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ABSTRACT OF THE DISCLOSURE

The invention provides devices, such as gates, making
use of a particular property exhibited by a magnetic thin
film element possessing uniaxial anisotropy and conduct-
ing electricity when it is subjected to a magnetic field and
when a variable current is flowing through it in the direc-
tion of easy magnetization. According to this particular
property, the element exhibits a resistance and an internal
inductance of a first or a second value according as said
magnetic field exceeds or not a given value.

D I

The present invention relates to variable-impedance
devices utilising certain properties of thin films of elec-
trically conductive ferromagnetic material, which prop-
erties have been referred to in the copending application
of the applicant, Ser. No. 426,092, filed Jan. 18, 1965.

These properties of thin films may be employed in ac-
cordance with the present invention to utilise advanta-
geously certain electromagnetic induction phenomena
which accompany the passage of a variable electric cur-
rent through a conductor and the effect of which is to
bring about a non-uniform distribution of the current in
the said conductor.

It is known that, by reason of this effect, which is called
the film effect, the resistance and internal inductance
exhibited by a conductor through which an alternating
current is passed depend both upon the frequency of this
current and upon the apparent magnetic permeability of
the conductor in a direction perpendicular to the direction
of the said alternating current.

When a current pulse passes through a conductor, the
resistance and the internal inductance of this conductor
therefore depend, for a component of given frequency of
the pulse, npon the magnetic permeability exhibited by
this conductor in a direction perpendicular to the direc-
tion of this component, and if this permeability varies
the resistance and the internal inductance under considera-
tion vary in the same direction.

In accordance with the invention, the aforesaid phe-
nomena may advantageously be utilised to provide a de-
vice having variable resistance and internal inductance.

Such a device is provided by associating with a thin

im of electrically conductive ferromagnetic material hav-
ing an axis of easy magnetization situated in the plane
of the film, control means for creating in the plane of
this film a magnetic control field whose intensity may
vary sufficiently to vary the apparent magnetic permeabil-
ity of the thin fi'm along the axis of difficult magnetization,
or in other words the transverse magnetic permeability of
the latter, and thus to modify the resistance and the in-
ternal inductance possessed by this thin film when a vari-
able current travels through it along the axis of easy
magnetization.

‘The magnetic control field may be produced by an elec-
tric control current flowing through a control conductor
appropriately disposed in the neighbourhood of the thin
film. It may also be produced by an electric control
current flowing through the thin film itself.

If the magnetic control field is produced by an electric
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current flowing through a control conductor disposed
in the neighbourhood of the thin film, and if this control
conductor is itself formed of a thin film of electrically
conductive magnetic material having an appropriately di-
rected axis of easy magnetization, the transverse magnetic
permeability of the first thin film and that of the second
thin film may be separately or simultanecusly varied by
passing a current of appropriate strength through the con-
trol conductor, whereby the resistance and the internal
inductance of the first thin film and the self-inductance
of a circuit connected to this first thin film may be sepa-
rately or simultaneously varied.

The invention therefore concerns a device having vari-
able resistance and internal inductance, which comprises
an electric conductor made of an electrically conductive
ferromagnetic material disposed in the form of a thin film
and having an axis of easy magnetization in the plane of
the film, connecting members being provided to pass a
variable electric current through the said conductor in the
direction of the axis of easy magnetization, and control
means for creating in the conductor a magnetic control
field whose lines of force are parallel to the plane of the
film and whose intensity may vary sufficiently to vary the
apparent magnetic permeability of the material forming
the said conductor along the axis of difficult magnetiza-
tion in order thus to vary the resistance and the internal
inductance possessed by this conductor with respect to a
variable current flowing through it along the axis of easy
magnetization.

In accordance with one feature of the invention, the
said control means comprise an electric circuit such that
lines of force of a magnetic field due to a current pass-
ing through the said electric circuit extend through this
conductor in the plane of the film, and these control means
comprise control members for passing through the said
electric conductor a control current capable of creating
in the conductor a magnetic field whose intensity may vary
sufficiently to vary the transverse magnetic permeability
of the magnetic material forming the said conductor, and
thus to vary the resistance and the internal inductance of
the said conductor,

In accordance with another feature of the invention,
the said electric circuit comprises the said conductor made
of a thin film of ferromagnetic material, and the said
control members are designed to pass through the said
conductor a control current capable of creating in the
said conducter a magnetic field whose intensity may vary
sufficiently to vary the transverse magnetic permeability
of the material forming the said conductor and thus to
vary the resistance and the internal inductance of the
said conductor.

