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This invention relates to information storage devices 
employing magnetic storage elements. 

it has previously been proposed to provide informa 
tion storage devices in which an anistropic thin ferro 
magnetic film is supported on a substrate and magnetically 
coupled to driving conductors. The film has an easy 
direction of magnetisation and is bistable, relaxing in 
the absence of an applied magnetic field into a stable 
state in which the magnetisation vector is aligned in one 
or the other direction along the easy axis. The film is 
switched from one stable state to the other under the 
influence of magnetic fields produced by applying driving 
currents to the conductors coupled to it. Since only the 
area of film coupled to a conductor is affected by the 
field produced by the driving current it has been pro 
posed to provide a number of areas of film, on a single 
substrate. The areas are each separately controlled un 
der the influence of a pattern of conductors applied over 
the surface of the film. It will be apparent that for each 
substrate a considerable number of connections are re 
quired to select the appropriate film areas to be switched 
and this problem is aggravated when a number of Sub 
strates are used to form a large storage matrix. 

it is an object of the invention to provide an improved 
arrangement of driving conductors for an information 
storage device employing thin magnetic films. 

According to the invention, an information storage de 
vice includes a magnetic information storage film, at 
least one driving conductor forming an elongated open 
ended loop, a side of the loop being supported in close 
proximity to and magnetically coupled to the film, a 
bistable switch core supported closely adjacent the ends 
of the loop, a wire joining the ends of the loop linked 
with the switch core and means for switching the core 
from one stable state to the other to induce a driving 
current in the driving conductor. 
The switch core may be supported in the space between 

the open ends of the loop and the loop may embrace 
the substrate supporting the film. A pair of films may 
be supported on a substrate structure and there may be 
a group of further conductors associated with each film 
of the pair arranged substantially perpendicular to the 
loop conductor. The substrate may include a conductive 
return path connected to the mid-point of the loop and 
in this case the group of further conductors may be com 
mon to both films of a pair. 
A number of films may be employed requiring a num 

ber of loop condictors and the switch cores associated 
with these loops may be arranged in matrix formation. 

Apparatus embodying the invention will now be de 
scribed, by way of example, with reference to the ac 
companying drawing, in which 
FiGURE 1 shows a perspective view of a thin film 

matrix, and 
FiGURES 2 and 3 show partial sectional views of a 

return path arrangement for a loop conductor. 
The information storage matrix shown has six pairs of 

Substrates plates i, the plates of a pair being secured 
together by bolts 2. The major part of the outer face 
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of each plate is covered by a thin magnetic storage 
film 7. 
A composite conductor carrier 3 passes in Serpentine 

fashion between the pairs of plates 1, so that it is closely 
adjacent and magnetically coupled to the film on one 
plate of each pair. A second carrier 4 follows a cor 
responding path, so that it is closely adjacent and mag 
netically coupled to the film on the other plate of each 
pair. 
The composite carriers 3 and 4 are identically con 

structed and their construction is shown and described 
in detail in co-pending United States patent application 
Serial No. 136,461, filed September 7, 1961. The inner 
part of the carrier which is in contact with the film 7 
consists of a thin sheet or film of synthetic piastic. The 
outer surface of this plastic sheet carries a group of 
parallel sense conductors. A second plastic sheet covers 
this group of conductors and this second sheet carries 
a further group of drive conductors. Each of the drive 
conductors in the second group is superimposed over a 
corresponding one of the sense conductors, and these 
conductors occupy the positions indicated by the refer 
ence 5. 

In the following description the conductors in these 
groups will be referred to as digit sense conductors and 
digit drive conductors Tespectively, following the con 
vention that the matrix is arranged to store infortation 
arranged in words, each consisting of a number of digits 
expressed in binary notation. In order to Select a po 
sition in which a word may be stored or read out, there 
fore, additional word drive conductors 6 are provided 
Substantially perpendicular to the conductors in the car 

crS. 

