4

t erepht hal ate resin.

1, 151, 730
gi ster (not shown).

The sel ected word

whi ch is a pol yet hyl ene
l'ine As

ment i ONed above,

67.

on by pul se trans- can be used
line current pul ses.

conmand .70

one advant age of

t hi s~ sys*t“ér‘n*““'“”‘ that” t’heggame- Ci rcul,t

.This. circuit is repre-

sent ed by block 45 in FIGURE 5 and wil |l

SR Wi oo

I'S turnecron by tUI’nI ng on tranS|stors

¢ Thédatter are turned”

ite forners 65.

5

Upon receipt of a wite word

at 82,

transistor.80 is turned on by P&E‘ENT&SRE@}:EEGA@ @%JOW The ci rcui

transi stors 78 andZ%
46 &nd
47 of conveft:
10 wite cohts

contr ol

71 from th

of transistLs
wite-in C#ﬂ“
conventional | y cal x»i=

sequence of pulses in sald mord |@) meswABoright 1889, t he base current in

driver transistofef; AQesactl S8 ]l

| ong

Xe ri

St or

CC) d)dtl\)éll

BSl easi ng pRawaR8NaTTACSEDCONt T Ol | ed
- ght hand side of diode 64.

?'.‘r G LAPHFLp 48 gy efmarlet Sargise
'es 1%:6 d’l{:]glg aﬁ‘%? W

é@%ﬁnsgsaggub

Upd i 9S544A, $8SE, b5 13

b?'%&d

3& t hod
4 198 67 for as

fl ows. The col | ect orsNgR2AMIrzA2deBy @Ds 26 AL8A T2X[ BT, TWi, S€1,3F1 a3FX) Bv&D4C

nanoseconds i s pro MDﬁ%ﬂNhﬁﬂéSa$D0m1reS|stance path to the + 12
| ines 4

t he word

second curfent pu

is produced in the sense qg t
sai d secondjpulse

FIGURE 6, i.e. E
systen1n1ght hav qa
Wi t hofeambriaj roCuBtoocNmﬂr Gledtrah gE:8

20 lines,

t erm nat es;

ducedi

Q? cqlﬂgomer supply. for the conduction of high

Sti ng coRMtETE0 spROIFEC SHIoNENT S.
a“str&th\arr ggﬁtg&hs %)? flhm

e s A

Er e

gmglg oF Olalvre, US

Ristay!

t he second. currénmfresgrm)’s@d“iﬁﬁ Tﬁsﬂcmbek‘%q Siaes jaf

10

15

20

25

a, do hereby is anvention,
for which we prav that a patent may be
granted to us, and the method by which it
is to be performed, to be particularly de-
scribed in and by the following statement:—

This invention relates to techniques and
apparatus for sensing information stored in
ferromagnetic thin film memory devices.

Because ii exhibits the property of uni-
axial anisoiropy, a magneiic thin film may
be used as an information storage element
in a memory device. By this is meant that
the film’s magnetization vector, representing
the magnetization of the film, preters to lie
along a so-called *“anisotropy axis” direc-
tion. This phenomena is a result of the thin
film’s internal anisotropy field. The aniso-
tropy field is commenly represented by the
symbol Hy and is measured in oersteds.
When the film's magnetization is pointed in
either direction -along the anisotropy axis.

- the film is in its lowest energy state, which

30
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is, of course, its preferred state.

The possibility of the vector pointing in
either direction along the anisotropy axis
provides a convenient “I” and “O” for a
memory element. One direction along the
axis is designated “1” and the opposite
direction is designated “O™.

Further properties of magnetic thin films
make it advantageous to use them as in-
formation storage elements in a memory
system. The switching time of such a film
is extremely small, ic. less than 10 nano-
secends (1 nanosecond=10"" second). The
preparation of extremely thin lavers (either
by evaporation or plating) provides low
flux in the element, which reduces the volt-
age drive required and climinates hzating
at high frequencies. A simpler planar sub-

