wire is cut into pieces 
of 30 cm long each, for example, and each of them is 
tested to determine its goodness or badness in quality, 
the rate of badness in the ferromagnetic wire of this in 
vention is less than 10%. Here, the standard of bad 
quality is based on a piece of wire having even a single 
defect in its plated layer. Contrary to this, when the 
aforementioned beryllium bronze or phosphorus 
bronze is used as the material for the core wire, satis 
factory plating can hardly be carried out. Also, even if 
the plated layer may be grown on the core wire, it is 
easily torn off. This is due to the fact that oxides of tin 
and beryllium which could not be removed completely 
at every treatment prior to plating of the core wire re 
main on the surface thereof, which constitute the main 
cause for deterioration of the plating characteristics in 
the core wire. Further causes of such inferiority in the 
plating characteristics are that the crystal structures of 
beryllium bronze and phosphorus bronze are not suited 
for plating, and the plating condition within the same 
plating tank are non-uniform due to poor electric con 
ductivity, and so on. 
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6 
As stated in the foregoing, the present invention 

makes it possible to obtain the plated ferromagnetic 
wires of high quality at a higher rate of yield, which is 
the important determining factor in the manufacture of 
the plated wire memory of superior quality. 

I claim: 
1. A plated ferromagnetic wire usable as a memory 

element comprising a core wire consisting essentially of 
a copper-silver binary alloy containing from 0.2 to 10 
atomic percent of silver, a layer of copper uniformly 
formed on the surface of said core wire, a non-mag 
netic nickel layer uniformly electroplated on said layer 
of copper, a layer of a permalloy uniformly electro 
plated on said non-magnetic nickel layer, a layer of 
nickel-cobalt binary alloy uniformly electroplated on 
said layer of a permalloy, said layers of a permalloy and 
a nickel-cobalt alloy having, respectively, an easy axis 
of magnetization circumferential about said core wire 
and a protective coating of non-magnetic nickel on said 
layer of a nickel-cobalt alloy. 

2. A memory element comprising a core component 
consisting essentially of a copper-silver binary alloy 
containing from 0.2 to 99.5 atomic percent of silver, a 
copper layer electroplated on the surface of said core 
component, a non-magnetic nickel layer electroplated 
on the surface of said copper layer, a layer of ferromag 
netic material uniformly electroplated on the surface of 
said non-magnetic nickel layer, and a protective coat 
ing of non-magnetic material on said layer of ferromag 
netic material. 
3. A memory element according to claim 2 wherein 

said layer of ferromagnetic material comprises a com 
posite layer comprising a layer of permalloy electro 
plated on the surface of said non-magnetic nickel layer 
and a layer of a nickel-cobalt binary alloy electroplated 
on the surface of said layer of permalloy. 

4. A plated ferromagnetic memory element accord 
ing to claim 2; wherein said copper-silver binary alloy 
consists of 0.2 to 10 atomic percent of silver. 
5. A memory element comprising a core component 

consisting of a copper-silver binary alloy containing 0.2 
to 99.5 atomic percent of silver, a copper layer electro 
plated on the surface of said core component, a non 
magnetic nickel layer electroplated on the surface of 
said copper layer and at least one layer of a ferromag 
netic material uniformly electroplated on the surface of 
said non-magnetic mickel layer. 

6. A plated ferromagnetic wire useable as a memory 
element comprising a core wire consisting of a copper 
silver binary alloy containing 0.2 to 99.5 atomic per 
cent of silver; a copper layer plated on said core wire; 
a non-magnetic nickel layer plated on said copper 
layer; a composite ferromagnetic layer plated on said 
non-magnetic nickel layer, said composite ferromag 
netic layer comprising at least one layer of permalloy 
and at least one layer of a nickel-cobalt binary alloy; 
and a protective coating layer of non-magnetic material 
on said composite ferromagnetic layer. 

7. A plated ferromagnetic wire according to claim 6, 
wherein said copper-silver binary alloy consists of 0.2 
to 10 atomic percent of silver. 

8. A memory element according to claim 6 wherein 
said layer of ferromagnetic material comprises alter 
nate layers of permalloy and a nickel-cobalt binary 
alloy alternately electroplated on each other. 
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