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(57] ABSTRACT

A magnetic wire memory construction comprising a
plurality of stacked memory planes, each memory
plane being formed from two like-formed self-support-
ing and rigid metal sheets in opposed relation. The
sheets have channels formed therein using precision
batch fabricated metal sculpturing techniques, with
certain of the channels being filled with insulative
material. The dimensions and locations of the chan-
nels are chosen so that precisely located memory wire
receiving tunnels and corresponding insulated drive
line strips perpendicular thereto are formed when-the
sheets are placed together in opposed relation.
Memory wire elements are inserted into the tunnels
which protect and shield the elements and maintain
them accurately positioned with respect to one
another and to the drive line strips so as to permit
achieving a memory of increased density and speed of
operation.

9 Claims, 11 Drawing Figures
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METHOD OF MAKING A BATCH FABRICATED
MAGNETIC MEMORY

This is a division of apphcatlon Ser. No. 864,616,
filed Oct. 8, 1969 now U.S. Pat. No. 3,623,037, issued
Nov. 23,1971,

BACKGROUND OF THE INVENTION

The present invention relates generally to a magnetic
memory and to a method of construction thereof. More
particularly, the invention relates to a rmagnetic
memory of the type employing wire-like memory ele-
ments.

It is well recogmzed that the construction of a mag-
netic wire meriiory presents significant problems which
can result in increased fabrication costs and/or
degraded memory performance. Such problems in-
volve, for example, memory wire insertion, drive and
sense line interconnection réquirements, cross-talk, ex-

~cessive heating, lack of umformlty, noise cancellation,
etc.

SUMMARY OF THE PRESENT INVENTION

- The present invention is directed to a magnetic wire
memory construction and fabrication method therefor
which makes possible the provision of an improved
magnetic wire memory which significantly reduces the
problems heretofore associated with such memories.

Briefly, a basic feature of the present invention
resides in the use of precision batch fabricated metal
sculpturing techniques on metal sheets for forming
memory planes having tunnels and insulated conduc-
tive drive line strips at predetermined locations

whereby, after stacking of the planes, a modular mag-

netic wire memory structure is obtained in which the
magnetic wire elements are uniformly and symmetri-
cally retained with respect to each other and to the
memory drive lines with an accuracy and shielding sig-
nificantly greater than would be possible using other
known types of memory constructions. As a result,
noise cancellation can be achieved to a much higher
degree than was heretofore possible so as to permit
achieving a significantly greater packing density as well
as an increased speed of operation. Also, the use of
sculptured metal sheets provides the memory with a
much greater heat d1s51patlon capability than would
otherwise be possible.

The specific nature of the invention as well as other
features, objects, :
become apparent from the following description of an
exemplary embodiment and method in accordance
with the invention taken in conjunction with the ac-
companying drawings in which:

FIGS. 1-4 are fragmentary cross-sectional and pic-
torial views illustrating stages in the fabrication of a
memory plane in accordance with the invention;

FIG. 5 is a fragmentary cross-sectional and pictorial
view of a memory plane in accordance with the inven-
tion; ‘

FIG. 5A is a fragmentary cross-sectional view of a
modified form of the structure of FIG. §;

FIG. 6 is a cross-sectional view illustrating the struc-
ture of an exemplary plated wire memory element
which may be employed in the memory of the inven-
tion;
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FIGS. 7 and 8 are cross-sectional, partially schematic
views illustrating how a plurality of the memory planes
of FIG. 5 may be stacked and peripherally ifitercon-
nected to form a multi-plane three-dimensiorial
memory;

FIG. 9 is an ovérall pictorial view illustrating an ex-
emplary arrangement of the memory of FIGS. 7 and 8;
and

FIG. 10 is a fragmerntary pictorial view illustrating
how peripheral initercorinections may typically be pro-
vided to the memory elements.

It is to be understood that like numerals designate

like elements throughout the figures of the drawing. It

is also to be understood that various thicknesses and
sizes shown in the drawings are exaggerated for the
sake of clarity.

Referring initially to FIG. 1, a rigid self-supporting
conductive metal plate or sheet 10 which may, for ex-
ample, be beryllium copper has a first plurality of
spaced parallel channels 12 chemically etched in one
surface thereof. The channels 12 are filled with dielec-
tric material 14 which is ground flush with the surface.