Price 25,
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tvercyirempy ippriakse &t deiemining
the compatibality of high spee and large
capacity systems. Film preparation permits
the fabrication, handling and testing of
entire uarrays rather than individual com-
ponents. The open flux struciure eliminates
the need for threading holes and permins the
use of evapurated or etched wire 1echniques.
A ccnvertional mode of reading magnetic
film storage elements is the so-calied two-
dimensional orthogonal DRO mode. See
J. T. Raffel, T. S. Crowther, A. H. Ander-
son, T. O. Hernden, “Magnetic Film Mem-
ory Design”, Proceedings of IRF. Vaol. 49,
No. I, PP 155, 1961. Using this mode, stored
information is sensed by applying an exter-
nal magnetic tield whose magnetic vector
is directed at an angle of 90° to the direc-
tion of the anisotropy axis ¢f the magnetic
film element. This direction, 90° from the
anisotropy axis, is commonly called the
“hard direction™. Such an external magnetic
field, larger than the anisotropy field (Hy)
of the element, causes the magnetization of
the element to rotate to the hard direction
in an aticmpt to align itself with the extern-
ally applied magnetic field. The rotation of
the magnetization causes a change in flux
in a sense conductor, which induces a volt-
age pulse therein according to Faraday’s
Law of Electromagnetic Induction. The
direction of the voltage pulse is then deter-
mined by the direction of the change in
fiux as compelled by Lenz’s Law. Therefore,
the direction of the voltage pulse enables
cne to sense the direction of the m magnetiza-
ticn vecter of the magnetic film element and

thus read the stored informaticn.
Whenever the magnetization vector s
rctated ©0° from its stored information
position by an exiernal magnetic ficld there
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ing in opposite directions with respect to
each other, said apparatus comprising:
means for '1pp1v1ng an external magnetic
field to said ferromagnetic thin film element
in a dircction transverse to thc anisotropy
axis of the element as a pulse of such short
duration in time that the magnetxzduon of
said element mxtmll} lying along the aniso-
tropy axis of the element is mcamble of
being rotated through 90° so that the change
in direction of the magnetic flux is Iess
than 90°, and means to determine (he origi-
nal direction of the state ol magnetisation
of said ferromagnetic thin film clement by
seusing the direction of rotation of the mag-
netization signified by the change in direc-
tion of the magnetlc flux resulting from the
application of said external magnetic field
1o said element, whereby the magnetization
state of «aid ferromagnetic thin film element
returns to its ermml direction when the
external magnetic field applied to said
clement is terminated.

The invention may be best understood
by reference to the f(;“(‘Wl'lﬂ detailed de-
scription of illustrative embodimenis, when
read in con;unctxon with the accompanying
drawings, in which:

film clewnent by a conventional methed such
as the two-dimensional orthogonal method.

The non-destructive readout method of
the invention can best be understood with
reference to FIGURE 2 which is a cross-
sectionai. iscmetric view of the element
shown in FIGURE 1, taken along section
line 2-2.

Of interest are the “external demagnetiz-
ing fields” of the magnetic element 1, indi-
cated by lines 12. In the static case, these
magretic fields establish themselves in the
space, ground plane and conducters sur-
rounding the mwmnc film element 1.

If the mxgncmwnon 2 of the magnetic
element 1 is made to rotate to a hard direc-
tion because of a large transversely applied
magnetic field, such as H, caused by cur-
reat I, in the word line 3. the external flux
in the surrounding medium will begin dif-
fusing in a manner that will eventually estab-
lish the same pattern, but at right angles to
the initial pattern. If the dppll;d transverse
field H. is removed before this process is
completad. there will be a longitudinal mag-
netic field acting to reswre the m'ts.r,ncnza-
tion 2 to its original state. It is believed
that this restore field is a result of two
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55 produce a current pul se between points 61 the state of nagnetisation

of said ferro- and 62 that has the desired characteristics. nmagnetic

t hi.n..film. el epent . by.sensing.the.120. 1. €. lasts.less.than 5. nanaseconds
and is direction of retation of the nagnetization about 400 to about
700 ma. A read word signified by the change in direction of the conmmand
pul se receisved at 63 turns on tran- magnetic flux resulting fromthe
application 60 sistors 75 and 76 to produce jhe;spul se. of said 3
external magnet rcfietd—to—sard The——cur I’ETTt—pm—S‘E—S’O'“pTUdU'CE'd"I"S“—"—