The invention also concerns combined devices having
both the characteristics of the above-defined devices and
the characteristics of some of them which have been de-
scribed in the hereinbefore mentioned copending appli-
cation,

The various objects, features and advantages of the
present invention will become apparent from the follow-
ing description and from the accompanying drawings, in
which:

FIGURE 1 illustrates a first device having variable re-
sistance and internal inductance according to the invention;

FIGURE 2 illustrates a second device having variable
resistance and internal inductance according to the inven-
tion;

FIGURES 3, 5 and 7 illustrates respectively a second,
a third and a fourth conmstructional form of the device
illustrated in FIGURE 1;

FIGURES 4 and 6 illustrate respectively a second and
a third constructional form of the device illustrated in
FIGURE 2;
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FIGURE 8§ illustrates a particular circuit arrangement
of two devices identical to any one of those illustrated in
FIGURES1,3,5and 7;

FIGURES 9 and 10 illustrate respectively a fifth and
a sixth constructional form of the device illustrated in
FIGURE 1;

FIGURE 11 illustrates a pre-selection shaft utilising
devices according to the invention;

FIGURE 12 illustrates a shift register comprising mag
netic cores utilising devices according to the invention;

FIGURE 13 illustrates a third device having variable
resistance. and internal inductance according to the in-
vention;

FIGURE 14 illustrates a device having variable resist-
ance and inductance which is obtained in accordance
with the invention by a modification of the device illus-
trated in FIGURE 3;

FIGURE 15 illustrates a device having variable re-
sistance, inductance and delay. according to the invention,
and

FIGURE 16 shows curves representing certain-char-
acteristic properties of a ferromagnetic material which
may be employed in the devices according to the inven-
tion.

The device illustrated in FIGURE 1 comprises a signal-
transferring electric conductor 10 formed of a thin' film
of electrically conductive ferromagnetic material, and
a control member 20 consisting of a solenoid 21 contected
by conductors 22 and 23 to an electric control circuit 70.

The electric conductor 10 has in its plane an axis of
easy magnetization indicated in FIGURE 1 by the dou-
ble-pointed arrow FA, and an axis of difficult magnetiza-
tion perpendicular to the axis of easy magnetization indi-
cated in FIGURE 1 by the two-pointed arrow DA.

The axis AB of the solenoid 21 is directed along this
axis of difficult magnetization DA.

The curves a and b of FIGURE 16 indicate respectively
the values of the magnetization J and of the magnetic
permeability x of the material forming the conductor
10, as a function of the value of the intensity H of a
magnetic field whose lines of force are directed along the
axis of difficult magnetization DA.

Some alloys, such as “Permalloy,” have, when disposed
under certain conditions in the form of a thin film, the
characteristics which must be possessed by the material
forming the conductor 18 of the device illustrated in
FIGURE 1.

The transfer conductor 10 is connected by conductors

or electrodes 13 and 14 to an electric signal-processing -

circut 69. These conductors 13 and 14 lead to ends 11 and
12 of the transfer conductor 18 whose positions are de-
duced from one another by translation direction along
the axis of easy magnetization FA, so that the current
passing through the transfer conductor 10, when a pulse
C passing through the signal-processing circuit is applied
by the conductors 13 and 14 to the said conductor 19, is
directed along this axis.

The lines of force of the magnetic field induced by this
current -extend in planes perpendicular to the direction
of the current, ie. in planes perpendicular to the axis of
easy magnetization, so that the reactions which the ma-
terial forming the conductor must set up to the passage
of the current depend solely upon the magnetic perme-
ability of this material calculated in these planes and
mainly upon the magnetic permeability n calculated
along the axis of difficult magnetization DA. This per-
meability will be termed the transverse magnetic per-
meability. .

I, for the sake of simplicity, certain secondary phe-
nomena such as those due to the existence of demagnetiz-
ing fields are disregarded, the operation of the devices
according to the invention may be explained as indicated
in the following paragraphs.