Each pair of plates 1 has associated therewith a num 
ber of word drive conductors 6, only two conductors 6 
being shown for the sake of clarity. Each conductor 6 
is in the form of an elongated open ended loop, with 
the long sides of the loop positioned close to the outer 
surface of the carriers 3 and 4. The conductors 6 are 
insulated from the conductors on the carriers but since 
the carriers are, in practice, very thin, the sides of the 

i loop conductors lie in close proximity to the film and are 
magnetically coupled thereto. 
The two open ends of the loop are joined by a wire 

12 which forms a single turn winding linked with a 
bistable magnetic switch core 13 which consists of a 
ring of ferromagnetic material having a substantially 
square hysteresis characteristic. For the sake of clarity 
two switch cores 13 are shown coupled in this manner 
to the conductor 6 and a further pair of switch cores 
are shown without the coupling to conductors (5. It will 
be appreciated, however, that a larger number of con 
ductors 6 are provided in association with each pair of 
plates and that each conductor 6 is associated with 
a separate switch core f3. 
A column selecting winding comprising a conductor 14 

threads all those switch cores E3 associated with each 
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the cores E3. 

of the pairs of plates A and a row selecting winding con 
prising a conductor 15 threads each horizontal row of 

It will be appreciated that although only 
two column conductors 4 and two row conductors 5 
are shown there will be as many column conductors as 
there are pairs of plates and as many row conductors 
as there are Word drive conductors 6 on each plate, cor 
responding word conductors on all the pairs of plates 
being coupled to switch cores i3 in a common row. 
The operation of the matrix in entering and reading 

out information Will now be briefly described. A word 
is entered by the energisation of a selected word con 
ductor 6 concurrently with the energisation of the digit 
drive conductors in the appropriate carriers 3 or 4. For 
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example, in a known mode of operation, the energising 
current is applied in a first direction to the word con 
ductor 6 to provide a resultant magnetic field in one di 
rection to the underlying area of film and the currents 
applied to the digit drive conductors are in a forward or 
reverse direction in dependence upon whether the digit 
to be stored is a binary one or a binary zero. An exam 
ple of a thin ferromagnetic film store operated in this 
mode is described in United States patent application Se 
rial No. 779,310, filed December 10, 1958, and now aban 
doned. The digit representing currents then provide a 
modifying field to these areas of the film at the intersec 
tion of each digit drive conductor with the word drive 
conductor so that after the drive currents are removed 
these areas are set to represent the binary digits to be 
stored. Thus, all the digits of a word are entered into 
the storage matrix in parallel. 

In order to read out the stored word a current in the 
opposite direction is applied to the word conductor 6 
associated with the particular word to be read out. The 
resultant field applied to the film then causes rotation of 
the magnetisation vector of a digit-representing area of 
film, the direction or manner of rotation being dependent 
upon the digit which was last stored therein. This rota 
tion then induces a signal into the digit sense conductor 
in the appropriate carrier 3 or 4 associated with this digit 
storage area. Since the form of these induced signals is 
dependent upon the manner of rotation of the magnetisa 
tion vector, the induced signals provide an indication of 
the information which was stored in the selected word 
position. 

It will be appreciated that other modes of switching 
and interrogation of the digit storage areas may be em 
ployed to enter and to read out information. For exam 
ple, the reading out of information may be accomplished 
by always resetting the digit areas to the binary zero 
state upon reading out, entry of information requiring 
simply the switching of those areas in which a binary 
one is to be stored, so that only these areas which have 
Switched from the binary one state to the binary zero 
state produce an output signal on reading. However, 
this mode of operation also requires the application of a 
driving field to the entire word area in one sense for entry 
and the opposite sense for reading out of information 
and the required driving fields are obtained in a similar 
way by Selecting a word drive conductor 6 for the appli 
cation of a current in one direction for entry and in the 
opposite direction for reading. 

It will be seen, therefore, that the selection of a word 
position in the matrix for entry or for reading out is con 
trolled by the selection of the appropriate word conductor 
6. The conductor 6 is selected by selecting that switch 
core 13 with which the conductor is associated and this 
core is, in turn, selected by means of currents applied to 
the row conductor 15 and the column conductor 14 in 
conventional manner. For example, the core is switched 
from a first state to the opposite state during entry of a 
Word into store, the coupling wire 12 linking the core 13 
to the conductor 6 such that current is induced into the 
conductor 6 in the required direction. In order to read 
out the stored word, the core 13 is switched back to the 
first state and the current induced in the conductor 6 is 
then in the opposite direction. 

The array of word selecting cores 3 may be consid 
ered as a two-dimensional magnetic core matrix, any re 
quired core being selected by the application of currents 
in conventional manner to row and column conductors 
14 and 15. It will be appreciated that any suitable mode 
of operation of such a core matrix may be used to select 
the required word core. For example, the required core 
13 may be switched simply by the application of coinci 
dent currents to the particular conductors 14 and 15 which 
intersect at the core. In another mode of operation all 
the cores of the array may be biassed by a current ap 
plied to a common winding, the selecting currents being 
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4. 
applied in addition thereto. The particular state to which 
a selected core is switched is determined by the direc 
tion in which the selecting currents flow in the conduc 
tors i4 and 5 and it will be apparent that these con 
ductors are each connected to a suitable selecting ar 
rangement. 