gajad el ement, vwagkohY) trhshil¥BaNes iadshdBatoh aln8is®brobls of othél NDRD ihedees54
and through a sel fot B &alcmdhetmgamgmtetulmnﬁhl nl‘hcfgukp"ncelré@éhﬁ 4rsbown ths effect

worid |ine 43. Thelisedd ped Snapdl () phao (gs}olog;eﬂ m (gfr %5;1 geHe i o ﬁ%&%g}j
eX?é 'R)a : Sel Elgxa;g ?#6 Ha]g%gféﬂlh E?'ﬁ& m,}‘: écﬁf: I’Lt ilig ‘QHPEHQO theSinfo- 70
gna dRIgs Slefnent.

apphi ed to said eligh@nl. Pisen deni laegpisy nfa?mlf{bpﬁQﬂMeﬁt ihenad
t esrfrl nat ed.: be described as a progressive tendency 2p  Apparcat wisn the elomdit n% nottdiscrete
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meggs for applyi ngster muﬁ thc s@ bat hdySét henduained forsal domo&m;age pisd $e-2
rent pul se: throughrrsmgdetfm tigt fidro ndensnoritself. hie nm@gqcsmcbr(imigﬁ frhamd Lorlexporld
r%ect ively sensﬁhg 1 %ﬁ“ﬂ@bt"i%rﬁhof‘“’t AEcey ur's it DiguRes rig aé({i:‘gt“ro Plr 9 ’ﬁ
seri ng vol yalf 564 ﬁf'%mﬁ%ﬁ ng, Satlonls, C QAU &J; nheﬁatﬁq bider 1o 85
pagaal to the sRCORE QBRUMEIOTS G¥cambpbat Id&l’baﬂdchdah@mﬁﬁﬂhzanon rhnz is. coun-

1Goani sot ropy axi mmﬂﬂlss:alvdmﬂ)emsmaglnet i ¢ thinternet the adijegsioni ¢f Etlnymwefgam@
f él“F‘omagnet i ¢ t hi nFiggre 3 is a graph indicaling the operat- field in the large continuous” magnetic thin

mg parameters of the technique of the in- film. It can be seen from FIGURE 4 that

and 50 - 25 vention. The graph shows the relationship the optimum operating position would be 90
! the : between the threshold current and the word Where there is zero degrees skew. As the
nag- current pulse width, The threshold current direction of the anisotropy axis moves away
line is defined as the word current amplitude that from the word line direction, a reduction
ropy produces a 20°. decreasc in the ouiput of t-he_a!!qv.'able threshold current is effccted,
and 95 30 signal after the bit has been interrogated resulting in a lower output signal. The data 95
90° 10° times. This limitation has been defined recerded in FIGURE 3 was oblained using
con- to indicate non-destructive readout. The magnetic elemcnts that exhibited a 27 skew.
1ents word current pulse width is the time during This accounts for the approximate asymp-
sher which a current I, is applied in word line +{ote being less than the current necessary
own) 100 35 3 as shown in Figure 2 to create a transverse 0 causc full rotation. 100
ents. magnetic fieid H,. The fiim element used The nen-destructive readout technique,
thin to cbtain the data shown in the graph had NDRO, described thus far illusirates only
sach an anisotropy field of about 5 ocrsteds and  a singie bil memory. With reference now to
o, required a current of about 400-500 milli- TFIGURE 5, a large number of thin film
> of 105 40 amperes (ma) interrogate (word) current to memory elements may be determined in 2 105
with produce full rotation of said magnetization mairix: a three word, three bit-per-werd,
SrOSS- 2. Ahhough it would seem that it would fandom access. word-organized memcry de-
ment require about a 400-500 ma current to have Vice being shown. A sysitem of this kind is
ction destructive readout, the approximate asymp- ¢apable of a very high repetition rate, ie.,
110 45 tote for an infinite pulse width, or in other 20 megacycles or more. In the arrangement 110
netiz- words, a constant external, transverse mag- shown, a confinvous. thin magnetic film 40,
indi- netic field, is much less than this, about Which mav be a Permalloy consisting of
these 250 ma. This is due to the angular skew /9% Ni. 19% Fe, 2%, Co and about 1000
n the of the magnetic vector, as will be explained A thick, is depes—ited upon a conducting
sur- 115 50 below. substrate 41 which may be aluminium. The 115
. As mentioned above, the NDRO tech- magnetic bit elements 42 are determined by
metic nique of the invention requires that an ultra- 1he intersection of the word lines 43 and
direc- short current pulse be applied to the word the sense digit lines 44. This type of arrange-
splied line. By this it is meant a current pulse of Ment is known to the art, primarily for
reur- 120 55 less than 5 nanoseconds. As can be sean J1YRO systems. Conventionally, the word 120
1 flux with reference to FIGURE 3 a word current lines 43 and the sense digit lines 44 are of
a dif- pulse width of Jess than § nanoseconds will <opper and arc usually formed by evapora-
estab- allow a current pulse of from 400-700 ma. tion or etching techniques. A thin layer of
des to The cutput signal sensed is directly pro- insulating material separates the conducting
sverse 125 60 portional to the squure of the current ap- substrate 41, the magnetic film 40, the word 125
ess is plied to the word line. Thus a signal pulse lines 43 and the sense digit lines 44. One
mag- may be obtained following the technigue such suitable insulating material is Mvhr
1etiza- of the invention that is I’rncr than signals (a registered Trade Mark owned by E. L
lieved obtainable previously with DRO. This large Dupom de Nemours and Cempany, Wilm-
f two 130 65 signal eliminates many of the sense and ington, Delaware, U.S.A.) polyester film, 130