In the absence of an external magnetic field, if the
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intensity of the magnetic field induced by the current
pulse does not exceed the field of anisotropy Hx (FIG-
URE 16) of the magnetic material, that is to say, if the
strength of the current is below a certain critical value,
the transverse permeability has the value:

—Js
I‘m—HK
Js (FIGURE 16 (a)) being the value of the magnetization
at saturation.

1t is possible by passing a control current of appropriate
value through the solenoid 21 to create -in the transfer
conductor 10 a magnetic field whose lines of force are di-
rected along the axis of difficult magnetization DA, and
whose -intensity Hg exceeds the field of anisotropy Hy,
so that the transverse permeabiiity takes the value p;=1
(FIGURE 16 (b)), corresponding to a state of magnetic
saturation of this material.

The ratio pm:us is consequently equal to the ratio Js:Hg
whose value may exceed 10,000.

Therefore, the transverse permeability of the transfer
conductor 10, and consequently the resistance and the
internal inductance of this conductor, may be considerably
varied by passing a control current of appropriate value
through the solenoid 12.

The device illustrated in FIGURE 2 comprises the same
elements as the device illustrated in FIGURE 1, but the
axis AB of the solenoid 20 is parallel to the axis of
easy magnetization FA of the transfer conductor 10.

In the absence of an external magnetic field, the
transverse permeabi'ity of the transfer conductor 10 has,
as before, the value

=Js
HFm I'IK

By passing a conmtrol current of appropriate value
through the solenoid 21 it is possible to create in. the
conductor 10 a magnetic field whose lines of force are
parallel to the axis of easy magnetization FA and whose
intensity Hp exceeds the field of anisotropy Hyg of the
ferromagnetic material. It can be shown that if Hp is
very much greater than Hg the apparent transverse perme-
ability then takes the value

rJs
Us Hs

Under these conditions, the ratio uy:u’s is equal to
the ratio Hg:Hg, which remains below the value previous-
ly obtained and is limited in practice to the value 100.

With the arrangement illustrated in FIGURE 2, the
variations of resistance and internal inductance of the
transfer conductor are therefore smaller than those ob-
tained with the arrangement illustrated in FIGURE 1
when the control current varies in a given ratio.

FIGURES 3 to 10 illustrate various structures accord-
ing to the invention which may be obtained by application
of the printed circuit technique.

The structures illustrated in FIGURES 3 and 4 cor-
respond to the devices illustrated in FIGURES 1 and 2
respectively. They comprise, like the latter, an electric
signal-transferring conductor 10 having the same mag-
netic characteristics as the conductor 10 of the devices
illustrated in FIGURES 1 and 2, and a control device
20, but the latter consists simply of a rectilinear control
conductor 24 superimposed upon the transfer conduc-
tor 10. The conductor 24 is parallel to the conductor 10
in the structure illustrated in FIGURE 3. It is perpen-
dicular to the conductor 10 in that illustrated in FIG-
URE 4. The transfer conductor and the control conduc-
tor are suitably insulated from one another, but for the
sake of simplicity this has not been shown in the figures.

The passage of a control current through the control
conductor 24 produces in the transfer conductor 10 a
magnetic field whose lines of force are parallel to the
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axis DA (FIGURE 3), or parallel to the axis FA (FIG-
URE 4).

The operation of the devices illustrated in FIGURES
3 and 4 is the same as that of the devices illustrated in
FIGURES 1 and 2 respectively.

The structures illustrated in FIGURES 5 and 6 differ
from those which are illustrated in FIGURES 3 and 4 by
the fact that each transfer conductor 18 is replaced by
two transfer conductors 101 and 102, having the same
magnetic characteristics as the conductor 10, which are
disposed-in parallel on either side of the control conduc-
tor 24. By virtue of this arrangement, the lines of force
of the magnetic control field due to a control current
passing through the conductor 24 are contained over al-
most all their length in the magnetic material of the con-
ductors 101 and 102, so that the electromagnetic cou-
pling between the control conductor 24 and the magnetic
material of the transfer conductors 201 and 192 is con-
siderable, and, for a given value of the control curreat,
the intensity of the magnetic control field in this ma-
terial is as high as possible.

FIGURE 7 illustrates a variant of FIGURE 5 in which
the transfer conductors 101 and 162 have a form such
that they may be connected at a right angle to the por-
tions of the conductors 13 and 14, while the control con-
ductor 24 is rectilinear and aligned with the conductor
portions 22 and 23 which connect it to the control cir-
cuit.