It will be appreciated that, in dependence on the mode 
of operation of the film storage matrix, the resetting cur 
rent for the switching cores 13 may in some cases be re 
quired to be larger than the setting current. This effect 
may be achieved by modifying the rate at which a switch 
core is allowed to switch in one direction or the other 
by means of the arrangements for selecting the required 
conductors 14 and 15. 
As explained in co-pending United States application 

Serial No. 136,461 referred to above, it is desirable that 
the inductance of the conductors associated with a storage 
matrix of the kind herein described should be kept to a 
low value. In a practical matrix, each substrate plate 
may be a square of approximately 4' side and a film on 
Such a plate can conveniently provide storage for fifty 
Words each consisting of say thirty binary digits. Thus, 
there are fifty word drive conductors 6 associated with 
each plate. In order to keep the inductance of these con 
ductors to a minimum it is required to make them as short 
as possible. As shown in the FIGURE 1 this is achieved 
by Supporting the Switch core 13 in the open ends of the 
loop of the conductor 6 with which it is associated, the 
length of a conductor 6 in the practical matrix described 
above then being of the order of 20 cm. 
The Switch cores 13 may be supported, as shown, by 

the conductors linking therewith or they may be held by 
a suitable support closely adjacent to the matrix plates. 
Where the storage device is operated at a high speed it 
is preferred to mount the switch cores on a support plate 
having good heat and electrical conductive properties. 
This Support plate is preferably copper or aluminium al 
though it will be appreciated that other materials are 
Suitable. The effect of this plate under these conditions 
is that heat generated by the switching of a word select 
ing core 13 where, for example, one word is repeatedly 
Selected is rapidly conducted away from the core and the 
inductance of the word selecting loop including the wire 
12 and also of the selecting conductors 14 and 15 is kept 
to a low value. 

In order to maintain the inductive time constant of 
the entire Word selecting loop including the conductor 6 
and the wire 12 at a low value under these high speed 
conditions it is also preferred to use resistance wire for 
the wire 2. 

It will be appreciated that in the form of construction 
shown the films of each pair with which the conductor 
6 is linked are individually supported on substrate plates 
1 mounted back to back and there is sufficient space be 
tween the open ends of a parallel-sided loop to accom 
nodate a Suitable Switch core. However, the thickness 
of the plates may be such that it is not possible to posi 
tion a core of the required dimensions in the space be 
tween the ends of the loop if the sides of the loop are 
made parallel throughout their length. In this case the 
ends of the conductor 6 may be splayed slightly to pro 
vide the necessary space. Alternatively the conductors 6 
may be slightly shortened to project only sufficiently far 
beyond the end of the plate 1 to allow the wire 12 to be 
connected. The Switch core 13 is then mounted as close 
ly as possible to the end of the conductor 6 so that the 
length of the wire 12 is kept to a minimum. 
The United States patent application Serial No. 136 

461 referred to above describes the use of a single sub 
strate to Support a pair of films, one on each face, to re 
place the back-to-back pair of substrates shown in FIG 
URE 1, and also describes the use of a single conductor 
carrier, Such as the carrier 3, coupled to both films of a 
pair. It will be realised that the use of a single carrier 
in this way in conjunction with a single loop conductor 
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6 Would result in two word positions being used to store 
identical data. However, each long side of the loop may 
be used independently by providing a common return 
path from the mid-point of the loop and driving each half 
loop by a separate switch core. Both switch cores are 
linked by the wire 12 joining the ends of the loop but, 
again, the mid-point of the wire 2 is joined to the com 
mon return path. Alternatively, each core may be linked 
with a separate wire connecting the common return to 
the appropriate loop end. 
The substrate 1 supporting the films may be conductive 

and then provide the return path. FIGURE 2 shows a 
single conductive substrate carrying a pair of films 7. 
A conductor carrier 3 is provided, common to both films 
of the pair and the word driving conductor loop 6 is 
provided embracing the carrier 3. A connection 16 is pro 
vided between the mid-point of the loop and the con 
ductive substrate 1. The same effect may be obtained 
where a non-conductive substrate is used by coating one 
or both sides of the substrates with a conductive layer 
and connecting the layer to the connection 16. 