film el enment. filmmenories and the original
direction of 3. Apparatus according to Caim 2,
magneti zation along the anisotropy axis of wherein said current

pul se-applying neans each of said ferromagnetic thin film produces a
current pulse in said first con- nenories defining a respective binary bit
of 4 . 15 ductor that proyvisdeq an external magnetic
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pulse is describe d by A. F. Bofl, ]. L. Moll.
and R. Shen, in “A New High Spced Effect
in Solid State Diodes™. 1960 International
Solid State Circuits Conference. Such z tech-
aique is known as the step recovery diode
tSRD) technique and depends upon the
charge storage phenomera in a forward-
bissed P-N junction. This tecknique is uti-
lized in the circuit shown in FIGURE 6.
The effect of this circuit, comprising a
shorted stub 71, variable resistor 72. capa-
citor 73, and step recovery diode 74, is to
produce a current pulse beiween points 61
and 62 that has the dasired characteristics,
ie. lasts less than 5 nanoseconds and is
about 400 to about 700 ma. A read word
command pulse received at 63 turas on tran-
sistors 75 and 76 to rroduce the pulse.
The current pulse so oroduced is gated
througzh diode 64 and throush a selecled
word line 43. Thz desiced word line is
selected bv conventional (but fast) current
mode logic from a conventional address re-

posite directions with respect to each other,
said apparatus comprising: means for apply-
ing an external magnetic field to said ferro-
magnetic thin film element in a direction
transverse to the anisotropy axis of the
element as a pulse of such short duration in
time that the magnetization of said element
mitiaily lving along the anisotropy axis of
the element is incapable of being rotated
through 96° so that the change in directicn
of the muagnetic flux 1s less than 90°, and
means 1o determine the original direction of
the stale of muagnetisation of said ferro-
magnetic thin ﬁ]m element by sensing the
directicn of rctation of the mmagnetization
signified by tln cnange in dnccllion of the
magnetic flux resuliing from the application
of said external magnetic field to said
element, whereby the magreetization state of
said ferromagncetic thin film element returns
to its original direction when the external
magnetic field applied to said element is
terminated.
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{one tb6 two orders of magnitude larger than
those ootairied in DRO film memories) the
gain amplification of the sense amplifier
need not be as great as in conventional
means. but bandwidth requirements are
somewhat more severe (the amplifier having
to sense a signal of less than 5 nanoseconds
duration).

