
4                                          1,002,724      disc 56 disposed
beneath the intersection of  H[err]. This gives rise to a precession of the
the line 36 and the  winding  50, as. seen in  magnetisation even in the
absence of any     Figure 5. The easy axis of the disc 56 lies  applied
field. It may be established that the     along, a dotted line 64, the
right-hand direc-  frequency of this precession can be expressed 5   tion
being designated as " one " and left hand      W[err] = J(4M[err] M
H[err])[err]                    (1)     as "zero ". The word line 50 is
first energized.     by the source 53 with a  pulse 65 as seen in    In
Equation 1, W[err] is the Larmor precession     Figure 6a, producing a
field H[err] illustrated  frequency   (approximately  600 mc), M   is
magnetisation per unit volume, and J is the  70     by an arrow in Figure
5.    This will uncon-  gyromagnetic ratio  (2.8  mc/gauss).   If  we 10
ditionally set all of the discs under the line  apply an external magnetic
field parallel  to     50 to " 1".  Subsequently, a pulse 66 of  the easy
axis in the direction of  M, the     opposite polarity is applied to the
winding  external field will add to  the anisotropy field.     50,
producing a field H[err].  The magnitude  This yields a new Lamor
precession fre-  75
quency given by the  expression.     of H[err] is insufficient to switch
the magnetiza-  W=J (4[err]M  (H[err]+H)[err]= W[err] (1 +H/H[err])[err]
(2)           where H is  the applied field. If the field is 15  tion to
"0",  but if a pulse 67 is applied to  applied parallel to the easy axis
but in the     the digit line 36 at the same time, the critical  opposite
direction of  M, the external field  80     value may be exceded  and the
magnetization  subtracts from the anisotropy field and  the  80
switched   from  " 1"   to " 0 ". It  is' noted  expression for the Larmor
precession frequency     that the pulse 66 persists after the termination
becomes 20  of the pulse 67  so that rotation of the mag-  W=J (4[err]M
(H[err]-H))[err] =W[err] (1-H/H[err])[err] (3)     netization  vector
around to the    "0" direction     will be assured. It is seen  that
information     It must be noted at this point that equation  85     may be
written in one word at a time,  all bits  3 is only valid  as long as H  is
less than     in each word  line being first set  to  "1"  the critical
field H[err] which will cause the 25  and  then the desired bits being
reset to "0".  magnetisation to change direction.  If this       As
explained  above, the  nondestructive  critical field is    exceeded,  the
magnetisation     read-out of the thin film  device provided by  will
switch from  its original position.  by  90     this invention is based up
a shift in the  domain  wall movement until it points along     frequency
of  maximum   permeability  of a  the  direction of the applied field
Equation 2 30  feromagnetic thin film  due  to an external  will then
apply.   A graph of  W/W[err] as  a     magnetic field. A more precise
relation between function  of H/H[err] for the two cases is  shown 



the UHF permeability and the external field  in Figure 8.   This  analysis
has been  given  95     will now be derived. As previously stated,  only
for the case with  the field parallel to     Permalloy films with  a
thickness of less than  the easy axis. In actual practice, the same 35
about l0[err]  [err] generally exhibit the properties of  type of behaviour
exists when the field is     a single magnetic domain  having a uniaxial
applied at an angle to the easy axis     anisotropy. That is to say, the
entire mag-    It can be further established that the pre-  100
netization of the sample prefers to lie parallel   cession frequency of
the magnetisation vector     to one direction and may be treated as if
affects the UHF permeability exhibited  by 40  it were a single  vector, M
With reference  a thin film  If a UHF magnetic field H[err]     to Figure
7, if a magnetic field H is applied  is  placed at about right angles to
the pre-     so that it makes an angle [err] with the mag-  ceasing vector
as seen in  Figure 7, this field  105     netization vector, a torque is
exerted  on M.  can apply a torque to the magnetic vector M.     M  will
then tend to rotate  toward H, but  The maximum energy can  be transferred
from 45  owing to the gyroscopic  properties of M,  the UHF field to the
magnetisation vector     it will not align itself with the field but will
when the frequency  of  the UHF field is equal     precess in a cone about
the direction of the  to the precession frequency of the magnetisa  110
magnetic field which is inside of the sample.  tion vector. This condition
is known  as     The frequency of this precession is known  resonance. 50
as the Larmor precession frequency and is   The permeability of a magnetic
sample is     directly  proportional to the internal field of  a complex
quantity and is usually written in     the sample.
the form [err] = [err].  The real  part [err] is a   115       The internal
field in  a thin film is different  measure of the frequency dispersion and
the     from an external applied field. This  differ-  imaginary part [err]
is  a measure of the power 55  ence arises from the presence of
demagnetising  absorbed by the sample. The imaginary com-     fields and
the anisotropy field. A film having  ponent is the part in  which we are
interested.     a uniaxial anisotropy may be thought  of as  In Physical
Review, June 1, 1950, p 572, N.   120     possessing an anisotropy field
(H[err])  along one   Bloembergen  expressed this imaginary com-
direction, which tends to keep the magnetisa-  ponent as 60  tion parallel
to it. This direction is known               [err]     as the easy  axis.