The arrangements illustrated in FIGURES 3, 5 and 7
have the disadvantage that there is a strong coupling due
to electromagnetic induction between the circuits to which
the transfer conductors (19, FIGURE 3; 161, 102, FIG-
URES 5 and 7) on the one hand and the control conductor
24 on the other hand are respectively connected.

This disadvantage may be obviated by employing, for
example, as illustrated in FIGURE 8, two devices identi-
cal to that of FIGURE 3, ie., the devices diagram-
matically represented in FIGURE 8 by the dash-dotted
circles 31 and 32, and connecting the transfer conduc-
tors 10-1 and 10-2 on the one hand and the control
conductors 24-1 and 24-2 on the other hand, so as
to cancel out the mutual inductance of the circuits com-
prising these conductors.

This disadvantage may also be obviated by employing
either one of the devices according to the invention as
illustrated in FIGURES 9 and 10.

The device illustrated in FIGURE 9 comprises a trans-
fer conductor 10 identical to that of the device illus-
trated in FIGURE 3. The device comprises in addition
a control member 28 comprising two control conductors
241 and 242 superimposed on either side of the transfer
conductor 16 and parallel to this conductor. These control
conductors 241 and 242 are connected in series to the
control circuit, They are connected together at 243 at
one of their ends and are connected at their other end,
through conductor portions 22 and 23 respectively, to
the said control circuit,

The device illustrated in FIGURE 10 comprises, like
the device illustrated in FIGURE 7, a control conductor
24 aligned with the conductor poriions 22 and 23 by
which this control conductor is connected to the control
circuit. This device comprises in addition transfer con-
ductors 101 and 1$2 which are connected together at
103 at one of their ends 12~1, 11-2 and are connected
at their other end 11, 12 by the conductors 13 and 14
respectively to the external signal-processing circuit,

The devices illustrated in FIGURES 1 to 10 may be
employed as switches or pulse attenuators. Thus, they
may be employed in the manner indicated in FIGURE
11 to provide a pre-selection shaft in particular for a thin-
film storage device. These variable-resistance devices are
diagrammatically represented in this figure by dash-dotted
circles 41, 42 . . . 46.

These devices may also be employed in a shift register
comprising magnetic cores, in the manner indicated in

10

15

20

25

30

35

40

50

60

70

75

6

FIGURE 12, in place of diodes in the transmission cir-
cuits between successive magnetic cores 51, 52. These
variable-resistance devices are diagrammatically repre-
sented in FIGURE 12 by the dash-dotted circles 55 and
56. They are controlled by current pulses C1 and C2 con-
trolling the alternate transfers through the successive
transmission circuits.

In the devices previously described, the magnetic con-
trol fields created in the transfer conductors for the pur-
pose of varying the transverse magnetic permeability of
these conductors are generated by currents passing
through these electric control circuits insulated from the
said transfer conductors.

In accordance with a feature of the invention, these
magnetic control fields may be generated by currents pass-
ing through the transfer conductors themselves.

FIGURE 13 illustrates a device according to the in-
vention which has this feature. This device comprises a
transfer conductor 1024 having the magnetic character-
istics of the previously described transfer conductors,
an electric signal-processing circuit 60 connected to the
transfer conductor 1024, and an electric control circuit
76 also connected to the said transfer conductor. As is
indicated in FIGURE 13, capacitors 61 and 62 may be
employed to connect the signal-processing circuit 69 to
the transfer conductor 1624 in order to isolate this sig-
nal-processing circuit from the control circuit 76 in re-
spect of direct current. The control circuit is arranged
to pass through the transfer conductor a control current
capable of creating in this conductor a magnetic field
which is capable of varying the transverse magnetic per-
meability of the latter and consequently the resistance
and the internal inductance of the said conductor.