An essential requirement of the invention
is the generation of a very fast current pulse.
A suitable arrangement for creating such a
pulse is described by A. F. Boff. J. L. Moll.
and R. Sken, in “A New High Speed Effect
in Solid State Dicdes™, 1960 International
Solid State Circuits Conference. Such a tech-
nique is known as the step recovery diode
“SRD) technique and depends upon the
charge storage phenomena in a forward-
biased P-N junction. This technique is uti-
fized in the circuit shown in FIGURE 6.
The effect of this circuit. comprising a
shorted stub 71. variable resistor 72. capa-
citor 73, and step recoverv dicde 74. is to
produce a current pulse between points 61
'mc. 62 that has the desired characteristics.

lasts less than 5 nanoseconds and is
about 400 to about 700 ma. A read word
command pulse received at 63 turns on tran-
sistors 75 and 76 to vroduce the puise.

The current pulse so produced is gated
throuzh diode 64 and through a selected
word line 43. Ths desired word line is
selected by conventional (bui fast) current
mode legic from a conventiona! address re-
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WHAT WE CLAIM 1S:—

1. Apparatus for nondestructively sens-
ing the direction of magnetizaticn ¢f a ferro-
magnetic thin film element which exhibits
uniaxial anisotropy and is capable of assum-
ing either of two stable states of magnetiza-
ticn. both of which lie along the anisotropy
axis of the element but prcceeding in op-
posite directions with respect to each other,
said apparatus comprising: means for apply-
inz an external magnetic field to said ferro-
magnetic thin film element in a direction
ransverse to the anisotropy axis of the
element as a pulse of such short duration in
time that the magnetization of said element
initially lvinz along the anisotropy axis of
the eiement is incapuble of being rotated
through 90° so that the change in direction
of the magnetic flux is less than 80°, and
means to determine the original direction of
the state of magnetisation of said ferro-
magnetic thin film element by sensing the
directicn of rotation cf 1he muagnetization
signified by the chuange in direction of the
nmgnetic flux resuliing from the application
of said external magnetic field to said
elerment. whereby the magnetization state of
said ferromagnetic thin film element returns
to its original directicn when the external
magnetic field applied to said element is
terminated.
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conduct or s. of the magnetization |eaving the
bi nary bit 13. Apparatus according to any of of

| nf-o7 mat i on..STof ed~ER-T he~ferromaghelic . T Cmaimes 7= 12, Wherern the..
current pul se sel ec- thi n fi | m el ement unchanged. tively applied

by said current 16. Apparatus for nondestructively sens-
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err
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aFﬁ sot ropy bit of inf@KhBioR! ald)@ree sS{E&ﬂtcaﬂ S | ficappbh@s afcoR@igNG Claim 7, fur-
at ed thr oughud® emlsxhatsatdhézrmhm gc ithin ther 1@$1dd1"rmtxs fon pokiuditzen Maghet i c

f | U)GOI s | ess, tgllﬁe’i’le]emem compgsigf)a *Qﬁﬂd 1?3 Fh ERE éf?fﬂ?ff ra “]‘_Cfpo‘l‘r}é%‘tril‘]pﬁ’ 5
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el ement by sensme@ea and said current mﬁce@ipw@ Qh ski@thak ICMUﬂf)rstnharrmgﬂeiehi‘at i on
Aﬁ&L & | MRAY, means mxtblrgolwnretd pbige e féﬂ@an@ie renlidite alst argyotrofy tdaeof said

i1i 0 milliamperes through férromagnetic thin film memories, the
Ch@.rglser ed PaSI eWt aégg)éwor "line conductor.

