
4                                  1,151,730    which is a polyethylene
terephthalate resin.  gister (not shown). The selected word line     As
mentioned above, one advantage of  is turned on by turning on transistors
67.   this system  is  that the same circuit logic  The latter are turned
on by pulse trans- can be used to produce the read and write  formers 65. 5
line current pulses. This circuit is repre-    Upon receipt of a write word
command 70   sented by block 45 in FIGURE 5 and will  (WWC) at 82,
transistor 80 is turned on by   he explained more fully below. The circuit
transistors 78 and 79, increasing the poten-   is  controlled by a read
control 46 and a  tial on the right hand side of diode 64.   write control
47 of conventional design. The  This increase reverse biases diode 64 and
10 write control also activates the digit drivers  effectively removes stub
71 from  the col- 75   and digit gates, represented by blocks 48,  lectors
of transistors 67, allowing the word   also of conventional design. The
write-in  current to flow through transistors 80, diode   method
conventionally calls for a timed  81 and selected word driver 67 for as
long   sequence of pulses in said word lines 43 and  as the base current in
driver transistors 67 15 said sense digit lines 44. That is, a first cur-
flows. The collectors of word drivers 67 80   rent pulse of about 40
nanoseconds is pro-  now have a low resistance path to the + 12   duced in
the word lines 43 and then a  power supply for the conduction of high
second current pulse, also lasting about 40  word currents.   nanoseconds
is produced in the sense digit    A larger system will have more than one
20 lines, said second pulse beginning about  of the circuits shown in
FIGURE 6, i.e., a 85   20 nanoseconds after said first pulse and  256 word
system might have 32 such circuits   continuing after said first pulse
terminates.  with each circuit controlling 8 word lines.   The direction of
the second current pulse  If no word line in the circuit is selected, 



determines whether a "1" or a " O" is stored  the pulse is shunted off
through a non-select 25 in the element 42.                   clamp diode
66. That is, of course, necessary 90     The information signals generated
in the  to keep the pulse from breaking down tran-     sense digit lines by
the rotation of the mag-  sistors 67.     netization of the elements 42 are
sensed,    Various modifications of the disclosed   amplified  and read out
in the sense ampli-  embodiments, as well as other embodiments 30 fier and
output data register circuit 49. Be-  of the invention. will become
apparent to 95    cause of the size of the information signal  persons
skilled in the art without departing    (one to two orders of magnitude
larger than  from  the invention as defined by the ap-    those obtained in
DRO film memories) the  pended claims.    gain amplification  of the sense
amplifier 35 need not be as great as in conventional  WHAT WE CLAIM  IS:-
means. but bandwidth  requirements are    1. Apparatus for nondestructively
sens- 100    somewhat more severe (the amplifier having  ing the direction
of magnetization of a ferro-    to sense a signal of less than 5
nanoseconds  magnetic thin film  element which exhibits    duration).
uniaxial anisotropy and is capable of assum- 40  An essential requirement
of the invention  ing either of two stable states of magnetiza-    is the
generation of a very fast current pulse.  tion. both of which lie along the
anisotropy 105    A suitable arrangement for creating such a  axis of the
element but proceeding in op-    pulse is described by A. F. Boff. J. L.
Moll.  posite directions with respect to each other,    and R. Shen, in "A
New High Speed Effect  said apparatus comprising: means for apply- 45 in
Solid State Diodes", 1960 International  ing an external magnetic field to
said ferro-    Solid State Circuits Conference. Such a tech-  magnetic thin
film  element in a direction 110    nioue is known as the step recovery
diode  transverse to the anisotropy  axis of the    (SRD) technique and
depends upon the  element as a pulse of such short duration in    charge
storage phenomena in a forward-  time that the magnetization of said
element 50 biased P-N junction. This technique is uti-  initially lying
along the anisotropy axis of    lized in the circuit shown in FIGURE 6.
the element is incapable of  being rotated 115    The effect of this
circuit. comprising  a  through 90  so that the change in direction
shorted stub 71. variable resistor 72. capa-  of the magnetic flux is less
than 90[err]. and    citor 73, and step recovery diode 74. is to  means  to
determine the original direction of 