The variations of magnetic permeability of the transfer
conductor 1024 may be obtained by appropriate variations
of the strength of the current fed into this transfer con-
ductor by the signal-processing circuit itself, which cir-
cuit constitutes at the same time, under these conditions,
the control circuit of the device. This arrangement may
advantageously be utilised in the magetic core shift regis-
ter illustrated in FIGURE 12 if the level of the currents
generated by the change-over of the magnetic cores dur-
ing the transmission of an item of information from one
magnetic core to the next is utilised to control the varia-

5 tion of the magnetic permeability of variable-impedance

devices 55 and 56 constructed in the manner indicated in
FIGURE 13. The devices 55 and 56 thus constructed are
not then connected to the circuits which supply the trans-
fer control current pulses at C1 and at C2.

The invention also concerns combined devices com-
prising both the features of some of the devices previous-
Iy described and the features of some of those which are
described in the hereinbefore mentioned copending appli-
cation.

One of these combined devices is illustrated by way of
example in FIGURE 14. This device having variable re-
sistance and inductance results from a modification of
the device {llustrated in FIGURE 3 of the drawings ac-
companying the present specification, which modification
resides in that the control conductor 24 is of the same
form as the transfer conductor 10, i.e., it consists of a
magnetic material arranged in the form of a thin film
and having the same magnetic properties as the material
forming the said transfer conductor 19.

The axis of easy magnetization of this control conduc-
tor is directed as indicated by the double-pointed arrow
FAC, perpendicularly to the lines of force of the magnetic
field generated by the passage of signals through the trans-
fer conductor 10, that is to say, in practice, parallel to the
axis of easy magnetization FA of the said transfer con-
ductor. The axis of difficult magnetization of this control
conductor, in the plane of the latter, is indicated in FIG-
URE 14 by the arrow DAC.

By passing through the control conductor 24 an electric
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control current of appropriate strength it is possible to
vary not only the transverse magnetic permeability of the
control conductor 24, but also the transverse magnetic
permeability of the transfer conductor 10. This makes it
possible to obtain, separately or simultaneously, varia-
tions of the resistance and the internal inductance of the
transfer conductor 10 and of the self-inductance of the
signal processing circuit to which the said transfer con-
ductor 10 is connected.

The same effect may be obtained by means of the other
devices previously described in the same modification is
applied thereto as has just been described.

FIGURE 15 illustrates a delay line having variable re-
sistance, inductance and delay which comprises two ex-
ternal line conductors 81 and 82 connecting input means
601 to output means 602, two dielectric films 83 and 84,
a thin magnetic film 85 disposed between the two dielec-
tric films and having an axis of easy magnetization FA

parallel to the direction P of propagation of the signals -

along the line, and conductors 22 and 23 for connecting
the magnetic film 85 to the control circuit 76. At least
one of the external conductors 81 and 82 of the delay
line consists of a magnetic substance arranged in the form
of a thin film having an axis of easy magnetization FA
parallel to the direction P of propagation of the signals
along the line.

Each of the external conductors thus constructed forms
with the thin magnetic film 85 disposed in the dielectric
83, 84 of the delay line a device having variable resistance
and inductance which is similar to that illustrated in
FIGURE 14 of the present description, so that the whole
device illustrated in FIGURE 15 constitutes a combina-
tion of the variable delay line disclosed in the hereinbe-
fore mentioned copending application, and of the device
having variable resistance and inductance which is illus-
trated in FIGURE 14 of the present description. By
passing a control current of appropriate value through
the thin magnetic film 85 disposed in the dielectric of the
delay line, it is possible o vary not only the transverse
magnetic permeability of this thin film, but also that of
the external conductors 81 and 82 of the delay line. This
makes it possible to vary separately or simultaneously, on
the one hand the transmission delay of the delay line and
on the other hand the internal resistance and inductance
of the external conductors of this delay line, and conse-
quently to vary separately or simultaneously the position
in time and the amplitude and shape of the signals trans-
mitted.

The use of devices having variable resistance, induct-

ance and delay in a pre-selection shaft makes it possible ;

te introduce time coincidences for effecting selections,
and thereby to eliminate the effects of insufficiently at-
tenuated and damped pulses which may be transmitted
by the devices under consideration. This makes it possible
to widen the tolerance margins of these devices.