second sequence of said current pulses be- 95

ing 5. Apparatus according to any of Claims ing produced in said second conductors be-
ap- ; 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 condue-
: tion of said ferromagnetic thin film clement  tors, and said sccond sequence of current
_ 100 : 35 comprises a second spaced conductor over- pulses l_)-:mg directed in either direction 100
il lying both said ferromagnetic thin film ele- perpendicular to the anisotropy axes of said
To- ment and said first conductor in a direction ferromagnetic thin ilm memories depending
oits generally perpendicular to the anisotropy upon what information is to be stered in
m- axis of said ferromagnetic thin film element, said ferromagnetic thin film memories,
:za- 40 and means to register voltage pulses induced whereby information is writien intc said 105
opy 105 in said second conductor resulting from the ferromagnetic thin film memories.
op- change in direction of the magnetic flux. 9. Apparatus according to Claim 8,
wer, 6. Apparatus according to any preced- wherein each of the first and second se-
_3}5" ing claim, wherein the external magnetic quences of current pulses is 40 nanoseconds
T0- 45 field is applied to the ferromagnetic thin in duration, with the second sequence of 110
ion 110 film element for a period of time less than said current pulses beginning 20 nano-
the five nanoseconds. seconds after said first sequence of current
1in 7. Apparatus accordmg to Claim 5, pulses in said first conductors.
lent wherein a plurality of first spaced conduc- 10. Apparatus accerding to any of
. of 50 tors are disposed in overlying relationship Claims 7-9, further including a thin laver of 115
f?ed 115 o said ferromagnetic thin film element and insulation sandwiched between said ferro-
.103 in spaced parallel relationship to each other, magnetic thin film element and said respec-
an ¢ a plurality of second spaced conductors are tive first conductors, and a thin layer of
1.'0 disposed in overlying relationship to both insulation sandwiched between said plura-
r{}?- 55 said plurality of first conductors and said lities of first and second conductors and 120
the 120 ferromagnetic thin film element, said plura- between said ferromagretic thin film element
-‘i“ lity of second conductors being arranged in and said respective second conduciors, - -
‘_t © directions generally rurmndrcu!‘tr to said 11. Apparatues according to anv of
:‘O_S plurality of first conductors and in spaced Claims 7-10. further including a flat con-
zal 60 parallel relationship to each other so as to  ductive substrate on which said ferromag- 125
> of 125 provide a plurality of intersections between netic thin film element is supperted.
xrn? said pluralities of first and second conduc- 12. Apparatus according to Claim 11,
;n?s tors overlying respective portions of said  wherein said substrate comprises aluminum,

65

ferromagnetic thin film clement. said por-
tions of said ferromagnetic thin film element

and said first and second pluralities of
spaced conductors  comprise  copper

130



magnetic flux resulting fromthe application Qual ity House,

of the external magnetic field to said ele- o Quality Court,

ment, whereby the magnetization State of Chancety Lane,

said ferromagnetic thin filmelenent returns London, WZC. 2.

35 to its original direction when the external magnetic field
applied t®& said elenent is tldfhidfat ed. 15. A _nethod
according to daim 14, wherein the pul se of the external rmagnetic

etization ]eavm&t mry dicur s

C

40 field appl P tﬁg%d% hsd Jc? 519£m9>netnl c }hanm ormdﬂon stor\.d in tlc err%ma tc

for a period @fimt W18 WieeS thhdiren: pulse welee- T IYE fMABOS ngedh ion of
t he mag- tively apiied by &did omread @idg-appigngni 961 rmyraa:x m& zmhd&srlﬂxemvely sens-

ferromagnet Gnel?m h Arpduagde Ineqrpspiectedefitiindong  @e the diretin jof magﬂymbwn ajfa ferro- 50

i nf or mati on, ? POALFE gHne less than fve? S bﬁ:@ i rcg’%ﬁ}ﬁl’ :rfc%ff"t’gilﬁlg Maj estys
Stationery dn 14C €AYt R foP SorfdbstRERES s@Rd ﬂim alc res 3 4 and 6.

Publ i'shed at iigae Padcedn of hfhetigatioR bf Serbhanpt.om Bﬁi:-hd»lmgﬁmodyOHﬁiQQ n¥-C. 2,
f r om whi Cth;@ng@gncl thin film elemc(;n which c&hlbxls destructive readout substantiallymgmy Be 55
uni-axial anisotropy and ds capable of scribed h © and qas
obt ai ned. assuming either of two stable states of mag- 111uera1cd§p%Cguresqgfm & RO 12815, 730
[err] netization, both of which lie along the aniso- 18. A methed 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 I, 2, 3, 4, and 6.
ferromagnetic thin film element in a direc-
tton transverse to the anisotiopy 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 mapnetization state of Chancery Lane,
4 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 fieid applied to said ferromagpetic thin film
clement 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 clement defining a

45 binary bit of information, and the rotation
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The following corrections were allowed under Section 76 on 24th October 1969.

Page 2, lines 30, and 31, after "inventlion® insert wthere is provided"

Page 2, line 50, Page 4, 1lne 113, for mmagnetisation” read "magnetization®
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