55 produce a current pulse between points 61  the state of  magnetisation
of said ferro-    and 62 that has the desired characteristics.  magnetic
thin film  element by sensing the 120    i.e. lasts less than 5 nanoseconds
and is  direction of retation of the  magnetization    about 400 to about
700 ma. A read word  signified by the change in direction of the    command
pulse received at 63 turns on tran-  magnetic flux resulting from the
application 60 sistors 75 and 76 to produce the pulse.      of said
external magnetic field  to  said      The current pulse so produced is
gated  element, whereby the magnetization state of 125    through diode 64
and through a selected  said ferromagnetic thin  film element returns
word line 43. The desired word  line is  to its original direction when the
external    selected by conventional (but fast) current  magnetic field
applied to said element is 65 mode logic from a conventional address re-
terminated.                               2. Apparatus  according  to
Claim  1.  defining a plurality of ferromagnetic thin   wherein said means
for applying an external  film memories arranged with parallel aniso-
magnetic field to said  ferromagnetic thin  tropy  axis directions. said
current pulse-    film  element comprises a first spaced con-  applying
means being selectively operable 5 ductor disposed in overlying
relationship to  to produce a current pulse through any 70 the element  and
means for applying a cur-  selected first conductor  said voltage pulse-
rent pulse through said first conductor; the  registering means
respectively sensing  and direction of the current pulse in said first
registering voltage pulses produced in said conductor being generally
parallel to the  second conductors by a rotation of the mag-
10 anisotropy axis of said ferromagnetic thin  netization in any of said
ferromagnetic thin 75 



film element.                         film memories and the original
direction of                    3. Apparatus  according  to  Claim  2,
magnetization along the anisotropy axis of wherein said current
pulse-applying means  each  of  said  ferromagnetic  thin  film produces a
current pulse in said first con-  memories defining a respective binary bit
of                15 ductor that provides an external magnetic
information, whereby the rotation  of the 80 field greater than the
anisotropy field [err]  magnetization in any of said ferromagnetic of said
ferromagnetic thin film element.      thin film  memories leaves unchanged
the                    4. Apparatus  according  to  either  of  binary bit
of information stored in said  Claims 2 or 3 wherein the original direction
ferromagnetic thin film  memory so as to  20 of the magnetization  state of
said ferro-  provide a multi-bit memory having non- 85    magnetic thin
film element defines a binary  destructive readout.    bit of information,
said first spaced con-    8. Apparatus according to Claim 7, fur-
ductor overlying  said  ferromagnetic  thin  ther including means for
producing a timed                   film element comprising a spaced first
word  sequence of current pulses in said pluralities                25 line
conductor. said ferromagnetic thin film   of first and second conductors,
one sequence 90                  element having an anisotropy field of
about  of said current pulses being first produced                  5
oersteds, and said current pulse-applying  in said first conductors in
directions gener- means providing a current pulse from  400  ally parallel
to the anisotropy axes of said milliamperes to 700 milliamperes through
ferromagnetic  thin  film   memories,  the                30 said first
word line conductor.               second sequence of said current pulses
be- 95 5. Apparatus according to any of Claims  ing produced in said second
conductors be- 2-4, wherein said means for determining the  ginning a
predetermined time after said first                  original direction of
the state of magnetiza-  current pulse sequence in  said first conduc-
tion of said ferromagnetic thin film element  tors, and said second
sequence of current     35 comprises a second spaced conductor over-
pulses being directed  in either direction 100 lying both said
ferromagnetic thin film ele-  perpendicular to the anisotropy axes of said
ment and said first conductor in a direction  ferromagnetic thin film
memories depending generally perpendicular to the anisotropy  upon what
information is to be stored in axis of said ferromagnetic thin film
element,  said  ferromagnetic  thin  film   memories, 40 and means to
register voltage pulses induced  whereby information  is written  into said
105 in said second conductor resulting from the  ferromagnetic thin film
memories. 