Thus in the presence of     no external field, the internal field, will be



1,002,724          Where W[err] is the frequency of the UHF  quency
electromagnetic energy coupled to said  65 wave, W is the Larmor precession
frequency,  thin film device for detecting the influence J is the
gyromagnetic ratio of the angular  of said external magnetic field upon the
per-       momentum to the magnetisation vector, M is  meability of said
thin film device.    5  the magnetisation per unit volume, and X     5.
Apparatus according to claim 1, wherein       is a damping term. Thus it is
seen that the  the at least one ferromagnetic  thin film device  70
permeability is a maximum when W=W[err] and  exhibits uniaxial anisotropy
in the plane of       decreases as W  departs therefrom in either  said
thin film device.       direction. It can be established that the real
6. Apparatus  according to claim  4 or 5,   10  power delivered to the load
or the detector  wherein the means including a source of high        14,
assuming that the input 13 is of constant frequency electromagnetic energy
coupled to  75        frequency and amplitude, and that the line  said thin
film device for detecting the influ-        12 is essentially lossless
except for the device  ence of said external magnetic field upon the
10,  is dependent upon the permeability of  permeability of said thin film
device includes   15  the thin film, which is of course related to  means
for providing a high frequency electro-       the extecnal field provided
by the winding  magnetic field in the area of the thin film  80       15
and upon the direction of magnetisation  of said thin film  device and
means for detect-       within the film.                             ing
the influence of the permeability of said
thin film  upon: said electromagnetic  field   WHAT WE CLAIM  IS:-
during the existence of said external magnetic  85   20    1. A method of
sensing the direction of  field.
85       magnetization of a ferromagnetic thin film    7.. Apparatus for
sensing the direction of       device, comprising the steps of applying a
internal stored magnetisation in  a magnetisable       high frequency
electromagnetic field adjacent thin film device possessing uniaxial
anisotropy       said device, selectively applying an external  comprising
means for coupling a source of   25  magnetic field adjacent said device in
a direc-  electromagnetic- energy having a frequency  90       tion
generally parallel to the plane of said  near the frequency of maximum
permeability       thin film, and detecting said electromagnetic  of said
thin film, means for applying  a       field adjacent said device while
said external  separate  external magnetic field  to  pass       magnetic
field is present and also in the  through said device in a direction
parallel to   30  absence of said external magnetic field.  its anisotropy
axis, and means for determin-  95          2. A method according to claim
1, wherein  ing the change in magnitude of the electro-        a
magnetization vector is sensed, comprising  magnetic energy field passing
through said        the steps of exciting said device with  an  thin film
device between a  state when the        electromagnetic field of a
frequency near the  external magnetic field is present and a state   35
frequency of maximum permeability of said  when it is absent as an
indication of the 100        device, the magnetic vector of said electro-
direction of the internal stored magnetisation 



magnetic field being generally parallel to the  of the device.        plane
of the thin film, applying a magnetic    8. Apparatus according to claim 4
includ-        field adjacent said device in a direction gener-  ing a
transmission line, a source of signals   40  ally parallel to the plane of
the thin film, and  having a frequency near the frequency of 105
detecting the influence of the permeability of  maximum permeability of
said device con-        the thin film device upon said electromagnetic
nected to one end of said line, said device        field when said magnetic
field is applied.   being positioned within said line in a plane
3. A method according to claim 1, wherein  generally parallel to the
magnetic vector of   45  a magnetization vector is sensed, comprising  said
signals,  a winding surrounding  said  110        the steps of applying an
ultra-high-frequency  device for providing a magnetic field in a
signal to one end of a transmission line having  direction parallel to the
plane of said device        said thin film device positioned therein, said
and generally perpendicular to said magnetic        signal having a
frequency near the frequency  vector, means for selectively energising said
50  of maximum permeability of said thin film  winding with pulses having a
magnitude less 115        device, providing a magnetic field within said
than required to switch the direction of mag-        line surrounding said
thin film device in a  netisation of said device, and detecting means
direction  generally parallel to the plane  responsive to said signals
connected to the        thereof, and detecting said signal at the other
other end of said line whereby nondestructive   55  end of said line
whereby the influence of the  readout is accomplished.