It will be appreciated that a pair of back-to-back con 
ductive substrates may be connected to the mid-point of 
the loop in the same way. An alternative method of 
providing a common return path in the case where a 
pair of non-conductive substrates, such as glass for ex 
ample, are used in a back-to-back paired arrangement is 
shown in FIGURE 3. In this case the substrates 1 each 
carry a film 7 as before, and a conductor carrier 3 and 
word drive conductor 6 are coupled to the films 7. In 
this case, however a foil layer 17 is sandwiched between 
the substrates and is connected to the midpoint of the 
loop 6. The return path, either the conductive substrate 
1 or the foil 17 is, in the cases described above, prefer 
ably provided with connecting lugs to facilitate connec 
tion with the mid-points of the loops and also to the 
wires 12. Thus, in these cases it will be seen that each 
half of the loop 6 is selected independently of the other 
by a separate switch core. 

I claim: 
1. An information storage device including a thin mag 

netic information storage film supported on a substrate; 
a driving conductor forming an elongated open ended 
loop, the substrate positioned within the loop and one 
long side of the loop being closely spaced from the mag 
netic film and magnetically coupled therewith; and means 
for inducing a driving current in the loop comprising a 
bistable magnetic switch core supported closely adjacent 
the open ends of the loop; a coupling between the loop 
and the switch core consisting of a resistance wire join 
ing the open ends of the loop and threading the Switch 
core; and at least one other conductor threading the 
switch core to drive it from one to the other of its stable 
states. 

2. An information storage device including a thin mag 
netic information storage film supported on a substrate; 
a first group of driving conductors closely spaced from 
the film and magnetically coupled therewith arranged in 
parallel spaced apart formation in one direction across 
the substrate; a second group of driving conductors ar 
ranged substantially at right angles to said first group, 
each driving conductor of said second group being formed 
as an open ended loop embracing the substrate, one long 
side of the loop being closely spaced from the film and 
magnetically coupled therewith; a separate bistable Switch 
core for each conductor of said second group supported 
between the open ends of the loop; a length of resistance 
wire threading the switch core and connnected between 
the ends of the loop; and means including core Selecting 
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conductors threading the switch cores for switching a se 
lected core from one to the other of its stable states to 
induce a driving current into that conductor of the sec 
ond group coupled by said resistance wire to the selected 
COre. 

3. An information storage device including, a pair of 
thin magnetic information storage films respectively Sup 
ported on the outward facing surfaces of a pair of back 
to-back planar substrates; an electrically conductive layer 
sandwiched between said substrates; a first group of driv 
ing conductors supported to pass about the substrates in 
parallel formation in a first direction across said storage 
films and in close proximity thereto to link magnetically 
with the films; a second group of conductors each formed 
as an elongated open-ended loop having substantially par 
allel sides said loop being arranged about the substrates 
to pass across the films in a second direction substan 
tially perpendicular to the first conductors, the elongated 
sides of the loop being respectively positioned each in 
close proximity to a film of the pair and magnetically 
coupled therewith; an electrical connection between the 
mid-point of the loop and the conductive layer; a pair 
of bistable switch cores for each conductor of said sec 
ond group supported adjacent the open ends of the loop; 
a pair of connections respectively connecting an end of 
the loop with said conductive layer and threading a cor 
responding switch core of the pair; and means including 
core selecting conductors threading the switch cores for 
switching a selected core from one to the other of its 
stable states to induce a driving current into that side of 
a conductor of the second group coupled to the selected 
core by the threaded connection. 

4. An information storage device including, a pair of 
thin magnetic information storage films respectively sup 
ported on the opposite outwardly-facing surfaces of a 
plate-like electrically conductive supporting structure; a 
first group of driving conductors supported about the 
structure to pass in parallel formation in one direction 
across both storage films and in close proximity thereto 
to couple magnetically with the films; a second group 
of conductors each formed as an elongated open-ended 
loop having substantially parallel sides, the loop being 
arranged about the structure to pass across the films in 
a direction substantially perpendicular to said one di 
rection, the sides of the loop being respectively positioned 
each in close proximity to a film of the pair and mag 
netically coupled therewith; an electrical connection be 
tween the mid-point of the loop and the conductive struc 
ture; a pair of bistable switch cores supported adjacent 
the open end of the loop; resistance wire connections be 
tween the ends of the loop and the conductive structure, 
each of the connections respectively threading a corre 
sponding switch core of the pair; and means including 
core selecting conductors threading the switch cores for 
switching a selected core from one to the other of its 
stable states to induce a driving current into that side of 
a conductor of the second group coupled to the selected 
core by the threaded connections. 
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