change in direction of the magnetic flux.       9. Apparartus  according
to  Claim  8, 6. Apparatus according  to any preced-  wherein each of the
first and second se- ing claim, wherein the external magnetic  quences of
current pulses is 40 nanoseconds 45 field is applied to the ferromagnetic
thin  in duration, with the second sequence of 110 film element for a
period of time less than  said  current pulses  beginning  20  nano- five
nanoseconds.                                             seconds after said
first sequence of current 7. Apparatus  according  to  Claim  5,  pulses in
said first conductors. wherein a plurality of first spaced conduc-    10.
Apparatus  according  to  any  of                50 tors are disposed in
overlying relationship  Claims 7-9, further including a thin layer of 115
to said ferromagnetic thin film element and  insulation sandwiched between
said ferro- in spaced parallel relationship to each other,  magnetic thin
film element and said respec- a plurality of second spaced conductors are
tive first conductors, and a thin layer of disposed  in overlying
relationship to both  insulation sandwiched between said plura- 55 said
plurality of first conductors and said  lities of first and second
conductors and 120 ferromagnetic thin film element,  said plura-  between
said ferromagnetic thin film element lity of second conductors being
arranged in  and said respective second conductors.
directions generally perpendicular to said      11. Apparatus  according
to  any  of plurality of first conductors and in spaced  Claims 7-10.
further including a flat con- 60 parallel relationship to each other so as
to  ductive substrate on which said ferromag- 125 provide a plurality of
intersections between  netic thin film element is supported. said
pluralities of first and second conduc-    12. Apparatus according to Claim
11 tors overlying respective portions of said  wherein said substrate
comprises aluminum. ferromagnetic thin film  element. said por-  and  said
first and  second  pluralities of                65 tions of said
ferromagnetic thin film element  spaced    conductors   comprise   copper
130            6                                        1,151,730 



conductors.                                of the magnetization leaving the
binary bit             13. Apparatus  according  to  any  of  of
information stored in the ferromagnetic          Claims 7-12, wherein the
current pulse selec-  thin film element unchanged.          tively applied
by said current pulse-applying  16. Apparatus for nondestructively sens-
5 means is produced in a selected first con-  ing the direction of
magnetization of a ferro- 50          ductor for a period of time less than
five  magnetic thin film element substantially as          nanoseconds.
described herein with reference to and as            14. A method for
nondestructively sens-  illustrated by Figures 1, 2, 3, 4 and 6.
ing the direction of magnetization of a ferro-    17. A  multi-bit memory
having non-       10 magnetic thin film  element which exhibits
destructive  readout substantially  as  de- 55          uni-axial
anisotropy  and  is capable  of  scribed herein with reference to and as
assuming either of two stable states of mag-  illustrated by Figures 1 to
6.          netization, both of which lie along the aniso-    18. A  method
of sensing the direction          tropy axis of the element but proceeding
in  of magnetization of a ferromagnetic thin       15 opposite directions
with  respect to each  film  element substantially  as herein de- 60
other, said method comprising the steps of  scribed with reference to and
as illustrated          applying an external magnetic field to said  by
Figures 1, 2, 3, 4, and 6.          ferromagnetic thin film element in a
direc-          tion transverse to the anisotropy axis of the      20
element as a pulse of such short duration          in time that the
magnetization of said ele-          ment initially lying along the
anisotropy          axis of the element is incapable of being
rotated through 90 so that the change in      25 direction of the magnetic
flux is less than          90, and determining the original direction
of the state of magnetization of said ferro-          magretic thin film
element by sensing the          direction of rotation of the magnetization
ABEL & IMRAY,      30 signified by the change in direction of the
Chartered Patent Agents, 



magnetic flux resulting from the application            Quality House,
of the external magnetic field to said ele-             Quality Court,
ment, whereby the magnetization state of                Chancety Lane,
said ferromagnetic thin film element returns            London, W.C.2.
35 to its original direction when the external          magnetic field
applied to said element is          terminated.            15. A  method
according to Claim  14,          wherein the pulse of the external magnetic
40 field applied to said ferromagnetic thin film          element occurs
for a period of time less than          five nanoseconds, the direction of
the mag-          netization along the anisotropy axis of the
ferromagnetic thin film element defining a      45 binary bit of
information, and the rotation           Sheerness: Printed for Her Majestys
Stationery Office by Smiths Printers and Duplicators.-1969.
Published at the Patent Office, 25 Southampton Buildings, London. W.C.2,
from which copies                                             may be
obtained.                                      SPECIFICATION NO . 1,15,730
[err]    