120        permeability of the thin film  device upon    9. Apparatus
according to claim 4 ,  wherein        said signal may be indicated.
the device is a thin memory disc, including          4. Apparatus for
sensing the direction of  a stripline, an  ultra-high frequency source
magnetisation of at least one ferromagnetic connected to one end of said
stripline, said    60   thin  film; device, comprising means for apply-
source having a frequency near the frequency 125        ing an external
magnetic field adjacent said  of maximum  permeability of said memory
thin film  device in a  direction  generally  disc, detecting means
connected to the other        parallel to the plane of said thin film
device, end of said strip line, said detecting means        and means
including a source of high fre- being responsive to said ultra-high
frequency                Where W[err] is the frequency  of the UHF   quency
electromagnetic energy  coupled to  said  65      wave, W  is the Larmor
precession frequency,  thin film device for detecting the influence 



J is the  gyromagnetic ratio of the angular  of said  external magnetic
field upon the per-     momentum to the  magnetisation  vector, M is
meability   of said thin film device.     5   the magnetisation per unit
volume, and X                5. Apparatus  according  to claim 1, wherein
is a damping term. Thus it is  seen that  the  the at least  one
ferromagnetic  thin film  device  70              permeability is a maximum
when  W=W[err]  and  exhibits uniaxial anisotropy in the plane of
decreases as  W  departs  therefrom in  either  said thin film  device.
direction.  It can be established that the real  6.  Apparatus according to
claim  4 or 5, 10 ' power delivered  to  the load  or the detector  wherein
the means including a source of high     14,  assuming that the input  13
is of constant  frequency electromagnetic  energy coupled to     frequency
and amplitude,  and  that the line  said thin film device   for  detecting
the influ-     12 is  essentially lossless except for the device   ence of
said external  magnetic field  upon the     10, is dependent upon  the
permeability of  permeablility  of said thin film device includes 15  the
thin  film, which  is of course  related to  means for providing a high
frequency electro-     the external field provided by the  windinig
magnetic field  in the area of the thin film  80     15 and upon the
direction of magnetisation  of said  thin film  device and  means for
detect-        within the film.                               ing the
influence of the  permeability of said
thin film   upon said  electromagnetic  field           WHAT WE  CLAIM
IS:-          during  the existence   of said external  magnetic 20    1.
A  method  of  sensing  the direction  of  field.
85     magnetization of a ferromagnetic thin film       7.Apparatus for
sensing the direction of     device, comprising the steps of  applying   a
internal  stored magnetisation in a magnetisable     -high frequency
electromagnetic  field  adjacent thin film device possessing   uniaxial
anisotropy       said device, selectively  applying an external
comprising means for coupling  a source of 25  magnetic field  adjacent
said device   in a direc-  electromagnetic energy  having a frequency   90
tion  generally parallel  to the plane of said  near the frequency of
maximum  permeability    thin film,  and detecting said electromagnetic
of said  thin  film, means for applying a    field adjacent said device
while said external  separate external  field  to  pass        magnetic
field  present and also in  the  through said device  in a direction
parallel to   absence of said external magnetic  field.
its anisotroppy  axis,  and  means for determin-    95                  2.
A method according to claim 1, wherein  ing   the change in magnitude of
the  electro-            a magnetization vector is sensed, comprising
magnetic   energy field passing through  said      the steps  of exciting
said  device with an   thin film  device   between  a  state when the
electromagnetic field of a frequency near the    external magnetic field is
present and  a state 35  frequency of maximum  permeability of said  when
it is absent as an indication  of the  100               device, the
magnetic vetor of said electro-  direction  of the  internal stored
magnetisation      magnetic field  being generally parallel  to the  of
the  device.      plane of the  thin film, applying a   magnetic
8 Apparatus  according to claim  4  includ-      field adjacent said device
in a direction gener-  ing a  transmission line, a source of signals   ally
parallel  to the plane of the thin film, and  having a frequency near the
frequency of   105      detecting the influence of the permeability of
maximum     permeability  of said  device con- 



the thin film  device upon said  electromagnetic  nected  to one end of
said line,  said device.         field  when said magnetic field is
applied.    being positioned  within said line in a plane         3. A
method according to claim  1, wherein  generally parallel to  the magnetic
vector of 45  a magnetization vector is sensed, comprising  said  signals,
a winding  surrounding  said  110      the steps of applying an
ultra-high-frequency  device for providing a magnetic field in a
signal to one end  of a transmission  line having  direction parallel to
the plane of said device      said thin films device positioned therein,
said  and generally perpendicular to said magnetic      signal having a
frequency near the frequency  vector,  means  for selectively energising
said, 50  of maximum  permeability of said thin film   winding  with pulses
having a magnitude less 115      device, providing a magnetic field within
said  than required to switch the direction of mag-      line surrounding
said thin film  device in a  netisat ion of said device, and. detecting
means      direction  generally  parallel  to  the  plane  responsive to
said signals connected to the      thereof, and detecting said signal  at
the other  other end of said line whereby nondestructive 55  end of said
line whereby the influence of the  readout  is accomplished.