As will be understood from FIGS. 2 and 3, the other
surface of the sheet 10 is chemically etched to form
second and third pluralities of spaced parallel channels
16 and 18 respectively perpendicuiar and parallel to
the channels 12. The channels 18 are also located op-
posite respective channels 12 and have a width and
depth with respect thereto so as to form spaced con-
ductive strips 15 insulated from one another and from
the sheet 10, and supported by the dielectric material
14. It is to be understood that well known precision
chemical etching techniques, such as photolithograph,
may be employed for etching the channeis 12, 16, and
18. : :

Two identical sheets 10 etched as shown in FIGS. 2
and 3 are then accurately fused together in opposed
relation to provide the resulting memory plane struc-
ture illustrated in FIG. 4. It will be noted that the op-
posed channels 16 combine to form tunnels 22 into
which memory wire elements 25 are inserted as illus-
trated in FIG. 5. These tunnels 22 serve to hold and
protect the memory wire elements 25 and to keep them
accurately positioned. with respect to the conductive
strips 15. It is to be understood that suitable tunnels .
could also be provided with .channels 16 provided m
only one of the sheets 10. :

Still referring to FIG. 5, it will be seen that the con-
ductive strips 15 perpendicularly cross the wire ele-
ments 25 on opposite sides thereof so as to permit their
use as drive lines. It will also be seen that each memory
element- 25 is completely surrounded by contacting
metal portions of the sheets 10, and that the drive line
strips 15 alternate with contacting metal portions 10A
of the sheets 10, thereby providing good shielding for
each memory element 25 as well as for each opposed
pair of drive lines 15. If even greater shielding is
desired, a construction as illustrated in FIG. 5A could
be provided in which the drive line strips 15 are
recessed from the outer surfaces and the recesses 21
filled with dielectric material ground flush with the
outer surfaces. An adjacent contacting conductive
layer 29 is then provided over the surface such as by
plating or by the provision of a metal sheet fused
thereto to complete the conductive encirclement of
each pair of opposed drive lines 15.
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As illustrated in FIGS. 5 and 6, a high permeability
magnetic layer 30 of, for example, conetic or permalloy
may also be provided on one ot both of the outer sides
of each plane in order to reduce memory cell
disturbance by the earth’s magnetic field. An insulation

‘layer 31 is additionally provided in the embodiment of
FIG. 5 to prevent the magnetic layer 30 from shorting
the insulated strips 15.

FIG. 6 illustrates an exemplary type of memory ele-
ment which may be employed for each of the memory
elements 25 in FIG. 5. Typically, the memory element
25 illustrated in FIG. 6 comptises a beryllium copper
inner wire 26 having, for example, a diameter of 0.005
inch and on which is plated an essentially single domain
thin film 27 of magnetic material such as permalloy
having a thickness of, for example, 10,000 Angstroms.
The plating is done in a circumferential magnetic field
produced by current flowing in the inner wire 26 so
that the resulting film 27 is magnetlcally anisotropic,
displaying remanent magnetism in the circumferential
difection (commonly referred to ‘as the “easy”
direction), but not in the longitudinal direction. (com-
monly referred to as the *“hard” direction). A final in-
sulative coating 28 of, for example, 0.0001 inch of a
thermoplastlc material is applied over the. magnetic
film 27, such as by dipping, so as to prevent shorting of
the drive line conductive strips 15 when the memory
wire elements 25 are inserted in the tunnels 22 as
shown in FIG. 8.

FIGS. 7-9 illustrate how a plurality of the memory
planes of FIG. § may be stacked and peripherally inter-
connected to form a muiti-plane three- dimensional
memory. FIG. 7 is a cross-section taken longltudmally
through the center of a wire memory element 25 and
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perpendicular to the drive line strips 18, while FIG. 8 is

a cross-section taken longitudinally through the center
of a drive line strip 15 and perpendicular.to the wire
memory elements 25, as indicated by. the line 8—8 in
FIG. 7, the line 7—7 in FIG. 8, and the lines 7—7 and
8—-8inFIG.9.

The peripheral sections 40 and 42 in FIGS. 7-9 con-
tain circuitry which provides appropriate interconnec-
tions for the inner conductors 26 -of the memory wire
elements 25 -and the drive line strips 15. These
peripheral sections 40 and 42 may also advantageously
contain the sensing,-selecting and driving circuitry
required for the memory. The circuitry in the sections
40 and 42 is preferably provided using the coaxial
packaging . techniques disclosed in the commonly as-
'signed U.S. Pat. No. 3,351,816 and in the commonly
assigned . copending . patent applications Ser. No.
613,652, filed Feb. 2, 1967, and Ser. No. 819,888, filed
Apr. 28, 1969. As illustrated in FIG. 9, the resulting
memory will then comprise a stack of wafers containing
memory wire elements and drive lines as well as the
penpheral sensing, driving, selecting, and interconnect-
ing circuitry therefor.