‘What is claimed is:

1. In an electric circuit comprising a source of variable
current, an electric device of which the value of the re-
sistance and the value of the internal inductance each
may take either one or the other of two predetermined
values in accordance with a control action, which device
comprises a thin magnetic film element formed of a ma-
terial possessing uniaxial magnetic anisotropy and con-
ducting electricity, means for connecting said magnetic
element to.said source to establish a current flow through
said magnetic element in the direction of easy magnetiza-
tion, and control means for providing said control action
by producing in the magnetic element a control magnetic
field of sufficient magnitude to drive said material to the
state of saturation, whereby the permeability of said ma-
terial with respect to the direction at right-angles to that
of easy magnetization, and thereby the resistance and the
internal inductance of said magnetic element with respect
to a variable current flowing through said magnetic ele-
ment may take either one or the other of two predeter-
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mined values according as said control means is operating
or not to produce said control magnetic field.

2. In an electric circuit including a source of variable
current, an electric device according to claim 1, wherein
said control means includes a control electric circuit ele-
ment magnetically coupled to said magnetic element and
means for establishing through, said control element a
control current flow inducing in the magnetic element a
control magnetic field of sufficient magnitude to drive
said material to the state of saturation, whereby the per-
meability of said material with respect to the direction
a right-angles to that of easy magnetization, and thereby
the resistance and the internal inductance of said mag-
netic element with respect to a variable current estab-
lished through said magnetic element by said connect-
ing means may take either one or the other of two pre-
determined values according as said control current estab-
lishing means is operating or not.

3. In an electric circuit including a source of variable
current, a device according to claim 2, comprising &
second thin magnetic film element identical to said first-
mentioned magnetic element of the device, said two
magnetic elements lying in superposed positions with a
common direction of easy magnetization, said connect-
ing means also connecting said second magnetic element
to said source to establish a current flow through said
second magnetic clement in the direction of easy mag-
netization, said control element being formed of a planar
strip conductor located in a position intermediate be-
tween these magnetic elements in a plane parallel to
the planes of these magnetic elements and said control
means being adapted, when operated, to establish through
said conductor a coatrol current flow inducing in the
magnetic elements a control magnetic field of sufficient
magnitude to drive the material forming said magnetic
elements to the state of saturation.

4. In an electric circuit including a source of variable
current, a device according to claim 2, wherein said con-
trol element is formed of said magnetic element, where-
by the resistance and the internal inductance of said mag-
netic element with respect to a variable current flowing
through said magnetic element, and the self-inductance
of any circuit connected to said magnetic element may
take either one or the other of two predetermined values
according as said control means is operated or not to
establish said control current flow.

5. In an electric circuit including a source of variable
current, a device according to claim 2, wherein said con-
trol element is- formed of a second. thin magnetic film
element possessing uniaxial magnetic anisotropy and con-
ducting electricity, said two magnetic elements lying in
superposed positions with a common direction of easy
magnetization, said control current establishing means
being adapted to establish through said second magnetic
element, a control current flow which induces in the
magnetic elements a control magnetic field of either a
first or a second magnitude to drive either one of said
magnetic elements or both of them to the state of satura-
tion, whereby the resistance and the internal inductance
of said first-mentioned magnetic element of the device
and the self-inductance of any circuit connected to said
Frst-mentioned magnetic element may be caused selective-
ly to take either one of two predetermined values accord-
ing to the operation of said control current establishing
means.

6. Tn an clectric circuit including input means and
output means for transferring data representing current
signals, a device according to claim 5, comprising a third
thin magnetic film element conducting electricity and
possessing uniaxial magnetic anisotropy, said third mag-
netic element lying in a plane parallel to that -of said
other mentioned magnetic clements with the same di-
rection -of easy magnetization along the face of said sec-
ond magnetic element opposite the face along which said
first-mentioned magnetic element is located, connecting
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means defining a path of current flow through each of
said first-mentioned and third magnetic elements essen-
tially in the direction of easy magnetization and connect-
ing an end of each defined path to said input means and
the other end to said output means so as to form an elec-
tromagnetic transmission line between said input means
and said output means, and control means adapted, when
operated, to establish through said second magnetic ele-
ment a control current flow which induces in the mag-
netic elements a conirol magnetic field of either a first
or a second magnitude to drive either said second mag-
netic element only or the three magnetic elements to-
gether to the state of saturation.

7. In an electric circuit including a source of data
representing current pulses and a circuit for the trans-
mission of said pulses, a device according to claim 1
wherein said connecting means includes said transmission
circnit whereby said device is used as a gate for control-
ling the transfer of said pulses through said transmission
circuit,
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