120      permeability of the thin film  device upon      9 Apparatus
according to claim 4, wherein      said signal may be indicated.       the
device is a thin memory disc, including        4. Apparatus for sensing the
direction of  a stripline, an ultra-high frequency source
magnetisation of at least one ferromagnetic     connected  to one end of
said stripline, said    thin film device, comprising means for apply-
source  having a frequency near the frequency   125                   ing
an external magnetic field adjacent   said                  of maximum
permeability of said memory                   thin film device  in a
direction generally                     disc, detecting means connected to
the other      parallel to the plane of said thin film device,    end of
said strip line, said  detecting means      and means including a source of
high fre-  being responsive to said ultra-high frequency         6
1,002,724       and adapted to produce an output signal  being oriented at
an  acute angle with said      related  to the magnitude thereof, said
memory  strips and said windings, means for coupling      disc being
positioned within said stripline  ultra-high frequency energy to one end of
intermediate said ends, a winding encircling  each of said strips, said
energy having a fre-  5  said stripline adjacent said memory disc, and
quency  near  the frequency of maximum   per-      means  for  momentarily
energising  said  meability of said elements, pulse generating
winding.                                      means for selectively
applying pulses to said 



10. Apparatus according to claim 4, includ-  strips and said windings for
establishing and  50      ing a flat conductive member, a plurality of
sensing the direction  of magnetization in said  10 flat conductive strips
positioned in a generally elements, and means for detecting said energy
parallel spaced relationship adjacent one  sur-  at the other end of each
of said strips whereby      face of said member, a plurality of separate
nondestrictive readout is accomplished.      windings surrounding said
member and said     12. Apparatus  according  to  claim  11, 55      strips
in a generally parallel spaced relation-  wherein  said  pulse  generating
means is adapted  15  ship to one another, the at least one device  to
apply first a large pulse to one of said      being a plurality of
ferromagnetic thin. film   windings in order to set the direction of mag-
memory elements, one of said elements being  netization in each of the
elements thereunder,      positioned adjacent the intersection of each
said pulse generating means being adapted  60      of said windings and
each  of said strips, said  to switch thereafter the direction of mag-  20
memory elements being interposed  between  netization in selected elements
under said      said strips and said member, means for apply-  winding by
applying  pulses in coincidence to      ing high frequency energy to one
end of  said winding and to  said strips which intersect      each of said
conductive strips, means for selec-  said winding over said selected
elements, each  65      tively energizing each of said windings, and  of
said later pulses being individually smaller  25  means for detecting the
high frequency energy  in magnitude than  necessary  to switch the      at
the other end of each of said conductive  direction of magnetization of
said elements.      strips, whereby  nondestructive  readout is    13. A
method of sensing the direction of      accomplished.
magnetization of a   ferromagnetic thin film  70         11. Apparatus
according to claim 4, includ-  device subsantially as  hereinbefore
described  30  ing a flat conductive member, a plurality of  with reference
to  Figs 1  to 3 or Figs. 4      flat conductive strips positioned in a
generally  to 6b of  the accompanying drawings.      parallel spaced
relationship adjacent one sur-    14. Apparatus for sensing the direction
of      face of said member, a plurality of separate  magnetization of a
thin film device substan-  75      windings surrounding said member  and
said  tially as hereinbefore  described with reference  35  strips in a
generally parallel spaced relation-  to Fig 1 to  3 or Figs  4 to 6b of the
accom-      ship, the at least one device being a plurality  panying
drawings.      of ferromagnetic thin film memory elements,      one of said
elements being positioned  adjacent      the intersection of each  of said
windings        H. D. FITZPATRICK & CO.,  40  and each of said strips, said
elements being            Charted Patent Agents,      interposed between
said strips and said mem-  3, Gray's Inn  Square, London, W.C.1, and
ber, the easy axis of each of said elements     94, Hope Street, Glasgow,
C2. Leamington Spa: Printed for Her Majesty's Stationery Office by the
Courier Press -1965. Published at The Patent Office, 25, Southampton
Buildings, London, W.C.2, from which copies may be obtained.    