It will be seen in FIGS. 7 and 10 that the lower sheet
10 of each memory plane extends into the penpheral
sections 40 in order to feed thereto the memory wire
connectmg strips 51 to which are soldered the ends of
the inner conductors of the memory elements 25. The
solder is indicated by the numeral 154. Insulative
material 53 is provided to insulate the connecting strips
51 from each other and from the sheet 10. Also, as
shown in FIG. 8, both of the sheets 10 extend into the
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peripheral sections 42 in order to feed the drive line
strips 15 thereto. Thus, the memory sheets 10 may con-

‘veniently be incorporated with the circuitry of the

peripheral wafers to provide the resultmg structure
shown in FIG. 9.

It will be understood that a memory constructed as
described herein may be operated in various Known
types of operating modes in either a destructive or non-
destructive manner. One skilled in the art will readily
be able to provide the required driving, sensing, select-
ing, and interconnecting circuifry for this purpose. It
will also be understood that, in accordance with well
known noise cancellation techniques, certain of. the
wires 25 may be provided without a magnetic film 27
(FIG. 6) thereon so that they niay serve as “dummies”
to provide for noise cancellation.

Although the invention has been described in con-
nection with a particular exemplary embodiment, it is
to be understood that the construction, arrangement,
fabrication.and/or use.of the invention is subject to
considerable variations and/or modifications: without
departing from the scope of the invention as defined in
the appended claims. )

The embodiments of the invention in which an exclu-
sive property or privilege is claimied are defined as fol-
lows:

1. In a method of making a magnetic memory, - ‘

providing first and second self-supporting conductive

planar members,

forming electrically insulated conductors in a-com-

mon plane of each planar member spaced from a
surface thereof and also forming in said surface of
.at least one planar member a plurality of spaced
channels extending in a. direction so as tocross
said conductors, )
disposing said planar members in opposed relation to
one another with the conductors of one planar
member opposite and parallel to respective con-
ductors of the other planar member and so that the
channels form tunnels crossed by conductors on
- opposite sides thereof, and

inserting w1re—hke memory elements into said tun-

nels.

2. In amethod of makmg a magrietic memory,

providing first and second self—supportmg conductlve

planar members,

forming dielectric-filled spaced parallel channe]s in

one surface of each planar member and a plurality
of spaced parallel memory element channels in the
other surface of at least one planar- member ex-
tending in a direction so as to cross sald dlelectnc-
filled channels,

forming a plurality of 1solatmg channels in said other

surface of each:planar member parallel to' said
dielectric-filled ‘channels and: having a location;
width, and depth relative thereto so as to electri-
cally isolate spaced parallel conductive portions of
each planar member to thereby form a plurality of
spaced, electrically isolated conductors parallel to
said. dielectric-filled channels and located in a
common plane perpendlcularly spaced from said
other surface, and

disposing said planar members in opposed relation to

one another with the conductors and the memory
element channels of éach planar member opposite
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and parallel to respective conductors of the other
planar member and so that the memory element
channels form memory element receiving tunnels
crossed by conductors on opposite sides thereof.

3. The invention in accordance with claim 2,

wherein said method includes the additional step of
inserting wite-like memory elements irifo said tun-
nels. o

4. The invention in accordance with claim 3,

wherein said channels are formed using prec1sxon
chemicil etchmg techniques.

5. The invetition in accotdance with claim 3,

wherein each isolating channel is formed opposite a
respective conductor if its planar member with a
width extending at least beyond the nearest side of
each of the dielectric-filled channéls forming the
conductor and with a depth extending to the con-
ductor.

6. The invention ih accordance with claim 3, wherein

said method includes the additional steps of

recessing the conductors of each planar member
from said one surface thereof, »

filling said recesses with dielectric material, and

providing a conductive layer adjacent and in electri-
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cal contact with the surface of each planar
miember containing said récesses so as to provide
conductive encirclement of each pair of opposed
conductors. )

7. The invention in accordance with claim 3,

wherein said method includes the additional step of
providing a magnetic layer adjacent at least one of
the surfaces of said planar members contammg
said dielectric-filled channels.

8. The invention in accordance with claim 3,

wherein said method includes the additional step of
stacking a plurality of opposed pairs of planar
members to form a three-dimensional memory.

9. The invention in accordance with claim 3,

wherein each wire-like memory element has a con-
ductive ‘inner wire and a magnetic thin film
thereon, and

wherein said method includes forming insulated con-
necting conductors in one of said planar members
and electrically connecting said connecting con-
ductors to respective conductive inner wires of
said memory elements. ‘
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